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I  February 2. 1 720-1;

A t a Meeting o f the ROTAL S 0 C l E7*Ty

Sir I s a a c  N e w t o n ,  Prefident, in the Chair^

m -

M r. J O N E S  prefented a Scheme and Specimen of an A bridg
ment of the P h i l o s o p h i c a l  T r a n s a c t i o n  s < 

from the Year 1700 to the Year 1720. This Defign was 
approved of by the S o c i e t y ,  and he was defired to proceed 
therein.

Edm. Hailey^ Seer. Reg. Soc.

OSiob. 27. 1 7 2 1.

IM P R I M A T U R  Epitome Tranfadionum Phi-  ̂
lofophicarum, ab Anno i ^ o o '  ad Annum 1720, 

a D» Hen. J ones compojita»

I s a a c  N e w t o n ,  Reg. Soc. Prafes.
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T  o  T  H E

Right Honourableo

T H O M A S
•  -

. Earl of M a c c l e s f i e l d ,

Lord High C H A N C E L L O R
O  F

GREAT BRITAIN, Sec.

My Lord,
S the coniiderable Improvements, which 
Learning has receiv’d, are chiefly owing 
to the favourable Encouragement and 
propitious Influence o f the Great ; So 
amongil the many Patrons o f the Age 
there is no one, who has iliew’d more 

Encouragement to it than Your Lordftiip, or who is 
happy m a greater Share o f it.

T o



I ' h e  D e d i c a t i o n .

T o Your Lordillip therefore, as the worthieft Pa
tron, I moft humbly offer thefe Difcourfes o f the 
ereateft Authors ; which, if they have not luñer d 
in paillng through my Hands, are not only highly 
deierving of your Acceptance, but ought more par
ticularly in Honour -to be infcrib’d to Your Lord- 
fhip’s Name. For to whom could thefe Volumes 
be fo properly Dedicated, as to one, who is a perfed: 
Mafter of the Subjeds here treated of? Who, like 
his great PredeceiTor the Lord Chancellor B a c o n ,  

has taken in the wide Compafs of Phyfical, as well 
as Civil Knowledge ; and is throughly acquainted 
with the Laws of Nature, as well as thofe of the 
Land ? It was His Honour to lay, in fome Meafure, 
the Foundations of thofe Improvements, which Phi- 
lofophy has fmce receiv’d ; and it is the peculiar Ho
nour and Advantage of that Philofophy, to have 
fallen under Your Lordfhip’s Protedion in this its 
maturer State, in an Age abounding with ufeful In
ventions and great Difcoveries : Happy are thofe
Sciences in fuch a Patron ; they muft certainly con
tinue to ilouriili, when Your Lordiliip does not 
only encourage them by Your Liberality, but 
promote them by the Authority of Your own 
Example.

It is Matter of Surprize, my Lord, that one, 
whofe whole Life has been employ’d in the adlive 
Part of the World, and in the Buiinefs o f a Profef- 
fion very difficult and laborious,’ ihould have any 
Inclination or Leifure for thofe other Parts o f

Learning,

jin £ ji



7 /6^ . D e  d  i  c a t  i  o  n .

Learning, which your Lordihip is by all allowed 
to pofTefs in a very extraordinary Degree. Who, 
though you have receiv’d many public Addrefies 
o f this kind from eminent Authors, yet you have 
been able (fuch are Your own natural Parts, and 
fuch are Your Improvements of them) to equal thofe 
Performances You have condefcended to patronize. 
In the Study of Divinity, my Lord,. You may well 
be faid, to be inferiour to no one ; the late Dr. 
H i c k e s  has long fince told the World, that You 
are a Perfon, “  Who to his great Underftanding 
“  in our Common and Statute Laws, and in the 
“  EiigUjh Conftitution before and fmce the Con- 
“  quelf, has added fuch a Knowledge o f all the 
“  moft ufeful Parts of Divinity, that it is not eafy 
“  to determine, whether he is better ikill’d in Hu- 
“  man or Divine Laws.” And I may add, v^ho to 
his great Acquifitions in the more learned Studies 
has join’d no lefs Attainments in the politer Arts ; 
whofe own Speeches, on a very memorable Occaiion, 
will tranfmit his Charadler, as a confummate Orator, 
to the lateft Pofterity : Compoiitions applauded and 
admired by a l l ; and, what is the truefl; Teft o f 
Merit, commended by thofe, who diflik’d the Subjed 
of them.

Thefe Talents fo various, thefe Qualifications fo 
uncommon, have recommended Your Lordfliip to 
that High Office, which you now adorn: Others 
have ftruggled with great Competitors, and con
tending Equals in the Paths of Ambition ; but in 
Juftice to your Lordihip it is to be remember’d, that

You
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You were follicited and importun’d to accept the greateft 

Truft in the Nation.

B u t l m u f t  not prefume to d e ta in  Your L o rd jip  
any longer,- much lefs can I pretend to do Juftice 
t o  Y o u r  Charader : And as, in prefenting You with
thefe Authors, I intend a Kece ot great Refpeft to 
Your Lordfliip ; fo I muft efteem it a very great Ho
nour done to me, that “ y  T h i n g ,  in which I have 
had the fmalleft Share, can have the Favour of Your 
Lordfliip’s Name, and obtain the Patronage o f fo good

a Judge. I am,

My L OR D,

Tour Lordjhifs tnoji Obedient

and moji humble Servant,

Henry Jones*
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Vol. IV. Part I;

The M ATH EM ATICAL Tapers.
C H A P .  I.

G E O M E T R r ,  A R I T H M E T I C ,  A L G E B R A ,  LO G A R I T  H  M O T E  C H N T .

TI. H E  Proportion o f  Mathematical
Points to each other, by the Hon. Fr. 
Robartes, Efq-, Page i

II. So7ne Properties of Conic SctHoiis 
deduc'd from the Nature o f  Focus’/, by Mr. 
Abr. de Mqivre ^

III. Tangents to Curves, deducedjrom the Dodrine
o f the Maxima and Minima, by Mr. H. 
Ditton 7

I V . A  Method o f  Squaring fame kinds o f  Curves,
or o f reducing them to more Jimple ones, by Mr. 
Abr, de Moivre 15

V . The Quadr¿ture o f a Curve o f the third Order,
commur.icatid by Mr. Abr. de Moivre 25

V I . A  Specimen o f a general Method to determine
the Quadratures of Figures, by Mr. J. Craig

, 2Ó
V II . A  Problem o f  fnding other Curves equal in

Length to any given Geometrical Curve, 
foirvedby M r. J. Craig

V III . The ConJlruBion and Properties o f a ncnxi Qua-
dratrix to the Hyperbola, by Mr. Perks 37

IX . O f  the Length o f  Curve Lines ̂  by M r. J. Craig

X . A  general Solution o f a Problem [concerning
Curves) propofed in the Leipfic Aas, O ft. 
1698, by— ~ ——

X I. Mr. Leibnitz’j  Problem (concerning Cur‘ies]

YTT 46
A i l .  Ibe Conjtruaion and Mcufure of Curves, by 

Mr. C . Maclaurin r i
X III. AMethodofdefcribing a ll kinds «/Curves, 

by only gi<ving the Angles and right Lines, by
C . Maclaurin Á

X IV . The Doarine o f  Combinations, and Alter- 
» 0 L # XV*

nations impro<ved and completed̂  by Major
E. Thornycroft 60

X V . An uniuerfal Solution (viz. Analytical, Geo
metrical and Mechanical) o f  Cubic and Bi
quadratic Equations, by Mr. John Colfon 66

X V I. An analytical Solution o f  Equations o f  the
Po^ersy by M r. 

Abr. de Moivre 77
X V II . I . The Method o f  Approximating (in ex-

traaing the Roots o f  Equations in Numbers) 
improved, by Dr. B. Taylor 80

2. A  General Series for exprejftng the Root o f  
any Quadratic Equation, by the fame 86

3. A  ne-iv Method o f  computing Logarithms, by
the fame 87

X V III . I . A  Treatife o f  infinite Series’ s, the firlt
Part, ^  P. R . de Monmort go

2. An Appendix on the fame Subjea, by Dr. B. 
Taylor 1 30

X IX . The Newtonian differential Method illufira-
ttd, by M r. J, Sterling i¿j.i

X X . A  general Method o f making Logarithms, by
iiir. J. Craig i j t ,

X X I. A  nenx Method 0} tnaking Logarithms, com
municated by Mr. ]. Long 160

X X II. A  Letter from Mo7tJieur I’ Abbe Conti, to
M r. Leibnitz [concerning the Invention o f the 
Method o f  Fluxions^ <with M r. Leibnitz’/ 
Anf-wer ‘ ,62

X X III. D r. 'la y lo r ’ s Apology againjl Mr. J. Ber
noulli 1 6 ;

X X IV . A  Vindication o f Mr. J. G regory, by D r.
D. Gregory lijg

X X V . A  Paper omitted 1 70
X X V I. Accounff o f  Books, &c, emitted ibid.

^ C H A P .
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C H A P .  II.
O P T I C S .

I.Q y  I R  Kaac Newton’s Experiments on Light
and Colours reputed, by Dr. J . T .  Defagu- 
liers 173

II. jin Experimmt to confirm Sir Ifaac Newton’/
üoélrine o f the Refrangibility of the Rays 
o f Light, by the fame l ̂  i

III. yin univerfal Sphaerico-Catoptric theorem, by
Mr. H . Ditton ‘ 84

IV . ^  ^.vayforMyofCi to Tclefcopes <without
Eye-Glaffes, i^c. communicated by Dr. J. 
T .  Defaguliers 188

V . Experiments upon Metals ^ ith  the D . of O r
leans’ j  Burning-Glafs, by MonJ. Geoffroy

ig o
V I. Experiments nuith Monfteur Villette’ j  Burn-

ing-Glafs, by Dr. J. Harris, and Dr. J. T .  
Defaguliers ^ 9®

V II. A  Pocket Microfcope, by Mr. J. Wllfon
199

V III. 7he Manner o f making Microfcopes, by Dr.
A . Adams 203

IX . An Account o f a Book omitted 205

C H A P .  III.
a s t r o n o m y .

L ^ ^ F C a f l l n i ’/ Orbit 0 / Planets, by Dr. G ie-
gory 20Ó

II. The Newtonian Solution o f  Kepler’i  Problem
demonjlrated, by Dr. John Keil 208

III. *ihe Parallax o f the Sun to be found, by feeing
Venus betnueen the Sun and the Earth, by 
Dr. E. Hailey 214

I V . OJ the Maxima and Minima occurring in the
Motions o f the Heâ venly Bodies, by Mr. 
Abr. de Moivre 220

V . O f  a nenv Star in Collo Cygni, by Mr. G .
Kirch 222

V I. A  Hijlory o f the nenu Stars for the laji 150
Tears, by Dr. E. Hailey 2Z4

■VII. iMcid Spots or Nebulae amongft the fix t Stars, 
b y -------  225

V III . O f  the Change o f  Latitude o f fome o f the
fix t Stars, by Dr. E. Hailey 227

IX . O f  Mock funs and circular Arches, by Dr. E.
Hallcy 228

X . I. Spots obfer<ved in the Sun, in June 1703, by
Mr. S. Gray 22g

2.— on the fame, by Mr. W . Derham 230 
3__on the fame, 1704, by Câ /.. Stannyan 232

4 . - 0 «  the fame, from 1703 to 1708, by Mr.
W . Derham 235

5.—  on the fame, from 1708 to 1711,  by Mr.
\V. Derham 240

--------- M r. Crabtrie’ s Opinion o f  thefe Spots 241
X i. An Eclipie o f the Sun, June 12. 1694, in 

New-England, by Mr. T .  Brattle 247

X II. An Eclipfe o f the Sun, N ov. 23. 1703. in
N«w-England, by the fame 249

X III. I. An Eclipfe of the Sun, M ay 1. 1706, ob- 
ferw d at Greenwich, by Mr. J. Flamftead

249
2 .— a/Canterbury, ¿V /tir. S. G ray 250
1 .— at Horton in Yorklhire, by Mr. A br.

Sharp 251
4 .— Bern in Switzerland, by Capt. Stannyan Ib.
5.— Geneva, Mr. J. C . Facio 252
6.— at Marfeilles, by Monjieur Chazellss and

Father L2,vtA 253
y.— at Zurich, by Dr. J. J. Scheuchzer 254

X IV . Eclipfe o f the Sun, Sept. 3. 1708. at
Upminfler, by Mr. W . Derham 255

X V . I. Obfervations on the T otal Eclipfe o f the
Sun, April 22, 1715.  at London, by Dr. 
E . Hailey. ibid.

2. ~  Accounts o f  the fame from abroad 266
X V I. An E c lip fe ^  the Sun, Feb. 19. 1718.  at

Nurenburgh, by M. Wurtzelbau, and at 
Berlin ^  Mr. G . Kirch 268

X V II . An Eclipfe o f the Moon at Cambridge in
New-England, Feb. 11. i jo o ,  by Mr. T .  
Brattle ibid.

X V III. I. Eclipfe of the Moon,Dec. 12. 1703.
at Cambridge in New-England, by M r. T .  
Brattle 269

2.— on the fame at London, by Mr. J. Hodg- 
fon, <with Remarks 271

X IX . An
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X IX . An EcVi^k o f the Moon, April 5. 1707. at 

Boflon in New-England, by Mr. T .  Brattle
ibid.

X X  . ------ on the fame at Zurich, by the t^xo Doc
tors Scheuchzer’s 272

X X I. An Eclipfe o f the Moon, Sept. 18. 1 708. at
Upminfter, by Mr. W . Derham 275

X X II. T̂ he Account o f the Moons Eclipfe at Strea- 
tham, Feb. 2. 1709-10. compared ̂ ith  the 
Calculation, by Mr. H . CrelTener ibid.

X X III. An Eclipfe Moon,]zn. 12. 1711-12.  
at Upminfter, by Mr. W . Derham 277

X X IV . An Eclipfe o f the Moon, Odl. 30. at
Wanllead, by Mr. J. Pound 278

X X V . Aftronomical Obfervations fo r  1 7 1 1. and 
1712. tí/Greenwich, by Mr. J. Flamftead

281
X X V I. —  the fame for  1 7 1 3. by the fame 291
X X V II. Obfervations o f the Occultations o f the

fixt Stars by the Moon, ufeful for finding 
the Longitude, ^ ith  a Catalogue o f the 
Places o f the üynáts, i^c. by------  298

X X  V III . Jn Account o f the Caufe o f  Venus ¿««g 
feen in the Day-time, forfeveral Days toge
ther, by Dr. E. H;illey 300

X XI X.  The Occultation of a Star ¿y the Moon, 
and an Eclipfe o f  the Moon foll<n»ing in 
N ov. 21. 1 7 13. by M r. F. Blanchiui 302

X X X .  Occultation o f Jupiter by the Moon,
July I 4. in the Morning, 1715.  at Wan- 
Itead, by Mr. J. Pound j o j

X X X I. The Occultation o f a fix t Star in Gemini
¿y Jupiter, Jan. 11. 1717.  30 4

•^and a Tranfit o f  Mars belonu the Northern Star

in the Forehead ^ S co rp io , Feb. 5. 17I7
305

X X X II. Emerfions o f the firfl Satellite o f  Jupiter, 
in 1713.  at Rome, by Mr. F. Blanchini 306

X X X III. ATranfit ly^Jupiter’ j fourth SdXeXWte over
the Disk o f  the Planet, Feb. 1719.  Cow- 
tnunicated by Mr. J. Pound 307

X X X IV . Tables for computing the Eclipfes o f  Jupi- 
ter’i firfi Satellite, by Mr. J. Pound 308

X X X V .  Ohfemiations on fome o f the primary Pla
nets, and the Occultation o f  a fix t Star, /y 
Jupiter, by the fame. 318

X X X V  Í. A  Reólification o f  the Motions o f the 
fi'ite Satellites «/"Saturn; av//¿ Obfervations^ 
by the fame 3 20

X X X V II. Caflini’/ Tables o f  the Motions o f
taxn's Satellites corre¿ied 323

X X X V I I I .  A  ColleHion o f  Aftronomical Obfer-ua-
tions, for  1718.  by------  329

— of an Eclipfe o f  the Moon, Aug. 29. 1718.  at 
Wanllead, by M r, J. Pound 33,^

X X X IX . A  Colleilion o f  Aftronomical Ohfervati-
ons, for 1719.  by------  336

X L . Obfervations on the Comet, 1664. at Rome, 
by Mr. J. Ray 33^

X L I .—  on a Comet, 1680. in Saxony, by M , G .
Kirch 340

X L II. —  a Comet, 1718.  at Berlin, By the fame

34-
X L III . ^/wa//Telefcopical June 1 0 . 1 - 1 7 ,  

by Dr. E . Hailey '344
X L I V .  Papers omitted 341;
X L V . An Account o f  a Book omitted ibid.

C H A P .  IV.

M E C H A N I C S ,  A C O U S T I C S .

I* * • I  O find a Solid o f the leafi Refiilance, by1 Mr. J. Craig 346
2. On the fame, by Mr. N . Facio 348

II. To find a Line o f  the Quickeft Defcent, by Mr.
J-C raig 35,

III. To find the Curve ^hich a falling Body nxjould
defcribe, &c. by Mr. J. Machín 351

I V . The Laws o f  Attrañion, Í3 'c. bv Dr. lohn
Keill 353

V . The Laws o f the Centripetal Force, by the fame

3 59
V I. O f  the Inverfe Problem o f  the Laws o f  the

Centripetal Torcc, nxitá Remarks on Ber
noulli, by the fame 367

V I I . To find the Centre o f  Ofcillatlon, by Dr. IJ.
Taylor 384

V III . O f  the Motion o f  a Stretcht String, by the
fame 3^1

IX . The Ltvention o f making Clocks to keep time
with tht Sun’ s Apparent Motion afferted, by 
Mr. J. Williamfon 394

X . Experiments and Obfcr^vations on the Motion o f
Sound, by Mr. W . Derham 396

X I. 0/  the Nature and Properties o f  Sound, by
G . Grandus 4 14

X II. A  Paper omitted 423

b 2 C H A P .
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C  H  A  P . V .

H r t >  R O  Si: A T  ICS,  H T D R A U L I C S .
I. / ~ V f  tht JfiM ,f Water hhwtm  ia»» G hij IV . OJ th Muion tf rnmng Watm, hj At  fame

Planes, by Dr. B. Taylor 423 w  7 t-.
II. T ie Caufe o f  the Afcent and Sufpenfion o f Wa- V . ‘Ihe Heffian Bellow  mprov d, by Mr. U . Fapm

ter in Capillary Tubei, by Dr. J. Jurin ibid. . 447
III. 7he Aaion o f  Glafs Tubes upon iVaUr and V I . An Account o f a Book emitted 448

^ickfiltvtr, by the fame 428

C H A P .  VI.

G i O G R A P H T ,  N A y i G A T I O N .
I . A  Demonf ration o f the Number o f  Acres, in .¿Ethlopic Oceans, by Mr. J. Maxwell 456

x V  England, by Dr. N . Grew 449 V I . 7he Nautical Meridian Line mechanically di
l l .  ‘The Difference o f  Longitude betnueen London vided, &c. by Mr. J. Perks _ 456

and Cambridge, in New-England, by Mr. V II. i .  A  nenu ntjay o f drawing a Meridian Line,
J. Hodgfon 451 by Mr. S. Gray 461

I !I .  Longitude Ca/i ^  Good Hope, 2 — on the Jame, by the hm e  462
by Dr. E. Hailey ibid. V III. An Injirument for finding the Meridian, by

I V . C yM i Variation a / P ara ib a ,W /¿í Longitude Mr. W . Derham 464
o f  the Magellan Straights, &c. the fame IX . O f  a Meridian Line dran.vn through France,

453 communicated by Monf. Geoffrey 468
V . 7ht Variation in 1706. in the Atlantic, and X . A  Paper omitted 4*̂ 9

C H A P .  V I L

M U S I C .
theory of Mufic reduced to Arith- II. O f  the Antient Greek and Roman lyre ; and 

^  metical ojtd Geometrical Fropartioru, by a Pajfage in Horace explained thereby, by
M r. T . Salmon. 46^ X)r. T .  Molyneux. 474
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C O N T E N T S .

Tie PHYSIOLOGICAL Tapers.

C H A P .  I.
P H r S I O L O G T ,  M E T E O R O L O G r ,  P N E U M J T I C S .

I.A Scale o f the Degrees o f  Heat, b
t’age I

II. An Account o f Dr. H ook’j  Ma
rine Barometer, by Dr. E. Hai
ley 4

III. A  new Barofcope, by Mr. Caiwell 6
IV . A  nevj Thermometer, by Monjleur Geoffroy

lO
V . T̂ he Caufe o f the Variation of the Barometer,

(Sc. by Dr. J. T . Defaguliers ibU.
V I. Experiments made ixith the Barometer in Swit

zerland, by Dr. J. J. Scheiichzer i6
V II. Obfervations on the Weather, ISc. in a Voyage

to China, 1700. by Mr. J. Cunningham 18
V III. A  Regifler o f the Weather, 1700 at Chu
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Philofophical Tranfadtions
A B R I D G ’ D.

P A R T  I.

Containing the

Mathematical P A P E R S .

c  H A  p. I.

Geometry^ Arithmetic^ Algebra^ Logarithmotechny.

T  has heretofore paffed for a current Maxim, That 
’ all Infinites are equal.

The Pofition neverthelefs is certainly erroneous, 
as Dr. Hailey abundantly has ihown in the Philofo
phical TranfaSlions for OSiober 1696. H e there 
gives divers Inftances o f infinite (^antities which 
are in a determinate finite Proportion one to ano- 

T,. and fome infinitely greater one than another.
1 he like may be obferved o f infinitely fmall Quantities, viz. Mathe

matical Points, as the following Propofition will make appear.

T h e  T*roporti- 
on o f  M u th c ' 
maAcal Points
to each othery 
by th e J io n .F r ,
Robartes, n.
334. p. 470- 
Vid. fupra 
Vol. I. C . f . 
S. X X V .

V o l . IV . B P R O P .



Fig. I.

Fig. 2.

oV>

Proportion o j  fAuth^inctticcil Poiñts.

P R O P .  I.] The Points of ContaSl between Circles and their Tangents  ̂
are in fubduplicate Proportion to the Diameters of the Circles.

L e t two Circles a d c h, a f b g ,  touch one another from within at 
the Point a. Draw the Tangent p a and parallel to it the Line m n.
From the Point a draw the Diameter a c. , „  j  ; i

Let  ̂ f, the Diameter of the great Circle, be equal to R,  and a b, the
Diameter of the leffer Circle, be equal to 5. ,  ̂ ,

Let d h, the Chord of the Arch  ̂  ̂ be equal to 2, and/^', the Chord 
of the Arch f  a be equal to j ,  and let the Abfcifs a k h ^  equal to a'.

If the Line- ni n be fuppofed to move till it becomes co-incident with 
the Tangent p a q, the Nature of a Circle will always give the follow
ing Equations.

z z = . ^ R x  —  4. XX 
yy •=. S X —  4 xx

When the Line is arrived at the Tangent, z  and j  will become the 
two Points of Contaft, and then z z  =  4 Rx  and yy =  4. Sx. (4 xx being 
laid afide as heterogeneous to the reft of the ^Equation, by reafon of x 
being bccome infinitely little.) Theretore

z z  . ^7 11 4  . 4  ¿"x : :  i?.  5 .

Therefore z  . y \ R  . ^  S.  ^  E. D.

P R O P .  II.] “The Point of Conta£l between a Sphere and a Plane  ̂ is 
infinitely greater than that between a Circle and a Tangent..

Let a be the Point of Contaft between the Sphere a d q f  and the 
Plane b c. About the Sphere defcribe the Cylinder n p g m.

Draw k h reprcfent a Circle parallel to the Plane. Let the Circle 
be fuppofed to move, till it becomes co-incident with the Plane. The 
Cylindrical Surface k h g m will always be equal (according to Archi- 
viides) to the Spherical Surface daf .

Now when thefe Surfaces become infinitely fmall, one terminates in 
.the Point of Contad, and the other in the Periphery of the Bafe of 
■"the Cylinder. Therefore the Point of Contadt is equal to the Periphery 
of the Bale of the Cylinder (equal to a Periphery which has the fame 
Diameter as the Sphere) and by Coniequence is infinitely greater than 
any Point of Contad between a Circle and a Tangent. ^  E. D.

P R O P .  III.] The Points of Contad by Spheres of different Magnitude 
are to one another as the Diameters of the ¿spheres.

For by the fecond Propofition the Points of Contafl are equal to the 
Peripheries of fuch Diameters, whole Proportion is the iame as the Dia
meters. ^  E. D,

II. Let
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Properties o f  Co7tic SeBionSy &c.  3

II. Let D  £  be the Tranfverfe Axis o f the Ellipfis, A O  the o th er Proper- 
Axis, and C the Center o f the Seélion. Let P  be any Point in its Cir- 
cumference, P ^ a  Tangent to the Curve at P , meeting the Tranfverie /eTfromthT 
Axis at the Points S, F-, the Foci C P , C K, Conjugate Semidiame- Nature ofFo- 
ters 5 P i/ h a lf  the latus redum to the Diameter P C ;  P  G a P e r p e n d i - « Ab.  
cuiar to the Tangent; let H  G, perpendicular to P  C H, meet this in the "•
Point G, fo that P  G may be the Radius of Curvature of the Ellipfis in 
the Point P. Alfo let .SiT, C i?, and FV^ be Perpendiculars let fall upon 
the Tangent P  let S 0 be joined, and P L  a Perpendicular let fall
upon the Axis. Thefe, Things fuppofed, I fay that,

1. The Rectangle of the Dijtances from each Focus of the Ellipjis, or 
S P X P F, is equal to the Square of the Semidiameter C  K.

Demonfiration.
P S q  =  P C q - \ - C S q  —  2 C Ó’ x C Z , by 13. II. El.
P P ?  =  P C ^ +  2 C ^ x  C Z ,  by 12. II. E l.
Whence P S q - { - P F q  =  2 P C q - { - 2 C S q .
Now P S - { - P F ' z= . D E = z 2 C D - ,  and therefore 
P S q - { - P F q - { - 2 P S x P F = 4 . C D q .
Therefore by T  ranfpofition, 2 P  S x P F  =  4 . CD q— 2 P  Cq— 2 C s\.
And by halfingPi* \ P F = 2 C D q  — P C q — CS q .
But it i sC S q z = C  D  q —  C O  q, and therefore 
P S x P F = C D q - \ - C O q - ^ P C q .
But C D  q-\-C 0 q— P  C q-\-C Kq  ; by 12. VII. Conicks of Apollonius.
Therefore P  S x  P  F =  C Kq. ^  E. D.
2. The Dijlance from the Focus S P is to the Perpendicular let fa ll upon 

the Tangent, as the Semiconjugate C K  is to the leffer Semiaxis C O.

Demonfiration.'] Becaufe of fimilar Triangles S P T  z n á F P V ^  it will 
be P  5 . P  F : :  S T .  F V  •, and componendo, P S - ^ P F x . o S T - \ -  F F ,  
or their Halves C D  to C R,  us P  S to S T. Whence C D x C K t o C R  
x C K z s  P S  to ST.  But C R x C K  is equal to the Reétangle o f the 
Semiaxes CZ) X C 0 , by 31. VII, Conic. Therefore P S  \s to S T  as 
C D  X C K  to C D X C 0, or zs C K  to C O. And in like Manner it 
may be demonftrated, that P  F  is to F U  in the fame Ratio. ^  E. D.

3. Alfo the Tranfverfe Semiaxis CV>, to a Perpendicular C  R let fa ll 
from the Center C to the Tangent., will be in the fame Ratio.

For fince the Reélangle C R x C K  \s equal to the Redtangle C D x  
C O, as faid before ; we ihall have the Analogy C D  to C R z s C K  to 
^ El* J)*

4. Any Semidiameter P C is to the Diftance of the Point P  from the Fo
cus S, or to S P, as the Difiance from the other Focus F  F  to half the la
tus reSlum belonpng to the Vertex P , or to P  H .

This is majifeft by Prof. I. fince the Square o f C X  is equal to the 
Redangle S P x P F .  - ^

B 2 r. The



4 Velocities o f  Bodies.
c. The Rectangle of the Semiaxes C D  ^ C O  is to the Square oftbe^emi- 

conjugate C K ,  as C K  to the Radius of Curvature P G in the Point P.
For the Triangles P  C R, P  G H  are fimilar; whence C R  is to P  C as 

half the latus reftum P H t o P G ,  that is, by Property 3 aforegoing,

C D % C O  „  ^ ^ ? - P / / i s t o  = P G .-------------- = C / ^ i s t o  P C ,  as C D x C O

W hen ce this Analogy C D  X C  0  . C  if  y 11 C . P  (j.
G e n e ra l Theorem  i.] The Centripetal Force tending to the^fame 

Point S, in all Curves is always proportional to the ^antity

This Theorem was found by me many Years ago, and then commu
nicated to my Friends. Since then it has been confirm’d by the De- 

Vid. wfra monftrations of the learned Geometricians D. J. Bernoulli in the Leipfic
C. IV . S. V. j  in n. 317 of thefe Tranfaftions, and by D. J . Herman

in his Phorommia  ̂ p. 70. who may be conlulted.

Now if we write C K  c iox P  by Prop. 5. and — - , by Prop. 2. 

for Sir, (becaufe of C A  GO being given) the Centripetal Force tending

to the Focus S of the Ellipfis, will always be as-^;?-— —  , that is as
C K c  xi> F c

S P 1
, OF •, or reciprocally as the Square of S P. Whence it ap-

á  Jl C u a ^
pears if the Sedion be an Ellipfis defcrib’d by the Motion of a Body, 
the Centripetal Force will be reciprocally as the Square of the Diftance 
of the Center of Force. From thefe Properties follow fome Corollaries 
that may deferve Obfervation.

Corol. I.] ‘The Velocity of a Body revolving in an Ellipfis  ̂ at any Point 
P, to the Velocity in a Circle at the fame Diftance S P from the Center of 
Force, is in a fubduplicate ratio of the Diftance from the other Focus P F, 
to the tranfverfe Semiaxis of the Se£lion̂  or as a mean Proportional between 
P  F and C D /0 C D.

For the Velocity of a Body revolving in an Ellipfis at the Diftance 
<SP, to the Velocity of a Body revolving in a Circle or Ellipfis at the Dif
tance of the Scmiaxis C D  or ó’0 , is as CO  to 5 2"; that is, by Prop. 2.

 ̂ as P  F  to %/ S P. But the Velocity of a Body revolving in a Circle
at the Diftance C D , is to the Velocity of a Body revolving in a Circle at 
the Diftance 5 P , as 1/ 5 P  to i/ C I). Therefore ex aquo the Velocity 
o f a Body revolving in an Ellipfis at the Diftance S P , is to the Velo
city of a Body revolving in a Circle at the fame Diftance, as \/ P  P  to 
1/ C D .

Corol. 2.] Having given the Velocity in an EUipJiŝ  the Pofition of the 
Tangent, and the Focus or Center of Force, it will be eafy to determine the 
other Focus.

For let the given Velocity be R  •, and let the Velocity by which a Cir
cle would be dclcribvd at the given Diftance S P  from the Center be ^

Then

w m  -  __________



moving in Ellipfes. [
Then by the foregoing Corollary *tis i? to ^ a s  v ' P F t o  i/  C D , and 
therefore to R R zs, C D  to P  and 2 — R R  will be to
R  R  2iS S P  to P  F. But 5 P  is given, and therefore P F  is given in M ag
nitude. It is alfo given in Pofition, becaufe of the Angle ^ P P ’ equal to 
S P T .  Therefore the Point F  the other Focus is given ; which being 
known, the Section is eafily defcrib’ d.

Now if 4  is greater than the Quantity 2 —  R  R  will be
negative, and inilead of an Ellipíís the T rajeélory to be defcribed will be 
changed into an Hyperbola. And it will be ^  —  2 .^ ^ t o  R  R, as S 
P  to f' F , the Diilance o f the other Focus, to be transferr’d to the other 
Side of the Tangent, that the Focus Pm ay be had. Now all the Proper
ties which we have demonftrated in the Ellipfis, changing what ought to 
be changed, will belong alfo to the Hyperbola.

Now if it iliould happen that ^ ^ i s  equal to half the Square of i?, then Fig. 4.' 
2 —  R Rz=o,  or the Quantity vaniihes, or the fourth Proportional
P  F  becomes infinite. Therefore the Trajeftory to be defcribed will be 
a Parabola, the other Focus paiTing to an infinite Diftance. But the Axis 
of the Trajeftory is given in Pofition, for it is parallel to P  P, the Angle 
F P  V  being now equal to the given Angle S P T.

Corol. 3.] The Velocity of a Body revolving in a given Conic Sê iion., at 
the Diftance S P, is to the Velocity of the fame revolving at any other Dif- 
tance S X, as a mean Proportional between F  P  and S X, to a mean Propor-̂  
tional between S P  and F  X.

F  PFor the Velocity in P  is as 4/ by Prop 2. And by the fame, the
u r

F  X
Velocity i n X i s  a s -t/ ——. whence the Propofition is manifeil.

o X
Corol. 4.] Alfo the Ratio of the Velocities of two Bodies revolving in the 

fame Syjiem̂  but in different given Conic Se îons  ̂ the Difiances of each being 
given from the common Focus of the Orbits  ̂may beeaftly obtain'd by Corol. r.

li’or fince the Velocity ot the Body in P  is to the Velocity in a Circle 
at the fame Diilance P , as v ' P  F  is to v/ C D •, and in the other lup- 
pofi d Conic Seftion, whofe Semiaxis is f i  and Foci 5, / ;  at the Diilance 
Sp  taofe Velocities are as p f  to \/ c d but the Velocity o f a Body 
revolving in a Circle at the Diilance S P , is to the Velocity in a Circle at 
the Diilance Sp  ̂ is Sp to S P', thefe Ratio’s being compounded,
— ^  be to the Velocity in />, as P  F  % c dy. S~p to 

^ p f x C D x S P T  Now if the other Seftion is a Parabola, c d, p f  
will be infinite, but in the Ratio of i to 2. Therefore the Ratio of the 
Velocities will be as ✓ P F x  S P  to b  x S P 7 
f  5 ‘] V  Hyperbola the Point p paffes to Infinity, it is plain

p  om the foregoing, that the laji and leafi Velocity with which a Body would, 
afcendfor ever, is equal to that with which a Body at the Difiance C  D , equal 
to thi tranfverfe Smiúxis^ would defcribe a Circle,

Corel.
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6 He Velocities o f  Bodies moving in Ellipfes,
Corol. 6.] From the given Difiance from the Focus, the Po/ttion of'the  

tangent is alfo given, or the Angle S P T  contain'd by the Diflance and
the "Tangent F  T . _________

For by Prop. 2. ’ tis P  5 to  5 ?T as C A" to C 0 , or as \/ S P x P  F  
to C 0  •, and lb is Radius to the Sine of Ang. S P T .  But in Ellipfes that 
approach near to Circles, it would be better to feek the Angle P  S T,  
the Complement of the fame to a Q uadrant. Now the Sine of this is to
Radius as S P  X P F — -CO^ is to S P  x P  F.

Corol. 7.] And hence the Velocities follow with which the Diflanees S P
increafe or decreafe. _________

For from the preceding Corollary fince it is as v 'S  P  x P  F  to 
v ' S P x P  F —  CO q, fo Radius to the Sine of the Angle P  S F  and 
in the fame Ratio is the Velocity of the Body in P  to the Velocity o f the

P  FMoment o íS P  \ but that Velocity in P  is (by Prop. 2.) as 1/ _  •, omit-
S P

tingthe fuperfluous Quantities, ^   ̂f  ----9. ^  will always be pro-
0 P

portional to the Velocity wherewith the Diftance S P  increafes or decreafes.
G e n e r a l  Theoiiem IL] In every Curvilinear Trajectory the Angular 

Velocities about the Cent a’ of Forces are reciprocally proportional to the Squares 
of the Dijlances from the Center.

For becaufe of the equal AreiE of the nafcent Sedlors, the Arches fub- 
tended by thefe leaft Angles, or the Bafcs, are reciprocally as the Radii. 
Therefore the Angles oí thefe lead Sectors equal ih Area, are to one ano
ther in a duplicate Ratio of the Radii reciprocally, or as the Squares of 
the Diftances.

Corol 8.] Hence the Angular Velocities of Bodies revolving indifferent 
given Ellipfes may he compared to one another.

For the Angular Velocities by which Circles would be defcribed at 
Diftances equal to the tranfverfe Semiaxes, are reciprocally in the fefqui-

alter Ratio of the Axes, or as — ^  ̂ But revolving Bodies have
C U  V  C U

thefe mean Angular Velocities, when the Squares of the Diftances are 
equal to the Reélangles of the Semiaxes of the Ellipfes. Therefore by

Theor. 2. it will be 5 P  j  to C Z) x C 0 , fo is___ i ___ to_________ •
C D x / C D  S P q x i / C D ^  

which Quantity is as the Velocity of the Angle at the Center defcribed
in a given leaft Time by the Motion of the right Line S P.

Corol. 9.] The Angular Velocity by which the Tangent P T  performs its 
Rotation or the right Line S T  perpendicular to the Tangent, is io the An-
4 ." f   ̂ tranfverfe Semiaxis Q D ¡s to the
Diftance P P from the other Focus.

Fig. s. Let the Points P, ^  be very near each other, and
drawing S P , Sp, let P  íT, / be two Tangents, to which let be drawn the

Perpen-

I



Tangents io Curves^ See. 7
Perpendiculars S T, S t. Parallel to thefe let the Radii of Curvature 
P  G, p G, be drawn, meeting in G *, and with Center S and Radius S P  
let the little Arch P  £  be drawn, meeting S p m  E. it is evident that 
the Angle P  G p  is equal to the Angle T  S t, ov to the Angular Velocity 
of the Perpendicular S T. But the Angle P  S p \s the Angular Velocity 
of the right Line S P. So that P  G p is to the Angle P Spy as the A n
gular Velocity of S T  is to the Angular Velocity of the right Line S P

that is, as is to But P  p . P E : :  S P  . S T :: C K . C 0, by
I Cj r  o

C K  C 0
Prop. 2. Therefore thefe Velocities are as . ^ ^ t o For P  G write

by Prop. 5. and will become 
C D x D O  ’  ^  ̂ P G  C K q  P S x P F

Hence will be to ~  , or expunging what is fuperfluous, C D
P  S X P r P  c

to P  F, as the Angle T S  i is to the Angle P  or the Angular Velo
city of the Tangent to the Angular Velocity of the Diftance V P. There
fore the Velocity with which the Tangent revolves v/ill always be pro

portional to the Quantity 
 ̂ ^   ̂ P F x S P q

In Seét 3. Lib, I. O f the Principles of Natural Philofophy, the Reader  ̂
may find mofl of thefe Corollaries  ̂ derived from other Properties of the Conic 
Sehions, or eafily to be derived from them.

III. I propofe a Method of Tangents, (immediately derived from Tangents to 
Theory o  ̂Úit Maxima ^ná Minima^) which is eafy and fufficiently ge-Carwi. &c. 
neral, nay the moil general of all, as being with the fame Labour appli-'^>' '̂‘-H-Dit- 
cable to all Curves. Nor fliall I fcruple to call it a new one, fince no‘° 
one of the celebrated Geometricians (as far as I have been able to learn) 
have ever publiflied any Thing of this Kind. I ihall here only produce 
a few Inilances.

Let A G  H be a Curve, whofe Vertex is A , its Axis A  K , ordinate pig. 6.
F  D , and its Center (if it have any) the Point K. Taking L  a Point 
in the Axis, make A  L = « , A  F D=;-, F  L = 2 . O f thefe Quan
tities the three lail are flowing Quantities, and « is a conftant Quantity ; 
for this being always the fame, anfwers to the others which are always 
variable. From the right-angled Triangle F  D L , we have this Equa
tion, z  zz=:yy nn —  i n x  x x  \ and determining 2: to be an Ex-
tream, there arifes 2yy  —  2 n x - \ - ^ x x  =  0', whence by interpreting 
2^^ according to the particular Nature of the Curve, the Quantity «

A ^  exprefs’d in Terms that will alfo be proper to the Curve.
_ And now by this Means having z determined to its extreme Value, that 

„is, having the Line F I . cither the greatclV or leail o f all thofc which can 
e rawn to the Curve from the Point L , and therefore perpendicular to

the

I
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8 77j í  Method o f  the Maxima W M in im a
the Curve in the Point F ; it is evident that D L  is the Subnormal, from
whence the Subtanffent is eafily derived. . _ , , u' u

F ^ a n  E x l p l e  let us firft take rh.^Afdm,an Parabola, wh.ch Curve

we will fuppofe to be here delineated. Therefore we have 2.,^ =  r

fuppofing r to be the Parameter; whence r x —  2 x - f - 2 x x  =  f, and

H + x .  Therefore the Subnormal D L  =  i r .  Now the Mean-

ins ot this Theorem is this. If beyond the Llmit D o f the Abfcifs A  D 
there is taken D L  equal to the Semiparameter, and trom rhe 1 omt L  be 
drawn L  F ftrait to the Point F ; the right Line fo drawn wil be per
pendicular to the Parabola in the Point F, and the leaft of all the Lines 
that can be drawn to the Curve f rom the Point L . I lay it is the leaft ; 
for to any one that confiders the Nature of the Curve, it is evident it 
cannot be the greateft, (which I would have obferved in what follow s;) 
but it is neceffarily either the greateft or leaft, and therefore the latter. 
And this is the firft Part of Theor. 5. Lib. 7. o f la Hire's Conicks.*

Let the Ordinate R B be drawn, and join the Points‘E , L . make the 

intercepted Line B D = / ,  whence A  B =  — /, and B L  =  — -f- /.

Now L E q = — H -^ íí +  //> a n d F L q  =  —  +  Therefore
^ 4  4

L E q  —  F L q  =  BDq,  which is the latter Part of the fame Theorem.

The nearer the Point F approaches to the Point A , or to the Vertex, 
in which the Perpendicular cuts the Curve, the nearer alfo the Point L 
approaches to the fame. Therefore when F coincides with A , and fo
the Ordinate F D vanilhes, then the Minimum itfelf lies in the Axis A  K,
and will be equal to the Semiparameter. That is, in this Cafe n—  4- r only; 
the Abfcifs belonging to the vanifhing Ordinate then alfo vanifhing. 
I f  therefore A  L  =  » =   ̂r, taking the Point D between A  and L ,

«

make A D  ^ X ',  then there arifes F L  q = -------y  ;>i ' ,  and therefore
4

F L q  —  A L q  =  x x , that is, F L q  —  A L q  =  A D  q. A s it is Theor.
2. L . 7. Conic, de la Hire.

Secondlŷ  Let there be a certain Curve of a fuperior Parabolic Order,

whofe Equation is  ̂  ̂ =  jy ^

2 p — 2 Í 2 y '
Then;';' =  r p x  ̂y ,  and therefore

2 ) }

■am



applied to Conic SeEiiom, V '

2 q ^ g 2 g ~ y  ’ .
2 y y -= --y ^  p.. .  ̂ P  Now if we fubftitute this Value in-

flead of 2jy>;in the general Equation, which determines z  to be an E x- 
trt am, we fliall have from thence

i _ r
I p  —  2 g 2 q — p

n =  '  p   ̂ p • -f-  AS and therefore the Subnormal is

• - * * T
I p  —  2 ?  i q — p 

D L  =  •—  r p   ̂ p  • N ow this is eafily apply*d to any

o f thefe Curves, if  the Indices p  and q are rightly expounded, according 
to the Nature and Genius o f each Curve.

b̂irdly  ̂ let it be fuppofed that the Curve is an Ellipiis, o f which A  K  

is half the greater Axis. Now it follows from its Equation that 2yy-==.

r x — . Whence there arifesrx'— —  ̂ — zn  'x +  2 at jc =  o 
?  i

and» H i. Wherefore  ̂  ̂ =  D  L  the Subnormal.
2 q 2 q

Now if  inftead o f the Ellipfis a Circle were fubftituted, by proceeding
with the Equation in the fame Manner, we ihould find D  L  =  r _x,
making r to be the Radius of the Circle. *

But let us return back to the Ellipfis, another o f whofe Properties may 
be derived from hence, as was done in the Parabola, f

Make B D = / ,  whence —  Then we ihall have L  E  q = ’

(L B q  +  E B q = ) J Z - I I f' 4 q qq q ,
' M .  And F L q  =  fF Dc, +  T . n q r r _ r r x

t
r

■ f ?  Í  

6. Lib. 7. Conic, de la Hire.

■* I

Therefore L E q - L F q = / / _ i ¿ /  Now this U Theor.

imtp
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lO The Method o f  the Maxima and Minima^

For that great Geometrician requires, that it may h t q . r W  -1---- x,
# ^

L  D , whofe Vaiiie therefore is-^ llH ^ as found above. Therefore it is

a fourth Proportional to the three Quantities before exhibited. This 
being granted to him he evidently demonftrates, that L  F  is the leail *of 
all the l.ines that can be drawn from the Point L  to the Ellipfis. More-

f r
over becaufe \ t \ s q . q —  r W f . f --------  Therefore the Redtangle f f

— L L  is the fame Reftangle which Ti.de la Hire calls his Spe-

cimcn. But this Specimen, (according to his Definition) is a Reélangle 
like to the Reftang c that conftitutes the Difference between the Square 
o f the tranfverfe Axis and the Figure, (that is, the Reftangle qq —  qr,)  
being befides apply’d to the right Line B D or/. Now that the Reétan-

g k / /  —  í í í  has all thefe Conditions is very evident.

It may be obferved, that it follows from the Value of n before found,

that n -z  1- ,  For n ■=. 1—   ̂ —  — • Therefore j  « -f-  r  x  =
2 2 ?

?—  -\ - 'q x . But becaufe j  '7' r, ’ t is q x r x, and therefore q n  
2

?JÜ, and n "7 — •
2 2

When the Point F (as was juft now obferved. in. the Parabola) falls 
upon the Vertex A, the Minimum is determined in the Axis : And be
caufe of X vaniihing, we ihall have n — ^ r . Then, afluming any Point 
D between A  and L, if A  D is equal to any x̂  by Comparifon there arifes

F  L  q —  A  L  q'=‘ XX —  . And this is Theor. 3. Lib. 7. o f de la'

Hire’s Conicks. For becaufe it is q-. q — r l l  x . x —  itappears that

the Reftangle x x — ÛLU is the Exemplar, but apply’ d to the Abfcifs

X. And therefore this is the adequate Meafure o f the Defeél o f the 
Square of the Icaft Line, from the Square of any other right Line drawn

• ‘ J  from
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apply d  to Conk Se&ions. I I
from the fame Point to the Curve. And this is what he demonftrates in 
the Place above cited.

Now the Theorems belonging to the lefler or conjugate Axis o f the 
Ellipfis, (for hitherto wc have infifted on the greater or tranfverfe Axis) 
are determined juft in the fame Manner. For now let A  K , or half the

lefler Axis, be — , R  the Parameter ; and the Point L  is now fuppofed to

be placed beyond the Centre, on the other Side of G  K. By working as
R  R  Xbefore, .we ihall find A  L  or » = ------ }- x —  — , and the Subnormal
c ^

D L  =  — — That  is, f. R  — x . — — ; and therefore 
c 2 , 2 2 C

drawing F  L ,  it will be the greateft o f all the Lines that can de drawn 

from the Point L  to the Ellipfis ; and L  F  q —  L  E  q _/ / =  to

the Redangle, which is the Exemplar, apply’d to B D or/. For it ap

pears that this is the Exemplar, for it is c . R  —  c I l f .  _/, and

therefore, according to the D e fin it io n ,^ — / x / is equal to the Exem-
2

plar. Now this is Theor. 7. Lib. 7. o f de la Hirers Conicks.
Again, when the Point F  coincides with A , becaufe of íí vaniíhing with

the Ordinate then vaniíhing, there is left « = i ,  and A  L  is the great

eft of all the Lines that can be drawn from the Point L  to the Ellipfis,

and A  L  q —  F L  q = — —  —  jí =  to the Exemplar apply’d to A  D
c

or X. And the fame as to Theor. 4. o f Lib. pr^d. Conicks.
But it ought to be obferved at the foregoing Cafe, (which ihould have

been mentioned before) when we found » A f ,  that»
2 c

R  R  c
F o r f « - f - R x = ------ a n d b e c a u fe R :r f , therefore

c Xy and there will be left c n or » 5 .
2 2

Now as the Matter is perform’d in the Ellipfis, fo in the fame Manner 
It might be perform’d in the Hyperbola, and the leaft Lines may alfo be

^  2 determined
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1 2 The Method of the Maxima and Minima
dettrmined in this Curve. But there is fuch a Conneftion between thefe 
two Curves, and the Tranfition from one to the other is fo eafy, that the 
Labour may leem unnecelTary even to Novices. Therefore nothing 
more remains to determine the Subnormal, than that the Sign -  may

be changed in to-F . For fmce in the Hyperbola it =  +

2TXX  ̂_  r_^ y . (the general Equation) there remains D  L  

Í ’  '  . * . - M -  ■ •
—  —  - -

t 2 Í . . .  L::. :
Let it be conceived fourthly, that the Curve M S N  (drawn on the 

other Side the Figure) is one of the Hyperboloids, whofe Afymptotes are 
A  K, K  H , and the right Line S R an Ordinate to the Afymptote K  H  ; 
make S R S P  =  z, K R  =  x, K P = « ,  which here muft needs be 
lefs than x, as will appear on Confideration. The Equation proper to the 
Curve i s^pxq =  r qj p,  inftead of which, (becaufe oí r and s being deter
minate Quantities) may be wrote jy p =  q, and therefore

y* ziz X Z l-^ a n d  2 yy  = — ^  x x — ^Hence fince it is
P P P

2 z  z=.yy -f- Jix —  2 » x +  « w, for an Extream we have

2yy->r ’2-  ̂x —  2nxz=.o, that is, — H .  x x 2l1Z Z 2 .
P P

V x=. 2 n X and n •=. x ---- ? x 2iS—.
P P

Therefore the Subnormal P R  =  (;c —  n z=.) 1. x l A __ 2̂.
P P

'Laftly, let us conceive the Curve A  F  G to be a primary Cycloid, and 
let the Radius be r, the Arch f, and the Ordinate of the generating Circle 
to be y, whofe Diameter may be reprefented by A  K, and tlie Center po- 
fited between L  and K. Then calling F D  the Ordinate of the Cycloid a, 
and the reft as'before, the Equation of the Curve \%aa ~ y y  2 f  y -h  
£ f, and therefore z  z-zz {a a n n —  2 n x x x — ') y y -4- 2 c y { c c

—  2 « x - f -  x-x, and 2 being determin’d for an Extream, l y y  

- { - i c y ^ 7 y c j r 2 c c - - 2 n x ^ 2 x x = 0 .  But3- =  , and c
. • y

=  Then fubftituting thde Values, and duly reducing the Equation,

w c ih a llh a v e a r— . 2 c r  ,"t*----------------- h  2 r --------2 ft —  2 and ̂ y '
therefore



apply d  to Conk SeSiions.
therefore 2 r  —  jí =  « — ;í =  D L  the Subnormal.

The incomparable Dr. Barrow makes ufe of the Subtangent as already- 
known, to determine the Maximum and Minimum. And Mr. Newentiit^ 
in his Analyfis of Infinites, has done the fame after him. But fince the 
Maxima and Minima may be found by many other Methods, in which 
nothing need be prefuppoft d about the Tangents of Curves, it is plain 
that we may fafely proceed from the Maxima and Minima, to inveftigate 
the Method of Tangents.

Corol. 1.] In going over again the foregoing Examples, it will appear

from each, that ^y'y —  2n'x ^  2 x x ^  o,hy putting inftead of n in this 
Equation its Value derived from the Nature of the Curve. For Exam
ple in the Hyperboloids

on  • -2? — p ' 2P ' —  P
l i -  X ^ — -------  —  2  X X -------- X X  ------- — —  2 X X —  0^
P P P P

which appears by Jnipedion. And the fame will appear to be true in 
other Exan ples, without any Demonftration.

Corel. 2.] From the Invention of the .‘Subnormals we may eafily deter
mine tlie grei-tcft and leaft Ordinates of Curves. In which Matter I fliall 
add, if the Subnormal belonging to any Point of the Curve be put equal 
to nothing, we íhall have the Ordinate of that Curve determin’d to be 
an Extream. And it will be the greatefl:, ii it is on the concave Side of 
the Curve, but the leaft, if  it is on the convex Side. For Example in 
the Circle, (making the Subnormal =  /) it will be / =  r —  x. L et r —  
X =  then r  =  X and j  =  r that is, the greatefl: Ordinate is equal to

the Radius. In like Manner in the Ellipfis 1= - — —  ; let^ — =
2 q 2 q

0, then rqz= 2 r x ,  or x =  -i. Therefore jy j =  equal to a fourth
2 4 . .

Part of the Figure as they call it, or the Square o f the conjugate Semi- 
, axis, and therefore the greateft y is equal to that Semiaxis. And the 
fame Method may be ufed in other Curves. Let the Subnormal be found 
from the given Equation, and making that equal to nothing, we ihall 
have the Ordinate o f the Curve determin’ d to a Maximum or Minimum ;̂. 
the firft towards the concave Part of the Curve, and the other towards 
the convex Part.

P O S r  S C R I P S .
Firft, itwill be eafy by this Method to determine the Tangent, by ope

rating at the convex Side o f the Curve, as before on the concave Side.
For

• 1 3



14 T’he Method o f  the Maxima and Minima,
For let A C  be the vertical Tangent, and C a Point in it taken at Plea- 
fure. Make A  C =  », C O =  z, (by which Symbol let all the Lines be 
denoted, which are drawn from the Point C to the convex Curve A  E G.) 
Then drawing M O always perpendicular to A  C, it will be C M  =  « — y.  
And fince O M =  ic, it will be z  z  =  « » —  2 » y -\-yy  —  \ and there

fore (for an extream Value o i z ) 2 y y - \ - 2 X x  —  z n y  z=o. In which

Equation, if  2 x be expounded according to the Nature o f the Curve, 
we ihall have the Line C Z  determined, which in this Place performs the 
Office of a Subnormal. This is too clear to want ariy Illuftration by 
Examples.

Secondlŷ  As in the foregoing Method we have found the Tangents of 
Curves, by determining to Extreams the Lines L  E  or C O, drawn from 
a given Point either in the Axis or in the vertical Tangent; thus by con- 
fidering the Lines Q  E, ^c. drawn from a given Point in the Axis be
yond the Vertex, the fame may be perform’d, and that univerfally. For 
all the Lines Q  E are of a flowing and variable Nature, but the Tangent 
-Q^F alone, (fuppofing Q F  to touch the Curve) is conftant and deter
min’d to one Value. Therefore in this Place we ihall not infill on the 
Hypothefis of an Extri\im, but lhall only confider it as a permanent 
Quantity. Let two Points Q , L , be; aflTumed, and thence to the fame 
Point of the Curve E let two Lines L  E, Q^E, be always drawn. The 
Angle Q E  L  between the Point of Contaft F and the Vertex, will aU 
ways be obtufe, but on the other Side of the Point F  it will be acute •, 
fuppofing, as faid before, that Q F  touches the Curve, and F L  is at right 
Angles to it. Make Q  A  =  />, A  L  =  «, A  B =  a-, B E  =_y, and Q  E 
=  z. Alfo V  E =  which is intercepted between the Points E  and V , 
where Q^V falls perpendixrularly from Qupon L  E produced. Now be- 
caufe of the obtufe-angled Triangle Q E ,  we fliall have this Equation,

z z = p p  i p ji — yy  ^  y y  +  x/'^y ^  n n —  2 n x  2V\

or inftead of 4 \^yy->r nn —  z n x - ^ x x  writing /, 

it will be z  z  = p p - { -  2 p n  ^ y y  ^  x x -Jf- 2 n x —  2 / v, zná thence

2 Z ^ ; ^ j - - 2 x j + 2 « ; r - 2 / ¿ - - 2 < í ; /  Now if z  is a conftant 
Quantity, m which Cafe Q  E  will coincide with the Tangent Q  F , it will

be Jen  2 ̂ j  2 y - f. 2 » x =  c, the Reélangle 2 fv ^  and therefore 
t Its Fluxion intirely vaniihing. But this is the very general Equation.

that was determined by the foregoing Method, which is deduced with 
^ e  fame Eafe from the Suppofition of a conftant Quantity, as before 
from the Pnnciple of an extream Quantity.

IV. Let



IV  Let A  be the 4 rea o f a Curve, whofe Abfcifs is y, and Ordinate ^  Method of
_ Squaring/0OT/

j(m^ d x ___X X. Let B be the Area o f a Curve, whofe Abfcifs is the Kinds o f

fame as the former, but its Ordinate is d x  —  xx. L et ✓ dx— xx Mr. Abrade
—  V, the iVrea will be Moivre, n.

378./. 1113^
2 W + I  — I 2m —  3 2fn —  5

d” B y .--------- X ----------------------------------------------- X-X ----- > ̂
2W +  4 2 W + 2  2tn i m — 2

I  m— r 3

----------- y =  —  ^

A  Method o f Squaring fotrn Kinds o f Curves, 1 5

d 2m-\- I 3
X ------------- A? ^  = .  —  R

m ^ i  2 » /+ 4

d^ 2 ^ 4 - 1  i m — I w— 3 3

------------------------ X ---------- X y = i  —  S
m 2 »? +  4 2 W-f-2
J* 2 W + I  2 W — I 2 w  —  3 »»-4 3

-------------------X -------------- X ---------------X ---------------^

m --- I 2 W - f 4  2 W-f-2  2 W

Here it is to be obferved, / r / , that n is fuppofed to be an integer and' 
affirmative Number. Secondlŷ  that the Quantity d « in the Series de> 
noted by P, muft be multiplyM into fo many Terms as there are Units 
in n. T:hirdlŷ  that fo many o f the' following. Series, denoted by —  ¿
—  R , —  Sy^c. ought to be taken, as there as Units in n. Now that 
this may be made plain by an Example or two, I fay, that if  « —  i theh 
the Area will be ’

2 m I I w—I 3
A  —  d ” Bv.  — --------- X y. And i f » =  2, then

2 » 1 4 w -f- 2 '

2 W - f l  2 W—  2 I  « — I 3

A z ^ d ’̂ B x ------------- --------------------------- -- y
2 W +  4 2 » * - f2 « -| -2

d <2.m^ 1 «—» 3
— -----X -------X y

»»+  I 2 w 4- 4

if we makejr =  v ' d x - x x ,  theii Ü +  5 « .  7, ( ¿ u

C m L
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i 6  A  Method of Squaring form Kinds of Curves.
Cora/. I .]  I f w b c f u p p o f e d e c j u a l t o a n y T e r m o f t h i s

the Qiiadrature of the Curve, whole Ordinate is s/ —  
xm \/ d  ̂ X X becomes finite, and will be exhibited by our Series. T o  
make this plain by an Example, let tne Area of the Curvee be fought,

whofe Ordinate dx —  x x. Suppofe this Curve to be com

pared with the Curve whofe Ordinate is x~ l dx  —  xx  \ becaufe in 
this Cafe « =  i, therefore

2 m -\- I I 5
A  =  d" ------------------- -̂-----  ̂ y

2 ;« 4- 4 m 4 -1

But w =  —  and therefore 2 w +  i =  o. So that
I m - t  3 2 ^ 3

---------.V y

Here it muil be obferved, that the Area thus found will fometimes be 
deficient from the true Area, and fometimes exceed it by a given Quan
tity. Now that that Excefs or Defeft may become known, let the Area 
thus found be fuppos’d to be increafed or diminifhed by a given Quan
tity j ,  and then putting x =  o, let the Area thus increafed or diminiihed 
be made equal to o. Thus in the prefent Cafe f  will be found

2 d d, and therefore
3

A  =  - l - d ^ d - . - ^ l l - .
3 x 3

Corol. 2 .]  If n is fuppofed equal to any Term of the following Series 
3» 4> 5> 6, 7, the Quadrature of the Curve, whofe Ordinate is

X"" i/ d X —  x X or X-” d X X X, becomes finite, and is exhibited 
by our Series. Let the Area of the Curve be required, whofe Ordinate

is X--3 \/ dx  —  XX. Suppofe it to be compared with the Area o f the 
Circle, which may be called A. Then w =  0, « =  3, and therefore 
A z = P  —  ^  But fince the Quantity 2 m is infinitely little or
nothing, and is found in the Denominator of the third Term by which 
d" B is multiply’d *, the Quantity denoted by P  becomes infinite, and for 
the fame Reafon the (^antity denoted by —  S becomes infinite ; and 
therefore the Quantities A, ^  ^  ^  R  vaniih. Therefore P  =  5.

Now

Im m



A Method o f  Squaring fom e Kinds o f  Curves. 1 7

2 m 1 ' i m  —  I

Now this Equation divided b y ------------ x --------------becomes
2 W + 4  2 W - f - 2

2 W— 3 i/i/ -3  3 2 WÍ --- g J
f/" B  X •—  -------  =  —  ^ y  o r d r B x --------------

2 m in 2

— i d x^-3y 3 . And writing o and 3 for m and», there arifes

3 j  3 2^ 3
d B  X --------------- = ------, or 5  =  —

Af 3 3 J  ;v 3

Certf/. 3.] If is fuppos’ d equal to any Term o f the following Se
ries, —  2, —  1 ,0,  I, 2, 3, 4, The Quadrature o f the Curve,
whofe Ordinate is a” d x —  x >r, depends on the Quadrature o f the 
Circle. But the Area of the Curve, whofe Ordinate is dx-\-xxy  
depends on the Quadrature o f  the Hyperbola ; and the Relation o f that 
Curve to the Circle or Hyperbola, is exhibited by our Series in finite 
Terms.

Corol 4.] If m is expounded by any other Number different from
any before^fiigned, the Curve, whofe Ordinate is Af d x  —  x x  or
x^ v' d:< - f  X is neither exaóliy fquared, nor depends on the Circle or 
Hyperbola, but is reduced to a fimpler Curve by our Series. '

Theorem 2.] Let A  be the Area o f a Curve, whofe Abfcifs is x and 

Ordinate ^ ----------Let B be the Area o f a Curve, whofe Abfcifs is
^  dx---XX

the fame as the former, but its Ordinate is M ake —
^  dx— xx  ̂̂  ̂

=  y Then

.  I 2 W — 3 2 W —  5 2 W —  7
----------------X ---------------  X --------------  --------------------- £ í í , = J > .

2;» 2 m  —  2 2 m  —  4  —  6

I *B—I

--------- Af J’ = —  ^
m

d 2 m —  I «-'»
X

in —  I 2 m

V o l .  IV. o  j .
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Í i f r  A  Method o f Squaring fome Ktnds o f Curves^

2 w  —  I 2 w  —  3  ‘"•■JH

K

I

-------------p X ------ ---------- X --------- -------- JÍ

ÍW—- 2  2W 2W —  2

2 W — I 2'/« — 3 2OT — 5
11.   X ---------------X ------------- ^  X ^ y z z = ^ T , i ^ c .

fn —  3 ^m 2W —  2 — 4

The Obrervations made upon the firft Theorem obtain here alfo, and 
likewife in the following.

|j Ccroh I.] If w is iuppoied equal to any Term of the following

1 - 1 3 5 7 9
$cna, _, _9 — -*-» *“ » Quadrature of the Curve, whofc

2 2 2 2 2

Ordinate is - nr__^  becomes finite, and is exhibited by

this Series.

Cetol 2.] I f w is fuppofcd equal to any Term o f the following Se

ries, I ,  2, 3 , 4 ,  5 , 6, 7 ,  every Curve, whofe Ordinate is
X'

or_— is fquared in finite Terms by this Series.
V  d x ^  XX

Corol. 3.] Urn  is'-expounded by any Term of the following Series, 

o, 15 2, 3, 4 , 5 ,  ^c. the Curve whofe Ordinate is _— — -------  depends
' ^ d x — XX

on the Quadrature of the Circle. But the Curve whofe Ordinate is 

fig. 7. —  ^ ------- depends on the Quadrature of the'Hyperbola. For if  Cen-

ter C, and Diameter ABz=.d\, a Circle A E  B is defcrib’d, and A D  •=. x 
is taken ; raife the Perpedicular B  £, and join C E. The Se6lor A  E C  
divided by -J- dd\s  equal to the Area of'th e Curve whofe Ordinate is

X °
K.v « Manner if Center C, and tranfverfe Axis

^ d x ~ - - x x

A B z= .d^ n  cquUateral Hyperbola A E \^  defcribed 5 let*there'be taken

■tr
V

m m -



A Method o f Squaring fw m  Kinds n fC urvei,
^  D  =  ÍÍ, let Z) £  be raifed at right Angles, and C £  be join’ d. Thff 
Sedtor A C E  divided hy \ d d h  equal to the Are^ o f .the Curve whofc

Ordinate is

Carol. 4.] I f m be fuppofed equal to any other Number not within

the foregoing Limitations, die Curve v̂ ihofe Ordinate is —  ̂ — y
% / d x ^ x x  '

— — —  , can neither be exañly •fqaared, nor does it depend on the
i/ d \ -\ -x ? i.

* ■ Í
Circle or Hyperbola, "but however is reduced to a fimpler Cu;ve7

1'heor. 3.] Let A  be the Area /of a Curve whofe Ahfcife Ls x.b and Or
dinate x " V  r r —  XX. L et B  be the Area p f a Curve whofe Abfcifsis

the fame at, and Ordinate 2» r r  —  x x ’ make r r  —  x x 
Then ‘

m —  I ,tn —r  ̂ m — m —  7 - •
A  ■=. r"̂ ” B X ----------X ---------- X ---------- X ---------- , =  P

m  ^ m  m  —  2 w  —  4

I 3

m ^

r*  m ---- 1 »»—3 .3

----- . X ------ X V =  —  R
m

m

»i-__ 2 m —  3 '>*— 5 -3 a

X -----------  X ------- — X y  'Z Z  —
—  2 m 2 m

Cvrd. -I.] l i  m\s expounded by any Term t)f the-Series i ,  3, 5, 7, 
t^c. the Qnadrature o f the Curve whofe'Ordinate is x”  V' r r  —  x x̂  or 
X”' V  r r b^(^^ür\itQ , and,is exhibited by this yTh^re^,.

Corol. 2.] I f  « is interpreted by any Term o f the following Scries,

2» 3> .4  ̂ 5> ^^■̂ ■iithe»Guiivê wÍTiofe«Qrdinate.is A ' "V . o r  
r r ^ x x .  is fquared exaftly by this Theottm/ " '  - vi V

Corol. g.-] I f  m.iE irittarpreted(by ^ y¡T « n n  o f • the followii^ Sei’ies,
5— 2, o, 4, 8, {iff. the Quadrature o f the Curve whofe OrdL.a'e is

D  2 ' a;"*



30 A , Method o f Squaring fo m  Kinds o f Curves.

* « V r r  — depends on the Circle i and the Quadrature o f the Curve.
- whofe Ordinate is 4 / 7 7  +  depends on the l  lyprrbola.

•' 'I
Corel 4.] I f  m is interpreted by any Number differii^ from thofc

afore-mention’d, the Curve whofe Ordinate is x ”̂  V  r r x or 

jfw r r  -\-xXy is neither exaftly fquared, nor depends on the Circle or 
Hyperbola, but is reduced to a fimpler Curve.

' ^eor, 4.] Let A  be the Area o f a Curve whofe Abfcifs is x, its Or-

. dinate . and let B  be the Area of a Curve whofe Abfcifs k l¿
• i/ r r — XX *

is xind its Ordinate ——= = •  Then
^  rr— XX

m — I m —  3' w — 5 w — 7 a... r
’A z z r * ” B  X -------- 1 X --------- X ---------- X ---------- , i ^ c . ^ P

m

I
--- X
m

m —  2

m —  I •‘- 3
X ---------X y-sz —  R

m

T
tn —  6

w — I m —  3 »1 —  5 « - 7

X - ■ ' ■ X ------------ X -------
 ̂ m m —  2 tn —  4

Corel 1.] I f  m be ex^unded by any Term o f  the foUowine Series, 
'> 3> 5i 7> 9.£=<'' Quadrature o f the Curve whofe Ordinar,. ¡«

is had by this Theorem in finite Terms.r  rr— arx v' rr-\-xx

,• CmiK j .]  If» is c^ounded by any Tcnn !n the following Senes,



A  Method of Squaring fo 7?te Kinds of Curves» 2  X

i> 2, 3, 4, 5, ^c. the Curve whofe Ordinate is— ------' or
t/ rr— XX ^  rr-\^xx

is perfeftly fquared by this Theorem.

Corol. 3.] I f  w is expounded by any Term in tlie following Series, 
p , 2, 4, 6, 8, ^ c. the Quadraúire o f the Curve whofe Ordinate is

__ y.---- depends on the Quadrature o f the Circle. For if Center C,
^  rr— XX t

Radius C A:=.r^ a Circle A E G h  defcribed, malee D  E  perpendicular 
to C D,  and join C E  3 the Sedor C A E  divided by -i r r  is equal to the

^ 0
Area o f a Curve whofe Ordinate i s ------------- In the fame Manner if

j i/  rr— XX

C be the Center, C A = r  the tranfverfe Semiaxis o f an equilateral H y
perbola E  A M y  draw C F = x  perpendicular to /1C,  draw F E  parallel 
to the Axis till it meets the Hyperbola in £ , and join C E.  The Hyper
bolical Seétor A C E  divided by 4 is equal to the Area of a Curve

whofe Ordinate is-
^  rr-{-xx • *

Corel. 4.] I f m is expounded by any Number different from the

foregoing, the Curve whofe Ordinate is -~ = = r ^  or —-  ̂ is nei-
^ r r — XX v'rr-f-x.v

ther fquared exadlly, nor does it depend on tlie Circle or Hyperbola,, but 
is reduced to a fimpler Curve.

Theor. 5.] Let A  be the Area o f a Curve whofe Abfcifs is x, its Or-

i and let B  be the Area o f a Curve whofe Abfcifs is alfo

Xy and its Ordinate ---- Then the Area will be
a  —  X

d „B  - -------------------------------- ,

m m —  1 m —  2

Let the Ordinate be ---- j the Area will be
fl 4 -  a:

ffl€D



22 A  Method o f  Squaring fm m  Kinds o f  Curv^.

dx" - ^  '
'yf ~ ______________ U  ------------, d B.

-a - v . n
, ■ T -

CoroL] I f  m is expounded by any Term of the following Series, 
o. I, 2, 3, 4, 5, iffc. the Quadrature of the Curve whofe Ordinate

»
Is - 1 ! - ,  or depends on the Quadrature of the Hyperbola

d — X d ~ \ -  X

rig- 9- For drawing D E  and E F  sx. right Angles, take E  G —  i ,  draw G H  
perpendicular and equal to E  G. Within the Afymptotes D  £ , EFy  let 
an Hyperbola be defcrib’d, paiTing through.//, then take G K = i x  to
wards E  in the firft Cafe, and towards F  in the fecond,- and draw the
Ordinate X L . The Area H G K L ,  divided by d  d,  is equal to the

t ■' f'
X ° X ° ' 1 .

Area of the Curve whofe Ordinate is -5--— or  -------  Hence the ’So-
t d  —  K d - \ - X  ^

lid generated by a Portion of the Ciflbid, revolving about the Diameter 
o f its generating Circle, is exhibited in finite I'erms, the .^adraturc 
o f the Hyperbola being granted. '

Tbeor.-6.] Let J  be the Area o f a Curve whofe Abfcip is x, its

Ordinate ---- ---—  j let 5  be the Area of a Curve whofe Abfciis alfo k
r r - ^ x x '  - -3

X, and its O r d i n a t e — .— . The Area will-be . -j !.- : -¡ . j
r r - i -  X X

ym -l ^2 ;icw-3  ^4 ^

/f — -------- --------------------- f- —----- ----  , -j- B<!
m — i m —  s m —  5  , ^

CoroL] If m be expounded by any Term of the following Series,
o , 2, 4, 6, 8, i^c. the Quadrature o f'th e  Curve whofe Ordinate is

X ^
depends on the Redification of the circular Arch. For if

r  r X X

CenterC, Radius C 5  =  r a Circle J E G h t  dcfcrib’ d •, draw the Tangent 
y4K=zXy join C K  meeting the Periphery in E. Then the Arch J E  
divided by r r  is equal to the Area of the Curve whofe Ordinate is

r r - > ^ x x
A

U f l£ H
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A Method o f  Squaring fom e Kinds o f  Curvet, ̂
»

A General Corollary to thefe Six T'heorems,
Any Mechaaical Curve, v'hofe Quadrature depends upon any of the 

infinite Number o f Curves, the Ordinates of which can acquire any of 
the following Forms,

_ X ^ « I— — — ^  ^ ^
dx  + X X ,  — = = = r ,  x*̂  \/ r r - ^ x  Xy

\/ dx-\-XX Vrr-jrxx

 ̂ ---- —----- , may be fquared by thefe Series. W e fliall lliQW
 ̂ r ;<• x

this'by one Example.
Suppofing that the Cube of the circular Arch, correfponding to 

the verfed Sine, be made the Ordinate of a Curve, whofe Abfcifs is 
the feme verfed Sine ; to find the Area of that'Curve.

Let the Abfcifs be .v, the circular Arch v  ; then the Fluxion of the 
Area will be -y  ̂x.

Let the Area be i; * x —  q. Then '̂ v'  ̂ v x —  q z = v ^ ’x,

•whence qz^.^v'^vx. But *17 = ----  ---- , and therefore q =  x x ^
2 i/dx— xx 2 s/ dx— >:x

• •

But by Theorem the id , — —  ̂ —  = ------— —  — y. — v  —  y.
 ̂ ^ d x — x x  2 V d x — x x

so  i h & t q = i i d v ^ v  —  i d v   ̂j ,  therefore  ̂=   ̂ —  F].± d v  ŷ.

Therefore we are come to this, that we muft find the flowing Quan

tity o f ^ d v  y.

Let this Quantity bt 4: d v y —  r.
_ * * • ♦

Therefore ~ d v ' " y - \ ^ ^ d v v y  —  r =. i- d v  y.

Therefore r z = : ^ d v v y = .4; d ^ v x .  Make r z = i - l d ^ v x  — j. 

Therefore ^ d  ̂ v x  d  ̂ v x  -{- ± d  ̂ x v  — }.

So th3Lt s =. I d   ̂V X = .\d ^  V ^ 1 . 4 3 '
4 ✓ dx— XX *

by the fecond Theorem.

Therefore sizz^d^ v  —  ̂  d̂  ŷ  So that the Area required is X»  ̂ íí' —  4-

Novf
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*4- ^  Method o f  Squaring f o m  Kinds o f  Curvesi
Now becaufe Solids generated by the Rotation of Curves, Superficies 

produced by the fame Rotation, tiie Reiflification o f C u r v e s ,^ d  the 
Centers of Gravity of all thefe, depend upon the Quadrature o f Curves; 
thefe will be eafily computed if they depend upon any of thele Cu^es.

After I had put thefe Theorems into Form, and had ihew d them to 
the great Newton  ̂ as the fupreme Arbiter o f thefe Matters •, he was 
pleas’d to produce to me his own Manufcripts, by which it appear d, 
that he had long been in PoiTeffion of a Method, by which, when any 
Trinomial Equation was given, exprefling the Nature o f a Curve, he 
could either fquare the fame, or reduce it to fome limpler Curve.
• I queftion not but thofe learned Men, whofe Writings in the Jour

nals of Leipfick and elfewhere, have much contributed to the Improve
ment of the Mathematical Sciences •, thofe Men (I fay) have Methods 
akin to thefe, and therefore I affume nothing to myfelf, but that I have 
found thefe Theorems, not knowing whether they may already be ex
tant •, and that I have reduc’d them to fo cafy a Form, that all the Cal
culation requir’d is perform’d as it were by Intuition. Before I finiih 
writing this, I think it may not be amifs, if I fubjoin upon this Occa- 
fion a few Words in Anfwer to the Animadverfions of the learned

* Of finding theyir. Leibnitz  ̂ upon a certain Series publiih’d * by me, for finding the 
/ K - Qf an infinite Equation. That famous Man is o f Opinion, that 

Vid. that Series is not fufficiently general, as not reaching the Cafes in which 
ylf/. Vol. J. the Quantities z  and y are multiply’d into one another ; and therefore
C . I. 5. xxii.he fubftitutes another Series for mine, which he affcrts to be infinite

ly more general than mine. Now I imagine he was led into this fmall 
Miftake, becaufe he took the Quantities a, f, ¿/, ^ c. for given Qiian- 
tities, whereas they may be made Ufe of as given or as indeterminate 
Quantities at Pleafure. Let me produce one Example, bv which it 
will appear, that our Series includes all Cafes whatever. Let the Equa
tion be K j s  —  our Theorem make a =  ny  ̂ ¿ í?, f =
—  I ,  =  o, =  Í?, /■ =: I .  Or which is better, make^ =  jyjy, 3 =  <?,

i =  0. In either Cafe it will be 2: =  ---- ---------- u

7ht ^adra- V. I havc looked a little farther into that Curve which fell lately un-
Confideration. It is not the Foliate as I did at firft imagine, but

thi d̂Ordtr, Í believe it ought not to make a Species diftinft from it. A  E  B is the
communica- Curve I thus defcribe. Let A  B and 5  /C be perpendicular to each
ted ̂ A/r.Ab. other. From the Point A  draw A R  cuttin g/i A" in i?, and make
34;. E =  B R , the Point E  belongs to the Curve. Draw B C making an

Angle of 45 grad, with A  5 , this Line B C touches the Curve in B  from 
the Point E  draw E D  perpendicular to B  C, and calling B D , x ■, D  E , 

fig. 10. A  Bi a \ and making t / 8 <1 = :», the Equation belonging to that
Curve,

liOED



^ a d ra tu r e  o f  a Curve o f  the third Order, 2 5
**•__y +

Curve, is x x y x y y  y'̂  =  » o r---- ¿^— n xy . Taking
X y

B G  — A  and drawing G P  perpendicular to B G, P  G is an Afymp- 
tote. In the Foliate the Equation is -+-y  ̂ z=.^n xy , in which the 
two Terms x xy  +  o f  the former Equation are wanting ; and its 
Afymptote is diftant from B h y  \  B A. Again, draw E  F  perpendicular 
to A  B : let B Fh&  called z  and F  E^v \ the Equation belonging to

the Curve A E B \ s v v  =  ------- —  In the Foliate the Equation
d

a z z  — z . From thefe two lail Equations, it feems that thefe
4 -  3 2

Curves differ no more from one another than the Circle from the Ellipjis,

The Quadrature o f the Curve here defcribed has fomething o f Sim
plicity, with which I was well plealed. W ith the Radius B A  and Cen
ter B defcribe a Circle A  K  G, let the Square H  P  S T  circumfcribe it, 
fo that H  P  h& parallel to A  G •, prolong F  E  till it meet the Circum
ference of the Circle in Af, and through M  draw L  M ^ p aralle l to H P .  
The Area B F  E is  equal to the Area K H L M ^  comprehended by KH^ 
HL^ L M  and the Arc K  M.  And the Area B f  e h  equal to the Area 
K m L H  or K M P ^  Therefore if  B F  and B f  are equal, the two 
Areas B F  E,  B f  e taken together are equal to the Reftangle H  and 
therefore the whole Space comprehended by B E A X B e T G Z  ( fup- 
pofing 2"and Z  to be at an infinite Diftance) is equal to the circumfcrib’d. 
Square H  S.

N . B. 'This ^ a d r ature is eafily demonftrated from the Equation : for by 
it 2L-\-z : a —  z :: z z  : v  v, that w, A  F : E  F  : I M  F : F  B, and fo <pF 
the Fluxion of /<? L  1 the Fluxion of M  F. Hence the Areola E  F  
(p e will be always equal to the Areola M  L  1 , and therefore the Area
A  E  F always equal to the Area M A L .

Hence it appears that this Curve requires the S^uadrature of the Circle to 
fquare it •, whereas the Foliate is exactly quadrable, the whole Leaf thereof 
being but one Third of the Square of A  B, which in this is above three Sevenths 
of the fame. Again in our Curve., the greatefi Breadth is when the Point F  
divides the Line A  B in extreme and mean Proportion : Whereas in the 
Foliate it is when A  B is triple in Power to B F. And the greaiefi E  F  
cr Ordinate in the Foliate, is to that of our Curve nearly as 3 to 4, or ex~

anly as —  5 i / ^  — 5 4 .

 ̂ But fiill thefe Differences are not enough to make them two diJlinSiS^e- 
cifs, they being both defined by a like Equation, i f  the Afymptote S G P 
taken for the Diameter. And they are both comprehended under the fortieth 

V o l .  IV. E  Kind



r ~
25 ^  specimen o f  a General Method to

Kind of the Curves of the third Order, as they ft  and enumerated hy ^ir 
Ifaac Newton, in his incom'parable l^rtatife on that Subje£t.

Uemral Me- VI. I am not a little pleas’d, that the Method which I ufe for deter- 
to Áeter- mining the Quadrature of Curvilinear Figures, is fo well approved of 

fnine Qh^'by D. D. Lcibnitz and Cheyney ; fo that the firft acknowledges, it is not
draturfis./f/-^^ l̂ikg the Method found by himfelf, and the other conjectures it has
j “"̂ Cr2Íg. n!̂ ' feme Affinity with the Methods of Mr. Newton. H e himlelf has pur- 
284, p. «346. fued the fame with fuchSuccefs, that the inverfe Method of Fluxions 

Has been vailly improved by him in a Book, which he has dedicated to
D. Archibald Pitcairn, the Ornament of our Age and Country. But 
many necelTary Things yet remain to be difcover’d, for the Perfedlion of 
this inverfe Method. I lhall now deliver fome Reafons in iliort, which 
give me Occafion to think, that what remains cannot be obtain’d by 
any Methods yet in Ufe.

And firit, when from the given Relation between z  and the Fluent
tÁ z y  is required, all thofe Methods demand, that z  may be exprefs’d 
by y and given Qiiantities ; which yet cannot be done, when the Equa
tion involving that Relation afcends beyond a Cubic or Biquadratic. 
Fór here the vulgar Algebra ftops, to the great Reproach o f that Science. 
Secondly, tho’ a general Rule were known for finding the Roots of 
Equations of any Degree, yet it would be wholly ufelefs in this inverfe 
Method. For the Root z  would be involved in fo many complicated 
Surds, that by no Art hitherto known we could return from the Fluxion to 
the Fluent. For thefe Reafons I have attempted the Thing another 
W ay, and with fome Succefs ; a Specimen of which I fliall now impart 
to the Publick.

Section I.] Let the Equation exprefiing the Relation between theOr- 
<linate 2 and the Abfcifs^-, be 2: +  ay" — b z ' ’ y ‘  ̂ in which the E x
ponents w, «, é-, r, denote any Numbers, integer ol: fraded, affirmative 
or negative. Make r —  n-=.c. It will be

m
A R E A -:: . '-------^ zy -\-

PI '
m c-\-ne  ¿  j j

Im

4 -*» — i x r - f - i  + r x ^ + i  B b  2 ^ + 1  2C +  i
 -----  ---  ----- X —  Z  y

JWX2 ÍT-Í. I I
a

t
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- f -w — 2 ¿■4- I + 2 I bC  3 ^ + 1  3 ^ + 1
— ---------------------------------- -- —  z  y

a

m —  ex  I I b D  4<? +i  4 C + 1
---------------------------------------X ------2 y

a

^  m —  i x 4 f + i + r x 4 < ? + i  b E  s e \ 5 ^ 4 - 1
---------------------------------------------------X —  2  y  ,  ^ c ,

---------—  ----------  a

Concerning this Series the following Things are to be obferved.
(1) The Capitals B, C, Z), denote the Coefficients o f the Terms that 
immediately precede. (2) It exhibits the Quadratures of all quadrable 
Figures, whofe Curves are defined by an Equation o f three Terms.

(2) Now they are always quadrable when---------------------- is an integer
m n  —  r m  —  e n  °

and-affirmative Number, which we may call I. (4) Particularly i 
gives the Number of Terms of the Series, to be taken from the Begin
ning, that conftitute the required Area. (5) If we luppofe e —  this 
Series will be changed into the famous Theorem of Newton for the 
common Binomial, which Theorem is thcretpre a particular Cafe o f this 
Series. (6) When Application is made of this Series to any particular 
Figure, thefe Rules are to be obferved. Firft  ̂ let the Equation defining 
the given Curve Ije reduced to the gentjral Form, <and by comparing 
the particular ¡liquation with tlie ganeral, let the .Coefficients a and b be 
found, as alfo the E^xponents r. ,̂ ec€nálŷ  if  the Exponents thus
determined do not make /,an integer affirmative Number, (according to 
the Condition enjoin’d in Not. 3.) then another Term  iOf tlie particular 
Equation is to be freed from the Quantity z , and if  the Exponents again 
determined do not give the Condition o f Quadrability required, then 
the other Term is to be freed from the Q u a n t i t y F o r  every one o f 
the three Terms, conftituting the given Equation, cannot-by any Means 
be freed from the Quantity z. 'Thirdly,  ̂ if  the aforefaid Condition o f 
Quadrability does not belong to the .Equation, .when rnanaged according 
to the foregoing Rule, then by the Series the Complement o f the Aréa,

E  2 or
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or Fluent of y 2, muft be fought; which" being found, the Area required

will become known. For it is well known, that zy  flu 2: =  flu : %y. 
And that the Complement may be obtain’d by the Series without any 
Confufion, in the given Equation defining the particular Curve, for z  
we may write 7*, and for j  may be written Z. And this Change being 
made of the Ordinate into the Abfcifs, and of the Abfcifs into the Ordi
nate, the Equation may be managed according to the Precepts of the 
fecond Rule, till the Condition of Quadrability is known, or till it ap
pears that no ilich Condition can be had.

Example i.] 'Ltt -\-y  ̂ zy. Here becaufe m =  3, « =  3,, 
Í =  I ,  r =  I ,   ̂=  I, therefore / = 1 ,  and /-{- i =  2. Then according 
to Not. 4. the two firfl: Terms of the Series give the Area = z ^ z y  —  4 
I fZ^y-^ .

Example 2.] 'Ltt z a y   ̂ b zy  \  Then =  7, « =  3, ¿r =  i ,  
r — 2 ’, which make / =  2. Therefore by Not 4. the three firit T  erms of 
the Series give the

Area =  —  z y —  
10 I 5 a

2

1 s a
z  ̂y -•I

Exantple Let 2: -̂ j - 2 - *  j ” . Here »« =  r, « =  5, i? =  2, 
r =  11 ; but becaufe thefe do not make I an integer affirmative Num 
ber ; therefore by the fecond Rule I free the Term h z ~^ y from the 
Quantity z. Then the Equation becomes z ^ — hy''-'̂  —  —  kz'^y'^^ 
where a — —  b z=. —  » ^ = 5 , « = 1 1  £ =  2, r — e which make
/ i= I ; whence the

Area =  —  z y --------------- z s y —s .
16 16 ^

Example 4.] Let z^ —  h y ^ ^ ^ k  z^ y \  Here »* =  2, « =  2,
5 —  ̂— 2 ; which do not make / an integer affirmative Number.
Therefore I free the T e r m — ^2*_y*from the Quantity z , and then
 ̂  ̂~ i ,   ̂̂  m z=. 0, n z=. 2, e z=. —  2,,

which make/ =  I. Therefore the

Area =  —  z - ^  y.
It

E x m p k s .}  Let 2« ; w here« =  2, » = 6 ,



=: 2, r =  4  *, which do not make I an integer affirmative Number.
And the fame Thing happens when each of the other Terms is freed 
from z. Therefore, according to the third Rule, I feek the Comple
ment. ' Then, as before prefcrib’ d,. making z  =  r ,  and j  =  Z , the 
given Equation becomes

h h 

which by Rule i ,  reduced to the general Form will ftand thus,

Z  -̂--------- —  —  J — Z  ^ . Here =  6, « =  2,  ̂ =  4,

r =  2 j which do not make / an integer affirmative Number. There
fore by Rule 2, I free the laft Term from Z  ; then

/721 I y  2 Jo ty A ^ 2  TT
Z —  •—  1  —  Z  ^ /  Here »; =  2, « =  2, í  =  —  4 ,

r =  2 j whence / = 1 ,  « =  —  - i -  , -  ; whence the Com-
4 ^  4 ^ : '

plement of the Area required is

jL Z  T ----- —  Z “ 3 r  or 4 2 ~  2 j  - 3  . And thcreforr
I  g  1  g

the Area required is Flu : z y  \  z y  -j— ~  z y ~ i  .
2 g

m n i e  Q. c n e c-\-n 
Se¿fion2.] L e t z  ^ a y  — bz y + f z  y be an E - 

quation, expreffing the Relation between the Ordinate 2 and the Abfcift 
y. The Area will be

i - f l f + I  2 ^ + 1  2 Í + I
A z y J f B z  y  4 - C z  y  +

3  ̂ +  1 4 ^ 4 . 1

y +Ez y

M akinghere2f +  a =  r, f  +  » =  i, it wUl be A = . — ___

determine the Quadratures of Figures. 29
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tn
c =

—  2 e -\-r\b  A ^ m  —  ey. c-^ t -\-rxe i x f B  4 * l e b —  mb

fi4-

m— 2 exc4- i~\-r xe 4- IX bB m— e x 2 f - r  i H-Jx2<?-f" i x  f C

m
£  =

:— ê%̂ c +  I 4- rxie-}- i\bC -\-m— ^X3f +  i 4* Jx 3«? +  i x / D

m-
F  =

-2Í X 3f +  I +   ̂X 3<f4-1 X bD-\- m— e x 4^ + 1 -\-sx ^e-\-1 x/ F

Concerning this Series, the Progreffion of which may.almoit be .per
ceived by Infpedion, the following Things are to be obferved. ( i ) That 
thofe Figures are quadrable, whofe Curves are defined by the foregoing 
Equation, when the Exponenits w, «, e, c, and ' the Coefficients a, b, /,

have the Relations here afligned that is, when 2x -fr m x n —  2g 
—  cm —  e n

-IS an

integer and affirmative Number, which we may call I : And / being 
greater than 2, when the-Relation of the Coefficients is as follows.

w * ~  2 Í X / c — f I  4  r x / ^  —  Í? 4 - i "  J?V,
. ---- r-----V '■ X --

J
- '4
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m —  2 e Y. I c —  2 C - \ - i - { - r x l e  —  i  e i b P  
--- ---------------------------------------------------------------------------- -------------- h

A

m —  e X I c —  c 1 r -K I e —  e i f U

a

Here U  and P  denote the Coefficients of two Terms, which immedi
ately precede the laft Term of the Area required. That is, U  is the 
Coefficient of the Term next to the laft, and P  is the Coefficient o f the

5 <?4- i  5 < : + i
Term, remote from the laft. As if F z  y were the laft
Term of the Area required, then U  would denote E , and P  would de
note D.  (2) That laft Term of the Area required is known from the 
Value of the Number I j for here alfo I +  i gives the Number of the 
Terms of the Series, which are to be taken from the Beginning, which 
conftitute the Area required. (3) I f  / =  i ,  then the Relation of the 
Coefficients muft be this ;

2Í - — w x i — b e ~ m x  I — A -{■ s A  f

---------- ----------/ --------------------------------  a
c —  tnxc I —  j x ^ + i  

If / =  2, the Relation muft be this :

26 —  m x i — A + r A  b
~  X — •

-----------  ------------ Q

«’> X 2 £--^I  4 - » X 2 i - V l
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m —  e X c 1 s X e i f  B
________________ ________________X ----- - •

_______  ________ a
7 n x 2 C - { ^ i - \ - n x 2 e - j r i -

m n e c-{-n i e  i c ^ n  
Se¿Jion h G t z  =1 ay b z  y ■+■ f  z  y -f-

3 <r 3 -̂1-» be the Equation expreíTing the Rdation between
y

the Ordinate z and the Abfcifs;^, and confifting of as many Terms as 
you pleafe ; the Area will be

f  - 4 - I 2 ^ 4 - 1  2  c - { -  I

A  z y  B z  y - { - C z  y - f - -

I miftake not) is no contemptible Theorem. The CoefFicients A, 5 ,
I C, Z), & c . are found by a very eafy Calculation, as alfo the Condi-
: tions of Quadi-ability, and how many Terms of the Series the Area re-
I quires. The Number of thefe Conditions increales, with the Number

of the Terms of which the Equation confifts, which defines the Rela- 
J tion of 2 and_y. And particularly, if that Number o f Terms is called

JV, then N — 2 will be the Number of the Conditions o f Quadrability j 
one of which fhews the Relation of the Exponents ni,'n  ̂ c, when

N  c —  2 c 2 e —  N  e m n

—  cm  —  e n

is an integer and affirmative Number, which we call /. The other 
Conditions regard the Coefficients /, h ,  &c. And laftly, / -f- r 
gives the Number of the Terms of the Series, to be taken from the Be
ginning, which conftitute the Area required.

Carol.'] From this general Series, a Series may be deduced, which 
fliall exhibit the Quadratures of Figures, whofe Curves are defined by 
an Equation confifting of any Terms, which conftitute the general Equa
tion of the third Seótion. For to obtain this there is Need only to com
pute a Series for an Equation confifting o f fo many Terms o f the gene
ral Equation taken from the Beginning, as the Equation defining the 
Curves includes Terms. • Then from the Values o f the Quantities J ,  
By C, &c. the Coefficients &c, may be elinvnated, which do not

belong

a m



determine the Quadratures o f  Figures.
belong to the Equation propofed. The others will give the Area re- 
quired. This will appear by an Example. -

m n e 3 e
S e a i m 4 - ]  Let 2 ^ a y  y  y

be an Equation expreffing the Relation between 2: and;'. Now becaufe

m n e c ^ n  2 e  2^:+» 3  ̂ 3 «̂ +  «
z  ^ a y  y - J -/ z  g z  y

is that Part of the Equation which includes the given Equation, taking 
the Terms in Order from the Beginning, which hereafter (for Brevity 
Sake) I will call the compleat Equation : Therefore the Areas o f the 
Figures, whofe Curves are defined by the compleat Equation, will be

I f - h  I

A z y - ^ B z  y

5 ^ + 1  
F z  y ^c .

3 -̂4" I 3 '̂+"  ̂ 4 ^ + ^  4 ^ + 1
D z  y + £ 2  y
Here the Coefficients /, enter the Values o f the Quantities 5 ,C ,
D , £ , & c. I f therefore in thefe Values we put every where/ =  0̂  (be-

2B 2 c-t- «
caufe f z  y does not enter the given Equation) we ihall have
the Values of the Quantities 5 , C, D, E , & c. which being fubfti- 
tuted in the Series will give the Areas required. Now by the Calcula
tion I have found that

33

m
A=z

m - { - n

c— m— c— n y. A  m —  e b
------------------------- -----------------X —

---------- . ■ a

m x c I n X e —  i

c ^  n x  e 1 m —  e x c  1 b B  
C = ----------------------------------------- -- -----

a

m —  3 ^ x  I  —  A  3 c  —  « X  —  A g

V o l .  IV.

*
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- \ - m  —  Í X 2 Í +  I - \ r C - \ - n % 2 e - \ -  i  x —  h C

m
£  =

\r

V '  I K -

—  ¿■54-w —  i x 3 f + i - V f + » x 3 i +  i x  —  h D

»i —  3 í X 2 í ' + i 4 * 3 í '  +  » x 2 ^ - h  I X

+  »<* X 5 Í 4- I

G =
^ —  3 ^ ^ 3 ^ + i + 3  ̂+  » x 3 ^ + i

*. •< V - •

r ~ ^Q +  ^ — g x 5 f 4- i 4 . f + » x / ^  e - ^ i x  —  b F

,,-rf 4Í ̂  ^ 6 Í 4. J

•î û Progrefljon of the reft in infinitum. And thus
W.II be had a Series exhibiting the Quadratures of all tlie Figures, whofe
Curves are defined by this Equation of four Temis, & >

m » e (  +  » 3^ 3 f  +  »
2  _ « ; i  + Í 2  j ,  ^ ^ 5 5  j ,  . -

•̂  - i^nd
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And it muft be obferved, that the Conditions of Quadrability, and the 
Number of the Terms of the Series that conftitute any Area fought, are 
the fame with the Conditions of Quadrability, and Number of the 
Terms, which agree to the Figures whofe Curves are defined by com
pleat Equations. . .  _

Carol'] Befidesthefe two Series in §. 2 and 4 for Figure-: o f four Terms,
in the fame Manner infinite other Series may be computed for other 
Cafes of Figures of four Terms, which is alfo to be underilood o f all 
other Figures, whofe Curves are defined by Equations confifting of any 
Number of Terms.

I have not Time at prefent to give a minute Defcription o f the M e
thod, by which I arrive at thefe Series i yet to give fome íhort Account 
of it perhaps may not be amifs. I affume a Series compofed alike of
2 and fuch as this following.

p  q s h  I  k

A z y  +  B z  y - ^ C z  y D z  y , & c .  =  Fluent o í z  y i 
o f which all the Terms except the firft have general Exponents. Then
I form an Equation between two Values of the Quantity 2, one o f which 
is derived from this Series, and the other is eafily found by the direót 
Method of Fluxions, from the Equation exhibiting the Relation be
tween z  and y. From the Terms of this Equation duly reduced, firft
I determine the general Exponents q, b, /, ky & c. and then the 
Coefficients yf, C, & c. And if there are more Comparifons than what 
are fufficient for determining thefe Coefficients, from the reft I deduce 
the Conditions of Quadrability. I f  you proceed the right W ay, the 
Calculation will be very eafy •, and I have many Rules relating hereto, 
which perhaps I may give another Tim e : As alfo the Ufe of this M e
thod in finding finite irrational Quadratures, when rational ones cannot 
be had. For the whole Affair is now in my Power.

VII. The Solution of a Problem py'opofed by Mr. Jo. Bernoulli, in a 
French Journal  ̂ Feb. 1703.

Prohlem¡] A  Geometrical Curve being propofed, to find others find other 

without Number which are equal to it in Length.
Solution. Let the Co-ordinates o f the given Curve be w, j, and thofe ^

of the Curve required be xy. Then from the Condition o f the Problem Geometrical
. .  . .  . . . .  . • . . Cur<ve, by A in

It W ill be w w ss X X -\-yy. Let us fuppofe x —  w —  w z , then it J. Craig, n.
-r------------ r - ; ---------. . . . 289. p. 1527.

will h t y z z i x / ' s ^ - i f - i m w z  —  In this Equation inftead o f s let
t̂s Value be fubftituted and expreíTed by w, and determinate Quanti

ties •, and for z  let fuch a Value be afiumed, compofed o f w , w, and 
determinate Quantities, as that the Fluents of a: and_y may be found.
1 hus and j ,  the Co-ordinates of the Curve fought, will be had. ^  E. L

F  2 Example



36 A  Problem concerning Curves fo lvd .
Example i .]  T o  find a Curve equal to the Parabolic Line. Let 2 a

“W *
be the latus redlum of the Parabola. Then =  or s  ■=.—

2 a

whence s =  z=. a w w ,  and i* =  a~'̂  and thereforejy =r
a

i/  a-^ w* im w  z  —  z^. That the Fluent of this may be

found, affume whence ;í =  w —  w, and =
d

 ̂ a  ̂ — • <?~4 zz.ws^ 3^ —  a ̂  w*. N̂ ow the

Fluents of thefe, by Methods already known, will be found to be x' =  w

I -»;2 __ 2 /72 ------------
and y = ------- á— v ' 3 .

Example 2.] T o  find a Curve equal to the Circular Arch. Let a be 

the Radius of the Circle ; then ’tis s ■=. V  —  w ® ; whence j  ̂ _

W» ÍC?* and therefore jy =  i/ \ ^ m w z — m-z~ . That
^

the Fluent of this may be found, let us aflume mz  and there

fore x z=.w — 1 -^ ,'y, and y =r-----L 5 ^.IÍT  ̂ x w. Now the FIu-
â  t/¿j2 —

ents of thefe are x =  w— ^ .^ ,a n d  y =  4 1/^2 —  ^2 ^
3 3

Example 3.] T o  find a Curve equal to that of an Ellipfis. Let 2 r 

be the latus redlum, a the tranfverfe Axis. Then s —  ^
a

, • w- W- 1 1  r * T'̂  in~ " •
whence = ---------------, and thereforey i= y -------- — + z m w z —

That the Fluent may be had, make m z  =  L f_ Í_ L r  w j whence x  *
az

s  w  —  +
ai

• • •
w* w , and  ̂=  w x
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XÜ* 4 a -f- 4  ̂ <T,,z I. <k;+; the Fluents of which^

to be found by known Methods, are =  w  —   ̂ ^ , and _y =

3
' Example 4.] T o  find a Curve equal to the Cubical Parabola, whofe 

Equation is 3 j  . Thence j  * =  —— -— , and therefore y —

4/ fl—4 w‘̂  2 mw z  —  . Now in order to find a Fluent,

- W T-r ‘ ’ “ty" W  1 ' , --------- -m a k e w z = ------- Hence — ------ , anajy = ------ .
2 2 2 a

The Fluents o f thefe are x- =  w  —   ̂ “ — g— ^

w -=  ----- \-— a % V  3 W ^ + 4 « * .
6 a 9

From other infinite Values o f the Quantity m z  rightly aíTumed, may 
infinite Curves be derived, which are equal to the given Curve. And 
it may be obferved, that this Problem has fome Kind of Affinity with 
a certain Problem of Diophantus. His Problem is, to divide the Sum 
o f two Squares into two other Squares, having their Sides rational. And 
Bernoulli'% Problem is, to divide the Sum of two Squares into two other 
Squares, the Fluents o f whofe Sides may be found. As the Solution of 
of Diophantus's Problem depends only on the vulgar Algebra, fo the 
Solution of Bernoulli'^ Problem requires only the common inverfe M e
thod of Fluxions. The Artifice of each confifts in a due AiTumption of 
the Sides required •, that o f Diophantus that the Sides may be rational, 
ihat o f Bernoulli that the Fluents o f the Sides may be found.

VIII. The Circle  ̂ Ellipfts and Hyperbola being not geometrically qua- ^  „tw Qua- 
drable (as infinite others) there have been two Ways made ufe of to  Ám úx to tht 
find their Area's. By Converging Series, whereby Approaches are made 
nearer and nearer, according to the Exaftnefs defired. 2. By ^adra- ^ 
triceŝ  that is, mechanical Curves, which determine the Length o f cer- 2253. 
tain Lines, whofe Squares or Reétangles give the Area of the Figure 
defired. O f this Sort is the old ^adratrix  of Dinoftratus  ̂ by which the 
Circle and Eilipfe are fquared ; and another Sort (for the fame Purpofe)



Vid. fupra, 
V .  I .  C. I .  
S. V II.

Fig. 11.

' t

III-

The Confiruñion and Properties o f
I inferted in the Tranfa^iom about five Years ago. Since that, having 
found the Conftru£lion o f a Curve, from whence (befides its own 
dr ature and Re5lification) the ^ a d r  ature of the Hyperbola is derived, I 
thought the following Account might not (to fome) be unacceptable.

Let A  i), C D, be two ftrait Rulars joined at 5 , and there making a 
right Angle. (I'heir Length according to the Largenefs o f the Figure 
you will defcribe.) E F  is another Rular fomewhat longer than A  B. 
Near the one End £, let a little 1 ‘ruckle-JVheel (reprefented edge-wife by 
g  and made of a thin Plate of Brafs or Iron) be faftened to the R u
hr by a Pin through its Center, fo that the Wheel may turn about 
upon the Pin (i) tight to the Rular without joggling.

On the under Side of this Rular (the Side from the Eye in the 
Scheme) let there be pinn’d or glewed a little Piece of W ood (in the 
Form of a Quadrant, the Part which is feen being marked k  I)  whofe 
Edge (or Limb) k /, is an Arch of a Circle of Center (/,) and Radius i h 
(the fame with the little Wheel.) The Defign of this Piece of W ood is, 
tíiat in the feveral Pofitions of the Rular E  F, the circular Lim b k I al
ways touching and Aiding by the Edge of the Rular A  B, the Center 
o f the Wheel may be always in a Line {i m) parallel to the Rular 
A B .

In the Rular C D  make M B  z=i h o r  ik , and at A I  fatten a little 
Pin, and another to the Rular E  F  near the Wheel, as at P . T o  thefe 
two Ends let be faftened the two Ends of a String M  /?, fo that its 
whole Length (from Pin to Pin) +  P  /, be equal to the intended Axis 
of the Curve 7'

The Inftnmient being thus prepared, let a ftrong Rular S O, be 
Faftened (or held faft) upon the Paper or Plane that the Curve is to be 
drawn upon. Lay the Rular E  F  from M  towards A , and parallel to 
A  B, fo that the String lie all ftrait along the Edge of the Rular E  F  
from M  to p, the Point S k o í the Quadrantal Piece o f W ood refting 
upon the Edge of the Rular A B .  Then with a fmall Pin at M  keep
ing die String clofe to the Edge of the Rular E F ,  and with your other 
Hand upon the End £, keeping the Wheel tight to the Paper or Plane, 
move the Pin, String and Rular E  F  from M  towards 0 , the Rular C Z), 
fliding along by the faftened Rular 5 0  in a right Line, the Wheel g b 
will by its Motion defcribe the defined Curve f  V.

Note  ̂ The Semidiameter of the little Wheel muft be about the Sunt 
of the Thicknefles of the two Rulars E F  and A B ,  that it may touch 
the Paper. Alio it will be convenient that its Edge, be thin, and a

•rui Aide flat-ways, and that it may leave a
vifible Impreflion. ^

From this Conftru6lion the following Properties are demonftrable :
I .  It IS evident from the Conftrudion, that the Sum of the tangent and 

SubtmgM  IS every, where equal to the fame given Line (=  M X  +  i 
foi the String (firft ftrait at 5T /iT, aiterwards making an Angle

at R)
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at R) being every where the fame ; the Line R  i {ox R  P  P  t) is al
ways the Tangent, and the Remainder R  M  the Subtangent ; the Con- 
tait of the Wheel with the Plane, being the Point of the Curve to 
which they belong.

2. It hence follows, that any affignable Part of the Curve is reclifiabky
or equal to any affignable ilrait Line. In Fig. 12. Let F  A  Part
o f the Curve, its Vertex F. H D d  is the Line defcrib’d by the Motioii 
of the Pini? (in Fig 11.) and may be fhewn to be afymptote to the 
Curve. F // a Perpendicular to H D . Let A  be the given Point in the 
Curve, A  D  the Tangent, and B D  the Subtangent to the fame P o in ts .
Let a be another Point in the Curve infinitely near to A., to which let 
a d he the Tangent, and b d the Subtangent. Draw A  G ag  perpendi
cular to F H  and A B , a b perpendicular to H D . By the Conftrudlion 
A D  D  B =.a d d b. L et a Ji he made equal to a Z), and draw
D  cfl. Then becaufe a d  ̂ bdz= A D  +  Z) ZÍ. Subftrait b D  and a D  
(or a J\) from both Sums (Equals from Equals) there remains </1 -V-
d D ^  A  a B b {or C a). A  a C., D d zre like Triangles (or differ
ing infinitely Httle from fuch) therefore C a {B b ) : A  a :: J'd : D  d., and 
compounding B b A  a : A  a : \ A d D d ■. D  d. Alternating B b
-I- A  a : S' d-\~ D  d'. \ A  a : D  d. But B b A  a S' d D  d (as h
ihewn above) therefore A a  z= D d. yf iz is the fluxional Particle of the 
Curve F A ,  and D  d \s the fluxional Particle ol the Line H D :  Thefe 
Fluxions or Augments being equal, and their flowing Quantities begin
ning together, are themfelves therefore equal, viz. F  A — H D .

L e t F G  =  x. G A ( = H B ) = y .  A  D  z=zt. B D  =1 S. So is 
the Curve F  A ■= H D  — y S : that is, the Curve from the Vertex to 
any given Point therein, is equal to the Sum of its Ordinate, and Sub tangent 
to the fame Point which is its fecond Property.

3. The next Property (and whereupon I call it the Hyperbolic ^ a -  F!g. 12. 
dratrix) is this : Let F  A  E  be a Part of the Curve, ifc.  (as before.)
F I K H i s  a Square upon the Line F H .  a  I is an Equilater H yper
bola, whofeVertex is I, its AflTymptotes/ / 0 , H R - ,  its Axis HI f x .
From a given Point L  in the Hyperbola (below its Vertex I) draw L  A  
parallel to the Aflfymptote J? i i ,  interfering the Diagonal I H  'm M ,
F H m G ,  and touching the Quadratrix in I fay, that the H yper
bolic Area I L M h  equal to a Redangle, whofe Sides are the Ordinate 
G,A, and twice FH y  the Axis to tlieQuadratrix, tiiat is, Trilin. I L M  
^ z F H x G A .

Let F  H  ~  F  G z=z X, G A  — y. Becaufe of th« Hyperbola G L  X

G « a S )  =  f//í,th erefo reG Z . =  í ^ i  =  - G
G U  G H

that iSi L M t z  —  <7 - f- :v ~ 3 -f— ILÍJf,andconfequent-

ly
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 ̂  ̂ 2 a x  —  X X \
ly the Fluxion of the Area —

In the Reftangle Triangle J  D  B , J  B  =  a —  x, B D  =  S , J D = z  
Í  =  a —  S ‘,then\s J D q ^ i J B q - h  B D q :  or aa —  2 a S S  S 
a a ‘~ - a x - \ ' X X - ] - S S ,  which being thus reduced, gives

2 ax  — XX
S=:

2 a

Let be a right Line fuppofed infinitely near and parallel to L  
and interfering A B  in C. Becaiife of like-Triangles'yfC j

J B  : B D \ :  A C  :Ca,  thatis — x ; S ( =
2 a X —  X X  

2 a

therefore v = .
2 a x  —  XX

2 a a —  2 a X
X.  Multiply each by 2 a ,  and ’ tis 2 a \  —

2 ax  —  X X  ‘ flowing Quantity o f 2 a y  is 2 a and the.flowing
a - X

Quantity of
a —  X

X is the Hyperbolic Area I L  M  { ils is fliewn

before.) Thefe two Area’s beginning together at F  and /, and having 
every where equal Fluxions  ̂ or Augments, are therefore themfelves every 
where equal.

N . The Q u a d r a t u r e  of the Trilinear Figure I L M  being thus 
found, any other Area bounded with the Curve-line /  Z*, and 
any other Right Lines is alfo given. .. :

4. Suppofing the fame Things as in the precedent Propofition, I 
fay, that the Area of the Quadradrix F  a b H  F  equal to half the 
Square of F wanting the Cube o f F g  divided hy 6 F  H, or F  a b H  F

X X ----X X X

6 a
. The Fluxion of this Area is the Reftangle C a b B

2 a «— 2 a ft 2 a
0 •

Quantity oí x x

i A £ a
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Quantity of x x is 4  ̂ • And the flowing Quantity ot ~  » is

 ̂  ̂  ̂- [as is eafily íhewn by bringing back thefe flowing Quanti-
6 u

ties to their refpedive Fluxions.] And hence alfo it follows, that the 
whole Area continued on infinitely towards £ , is Qne third of the Square 
F I K  H  i or ^ a a. For fuppofmg x =  the Area above becomes

a a a a _a n
2 6 3

While I was confidering the other Properties of this Curve, and 
had given fome Account o f them to my ingenious Friend M r. 
John Colfon̂  he returned me a I.etter with the Addition of 
the Quadrature of the Curves Area, which I had not then en
quired into.

5. Suppofmg ftill the fame Things, I fay that the Solid made by the 
Converfion of the Area F a b  H Fdhout the Line H b  an Axis, is 
equal to a Cylinder whofe Radius \s F  H  ■=. and Height equal to

X X  X I  . i f  4 And the whole Solid made by Converfion o f the

whole Figure infinitely continued, is equal to an eighth Part of a Cŷ * 
Under, whofe Radius and Height are each equal to F H  or a.

Let exprefs the Proportion of the Periphery and Diameter o f a Cir

cle. Then i s ^ a  b quad, the Area o f a Circle whofe Radius is ah.  And

X X  
X — -----

becaufe C a =:y = ------ 1— ic the Fluxion o f the Solid i s i  x a b. q.

2a . P  ____ J  ̂ 2a  . p  o " ’
~ T = i r X ’  o r ^ x « - *  =

Y o l , IV. G  whofe
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whofe flowing Quantity is ^  x -  ̂  ̂ — -----h  ^  • W hich Solid

being divided hy a a { the Area of a Circle whofe Radius is a)

gives  ̂  ̂  ̂ -f- for the Height of a Cylinder on the faid
2 á I'a  a S a'i

circular Bafe, and equal to the Solid made by Converfion of the Area 
Fal f  H Fabout the Line as an Axis. When x =  a (that is, when 
the whole Figure is turn’d about its Afymptote ) the Height

2 a 20 a S ai
-becomes y a.

6. The Curve Surface of the Solid generated by the Converfion of 
the Figure about / / 5 , is equal to the Curve Surface of a

• X PC XCylinder whofe Radius is a, and Height equal to _ — --------{- XXX
2 4- a 1 2 aa

. And the whole Curve Surface of the Solid infinitely continued, is equal
. to one third Part of the Curve Surface of a Cylinder whofe Radius and

L Height are equal F  H  or a. Which may be demonftrated after the
5  , Manner of the precedent Propofition.

7. The Radius of the Curvature of any Particle of the Qiiadratrix is

I? . i t
j t  Fig. 13 and this found.Geometrically. F  A  ^adratrix^ H D

• the Afymptote, AT) the Tangent, B D  the Subtangent to a given Point
A. Make B^Vz=. A D .  Upon V  raife the Perpendicular V IV ,  trom A  
draw A  IF  perpendicular to the Tangent A t ) ,  till it meet A  W  m I f . 
So is A  W  the Radius of the Curvature at A.

u Curve may be continued on infinitely above the Point F  (but
by a and n ôre operofe W ay of Conftruftion) whofe Properties
wil ^  thefe. I. The of its Tangerit and Subtangent (taking
T  ̂ ^^^rigent in ^ e  Line H S )  will be always equal to the fame given 

r  t l  qt: a. That is, as / ^  x — a, below F, fo / —  a above K
—  <». As
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As below F  the Curve Line is equal to the Sum of its Ordinate and 

S u b t a n g e n t ,  fo above, it is equal to their Difference, or s — y 3  A s 
below F, 2 a y  =  I L M ,  fo above, 1 ay =  I A ll which ( and 
its other* Properties) may be demonftrated as the Precedent mutatis
mutandis.

q.  W ith a little Variation in the precedent Conilrudion, may the Lo- Fig. lu  
^arithmick Curve be conftru6ted, which is alfo a ^adratrix  to the H y
perbola. Omitting the String M R P ,  let the Diftance M R  he equal 
to the Subtangent of the intended Logarithmick Curve (which, as it is 
known, is invariable.) Stick a Pin at R  in the Rular C D , to which ap
ply the Rular E  F, fo that the Edge of the little Qiiadrant k /, refting 
upon the Rular A  B, the Diftance M  i be equal to M  R. Then keeping 
the Rular E  F  tight to the Pin R  and Rular J  5 , Aide the Rular C D  
along in a ftrait Line (by the Rular or Line .S’ 0 .) So will the Wheel 
g h °defcribe a Part of the Logarithmick Curve 7* V, whofe Subtangent 
is every where M  R.

10. h tt  F  J E  repreknt the Logarithmick Curve, v/hofe Subtangent is 
equal to F H .  L / a  is an Equilater Hyperbola {&c. as before §. 3.) >2.
Let F  G =  X, G a = y . F H { = z B D ) = : a .  G H { = i L S ) z = a  —  x.

J C  =  'x, Ca=:y. Then J  C : C a W A B  : B D,  that is íí : y :: a —  x : 

a l i a  t h e r e f o r e —  x. The flowing Quantity oí  a y
a  —  X a  — X

is ¿zjy j and the flowing Quantity of   ̂ ■ x is the Hyperbolick Area
' AT

F I L  G (for by the Nature of the Hyperbola G L  = — ) therefore

it the Hyperbolick Area F I  L G  equal to « jy a Reftangle, whofe Sides 
are the Subtangent {B D z = F H )  and Ordinate G A  (as here accounted) 
of the Logarithmick Curve.

IX. Lemma.] 'To divide the Sum of two Squares into two other O f  the Length 
Squares. o f  Curve

Lines, hy M r.

Let 2̂  and be two given Squares whofe Sum is 2̂  -f- ŝ  . It is 
to be divided into two other Squares and ; and let m and n be any 
two Numbers taken at Pleafure. Now from the Condition o f the Pro

blem it is 4. =  2» ^  j whence (as may appear from Diophantus)

G 2 ... —■■■
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mm —  » k x z H - 2 W » j,
____  __ , and

mm-\-nn

• »

nn  —  mm%s At
y ___________________ _ Q. E. J.

mm ^  nn

Problem.'] To find innumerable Curves, which are of the fame Length, 
with any propofed Curve, whether Algebraical or Mechanical.

Let 2 and s reprefent the Co-ordinates of the Curve propofed ; x and 
y  the Co-ordinates of the Curve required, which is to be o f the fame 
Length as the Curve propofed. Therefore it is evident from the Ele

ments of Curves, that ; and therefore by the fore
going Lemma

mm —  n n x z  - { - i m n s
----------------------------- »

mm-^ nn

n n —  mms i m n ' z
J

mm-\-nn 

The Fluents of which are

mm —  » » x 2 - f 2 w » j

mmJ ^ n n
"in

y -
nn  —  mms 4- 2 m n z  

mm -\-nn

And thus the Co-ordinates x and^ o f one o f the Curves required will 
^com e known i and in like Manner from this a fecond may be denved,

i i m



I add no Examples now, becaufe there will be a fitter Occafion hereafter.
In which this Method lhall be apply’ d to feveral Problems of t’nis Kind, and 
the Solution of this Problem ihall be illuiVrated by a Variety of Exam
ples And I have fo plainly pointed out this Solution more than once, 
that it might eafily have been deduced, by any one verfed in thefe Mat
ters, from what is fubjoin’d to the Solution of a particular Cafe of tliis 
Problem, in which the Curve propofed is Algebraical, and which I ex- vid. fup. 
hibited in the Philofophical Tranfaftions for Jan. 1704. So that it may S. VIL 
appear to M r. Jo Bernoulli  ̂ the learned Propofer of the Problem, that 
its Solution may be obtain’d from the common Rules of the inverfe 
Method of Fluxions, fince he infmuated, in his private Letters to Dr.
Cheyney., that the fame could not be exhibited by our Theorems pub- 
lilh’d in the Philofophical Tranfaftions for March 1703. And becaufe Vid./« .̂
I perceive from the A fts of Leipftck o f Auguji 1705, that our Solutions. VI. 
did not pleafe that learned Man, though enough, and more than enough 
to the Purpofe •, for that Reafon only I publifh the foregoing Solution, 
which can be liable to no Objeclion. Therefore the learned Bernoulli 
muil ingenuouQy acknowledge, that hardly any Problem can be pro
pofed, the Solution o f which is deduced with more Eafe from the in
verfe Method of Fluxions, than this his Problem of the Transformation 
of Curves.

Now I ihall declare, in a few Words, what I cannot approve m Mr.
Bernoulli^ Solution of his own Problem. Firft  ̂ That he has apply’ d it 
only to Algebraical Curves. Secondly, That it is Mechanical, and de
pending wholly upon what he calls Creepinĝ  Motion. Iluvgens is cer
tainly deferving of immortal Honour, for his Invention of the Motion 
o f Evolution, becaufe from thence not only himfelf but others have de
rived admirable Theorems Geometrically. But neither Leibnitz'^ Motion 
ofTraftion, nov Bernoulli’  ̂ Creeping Motion, will ever he comparable 
to Huygenses Motion of Evolution, till thofe ingenious Men, as Huygens 
has done, lhall reduce the Curves generated by their Motions to the 
Laws of Geometry. Now, fince neither of them have yet perform’d 
this, the Solutions of Problems, depending upon Curves produced by . 
their Motions, can only be reputed as Mechanical.

X . In the A£la Eruditorum for O£loher 1698. pag. 471. Mr. J. Ber- ^ General Sa~ 
mulli writes thus. “  A t length I have obtain’ d the general Method lution o f a 
“  I wiih’ d for, for the orderly cutting of Curves given in Pofition,

whether Algebraical or Tranfcendental, in an Angle either right or CurveT,%» 
oblique, whether invariable or varying according to a given Law •, n. 347.

A  Problem concerning Curves, 45

to w lich, according to the Opinion o f Mr. Leibnitz^ not a Jot can be p. 399- 
“  added for its farther Perfe6tion, and for this Reafon, that it always 
“  leads to an Equation. In which, if the indeterminate Qiiantities are 
“  fometimes infeparable, the Method is not the lefs perfe¿l for th at;
“  for it belongs not to tliis, but to fome other Method to feparate them, 

--------  “  Í



^5 Mr. Ixibnitz’s Problem
« I intre^t my Brother, that he will try his Strength in a Matter of tíús 

W eight; nor will he repent of his Labour, if  he happens to be fuc- 
cefsful. I know he wil then forfake the Method he is now fo fond 
of, which can only be a p p l y ’ d  in a very few Occafions.
Thpff* three <rreat Men had been ufed to exercife one another, for

iC
(C

\ Thefe three great — ---------- . j  r  i •
about the Space of four or five Years, in propofing and folving fuch
Kind of Problems. It would be very difficult to give the very fame So- 
lution as that of Mr. Bernoulli, without one had the bpirit ot Divina
tion. It is fufficient that the following Solution is general, and always 
brings us to an Equation.

Problem ] A  general Method is required for finding a Series of Curves, 
Tjhich fhall cut at a given Angle, or at an Angle that fhall vary in a given 
Law. Curves that are confiituted in any other given Series.

Solution ] The Nature of the Curves to be cut gives the Tangents of 
the lame at any Points of Interfeftion •, and the Angles o f Interfedion 
«rive the Perpendiculars of the cutting Curves; and two Perpendiculars 
coincidins, by their lail Concourfe give the Center o f Curvity of the 
cutting Curve at the Point of any Interfeftion. Let an Abfcifs be drawn 
in any^convenient Situation, and let its Fluxion be U nity ; and the Po- 
fition of the Perpendicular will give the firft Fluxion o f the Ordinate 
belonging to the Curve required •, and the Curvity of this Curve will 
give the fccond Fluxion of the fame Ordinate. And thus the Problem 
will always be reduced to Equation. ^  E. F.

Scholium.'] It doss not belong to this, but to another Method, to 
reduce the Equations, and to feparate the indeterminate Quantities, ab- 
iblutely if it may be done, if not, by infinite Series. A s this Problem 
is hardly of any Ufe, for that Reafon it has remain’d negleiled and un- 
folved for many Years, in the A^a Eruditorum. And for the fame Rea
fon I fiiali not proficute its Solution any farther.

• Mr 1.C1D deceafed Mr. G. G. Leibnitz, in the Controverfy lately
Í n i t z V  P r o b l e m  lloved about the In venter of the Method of Fluxions (which he h^

concerning thought fit to call the Diiterential Method, and obftinately to appropri- 
2Xt the Invention to himfelf) has given no Anfwer to thofe Arguments 

ior n ^ 2 ^ ' alledged in Favour of Mr. Newton, as the Difcoverer of that
p. 695.  ̂ ' noble Method ; yet by his Encouragement M,v.Joh. Bernoulli has pro- 

pofed a Problem, to be folved by the Englifh Geometricians. But whe
ther the Problem is folved by them or no, it can be no Prejudice to the 
Right of Mr. Newton. However, leail they fhould make it an Occafion 
of Í  riumph, if this Problem ihould not be attempted by the Englifh^
I have ventured to give my Solution, fuch as it is, tho* the Problem is 
no ways remarkable either for its Ufe or Difficulty.

T h e  Problem at f i r f t  propofed by M r .  Leibnitz was fo u n d e r f t o o d ,  as 
if nothing elfe had been required, than that Conic Hyperbola’s, defcrib^d

ÜXIED_



with thi* fame Center and Vertices, ihould be cut at right Angles. But 
when he was inform’d, that this Cafe had been immediately folved by 
fome Englijh-men, he wrote Word, that the Solution of a particular Cafe 
was not required, but a general Solution. For which Reafon thofe par
ticular Solutions were not publifh’d i tho’ in the Philofophical Tran- 
faélions Numb. 347. [See Se£i. X . above'] a Solution appear’d which was 
univerfal. But Mr. Leibnitz and his Afibciates were not content with 
this, but feem’d rather to defpife it, as if the Author was not able to 
apply it to any particular Cafe. I f  they could not perceive how Equa
tions were to be deduced from it, that is to be imputed to their Unskil- 
fulnefs. A  little before the Death of Mr. the following Pio-
blem at laft came out, which may be folved after diiferent Manners, by 
purfuing the Steps of the general Solution before-mentioned i but at 
prefent we fhali folve it as follows.

Problem.] Upon the right Line K G  as an Axis, from the Point A  to p.  ̂ . 
draw an infinite Number of Curves, fuch A  B D, which are to he of fv.ch a 
Nature, that the Radii of Curvature B O, drawn every where in the feve- 
ral Points B, may he cut by the Axis A  G in C, in a given Ratio, cr fo 
that it may h e ^ O  . B  C\ l  i . n.

^hen are to he confiru5led the 'Trajeñories E  B F, vjhich fhall cut the 
former Curves A  B D right Angles.

Firjl Part of the Solution.] T o  find the Curves A B B ,  which arc to be 
cut. I . Drawing the Ordinate B H  perpendicular to the Axis A  G, make 
the Abfcifs A H = . z ,  the Ordinate i /5  =  x, the Curve A  B =  v. Then

by the dired Method o f Fluxions it will be 5  C =  — and it 1’ Rows
2:

uniformly, B 0 . Whence by the Condition o f the Problem ’tis

B 0 . B C 1 . n, and therefore z  x —  n 2 x =  o.

2. This Equation being compared with the fecond formula o f Flux
ions, at the End o í Prop. 6. o f the Method of Increments, there is found

XX — V a being a given Line, by the Value of which the
Curve A B B  may be accommodated to any Condition that is annex’ d 
to the Problem.

concerning Curves folvd. 47

• 3- Inftead of its Value ^  -j-s® being written, the Equationi
*  • •"II — ^

2ÍÍ =  ¿2 * is changed into tiiis z  ■=. * ---------- Whence z
V  ̂ 2 «

is



4.8 Mr. LcibnitzV Problem
is given when x is given, by the Quadrature of the Cun '̂c, whofe At>

X ”
fcifs being jf, its Ordinate is -——= = = = = = •

°  — .V

4. Ler «■ and t be integer Numbers, either affirmative or negative, 
fuch as that the fnnpleft of the Curves produced in this Manner may be

that, whoie Abfcifs is_>’, and Ordinate is^J---- - Í ------ then

it will be the fimpieft of ail the Curves, by the Quadrature o f which 
the Abfcifs z  is given from the given Ordinate x. _

5. The Curve A B D\ %? l Geometrical Curve, as often as the Recipro
cal of any odd Number is aflumed for «.

6. Hitherto we have confidered the Curve A  B D  ^  concave towards 
the Axis A G ,  in which Cafe the greateft Ordinate is equal to the given 
right Line a, which we may conveniently call the Parameter ot the 
Curve. And in this Cafe the Curve will adually meet the Axis. Whence

the Fluent o f __being rightly taken, that is, fo that 2; and
v ' a 4« -^.v

y may vanidi together, the Curve will pafs through the given Point 
as the Problem requires.

7. But if a Curve A  B D  ht  required, which is convex rowards
the Axis, in the fame Manner we ihall come to the Equation z  =  

_  ; which alfo may be derived from the former Equation,a ’̂ x

by changing the Sign of «. And in this Cafe the Curve A  B D  \s Geo
metrical, as often as the Reciprocal of any even Number is taken for n. 
But in this Cafe the lead Ordinate x is equal to the Parameter a ; and 
therefore the Curve no where meets with the Axis. Therefore the Pro
blem is limited to the former Cafe.

8. From the foregoing it is eafily concluded, tha,t all the Curves 
A B D  arc fimilar, and fimilarly pofited about the given Point A , their 
homologous Sides being proportional to the Parameters a.
The other Part of tlie Solution : Or the Invention of the cutting Curve.

9. From §. 2. tis -z;. 2: :: » . But There
fore it is 5  C . B H  \ \ a” . X" . But from the Condition o f the Problem 
-5 C is a Tangent to the Curve fought E  B F . Wherefore if we take 
now A  l ¡  (2) and B H  (x) for Co-ordinates of the Curve E  B F , the 
Curve itfelf E  B being call’d r ; it will be by the direft Method o f Flux

ions r . . - ~ x : : { B C  . B H  ::) . whence it is
a- V

IQ*

IMED
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10. In the Curve A B D  imagine the Equation 2 =   ̂ ^
i/

to be transform’d into the Equation z  =  —  ^ £5?c.
a" av' <í5«

which is not aíFeíted with Radical Signs \ then by returning to the

T., • -11 u I Ax"-^'^ . I 5 x 3”+* IFluents it will be 2: = ------  x ---------- ----------x --------------- 1----------x
« +  I a” 3 « +  I a 2" 5 « 4- I

^ c. where no new Coefficient is introduced, becaufe by the Con- 

dition o f the Problem z  and x are nafcent at the fame Time. Here in.

fte a d  o f f u b i l i t u t i n g  its Val ue— as found §. 9 . we íhall have 
a" r

• •

2 =  — Í—  A x  X -I------1—  B  X X which is a fluxional
3

Equation o f the firft Degree belonging to the Curve required E  B F. 
Now this is reduced to a more fimple Form in finite Terms after the 
following Manner.

II . L et r flow equably, and a being a conftant Quantity, make

— = 1—  This Value o f----^ being fubftituted in the Equation laftr r
found, and the Equation being multiply’d by - ,  it will be transform’d 

in to th is ^  = - ^  - X ^  ■ -{----- J _ x — 1 —L ,  whence taking
X n-{~ I a ” 3 » - f - i < i 3« ®

the Fluxions, it will b e i l l d L í £ f Z Z ¿ £ 5  =  A  s \ I L ^  +  B s x —  & c.
X* a ” '

s s "
2»---j la

This laft is manifeft from the Analogy of the Series

* X fcfc. and ^  J X , fefi:. Here for s and jfubftituting their 

V o l .  IV. H  Values

[ ^ D



Mr\ LeibnitzV Problem^ See.

Values derived from the Equation— p-=— there will arife the Equa-
r ^

tion H Z'Z —  X X z  z  '—  n X X z  ̂ —  x x X" — o y which is reduced to 

firft Fluxions in the following Manner.

12. In the lailTerm — 'xx x * inftead of x writing itS Value - -  z  z‘, and
, • • • • • • 

tlicn applying the Equation to z, there arifes n x"̂  z  x x z  n x x z  
-f- y X 2 =  o. Which Equation multiply’d by .v~ " -  Ms the Fluxion

of the Equation — +  =   ̂ r, the Qiiantities ^-and
•  •  •  

r beincr conilant. Therefore this Equation, or z  x —  z  x y. a ”-'  ̂=  r x” 
is a fliixional Equation of the firft Degree, belonging to the Curve fought
E B F .

13. Now in this Equation a is the Value of the Ordinate B H ,  when 
the i^oint H  falls in the Point A.

14. It will not be very eafy, while n continues to be general, to bring
this Equation to an Equation involving only Fluents, or to the Quadra
ture of Curves. But the Points of the Curve E  B F  may conveniently 
be found by the Defcription of the Curve J B D ,  and o f a certain Geo
metrical Curve. By a Geometrical Curve I underftand one, into v/hpfci 
Equation no Fluxions enter, nor Fluents into the Indices o f the Powers. 
For let the Curve A  B D,  whofe Parameter is ¿7, be cut in 5  by á Geo
metrical Curve whofe Equation a. a ” x” —  z  x” =  x a" •,
then that Point of Interfedion B  will be in one of the Trajeftories 
fought, which paiTes through the Point E \  A E  being equal to’ ¿7, and 
perpendicular xa A G .

15. Hence \i A B D h t z  Geometrical Curve, E B F  will alfo be a 
Geometrical Curve.

Scholium. The Equation z x  —  z x x a  z=r x” may be found ano
ther W ay. For by a certain Analyfis,'which at this Tim e I think fit to

•  •  •

conceal, I have found the Equation—  ̂ which being com-
* z z - \ -  X X

pared with the Equation — (§• 9-) by eliminating a, and a, we

at laft arrive at the foregoing Equation z x  —  z ’x  x  a =z r x” .

Example. A  very fimple Exampié may fuffice to prove the Truth of 
this Solution. Make » =  i, in which Cafe A B B  will be a Semicircle

deicrib’d

UflEII



7Í>5 ConftruEíio7t and M eafure o f  Curvjes. 5 1
d c i c r i b e d  w i t h  t h e  D i a m e t e r  A  G ;  a l f o  E B F  w i l l  b e  a  S e m i c i r c l e  l i k e -  

w ' i f e ,  d e f c r i b ’ d  w i t h  t h e  D i a m e t e r  A  E. B u t  i n  t h i s  C a f e

W h e n c e  i n  § ,  3 .  t i s  ----------- --  T h e r e f o r e  z  =

V'a~ —  x~ ^  —  X

¿I_____ —  X *  ,  w h i c h  i s  a n  E q u a t i o n  t o  a  C i r c l e ,  d e f c r i b e d  w i t h  t h e

D i a m e t e r  A G  =i et̂  a s  i t  o u g h t  t o  b e .  A l f o  f o r  n w r i t i n g  i ,  t h e  E q u a -  
^ , ' '  » •  •  •

t i o n  z X—  z x x  =  r x ” i s  c h a n g e d  i n t o  z x  — z  x =  r  x. W h e n c e

•  ̂ • •  • •  • •  
e x t e r m i n a t i n g  r  b y  M e a n s  o f  t h e  E q u a t i o n  r r = : x x - \ - z z ,  t h e r e  a r i i e s

• •

2 z z  X — t h e r e f o r e  r e t u r n i n g  t o  t h e  F l u e n t s ,  i t  w i l l

b e  =  —  X a,  w h i c h  i s  a n  E q u a t i o n  t o  a  C i r c l e  d e f c r i b e d  w i t h  D i -
X

a m e t e r  A E ~ a ,  a s  i t  o u g h t  t o  b e .

X I I .  W h e r e a s  i n  e v e r y  C u r v e  L i n e  t h e r e  i s  a  c e r t a i n  R e g u l a r i t y  o f  ConftruEiion 
C u r v a t u r e ,  t h o ’  p e r h a p s  i n v o l v e d ,  a c c o r d i n g  t o  w h i c h  t h e  F i g u r e  i s  d e - M.afure 
t e r m i n ’ d  ;  t h e r e f o r e  G e o m e t r i c i a n s  d e f i n e  t h e  v a r i o u s  C h a r a é l e r s  o f  

C u r v e s ,  b y  a n  E q u a t i o n  e x p r e f f i n g  t h e  R e l a t i o n  o f  t h e  O r d i n a t e s  t o  t h e i a u r i n . n ,  3 5 6 .  

A b f c i i T e s  o f  a n y  A x i s  o r  D i a m e t e r .  N o w  f i n c e  t h e  f a m e  T h i n g  m a y  b e  p -  8 0 3 .  

d o n e  f r o m  t h e  C o n f i d e r a t i o n  o f  t h e  C u r v e s  i n  r e f p e é l  o f  o n e  g i v e n  C e n 

t e r ,  n a y  t h e  m o f t  f i m p l e  U n i f o r m i t y  o f  N a t u r e  o f t e n  r e q u i r e s  t h i s  f h o u l d  

b e  d o n e  i n  t h i s  I n q u i r y  ;  t h e r e f o r e  w e  i h a l l  h a v e  R e c o u r f e  a t  p r e f e n t  t o  

t h i s  M e t h o d  o f  c o n f i d e r i n g  C u r v e s ,  a n d  f i r f t  w e  i l i a l l  f h e w ,  h o w  e a f y  i t  

w i l l  b e  ( a c c o r d i n g  t o  t h i s  M e t h o d  o f  d e t e r m i n i n g  C u r v e s ,  b y  t h e  A f T i f t -  

a n c e  o f  t h e  A r i t h m e t i c k  o f  I n f i n i t e s )  t o  d e r i v e  t h e  m o r e  c o m p l i c a t e  

f r o m  t h e  f i m p i e  o n e s .

Se^. T . ]  L e t  t h e  P o i n t s  Z  a n d  /  b e  a s  n e a r  a s  m a y  b e  i n  t h e  C u r v e  

BI L- ,  l e t  / 0  b e  a n  A r c h  d e f c r i b e d  w i t h  C e n t e r  5,  p e r p e n d i c u l a r  t o  S  Z ,  

a n d  L I  w i l l  b e  a s  t h e  M o m e n t  o f  t h e  C u r v e ,  a n d  L  0 t h e  M o m e n t  o f  

t h e  R a d i u s  < S X .  A n d  i f  t h e  R a t i o  o i L l t o L o  b e  g i v e n ,  o r  t o  l o  i n  

t h e  D i f t a n c e  5 L ,  t h e  E q u a t i o n  o f  t h e  C u r v e  w i l l  b e  g i v e n  a t  t h e  C e n t e r  

S.  L e t  L  P ,  / / » ,  b e  T a n g e n t s  t o  t h e  C u r v e  i n  t h e  P o i n t s  L  a n d  / ,  u p 

o n  w h i c h  f r o m  S l e t  b e  d r a w n  t h e  P e r p e n d i c u l a r s  5 P ,  Sp^ m e e t i n g  t h e m  

i n  t h e  P o i n t s  P  a n d  p.  I n  l i k e  M a n n e r  u p o n  a l l  t h e  T a n g e n t s  o f  t h e  

C u r v e  l e t  P e r p e n d i c u l a r s  b e  d r a w n  f r o m  t h e  g i v e n  P o i n t  5 ‘, ^ n d  a  C u r v e  

w ' i l l  b e  c o n f t r u é t e d  p a f f i n g  t h r o u g h  a l l  t h e  I n t e r f e f t i o n s  o f  t h e  T a n g e n t s  

a n d  P e r p e n d i c u l a r s .  T h e  E l e m e n t a r y  T r i a n g l e  o f  t h i s  P  n p  w i l l  b e  f i -  

r n i l a r  t o  t h e  T r i a n g l e  Lol ^  w h i c h  t h e r e f o r e  w i l l  b e  g i v e n  f r o m  t h e  

g i v e n  C u r v e  B I L .  F o r  b e c a u f e  o f  e q u a l  A n g l e s  S n P ^  P  n L,  a n d  t h e

H  2 right
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5 2 n)e ConJlrtiBion and Meajure of Curves
risht Angles S P L ,  the Triangles S f n ,  P  n L ,  will be equi-an-
gular, and therefore P  n . f n V . L n . H n WL o  .1 o. Likewife bccauie 
o f equal Angles P  nf ,  S n L ,  L o l ,  the Triangles P n p ,  S » L ,  L  o l, 
will be fimilar. Since therefore there is the fame Ratio oi L I  to lo,  as 
of P  to  «, and 5 L  to 5 P  ; it is plain that the Ratio of L  / to / <? being 
given, and the right Line S L , the Ratio oí  P p  lo p n  will be given, 
and the right Line 5 P, and therefore the C m v t D P p .  And by the 
fame Method a third may be conftru<5led from D  P , and from this a 
fourth ; and by proceeding thus an infinite Series of Curves may be de
rived, all which from one that is known will become known. Now 
'Ú L N  and In are ereéled perpendicularly upon the Radii SI, SI,  meet- 
ing one another in « ; and if through all the Points of perpendicular Con- 
courfe that are alike defined, a Curve E  N  is defcribed : That will be 
the very Curve from whence B L  may be deduced, by the fame Method 
as we conftru(5led D P  from B L. In like Manner another Curve may 
be conftrudted from E  N, and on this Side likewife an infinite Series of 
Curves may be conftru6ted.

SeJi. 2.] But of all the Curves produced . in this Manner, the moil 
fimple will be, in which L  / is to L  o in the Ratio of fome Power of the 

'  Radius; fo that if a be a given Quantity, and r denotes the' Radius of 
the Curve, and « any Number whatever it may be as L  / to / o fo a” to 
r " , which will be their general Equation. But all thefe will have an 
Apfid, when r =  «, becaufe in that cafe L /  =  /0. T o  inveiligate the 
Equation of the Curve D P  ; fince in 5  L  it is, as L I  to 10, fo is a” to

r », fo is r to 5 P  =  ^  , fo is  ̂T + T x S P li+ T  to S P , fo is a t t T "
a”

to S P  + lois P p  top n. Therefore if   ̂represents the Moment

of the Curve, y the circular Arch defcrib’ d by the Radius from the Cen
ter 5, and r the correfponding Radius j whatever the Curve be whofc

Equation is fought, the Equation of the Curve B L  will hQ s . y II a” . 

r* . But the Equation of the Curve D P  is s .y II a l ^  . rTTT- And

the Angle P S p  will be to the Angle L S I ,  a s - ^  is to-^  ̂ , or as
S P  S L  S p

• «

is to or as — to -, if  5 P  =  and S L  =  r y that is (becaufe x 1=
o Lj X r

) as r  is to or a s» +  I to I .  Hence B S P h i o B  S L
a" r T

as



as « 4- I to I i whence the Curve B P  may be drawn more eafily, with- • 
out the Affiftance of the Tangents. I f the Angle B S  P  to B S L\^ 
taken in the Ratio of « -}- i to i ,  and a Perpendicular is let fall from L  
upon S P , the Meeting of the Perpendicular with S P  will be in the 
Curve B P , which was defcribed before by the Help of the Tangents.

Se¿í. 3.] W e have ihewn how from one, an infinite Series of Curves 
may be deduced •, I íhall now go on to demonftrate, how the Lengths F'S- 
o f each mav be known, from the Lengths o f that and another being 
given. Since the Angle S P p  =  S L  /, and L  5 / is to P  5 ;) as i to « + 1 ;
X I will be to as 5 L  to « 4- I 5 P ; or (becaufe of  S L  . S P  \ \ L  I .
I 0,) as L  / to « -}- I / 0 ; and therefore P  p =: n +  i I 0._But I 0 I n
—  onz=:ln —  L n -\ -  N n . Therefore P p  z=n-\- i x ln  —  L  N n .
But / « —  L n  is the Moment of the right Line L  A^perpendicular to ¿"L ;
P/) is the Moment of the Curve B p  \ and N  n 'is the Moment o f the 
Curve B N. And fmce B P , B N , B L , vanifli together in B, they will 
be in the Ratio of their Moments, and therefore B P  z=zn \ \ B N - ^ L N .
Whence the Curve P  is to the Sum or Diiference of the laft Curve but 
one in the Series, and its Tangent intercepted by the intermediate Curve, 
as « +  I to « •, or, putting m for the Index of the Equation of the Curve

hy the Arithnetic of Infinites. 5 3

B  P , (becaufe m =  — —̂ ) as i to i —  m.
« +  I

Hence firil, in the infinite Series of Curves above defcribed, if  the 
Lengths of two of the neareft are given, the Lengths o f all will be 
given. For the Meafure o f every one depends always on the Meafure of 
the laft but one in the Series, and therefore one Pair will fufHce for mea- 
furing all. I f one Curve is commenfurable to right Lines, or incom- 
menfurable, half the intire Series will be commenfurable to right Lines, 
or incommenfurable. Hence fecondly, altho’ the Curves B P  and B N  
ihould be incommenfurable to right Lines, yet the Difi^erence o f the 
Curve B P  from » 4 -1  Part of the Curve B N , would be equal to an af- 
fignable right Line. Thirdly, if the Curve pafies through S, the right

Line L  N  vaniihing in S, it will be B P  S =
I —  m

Se5l. 4.] O f all the Curves about which we have treated, whofe Property is 
s . y a” . r” ’y the Circle is the moft remarkable, S being in the Circumfe
rence whofe Equation is j . jy ; 1 . r, as is evident from the Similitude o f the

Triangles L ol, B L S .  Therefore » =  i ,  and confequently mz=.
n-\-i

and the Equation of the Curve B P  will he s . y \ l a - . r which is the 
very Equation o f the Epicycloid defcribed by the Revolution of a Cir
cle upon a Bafe equal to itfelf, to the Point where the defcribing Point 
touches the Bafe •, which Mr, Pafchal calls M r. RoltrvaVs Snail, and 
which Mr. de la Hire confidera as a Conchoid with a circular Bafe, in the

Memoirs

n _  ,  ̂ Fig. 17.
"a *
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’th e ConJlruSlkn and Meafure o f  Curves
Memoirs of the Academy of P^m, An. 1708. A ll the Perpendiculars 
XiV, In, concur in the Point i?, and therefore B N  =  o. Whence B P

_  B N -\-N  L  2 B L. Therefore the whole Curve B P  S =  2 B S,
I — m

or the Length of the Epicycloid is always double to the Chord o f the 
correfponding Arch in the Circle. Secondly, From the Epicycloid let 
the Curve 5 ^n5 be defcribed, in the fame Manner as we defcribed the

Epicycloid from the Circle. In this Cafe and m =  =
^ 4^1 4 +  1 

_ *  *  ^

=  4, and therefore the Equation of the Curve B ^ S  will ht s . y \ .

r \  I ’he Length of the Curve will be =  4- x 5 Z .4- L P
III ' I —  ;/7 ' '
I z=: y. B L  -{■ L  and therefore 5  n  is fefcuple the Sum o f the circu-

!'! . lar Arch and its right Sine. Now if we take C D =: B D, and with Ra-
j I I dius S D  and Center S defcribe a Circle meeting the right Line S P  in
. I and I I K  is made perpendicular to B S becaufe D  II  ^ B L , it will

* V < be B z= D H  H K. Hence the Arches B  n  are neither commenfu-
! rabie to right Lines nor to circular Arches, yet the Difference of the
i , Arches B n and D II  is the right Line H K . The Line L  G vaniihes in
;i '  the Point S, and therefore B n  S \s = -I B L  S whence the whole Curve
‘iyV is fefcuple of the Semicircle. Yet no Part of this aíTignable Curve can
¡r|'; I be commenfurable to the whole, nor is the intire Curve divifible in any

given Ratio, lb that the Portions may have an afTignable Ratio to one 
, another or to the whole. If this Curve could be divided Geometrically in
■ any given Ratio, the Quadrature of the Circle would be compleated.

! For Inftance, if it were ^ n to 5  n as i to m, and B L t o  B L S  as i

i I to «, it would be 5  n  3 ^ ^ n B ^  ̂ _g L -\ ^ L G .
: . in 2 tn 1 m ^I (

' : Whence it would be 5  L  and 5  L  5 L  G. Thirdly,
n —  m n —  m

; ; by the Method already explain’d, from ^ n  ̂ let the Curve B R  he con-

, ftruded ; and becaufe « =  4, it will be and the Equa-

1' I 1
tion of the Curve B R  will ht s .y\la '^  .r^. Hence the Length of theII _ _________  o

I Curve will be 4 X 2 5  L -{-P  n, and the whole Length o f the Curve
5  5 is 4 of the Diameter S B. If the Conftruclions o f thele Curves are

I continued, there will arife fuch a Series of Equations as this following,
which IS eaiily continued at Pleafure.

The

I

1£H



hy the Arithmetic o f  Infinites. 55

O f the Epicycloid.

O f the Second.

O f the Third.

I. > ..y 0 • • • a . r.

2. •j .y • * • •
I I

: r^.

3-‘
• •j .-y • • • • . r\

4-
• •j . y 9 % • •

I
‘ A

5-
#• •

S-. y • • • • a ”O f any. *
»■ . ■ • • r

Here it may be obferved in general, that all thofe are’ capable o f per- 
fcft Reftification, the Denominators of whofe Indices are even Numbers ; 
and fince every one to that before i f  is as i to i <—  m\ it will appear to 
any one that confiders it, that the L en gth , o f any Curve will be

m I — 7 m5 , ^ c. x-S B, continuing the

Series till the Fradion is reduced to nothing. N ow if  the Denominator 
o f the Index be an odd Number, the Curves will be incapable o f per- 
fe6t Reólification, and arty o f their Arches will be incommenfurable to 
each other, to the Wholes, to any right Lines, and circular Arches ; Yet 
all may be expreíTed by circular Arches and right Lines. But the total

Length of any Curve will be to the Semicircle, as — 2 m
m m

- — , & c. to Unity. 'Lajily, i f  the little Area, defcribed by a
I —  Sm

Body revolving in any one o f thefe  ̂ be taken as conilant, that is, if  
= ;  I ,  the Subtenfe of the Angle of-Contaél,'to which (becaufe o f the 
Tim e being given if  the Area is'given) the Centripetal Force tending to 
S will always be proportional, will be reciprocally as the Power of the 
Diftance whofe Index is 2' w -f- 3. And this is no contemptible Privi
lege of thefe Curves, that in all o f them the Centripetal Force tending to
S, is as Ibme Dignity of the Diftance reciprocally ; which is the moft 
fimple, and moft ufeful Law  o f Centripetal Forces, in fearching into 
Nature. ‘ '

Se£l. 5.] O f all the Curves in which s . y\\a . r , the right Line 
itfelf is next to be ccnfider’d, (whfch* is 'indeed properly called a Curve) 
the Point S being without that right Line. In this Line becaufe o f fi- 
milar Triangles P  p », P  B S,- if. B.S =  and S P =  r, it will be

• •
s > y y.  r . a. By the direól Method nothing can be conftruéled from 
the right Line but the Point B •, but by the inverfe Metliod, or from the 
Concourfe o f the Perpendiculars P  L , /> /, a Curve may be conftruéled,

whole

FJg. 18..
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5 6 n^e ConflruEiion and M eafure o f  Curves

whofc Index wiU be equal t o ^ ,  if  »< be tl,e Index of the C iw e  B P. 

For if the Index of rhe Curve B L  is », then it will be w =  - ^  -  >and
• * • // ■" f ™ I

therefore n =r ^ ' -Whence in this Cafe, fince w =  —  i,  it will
I —  m

rrbe « = r__ ?, and .the Equation of the Curve B L  will be s . y \\ r'  ̂ . a
2

which is an Equation of the Parabola in refped of its Focus. From this 
conftrujil another, b>y. making the Angle L  S N  =  L  S B, and raifmg

L  N perpendicular to S L , meeting S N in N. Now becaufe m =
2

___ . . * »
it will be n = ------and the Equation of the Curve will be j  : r ,

3
and B P ^  ^ =  4- B N —  L  N , and therefore B N  =

I —  m
2 B P -f L  N  ; and therefore this Curve is redifiable. If the Series is con
tinued, the Equations will arife as before in this Order.

• •
Equation of the right Line, s . y \\ r . a .

JL J.
O f the Parabola, s .y \\ . a

* ‘
O f the Second, s . y  11 . a'^.

O f the Third, s .y  W . a^.
* •  i  J L

O f any, s .y  \l r ” . a
In this Series the firft are the right Line and the Parabola, whence it 

appears that half this Series, as well as the former, are commenfurable to 
right Lines •, and the other half may be exhibited by right Lines and 
Arches of a Parabola. In all thefe the Centripetal Force at S is recipro
cally as that Power of the DiiVance, the Index of which is 3 —  2m% and 
therefore is always between the duplicate and triplicate Ratio o f the Dif- 
tance reciprocally.

Seil. 6.] The Equation of the Equilateral Hyperbola at the Center is
. . a a
s . yWr  . a . From which by the direót Method fuch a Series may be 
deduced.

• • 4 a
I . s •jy

•« 
• • r . a .

• • % %
2. s • • • • a . r .

• • 4 %
3- s •y

• • • • a-̂  . r \
• • % “X

4. 5 • y
• • • •

Z

•’  5 '
•
s

m
•y

• •
• • a . r



O f thefe Curves, thoft the D^ncrminators of whofe Indices are in tlits 
Progreflion, —  i, 3, 7, 11, Í5c. may be exhibited in right Lines and.
A r c h e s  oi the Hyperbola •, the rctl in right Lines and Arches of the 
Curve, whofe Ec]uation to the Axit. A  (making x the Ablcifs, and jy the

——----------------------------------N *- = X I
Ordinate) is x at-f  ̂  ̂ y  ̂ and which is conftrudted
i^ee Fig- 1 7.) l̂ y biii.¿ting the Angle ¿'.SZ,,;and taking 5 iV a mean 

. btt\ycen S B  aaCi '$ I,, .
'̂he Curves which may be ,cuíillru¿li.d from the Hyperbola in the in-

V£ife Method, proceed as in tiiii; Scries.

• i -  ■ O f the Hyperbola, i. s , y r . a .
■ . iL ^

, , 3- -Í • jy II
•  •  . .  4  4-I s . y , .  r . a  .

where the Curves, the Denominators of whole Indices are in the Pro- 
'grelfion i,  5» 9>.i.3> niay be exprtfs’d in right Lines .and Hyperbolic 
_ ^Arches; but tlie odiers in right Lines and the. Arches of the Curve juft 

¿0W explain’d  ̂ ,V.
I f  other Curyejs‘were defired which ihould exhibit other Series, this 

. may be done very eafily by Means either of a Circle or of a right Line.
’ F^r. by lone. of them all the Curves may be conftrucled, in which

!. j  . jy:: /  . r  ; by taking (if the Problem is to be folved by Means o f

A  nensú Method of defer thing alUKmds of Curves. 57

the Circle) B R  S to B S L  us i to n, and S N m  S R  =  a ” 'k S L  
For the Et]uatlon of the Curve drawn through all the Points will be
• • n n
s .y \\a . r . In like Manner Curves may be conftruded by Means

o f a right Line, whofe Equation v/ill he s . y \ \ r  . a .
W e have exhibited two infinite Series of Curves, that are commenfu- 

rable to right Lines ; we have demonilrated another to be commcnfu-
■ fable to circular Arches, another to Parabolical, another to Hyperbo

lical together with right Lines ; but thofe feem reducible to the Meafurc 
of right Lines by infinite A r t  only, as they are expreíTed in right Lines 
only by an infinite Equation.

XIII. Whereas the great Nnvton has not extended his Method for defcri- 
bing Curves,to thofe of the third Order which are without a double Point, ^ 
or to thofe of an higher Order deftitute of 2i punolum multiplex \ and 
nounces their Defcription to be reckoned among the more difficult Pro-Cuives, 
blems of Geometry ; I hope the following Method will not be unaccep- c. Mac- 

table to Geometricians, by which Geometrical Curves o f any Order arê "̂̂ ">” - '359* 
conftrudled, (by the Help only of given Angles and Right Lines,) though^' 
they may be without z.pun£ium duplex or multiplex.

I. Lines of the ñríl Order are only right Lines themítlves, which 
can meet one another only in one Point. Lines of the fecond Oi'der are 

V o l . I V .  I  . Conic



Fig. 22.

5S y f  new Method o f  defcribing Mechanically
Conic SeéHons, which cannot be cut bv a right Line in more than two 
Points. Now all thefe may be thus conftruded, according to Lem. 21. 
Lib. I. of Newton’s Principia. Let two given i^nglts M G R  and L  S N  

Jig. 20. niove about two given Points C and S, io that Q  the Concourfe o f the 
Legs C M , S L , may alwa» s dcfcribe the indefinite right Line A  E given 
in Pofition ; then the Concourfe of the other Legs C R  and S N in the 
Point P, will defcribe a Line of the fecond Order, or a Conic Sedion.

Fig. 21. 2. Let the Angle M C R (as before) move about the given Point C  j
and the given Angle L  N Q  by its Angular Point N  always run over the 
given right Line A  E, fo that the L eg N Q  may always pafs througK 
the given Point S. Firft, if the Concourfe of the Legs C  R  and S N» 
and alfo the Point Q , be drawn through the infinite Line A  B, the Con
courfe of the Legs C M  and N L  will defcribe a Curve-line o f the third 
Order, having a double Point in C. Secondly, the reft remaining as be
fore, if  the Concourfe of the Legs C M  and N is drawn through the 
indefinite right Line A  B •, the Concourfe of the Legs C  R  and S N  in P, 
will defcribc a Curve of the third Order, having a double Point in S. 

fiĝ  Example of Cafe i. Let the Angles M C R and L  N  S be right An
gles, and A  E, D B, C S, be parallel; alfo let S A  and S D  be perpen
dicular to A  E  and D B refpeitively, and let S D =  2 S A . Thefe things 
fuppofed, if  S D be lefs than the Line C S, a Curve defcribed according 
to the Rule of the firft Cafe, will be a Parabola with a Node and an Oval, 
o f the 68th Species of Newton's Curves. Now if S D  =  C  S, the Oval 
vaniihes, and the Node becomes a Cufpis, and the Curve fo defcribed 
will be NeiPs or the femicubical Parabola. But if  S D  be greater than 
C  S, the Curve will be a Parabola with a Point and Campaniform, o f the 
69th Species.

Fig. 24. 3* L^t the given Angles R M  T  and K N  L  move in fuch Manner, that
the Points M  and N may run over the indefinite Lines B M  and D  N  re- 
fpeftively, and let the Legs R M  and K N  always pafs through the given 
Points C and S. Firft, if- the Concourfe Q  of the Legs M  T  and N  L  
is drawn through the indefinite right Line A  then the Concourfe of 
the Legs M  R and N R  in P will defcribe a Line o f the fourth Order, 
having two double Points, one in C and the other in S. But fecondly, 

i'ig- *5' if  Concourfe of the Legs M  R and N  K  be drawn through the inde
finite right Line A  Q̂ -, then the Concourfe of the Legs M  T  and N  L  
will defcribe a Line of the fourth Order, which will have no double 
Point.

Fig. 24. 4- Now in the firft Cafe of this Conftruilion, if the right Lines C M  R
and S N K coincide together with C S ; then the Points C and S become 

fig, x6. u   ̂ Curve will be of the third Order without a double Point,
^or Example, let the right Lines B M , A  Q , D N  be parallel to one ano- 
ther, and all perpendicular to C S. A lfo let the Angles R M T  and 
^   ̂ Curve be defcribed according to the Rule of
the nrft Calc, the Legs C M  R and S N  K  will coincide with S C ;

and

I i a. : c



áhd by this Conftrufllon may be defcribed the Curves o f Newtoñ, lO,
II 20, 21, 40, according to the various Pofitions o f the Póirtts C  
and S in refpeft of the three right Lines B M , A  Q , D  N ; but all thefc 
Species will be without a double Point. ^

5. But Lines of the fourth Order, which have a treble Point, may be Fig. 
thus conftruéled. Let there be three right I înes A  Q , B N* D  given
in Pofition. Alfo let the Angles Q  C T ,  S N  M , N  M  L , be giv-n and 
invariable. Let the Points N  and M  run through the right Lines B N  
and D M j fo that the L eg  N  Q  may always pafs through the given ,
Point S. Let (^C T  fo revolve about C, that the Cbncourfe o f the Legs 
C  K and S N  may run through a third right Line A  Then the Con- 
courfe of the Legs C T  and M  L  will dcfcribe a Line of the fourth O r
der, havihg a triple Point in C.

6. I haVe ihewn how Lines of the foufCh Order may be defcribed, 
which haVe a triple Point or two double Points. Others having only* 
one double Point may be thus conveniently defcribed. Let thefe be 
three Lines A  Q , B N , D  M , given in Pofition as before ; alfo let the 
Angles S N K, S M  L , R  C T  be given. L et the Points N , M j S, be p¡g jg 
always ifl the fame fight Line. Let the Points N , M , move as before 
through the fight Lines B N , D  M  •, if  the Concourfe o f the Leg§ C  R ,
N K , is drawn throxigh the indefinite right Line A  Q , then the Con- 
ccnjrfe of the Legs C  T , M L^ will defcribe a Line o f  the fourth Order, 
having one dduble Point in C. Now thcfe two íafl; Propofitions fupply 
us with new Methcrds for deftfibing Lines o f the third Order, as well 
thofe that have double Points, as thofe that have none. But in this 
fliort Specimen df óftír Method thefé riiüft be orhitted.

7. Let the Angles and riglit Lines femain, as in Prop. 3. and let the Fig. 29 
Concourfe of the right Lines M  T ,  N  K, now be drawn through the 
indefinite fightLine A Q  \ and the Concourfe o f the Legs M R  aftd NL<ifrili 
defcribe a Lirte of the fifth Order, having i  gtiadfiiple Point iri S. I have
alfo othef Methods for defcribing Curves of the fifth Order, which have 
a double of tfiple Pointj or two double Points, of none büC fimple Points, 
but thefe may fuffice to ih'eW the Simplicity and Uriiteriality o f the M e
thod. But it muft be obferved* that in pafticulaf and iirhpler Circum- 
ftances of the Angles and right Lines, fometimes a Line will pafs into a 
Curve of an Ordef inferior to that which is explain’d irt the Propofitiorf.
Nay, all the Propofitions fupply particular Methods o f defcribing foma 
Curves o f evei^ inferior Order.

8. General Propcjition, Let right Lines be taken at PleaiUfe any Fig. 30. 
where pofited in the fame Plain, ó f which let the Number be tí\ as B N ,
E  R, F  T , alfo let other right Lines be taken at Pleafufe, as D  M , G L ,
H  K, ot which let the Number be m. Let t"he Angles C  N  R , N  R  T ,
R T  Q j . alfo the Angles S M  L , M  L  K , L  K  Q̂ , í¿c, be invariable, 
whilft the Angular Points N , R , T ,  M , L , K, perambulate the indefinite 
right Lines B N , E  R , F T ,  D  M , G L ,  H  K   ̂ let the Concourfe of the1 2 Legs

all Kinds o f Cufvés. 59



6o 7*he DoSlrim o f  Combinations and
Legs T  Q  and K Q  be drawn thro’ the indefinite right Line A  Q ; to find 
the Order of the Curve which iliall be defcribed by the Concourfe of the 
Leg S M  with any one of the right Lines C N, N  R, R T , T  Q , for 
Inilance, with tiie Line R T.

In the Serifs of thL̂  right Lines C N, N  R, R T ,  T  ifj’c. let s de
note the Number of the right Line R T', by the Concourfe of which with
S M the Curve is to be defcribed, from the LineC N  incluiivelyw hich  
in this Cafe is the third, o r ;; =  3. I ’hen will the Curve be of an Order 
which is cxprcfs’d by the Number s m s n i. Whence in the 
Cafe denoted bv the Figure, fince sz=.m — n — 3, the Curve v*'ill be of. 
the fixteenth Order.

In thefe Defcriptions we have only populated, that right Lines and 
Angles ihould be given. But generally the more complicated Curves 
are more eafily defciibed by the Help of fimplcr Curves. And I have 
inveiligated I’ropofitions of this Kind, not lefs univerfal than thefe. But
I omit thefe at prefent, with the Demonilrations of thefe, becaufc they 
would be too prolix, tho’ perhaps I may publiih them hereafter.

XIV. In order to underftand what follows, it nuift be obferved, 17?, 
Notation of Powers, a a a a h  bh c c\  ̂defigncd h'j b'’ c\ 

kons'lnJA:- upivtrfally p times the Pofition oi'<z, q times the Pofition of r times 
umations.hy the Pofition ot Í', by ¿ ? 6 ' ',  fo in Things expofcd iikewife •, (unlefs 
T^tnicroff propofed they iliould be all dirFcrent) which Indices, as they
n. Relation to Powers, but exprefs only the Occurrences of
,9(H. ‘ thofe Things to which they refpeclively belong j 1 therefore calllndices

of Occurrenccs.
idly. That as often as I fliall hereafter mention the Combination or 

Alternations oí the p' r  or (which, confidered by themfelves, are ca
pable of no Variation', 1 mean oí thofe Things whofe Indices they are.

¿J/y, That m is gen rally put for die whole Number of Things expofed, 
whether aü difFerent or nor, i. e. equal to die Sum of their Indices ; and 

for fucn a Number of th"m, ..s each Combination and Alternation mult 
confiil o f ; (unlels prefuppof;d c<.ju;'l; v.hich explains v/hat is hereafter 
meant by the Combinations :nj j ternations of m Things taken n and h \ 
or of m Things taken vi and m % and the like I^xpreilion, by v/hatever 
Symbols the N umber oí Thing?, out ofwhich the Combinations and Aker- 
natî Qns are to 1  ̂ made, or of w].>h they are to conf i f t ,  mav be átimnW. 

f right Line, at any Diftances, b.- placed ,ny Number
of Things ab c d, the Number of the Intervals a b, b c, c d, & c. termi-. 
nated each by two adjacent Things, is one Ids than the Number of Things. 

For, whereas ever; Interval is terminated by two ádjacent Fhings, if

f  Number of the Alternations o í m TWngs a i a i ,
AiTÍ the Number of the
Alternations of , Things  ̂l> c, taken m -  i and m - i .

For
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For (by Lem. iji.) the laft Letter bsfides the Pofition it hath, may 
have;» —  2 Pofitions, w z. in the Intervals which are between;» —  i 
ThiniJS ab c \ but it may alfo have one more, for it may be put firft of 
all, it may therefore have m Pofitions •, and thofe in all the different Or
ders whereof m —  i Things are capable •, which being all the poifible Po- 
fitibns of i/, in all the Varieties o í a h is all the Variety whereof the whole 
Number oí Things expofed a b c ^ c .  is capable. ^  E. D.

Lemma 3.] The Number of the Alternations of m Things ¿7, c, dy 
different each from other, taken m and w, is equal t o m x m  —  i x m 

;;;_2 X —  3 X w —  4, continued to ;» Places.
For let ;;; 0  exprefs the Number of the Alternations o f m Things dii-

ferent from each other-, 7U—  i O, of m—  i Tilings, and the like.
’ I ' i s  e v i d e n t  t h a t  i f ; »  =  i ,  i t  v / i l l  b e  m Oz=.m f o r  t h e r e  c a n  b e  b u t  

o r l e  O r d e r  o f  o n e  T h i n g .

And if m be greater than Unity, then it will be (by Lem. 2.) m 0 ~ m  
X w —  I 0-=Lm%m-—  IX m— 2 0 — m x m'—  i x m— 2 x m — 3 0 = , 
till' we have an Equation confifting of ;» Places ; i. e. =  m xm  —  i x

—  2 X w —  3 X cojitinued to m Places. ^  E. D.
Lemma 4.] i f ;« " exprels the Number of the Alternations o f T h i n g s
hP cP di / ,  ^ c. taken m and and * the Number ofp\ Ü the Num

ber o f y the Number of r\ it will be
m'̂ m— — 2^w— 3^;»— 4^»;— 5^ continued to m Places.

— jXp— 2  ̂Q c. — i £ • i  ̂ is'c.y cach Series
continued to.^, q̂  r, & c. Places refpe¿lively..

For the Number ot the Alternations of any Number of Things, how
ever,divided into Parts, is produc’d by a continual Multiplication of the 
Alternations of thofe Things among themfelves refpeCtively, which com- 
pofe each Part, into the Number oí their Alternations one amongfb the 
other; i. e. in the prefent Cafe (the leveral Occurrences being fuppofed 
to compole the feveral Parts, and confequently the Number of the Alter
nations of the Things compofmg each Part equal to Unity) mcj z=. to the 
Number of the Alternations of the Things compofmg the Parts one 
amongit the other •, but the Number of their Alternations one amongfh 
the other, is tlie fame in this Cafe, as if  the Things expofed, being all 
different, were divided into the fame Parts •, for the Things which com- 
poie each Part in both Cafes, are different from the rell of the Things 
expofed,./. e. by Lem. 3..

m'̂ m— — 2'^m— 3 ?̂»— continued to m Places..
® I X j x ^ 7 x  y¿:;¡ /3 c'-ich Se-.

ries continued to p, q̂  r, Plac>.s refpe¿lively. ^  E. D.
_ Lemma 5.] The Number o f the Combinations-of;w Things a b e d ,  ^ c . . 

difierent from each othi r̂, taki-n n and is equal to  ̂
m —  I X ¡JJ —  I'x- ju —  o X , o •

 ̂ x '„ continued to n Places.

• ■ = For;-

Alternations improved and- compleated, 6i-



62 tb e  DoSírine o f  Comhinatiom and
For if the Things expos’d ht  divided in two Parts, v iz . in the R a li,

of n and m —  n, ’ tis evident that their diíTerent Combinations taken ñ and 
tty are produced by the Alternations o f the Things compofing the 
Parts oi'e amongft the other i And therefore the Num|x;r o f thoie =  
lo  the Nuiuber of theie =  to the Number of the Alternations o f nt 

I! Things taken tn and w, the Indices of whofe Occu.fences are n and
_   I — 2 continued to m Places.

— n^m— ^ c. each Series continued to 
n and m - - n  Places refpeélively (by Li»;. 4 .) i .e.  becaufe n-^m —

-  each Scries continued to n Places.
n — — z^tt— 3^

^  E. D.
But the Number of the Alternations in every Combination is = »  x n— i 

X» —  2 x «  —  3 xifff. continued to n Places, (by Lem. 3.) therefore
1 Lemma 6.] The Number of the Alternations of m Things ahcd^ ^ c .
n different each from other, taken n a n d » ^ is= « x / »  —  i x w  —  2 x « i
¡ —  3 X i^c. continued to n Places. ^  E. D.
j;! Scholium.'] Since in the Things expofed the fame Things may occur
Í:{ ■ more than once, and alfo n be lefs than w, the Indices o f the Occur-
* Fences, which are in fome of the Combinations of m Things taken n and

may differ from thofe which are in others ; but thofe Combirtations, 
the Indices of whofe Occurrences are the Tame, arefaid to be in the fame 
Form : Therefore whereas n is equal to the Sum of the Indices which 

J are in each Combination taken n and if n be exprefled by all the differ-
;, ent Combinations of fuch Indices only (being integer Numbers) whereof

t no one may exceed the higheft Index o f the Things expofed, and being
I more than one in a Combination, are each of them, which are in the fame

;□ Combination, comprehended in a diftinft Index thereof; thefe Expref-
i  fions of n will neceffarily be the feveral Forms of the Combinations taken
‘ ;i and «, whereof m 7 'hings are capable i Whence is derived a general The-
L orem for finding the Combinations and Alternations o f m Things taken
f  » and » univerfally : i. e. Whether m confift of Things all different or
f  not, and whether » be equal to, or lefs than m.

Theorem.] If « be expreffed, according to all the diffefeftt Forms o f 
Combination which the Things expofed are Capable of, 

f/> =  thi higheft Index f  ̂  =  the Number of ,
, 3 } the next higheft \ i  =  the Number of ?. / f

1 r =  the next higheft J j, =  the Number of r' f  ®. Combina- 
t / =  the next higheft ÍJ\ =  the Number o f p \

A  =  the Number of all Indices not lefs than p  *1 
B  r= the Nuaibcr of all Indices not lefs than f I  W hich are in the 
C =  th: Numb‘-r of ill Indices not lefs than r ( Things expofed.
D  =  r'K Number oí all Indices not lefs than/ J

y £ j L



Alternations improved and compleated.
I fay the Number o f the Combinations of m Things t¡ikc;n and n in

2any one Form of Combination, fliall .1  ^
 ̂ rtX-«. --- I X i

B— a X B— tf— I

/3 X /8—  I
t - x  X

D  - cy. D — c— I
Cjfc.

/  X 71 ---- I

continued to fo many Terms as there «re diifcTeiit In ’ic s in tSt rorn; of 
Combination, and each Term to a, ,s, >, </', Uc. Places riip.xiiveir, 
and this Number multiplied into
Xff— i^M— 2^n— — 4^n— Hr  c o n t u v . J e d  r o  n i ^ b c f - s .

~  ̂ i^c. each Se-p^p—  I  — 2  c. X x̂ .̂ ^c.\ ^ c.
ries continued to p qr^ (^c. Places refpeclivcly, ihall be die Number of 
their Alternations.

But the Sum of all the Combinations and Alternations which are in 
every Form of », Ihall be the whole Number of Combinations and A l
ternations of m T hings taken n and ».
Bemonjlration.']. Firft then ’ tis evident, That tiioii; Combinations which 
are in different Forms, differ from each other,-

Again, *tis evident, that the Combinations o f  m Things» as af bf’ 
el f i  gi h' i% & c. (the Indices fimply confidered) taken n and w, in a Form 
wherein are p ’ q' r’, ihall be equal to the Number of the Combinations of 
the pi, which are in the Things expofed,. taken a and a, multiplied into the 
Number o f the Combinations of the q' taken & and /J, multiplied into the 
Number o f the Combinations of the r¡ taken y  and y.

But becaufe p  and all leiTer Indices are comprehended in every Index, 
which is greater than themfelves ♦, therefore \s A  —  to the Number o f 
which are in the Things expofed, and for the fame Reafon would B  =  
the Number o f the q\ and C  the Number o f r, t But the Number of the 

which are in every Form o f Combination, is =  et\ therefore is B  — * 
=  p  the Number o f q' ; alfo becaufe the Number o f p* and together,, 
which are in every Form of Combination, wherein there are j*, is =  * +  

 ̂— b \ therefore is C —  ¿ to the Number o f r*, and fo on, how many 
foever were the different Indices in any^Form o f Combination.

But (by Lemma 5.) the Number o f the Combinations o f the 
wh^h ^ e  in the Things expofed, whofe Number is Ay taken «and «, is

------ ------------- ^ c.  continued to * Places, and the Number of
* X c e —  I X et—  2

the Combinations of the j ', whofe Number is B —  «t, taken /8 and ¿8, is
—  ^  —  < t X j & — ft—  I  y. B —  cfc —  2 c j  j  - T i l  1
------ --------------------- -------------------• err. contmued to /3 Places, and

—  I y. B —  2
the Number of the Combinations o f the r», whofe Number is C— h, taken 

r*_h r* h
5̂ and is = ----- --- —̂ Z 1?, continued to y  Places. ^  £ . D.

y y y —  1
But
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TíoBrtné o f  'Cmnhlmúms and

B u t  e v e r y  C o m b i n a t i o n  i n  o n e  a n d  t h e  f a r h f i  F o r m ,  a f f o r d s  t h e  ^ a m e  

N u m b e r  o f  A l t e r n a t i o n s :  T h e r e f o r e ,  t h e  N u m b e r  o f  A l t e r n a t i o n s ,  i n  a n y  

o n e  F o r m ,  i s  f o  m a n y  T .  i m c s  t h e  N u m b e r  o f  C o m b i n a t i o n s ,  a s  i s  t h e  

N u m b e r  o f  A l t e r n a t i o n s  i n  a n y  o n e  o í  t h e f e  C o m b i n a t i o n s .  ^

B u t  ( b y  Lem. 4 . )  t h e  N u m b e r  o f  A l t e r n a t i o n s  i n  a n y  o f  t h o f e  - C o m b i 

n a t i o n s  i l i a l l  b e

ny-n 2 ’ ^ « — 3 ^ ^ « — ' 4 ^ ^ « — '̂ n̂— 6 '̂  í^c. c o n t i n u e d  t o  n P l a c e s .

cjr^\y  ̂ each Series

i5 .. E. P .c o n t i n u e d  to pqr^i^c.  P l a c e s  r e f p e ó ü v e l y .  .

N o w  t o  m a k e  a n  A p p l i c a t i o n  o f t h h  g c T i e m l  R n i r , -  t o  t h o f e  p a r t i c u l a r  

C a f e s  w h i c h  h a v e  a l r e a d y  b e e n  c o n f i v l e r f d  b y  o t h e r s ,  a n t i  w h i c h  a r e  c o n 

t a i n e d  i n  o u r  3 d ,  4 t h ,  5 t h ,  a n d  6 t h  Lemma's, a n d  b y  u s  m o r e  g e n e r a l l y  

d e m o n f t r a t e d  ;  I  f a y

I f  n =  w ,  t h e r e  c a n  b e  b i > t  o n e  F o r m  o f  C o m b i n i t i o n ,  a n d  b u t  o n e  

C o m b i n a t i o n  i n  t h ' d t  F o r m  *, a n d  t h e r e f o r e  t h e  N u m b e r  o f  A . l t e r n a t i o n s  

- i X ; „ — 2'>̂ m— ,2,'̂ m— 4  ̂ c o n t i n u e d  t o  m P l a c e s .nî m-

i3c. Places rcfpeíHvély‘,7. e. (i fp =  i )  =  m'^xin^ \ -Km —  2 x  m — 3  x  

in —  4 X ISc. continued to m Placts,* which are the Cafes of the 4th artd 
Jemma's. '

B u t  i f  t h e  T h i n g s '  o c p o f e d  a r e  a l l  d i f f e r e n t ,  a n d  n b e  l e f s  t h a n  m, 
w h i c h  i s  t h e  C a f e  o t ,  t h e  ¿ ^ t h  a n d  6 t h  Lemma’s, t h e n  a l f o  c a n  t h e r e  b e  

b u t  o n e  F o r m  o f  C o m b i n a t i o n ,  a n d  i t  w i l l  b e  =  m a n d  a =  » ,  a t i d  t h e

w h o l e  N u m b e r  o f  C o m b i n a t i o n s  =
A  y. A  —  I \A -
t t x  a. I X at

-2 X î c. .
, -  z. e.

2 X
rnxm —  i x m  —  2x i^c. , c • • j m 1

e a c h  S e r i e s  c o n t m t i e d  t o  n P l a c e s ,  a i i d
n X n —  I  X  « 2 X ^ c.

t h e r e f o r e  t h e  N u m b e r  o f  A l t e r n a t i o n s  =  m xm  
t i n u e d  t o  «  P l a c e s .

I X «; —  2 X i^c. con-

B u t  f u l l y  t o  i l l u f t r a t e  t h i s  T h e o r e m ,  w h i c h  m a y  f e e m  f o m e w h a t  t o o  a b -

í l r a ó t e d ,  I  J h a l l  f u b j o i n  o n e  i h o r t  E x a m p l e .

Example.  ̂ L e t  t h e  T h i n g s  e x p o f e d  h ^ a a a b b b c c ,  o r  a c c o r d i n g

t o  o u r  W a y  o f  N o t a t i o n  â  r  ;  ^ T i s  r e q u i r e d  t o  f i n d  t h e  N u m b e r  o f

t h e i r  C o m b i n a t i o n s  a n d  A l t e r n a t i o n s  t a k e n  4  a n d  4 .

T h e n  ( b e c a u f e  i n  t h e  T h i n g s  e x p o f e d ,  t h e r e  i s  n o  o n e  T h i n g  o c c u r s

m o r e  t h a n  t h r i c e ,  n o r  m o r e  t h a n  t h r e e  T h i n g s  d i f f e r e n t  f r o m  e a c h  o t h e r )

will all the Forms of Combination, which the Things expofed are capa
ble of, be thefe, o r  r

■ z ?Then
¿ 2  . I  . I  3

In



Alternations compleated and improved, 65
In the ift Form will ^ =  3,  ̂=  i ,  « =  i ,   ̂=  i ,  ^  =  2, i? =  3,
In the 2d Form will /> =  2, ----- , « = 2 , ------ , ^ = 3» -
In the 3d Form will ;> =  2, j  =  i ,  <* =  i ,   ̂=  2, 3, 5  =  3,

The Number o f Combinations 2 ^
in the ift Form  ̂ j  j

The Number o f Combinations __ ^
in the 2d Form _i ^

The Numbei^of Combinations _  B — « x 5 — «t— 1 _ 2  x i __
in the 3d Form - -  g - x t  —  l  T7 ~i ~  ^

And the whole Number o f Combinations =

Alfo the Number o f Alternations.
In the ift 

Form

In the 2d 
Form

------- « X « - l x » - 2X » - 3 _
-rtvY)___w..>. _I w v /7/2 -pxp--- lyp----3 X2 XI|

=  3 X =  4 X ^ 3 x2 ^ 1 5
pxp— lU  ovtI*

In the 3d ^   ̂ »x«—  x » -2 x -< -3  ^   ̂  ̂ =  a x 12 =  76
pŷ p---jrtXJ^ 2X1*''^ ''’

And the whole Number o f Alternations =  70

Many are the Properties o f this Theorem in common with others, as. 
T o  find an UncU c f  a Multinomial raifed to any integer Power. T o  
raife an infinite Series to an integer Power, though o f an interrupted 
Order, without introducing any Thing immaterial, or which muft after
wards be expunged, and many others. But then To many Terms o f the 
Series muft be taken in at firft as ihall ferve to the Purpofes o f the in
tended Approximation, otherwife, as often as it ihall fall fhort o f that, 
the Operation muft be begun de novo.

Many likewife are the Properties peculiar to this Theorem, and great 
Variety of Problems might be framed j and I fcruple not to fay, many
may occur in Pradice, which are folvable by this, and no other Method whatever.

Hence may be found the Number o f Words whereof the 24 Letters
are capable, from one Letter in each W ofd, to any Number o f  Letters given.

V o l .  IV. K  ”  -
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66 An Univerfal Solution., Analytical and Geometrical,
Hence may be found the Number of all Numbers, to any gi^^n 

Number of Places, which may be produced from any Number o f Fi-
f gures given

Hence alfo the Compafs of a Mufical Inilrument bein̂ g given, the 
Time and Number of the Bars, whereof each Tune lhall confift, the Num
ber of T unes may be found which that Inilrument is capable of.

T o  give anlnftanceoftheprodigious Variety that there is in Mu- 
fick, I have calculated the Number of Tunes in common Time, con- 
lifting of eight Bars each, which may be played on an Inilrument of 
o n e  Note Compafs only, and it is this, w z. 27584. 270157. 013570. 
368586. 999728. 299176. whereas the Changes on 24 Bells is but 
(>20448. 401733. 239439. 360000. which is but

_____ \ ____ of the Number of Tunes, and yet Dr. PFallis in his
4445SS. 604583

Algebra demonilrates, could not be difpatch’d in 31557. 600000.000000 
Years.

If then the Inilrument were of as many Notes Compafs as any Inftru- 
ment now in Ufe, how prodigioudy muit the Number of Tunes be en- 
creafcd ! the Calculation of which (though much more intricate and 
operofe) would be equally attainable by our Theorem.

7htUnkt>fal X V . § .'i. O f the Univerfal Cubic Equation
Solution of Cu
bic and Biqua ■=.'2pX̂  -{•O, q x X - \ - i r
draticEqua- 4 - i ) ^tions, aj ’weil  ̂ ^
Jnal^tically at 3 ^ ?
Geometrically

'pfje Roots are
tally: ^yjonn
Colfon, M.A.  ̂ _______ ___________________

2 2

Or to make the Arithmetical Calculation the more eafy and ready, we 
may fuppofe w -t- ✓ » to reprefent the Cubic Root of the irrational Bi
nomial r —  ?3. Then the three Roots of the foregoing Equa
tion will be -t- 2 w, and ;f =  Í  —  w +  i/  —  3 ».

Therefore
• I t



Therefore when Cubic Equation is given, we muft make a Com- 
parifon between its Terms, and the feveral Terms of the Univerfal Cu- 
3ÍC Equation refpeftiveiy, by which Means the Values of />, and r 

will be eafily found : And when thefe are known, the Roots o f the given 
Equation will thence be known. O f this Solution here follow fome 
Examples in Numbers.

I .  Let the Root x be propofed to be found in this Equation, =

2 X* 4- 3 X -f- 4. Firft, as order’d above it will be 3/) =  2, or p z=—

of Cubic and Biquadratic Equations. 67

Secondly, 3 j  —  3 p* =  3, that is, 3 q — = 3 ,  or q — . Third-
3 9

ly, i r  —  3  ̂ X /> =  4, or 2 r  — 7-2..— 4, that is, r  •, and
27 27

—  q-!> —  Therefore a’ = f - A +  ^  V 111̂
27 3 27 27 27 27'

The other two Roots are impoffible.

2. In the Equation xi z= 12 x* —  41 x - h  42, it will be firft, 3^ =  

J2, or p=z 4. Secondly, 3 ^ — 3/)  ̂ =  — 4 1, or 3 j  —  48 =  —  41.

that is, q =  _Z_. Laftly, 2 r - f  —  3  ̂ x p =  42, that is, 2 r  -U
3

f

36 =  42, or r =  3. Thence r* —  =  —  122. But the Cubic-root
27

of r -I- i/  r* —  , that is, o f the furd Binomial 3 -f- i/  «— 12? , being
27

extrafted by the Methods which the Arithmetick o f Surds will fupply,

will be found to be —  i +  i/ '—  ; which is reprefented by m -{-
3 '

n. And therefore the Root * =  ( ;» +  2 «  L )  4 —  2 =  2. Alfo * = . 

— 3 » = ) 4 + i ± ^ 4 =  7 0t3.  O r again, another 

Cubic-root (for it has three) of the fame Binomial 3 +  ✓ _  is J
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^  ^  which is reprefcnted by m -j- v ' ». Therefore the Root

:. =  (/, +  2 «/ = )  4 -H 3 =  7‘ Alfo X =  { p -  m £ i /  -  3 « = )  4 -

^  ^  ^   ̂ or 2. Laftiy, the third Cubic-root o f the fame Bi-
2 4

nomial 3 +

the Root * =  ( ? + 2 » > = )  4 - >  = 3  s “ d alfo x = ^ ( p - m ±

3 In the Equation x3 =  —  15 •'* —  84 x + 1 0 0 , it will be/) =  5̂
r=r 135 *, and the Cubi^root of the Binomial 135 -f.

18 2 4  is 3 -H ^  12. Therefore the Root x =  —  5 -f- 6 =  i ,  and
36 =  *— 8 + i /  —  36) imponible.

4. In the Equation =  3 4  —  310 x -f- 1012, it will be/>
3

- and the Cubic-root of the Binomial

7075^1^ I Therefore the Root 22, and
27 3 3 3 3

# =  34 _  j 1  +  ^  —  io =  6 +  ^ '^ *°>  imponible.
3 3 “

' 2S
: I 5. In the Equation =: 28 x- 4 -  61 x —  4048, it will be^ =  — ,

3

1 -  — ^ 7  y —  2.5010 . Cubic-root of the Binomial — ►
'ii  ̂ 9 27

' i i^ 2£ -4- ✓ — 382347 1 5 ^ +  Therefore X + - i i  =a
 ̂ 6 4 3 3

and Ji= — — ^ 4 - - ^ =  |6 o r — 11.
3 6 — 2

! 6. Irt the Equation x3 j66 x — 66o> it will be^=: —



i „ —499 r  ; and the'Cubic-root of the Binomial
3 ’ ^ " 9 ’ ■ ^7 ■ 27

, ^   l l i : 73£ i . i s — i / — Therefore X =  — - 1-—11  =
27 3 3 3 3

—  ic , and = ------ L + £ l 4 . v /  5 =  7 4 - 1 / 5 ,  irrational.
- -  ■ 3 ' 3 -  “ “

t

7. In the Equation at' =  63 -4- 99673 x -f- 9951705, it will b i

p =  21, 5 = 15222^ ,  =  6031680 i and the Cubic-root of the Bino--
3

mial 603.680 +  ,/  -  12Ü Z Í750 4 2136  i3 .g  +  There-
 ̂ 27 3

fore X =  21 -f- 366 =:= 387, and at =  21 —  183 +  23 =  —  139 

or —  185.
And fo we muft proceed in other Examples. Now the Theorem 

may be inveftigated in the following Manner. I fuppofe the Root o f 
fome Equation to be z  =  ¿z and multiplying cubically there will
arife z=i { h ^  a ^  :=̂ ) a'̂   ̂ a b % c b b \
Now inftead o f « ¿ fubftituting its Value z, it will become

 ̂ a b z  - i -  b \  which is a Cubic Equation conítruéted from 
the Root z  z=z a - i - b ,  in which Equation the lecond Term is wanting.
Now that this may be reduced to a better Form» I affume the Equa
tion 23 =  3 y 2 +  2 r, which is now to reprefent the Equation 23 ::;z

 ̂ a b z -i- a3 bi . Therefore to tranfmute this into thatj we fhall
have firft 3 J =  3 « and therefore p  z= a3 hi. Secondly, -z r — a"!-
4 -  or 2 rrtS =r -h  bi = )  -f- . Then refolving this
Quadratick Equation, we fhall have «3 =  r -f- r* —  , and thence
/'3 =  2 r —  ai -=.r —  s/ —  y3 . So that at laft it will be  ̂ =

of Cubic and Biquadratic Equations. 69

r +  -i/ r* —  j 3 , and  ̂=  V/ r —  —  qi • Therefore in the Cu

bic Equation 23 =  3 j  2 +  2 r, we ihall have the Root z  {a ^  b = )

3t /  r -{- i /  —  53 4 - i /  r —  i /  r» —  j 3 .
But this Root is really three-fold, according to the three-fold Value

T^hich v ' r  -f- i/  r* 5̂3 and i/  r —  can acquire. For the
Cubic-root o f any Quantity whatever is three-fold, forasmuch as the

Cubic-root of Unity itfelf is either i ,o r ^ J 4 - —v'— q,or— J— i v ' —  q.
2 2 - ^  2 2 ^

And
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70 ' Univerfal Solution^ Analytical^ and Geometrical^
And this will appear by Cubing any one of tliefe Quantities.  ̂ Therefore

if  r -I- i/ r- —  Tor I X r -f- v ' , be confider’d as a Cube, its
3 % y -  , , -  Z .

Cubic-fbot or Roots will he 1 x 1 /  r + i /  r* —  y3; that is, firft-

I X ✓ r -I- r- ■— , which we have above call’d w +  ✓ «, or i x

_j_ t/ Secondly, — ~ x r  -{- 1/ , which there-

forewill be +  x

Thirdly, ---- i—  ̂x ^  \/ —  q3 , which therefore will be
2 T--

—  I —  i / — 7------- ;— 7 - — m —  i / « — m \/— 2— i/ — 2« ,__ ;------------ ¿ X n = ----------------------------- 2---------- . . In

'glike Manner the Apotome r —  i/r* — q'i or i x r —  ■»/ r* —  j3,bein 

confider’d as a Cube, will have the Cubic-root or Roots -i/ i x

1/ r* —- 3̂ ; that is, firft, i x t / r  —  V  — j% which we have''

call’d m —  i/ «, or I X ;«—  wT Secondly, H-  ̂ .
2

X t/ r —  r* —  j3 , which therefore will beZZLLdZLllzZi x w— 1 / « =  '
2

Thirdly, ~  i
2

V/ r —  -V/ r* —  j 3 , which therefore will be n l Z T ^ " ! ^  x m —  x/ n
2 -

 —  3 - I - i /  0 »  .  ^
 ---------------------- -------- -------------2- .  And by a due Connexion o f ,2

thefe Roots, we ihall have —  j 3 +  y ' r  1/  qi

=  ^  +  +  n — 2 m. And fecondly, z  =  i ^
3̂ .̂.-------—  _______2 .

x * / r + ^ r >  —  {! ~  ^

—  ✓ » 4 -  ffl j / ---- 3 ^  ^

m o -



o f  Cubic and Biquadratic Equations.
—  Wi /  —  I ✓ Tn. 1^  +  —  3«. Laitly, z  =

x v ' r + i / r *  —  - f X i / r  —  ■i/r  ̂ — q}

 — m— — »2i/— 3— i/ — 3« ^  n-^m \/— 3— — 3«
' 2 2

=  —  w —  v ' — 3. Thefe therefore will be the three Roots of the Cu
bic Equation 23 =  3 j2 ;- | - 2 r . Now that the Parts are duly conne6ted 
in the foregoing Manner, may be farther proved by being continually 
multiply’d together in the ufualMethod. Finally, make 2: =  a:— py 
and,.by Subftitution, the Equation will become x3 — 3^ x» 3 x —
pi —  ̂ (I X —  which, by Tranfpofition, will be the fame
Equation as above, and its Roots are the fame as are there exhibited.

'H ere it deferves to be obferved, that all the Roots .of any Cubic Equa
tion are then real and poffible, when the irrational Member ot the Bino
mial 1/ —  j3 includes an Impoflibility •, that is, when q is an affirma
tive Quantity, and at the fame Time its Cube is greater than the Square 
of r. But if this Member 1/V  —  is pofiible, that is, if  ̂ is a nega
tive Quantity, or being affirmative if its Cube be lefs than the Square*^of 
r then the Equation has but one real and pofiible Root, and the other 
two will be impoflible.

In this Theorem if it ihould be /> =  o, that is, if the fecond Term of 
the Equation is wanting, we iliall defcend to the Cafe of thofe'Rules 
which areafcribed to Cardan ; the Solution of which is contain’d in what 
is here exhibited.

§. 2. In the Univerfal Biquadratic Equation

x4 2 8 r;c-{-’ 4 j, . "i
—  — 4-pq — q̂

The four Roots 2 x t x — p  —  p-̂  - f  q __ 2 f  
a

a
Here is the Root of this Cubic Equation following, '

— p2. ai> —  i p r  .

+  q —  s

Now when any Biquadratic Equation is given, a Comparifon muft be 
made between its Terms, and the feveral Terms o f this univerfal Equa- 
tion, by which Means the Quantitiesp, q, r, s, willfoon be found.- And 
When thefe are known, the Value o f a may be difcover’d by the foregoing

Theorem.
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Theorem. And then all the Roots of the given Equation will become

An Example or two may fufRce to illuftrate this Solution.
I .  S u p p o i ' e  w e  w e r e  t o  e x t r a f t  t h e  R o o t s  o f  t h i s  B i q u a d r a t i c  E q u a t i o n ,  

v 4  =  8  x 3  +  8  3  r -  ~  1 6 2  , v  —  9 3 6 .  F i r f t ,  b y  w h a t  i s  p r e f c r i b M  w e

lhall have 4;» =  8, or/> =  2. Secondly, 2 ? —  4/’" =  S3, or j  

Thirdly, Sr —  A P i — —  o r r  =  Lailly, 4 s  —  r= —.

936, o r .  =  ^ | ? .  +

Wherefore =  1̂ .  Now that this Equation,
2 16 10

which is really Cubic, may be refolved into its Roots, we muft have Re-

courfe to the foregoing Theorem : In which p y =  22009  ̂  ̂_
6  1 4 4

—  3 _  — M 940075  ̂ Cubic-root of the Bi-
1728  ̂ 16

nom ialím V v^-ii240£75¡3_53 + ^ _ 4 0 p .
1720 10 12 3

= ^ - — §  =  9» and alfo 53^  y ' = I Í 9or 9 . Qr
t  b 6 12— 4 4

which comes to the fame, the fix Roots of the foregoing Equation, which

in reality is Cubo-cubick, a r e  ^  =  +  3 ,  ^  ^  +  i , any one
" " 2  — 2

Of which may be taken indifferently for the true Root o f the Equation, 
and will be fubfervient to our Purpofe. Suppofe in the prefent Cafe, that 

=  3. Then by the Theorem it will ht x — p _a

4 or —  6. K \ i o x - p  +  a + ^ /  p̂  +  j  + £ 1  =  2 +  3 4-

y I 99 i9 +  ̂  =  5 +  8 =  13 or —  3 j  which are the four

Roots of the given Equation. 

a^In th^Equation =  20 icJ +  252 —  6592 íí +  21312, it will
? — *7^ ^=— 384, j  =  13072. Hence 4-  ̂ 201, 2^>r+

J — 9232, and r» 14745^. And thence =  201 —  9232
' "t*

[iflED



4- 147456. Now in the Theorem for Cubics, it will be /» =  67,

q — I M i ,  and r =  65219. And the Cubic Root o f the Binomial
3 o

6 "2 IQ 4- will b e -22.4- Therefore ¿r* =  67 +
 ̂ y ' 27 2 12

7 7 =  i 4 4 , o r ¿ ? =  1 2 .  T h e r e f o r e  x =  5 —  1 2 +  ^  2 5 + 1 7 6 — 1 4 4 + 6 4  

_ _  7 4 - I I  =  4  o r — 1 8 .  A l i o ; í  =  5  +  1 2 - ^ 1 / 2 5 + 1 7 6 — 1 4 4 — 6 4

—  17 4 . i / —  7, which two Roots are impoñible.

N ow thelnveftigation of this Theorem is in this Manner. By the Multi
plication of the two Quadratic Equations z* -f-2 z — ¿ = 0 , and z*— 2a z

— f= G  intoeach other, I conftrud the Biquadratic Equation

y. z- 2 ac  —  2d b % z  —  h in which the fecond Term is wanting, 
and whicli I make equivalent to this Equation z+ =   ̂ + / 2  +¿-.
Whence firft, 4¿z* +  ¿ +  f =  c’, or b ■=. e —  4̂ ?̂  —  c. Secondly, l a c

—  2abz =. f , ov2ac  —  2 a e % a'i 4- 2 a c = f ,  whence c =  +  — ^I I - -  4 «  2

—  2 , and thence b =  e —  4. ----- L.— _L  ̂ 4. 2 íí® =  — ^ + - “ s
4^ 2 4 ÍÍ 2

—  2 . Thirdly, —  ¿ or —  ~  —  2  ̂¿í* +  4 iz+ =
16 4

— that is, = L  e g — ~ e  H— i -  / / ,  which is as it
2 4 16 64

were a Cubic Equation, compofed of the Root , and the known or 
aíTumed Quantities Now that Root may be exhibited by the
foregoing Theorem, and by the fame Calculation the Quantities b and c 
will be known. But the Roots of the Equations z* +  2 tfz —  ¿ =  o, and

—  2 a z  —  f  =  o, arez =  —  a a‘̂  b and z  =  ¿z 4. v/ 4. c,

/ i ~  f  "  f  
o r z  =  —  ^ 4 - i/ _  e —  and z  =  ¿z+ e —  +  •— »

2 —  2 4 a
which therefore will be the Roots o f the Equation Z4 ~   ̂z* - { - / 2  4,

when a or is known from the Equation = — e ■— Í  f  ^
2 4  16

/  /
 ̂ Equation may become univerfal, and fur-

nilhed with all its Terms, make z  =  jí —  then x4 —  4;) 4. 5^1
- 4^3 x - [ . p ^ ^ e x ^ ^ 2 p e x + p - e  + g , ^ o x ^ p ^ a

V o l . IV . L  4 .
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- f  v/L e —  — L.^ and x = j)  +   ̂ +  ^
—  2 4<2 2

Concinnity and Brevity Sake, make e-=.iq-\- 2p^, and /  =  8 r *, then. 
jr4 — 4- 4/)  ̂ X» =  2 qx ^  —  4/ > y y - f2 j >̂ j - j - ^ 4  4- 8 r A : ~ 8/ r

4-¿-, X =z p  —  í í + ' Z / '  +  í  —  ^  y X z=. p  a ^

^  pt a —  /?» +  — , and a‘̂ :=.p- +  ? x 4/’ *+
ti

+ r \  Finally,make^=4 J— f +  8/)r— /»4— and the foregoingEqiia- 
tions becomex4 =  4/>xJ-f2i 8rx-{-4J,.and =/»2á4— 2 pra^-\-r^-y.

— 4p^— Apq— f  + ?  
that is, all Things beconie as fuppoled above.

§. 3. Hitherto concerning the Analytical Solution of Cubic and Biqua
dratic Equations. Now becauie their Geometrical EjBrcétion by the Pa
rabola is commonly taught, and is much valued by forae, 1 ihall exhi  ̂
bit it here more univerfally, and yet more compendioufly.

Any Cubic or Biquadratic Equation being given, a Comparifon muft 
be made between its Terms, and tlie refpeftive Terms of this Equation 
following.

2 p  ,  , A p r  , , 2a'4 =  JL A* -j- ^ X -{- p  ̂
? Í  ?

2 P  S
—  A r  ------- ^ - f

-1- 2 j  +  4  r  j —

—  I —  2 q

by which Means the Values of j, r, j, /, will eafily be found, any one 
of them being afllimed at Pleafure. Then in any given Parabola A V  B, 
whofe principal Vertex is V, its Axis V  5, and V  5T perpendicular to the 

Ĵ -S- 3'. A x is ; let there be taken VSz=.p^ within the Parabola, and in the Angle 
S V T let there be infcribed ST=z  q, which being produced let it cut the 
Parabola in two Points N  and 0 . Let O N  be bifefted in M , aad thro’ 
ÁÍ k t M  A be  drawn, parallel to the Axis and meeting the Parabola in A. 
Draw A  L  parallel to O and let A L  be the Lotus re^am of the Para
bola to the Diameter Af, and let the fame be Unity. In y/L , pro
duced both Ways if neceffary, take A  Gz=r,  and from G draw G 7̂  pa
rallel to the Axis, fo that it[ may cut the Parabola in B,  from whence 
take B R =  s. From the Point laft found R  draw R  E  parallel and. 
equal to T, and let it lie to the left Hand in refpeél o f i?, if q is an af
firmative Quantity, otherwife to the right Hand if  q be negative. And 
the fame Thing is to be underftood A  G and B R,  which muft be drawn 
on the contrary Side, if the Values of r and s happen to be negative.

Laftly»

m ü íu



Laftly, with Center E  and Radius £  C =  /, let a Circle C K k c  be de- 
fcribed, which will cut the Parabola in fo many Points, as there are real 
Roots in the given Equation. For from thofe Points C, K,  let there be 
drawn C P ^ k ^ ,  ^ c. parallel to S 5T, and terminated at the right Line 
G R  produced if need be. Every one of thefe will be x, or the required 
Root of the given Equation. Thofe lying to the right Hand will be 
affirmative Roots, and thofe on the left Hand will be negative. A  Point 
of Contad, if  any fuch ihould be, is here taken for two Points of Inter- 
feftion, that are infinitely near to each other.

This will be the only Difference between Cubic and Biquadratic Equa
tions, conftruded after this Manner, that in the former, becaufe of the 
lall Term being abfent in the foregoing Equation, it will always be />/> —
qq__j j 4 - / / = : o ,  or / =  s s q q —  pp. Therefore Center E
and Radius £ C =  H R q-\- {E K q) S T  q ~  U  6' q any Circle C K k c  
being defcribed, one of the Roots C P  in the foregoing Conílru¿lion be
comes nothing.

Now thefe Pofitions are demonftrated in the following Manner. Sup- 
pofing all Things as before conftrufted, and producing C P  if needful 
till it meets A M  \n C H  will be the Ordinate of the Parabola to the 
Diameter A  //, and therefore C H q - = . A L Y .  A H — A  becaufe o f 
A L ^ i .  But C // =  C P  4 - yfG,  a n d =  G 5 + 5 P , andthere- 
fore C P q - \ - 2 A G x C P - \ - A G q - = . G B - \ -  tí P. But becaufe of 
the Nature of the Parabola it will he A G  q =: B Gy whence C Pq-{^.
2 A G  x C  P  =  B P. Now from the Point C let there be drawn C D  
perpendicular to B P , which may alfo meet E I  parallel to ii P  in the 
Point /. Now becaufe of fimilar Triangles C D P  and T V S ,  it will be

I) P  , and C D  ; and therefore C P  q -{• 2 A G
S' T S T  ^

x C P : = B P z= : D P + D B = L I ' ^ ^  - \ . B R  —  I E .  O r C P j - j -  

2 A G x C P - - ^ C  P  —  B R  =  — I E .  But J E q = C E q — C I q  

=  —  C D  y —  ^  7*2 —  2 C D x r r =  —
S T q

—  y ^ q  =  (becaufe oí  V  S T ¡ — S V j )  C E  q

- C P q + ^ l ^ C P i - S T q + S V q - l  S T x C P  + ' i I ^ C P ;
o 1 q Ü T

this therefore will be equal to the Square whofe Side h C P q ^ 2 A G x

^ ^ ^ ^  And when this Equation is reduced to the

Terms p, r, j, /, it will become the very Equation propofed.
L  2 Hcncc

of Cubic and Biquadratic Equations. 75



76 A?i Univerfal Solutio?ty Analytical^ &c.
Hence it appears, that any the fame Biquadratic Equation will admit 

o f  innumerab e different Conftruftions by the Parabola, according to the 
tiifferent Values of that Quantity which we faid might be aflumed at 
Pleafure. But the mofl: fimpleCafe is, by making V S  =  p =  0, and the 
Conftruition pafies into the common one (as to the Thing itfelf) in 
which the right Lines C P, l^c. which are the Reprefentatives of the 
Roots, are perpendicular to the Axis. Then the Equation becomes

X* =  —  \  -f- 4. r s x —  q'̂
-f-2J — 2 q
— i + r

which is eafily conftrufted as above,
§. 4. But Icaft the Organical Defcription of the Parabola ihould feem 

too difficult, we may have Recourfe to a certain Mechanical Artifice, to 
be perform’d by Means of a Plummet, or Thread with a Weight hang
ing at the End of i t ; by Help of which the laft Equation may be con- 
ftruéled very eafily and exaélly, and therefore the Roots of any Cubic or 
Biquadratic Equations may be found. This Conftru6tion, which we

Fig 32.  ̂ Mechanical one, is after this Manner.
Againft a fmooth and upright Wall, or any other Plain perpendicular 

to the Horizon, at any Point F  let there be hung a very fine flexible 
Thread F  P, with any Weight P  hung at its Extremity. In this Thread 
let any Point N  be mark’d, which is at a fufficient Diftance from the 
Point of SufpenfionF-, or it may be tyed with a fmall Knot Â . Then ta
king at Pieafure N O  for Unity, at the middle Point M  (and in the afore- 
fiid Plain,) let the right Line A ^ ho. drawn parallel to the Horizon, 
and produced both Ways as far as is neceíTary. Thefe Things being pre
pared in general, for Application to any particular Cafe, make A ^ - =  r ; 
the Quantities y, r, i, /, being firft determined in the laft Equation, 
either Arithmetically or Geometrically, according to the Exigence of

1 the given Equation. Then with a fmall Style or Bodkin, or with the
Hender Point of a Pair of Compafles, let the Thread be infleded and 
moved from its Place, till the Point of Inflexión falls upon a certain 
Point B, and the Knot N  falls at the fame Time on the Point laft found 

In B ^ from  that Point B take B R - S ,  and at R  raife the Perpen
dicular R E  =  qi o  the Line B R.  But thofe Lines A ^ , B R ,  R E ,  
muft fall the contrary Way from their initial Points, if it ihould happen 
that the Values of r, ihould come out negative. Lajlly, let one 
L eg of the Compafles be fixed in the Point found E, and let the other 
Leg, extended to the Diftance E Z  -=.1, be carried about with a circu- 
br Motion, taking with it the Thread F  Z  P. By this Circulation of 
the Thread the Weight P  will fometimes afcend, and fometimes defcend 
with a recipr^al Motion,  ̂and the Knot N  will fometimes be above and 
lometimes below the Horizontal Line A  ^  But whenever the Knot N  
ihdl \x found in the Line A ^  fuppofe in the Points D  ¿ a  /, fuc-. 
ceffively i it will cut off the right Lines D  ^  d ^  which

will

T m »



will be all the real Roots of the given Equation : That is, thofe on the 
risht Hand will be the affirmative Roots, and thofe on the Left the ne
gative The Demonftration will be manifeft from what goes before, 
and attending to the Parabola that will pafs through the Points B C c k K.
For makine; F  tht Focus of the Parabola, whofe Diftance from the Ver
tex is -Jr 0  iV, it is known that all the Lines as F  B B F  C C Dy 
Ĉ c. always make the fame Sum.

And from the Principles here laid down it will not be difficult to 
conftruft an Inftrument, which will be neat enough, and as accurate as 
you pleafe, by the Help of which, and with very little Trouble, the 
Roots of all thefe Equations may be found, and exhibited to Ocular In-
fpeftion.

X VI. Let n be any Number whatever,^ an unknown Quantity, Equations of 
let a be any Quantity intirely known, or what they call the Homogeneumthe 
Comparationis •, and let the Relation of thefe be expreffed by the Equation. 9t

„  ft ----- I , n n --- I n n --- O s , « « --- I « «---9 Analyticallyn y A - — ____ H------------------------- ^ ----------- ----------------------------- X ---------- X by Mr. h h t.
 ̂ 2XS 2 x 3  4 x 5  2 x 3  4 x 5  de Moivre.

n. jo g . p.
^ ~ Z H n y \ ^ c .  a. 23Ó8.

6 x 7

It is plain from the Nature of this Series, that if n is taken any odd 
Number, (that is, an Integer, but it is all one whether affirmative or 
negative) then the Series will ftop of its own Accord, and the Equation 
becomes one of thofe defcribed in the Title ; the Root of which is

I

=  1 a a a  —
y/ v '  1 +  a a ^ a

Equations of the 3d, 5th, 7th, 9th, ^ c . Powers foh 'd . 77

n

^  i-\- a a a ^  1 a a —  a

For Examble, let it be this Equation of the fifth Power, 5^ +  20 
4* =  4, whofe Root is to be found. In this Cafe ’ tis //= r,

acd 4 =  4. Then the Root, according to the firft Form, will te

J
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7 8 . Equations o f  the 3d, 5th, 7th,
»

reduced very expecji.

1/ 17 +  4

dioufly to common Numbers in this Manner. Tis 17 + 4 — 8, 
1231, whofe Logarithm is o, 9097164, the fifth Part o f which is

o, 1819433, and the Number anfwering to this is 1,5203 =  1 / ^  17+4*. 
Now the Arithmetical Complement o f o, 1819433 is 9, 8180567, to

which anfwers the Number o, 6577 = Therefore the
V/ i/ i?  +  4 

half-DiíFerence of thefe Numbers is o, 4313

It may obferved, that inftead of the general Root it may be fufficieiit

■ _f
to takê y 2 a ----- — — , whenever the Number n is very large in

2 a

refpeft of Unity. As if the Equation were 5>' +  2 o j ’ -}- i6jy^ =  682v 
the Log. of 2 /Z =  3, 1348143, a fifth Part of which is o, 6269628, 
and the Number anfwering to this is 4, 236. The Arithmetical Com
plement is 9, 3730372, whofe Number is o, 236, and the Half-differ- 
cnce of thefe Numbers is 2 =iy.

Again, if in the foregoing Equation the Signs are made alternately 
affirmative and negative, or which is the fame Thing, if  we had fuch a 
Series as this following,

X , i — » » ^ 9— »» 25— »r
2 x 3  2 x 3 4 x 5  -----

n y \  ^c. =  the Root will be
2 x 3  4 x 5  6 x 7

( 0 .y  =  t V'<* +  v 'a a  —  I +
t
T

a

o t { 2 ) y  =  i v '  a +  /̂ a a ~ i  +  4

V  a — , I
or



9th, Powers folvd, yg

\/ a —  a a —  i ^  a ^  a a —  i

Here ic is to be obferved, that i f ” \ ihould be an odd Number,
2

the Sign of the Root when found muft be changed into its contrary.
1

Let this Equation be propofed —  2 0 +  i6jy* = 6  ; whence

« =  5 and a Then the Root^ — ^ ^ ^  +  ^ 3 5 +  ̂  6^v^35-

Or becaufe 6 +  i/  35 =  11, 916, the Logarithm of this will be 
I ,  0761304, and its fifth Part o, 2152561, and its Arithmetical Com
plement 9, 7847439. The Numbers belonging to thefe Logarithms re- 
Ipeftively are i ,  6415 and o, 6091, whofe Semifum i ,  1253 =->'•

But if it ihall happen that a is lefs than Unity, then the ftcond, 
Form of the Root is rather to be made Choice of, as fitter for the Pur-

pofe. Thus if the Equation were 5 j  —  20 jy ’ 16 y  ̂ =  —  , then
64

y =  i  v ' ~  -j- T And if by any
64 4096 64 4096

Means the Root of the fifth Power of Binomials can be extra6led, the 
Root would come out tnie and poiTible, notwithftanding that the Ex- 
preflion feems to inclixle an Impoflibility. Now the fifth Root o f the

Binomial is ^ ^  —  15 i and of the Binomial —
04 4096 b4

^  ~4og6 alfo 4 —  4 v/ —  1 5 ;  And half the

Sum of thefe Binomials is 4̂  =  Now if this Extraélion cannot be
prform ’d, or ihould feem any Thing difficult; the Refult may always 
be found by the Table o f Natural Sines in. the following Manner.

T o
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T o  Radius 1 l e t ^ = - i =  o, 95112 be the Sine of a certain Arch,
64

Nvhich therefore will be 72«. 23', a fifth Part of which, (becaufe « =  5) 
is 14^ 38'. The Sine of this is o, 24981, which is nearly Nor is 
it otherwife in Equations of higher Degrees.

XVII. Dr. Ihlley has publilii’d •  a very compendious and ufeful 
Approxim»- Method of extrading the Roots of adfefted Equations ot the common 
t,ng, „  Ex. Numbers. This Method proceeds by affummg the Root de-
íoot'sV É. fired nearly true to one or two Places in Decimals (which is done by 
quations/« a Geometrical Conftruction, or by ib m e  other convenient Way) and 
Numbert, im- correcSlino' the Allumption by comparing the Difference between the 
r i a t l o r ^ n ’ tru e  RooT and theaíTumed, by Means of a new Equation whofe Root is 
3 Í2 ./ 6.0.'that Difference, and which he ihews how to form from the Equation
* WÁ.íup. propofed, by Subftitution of the Value of the Root fought, partly in 
^ XX Known, and partly in unknown T(erms.

In doing this he makes Ufe of a Table of Produéls (which he calls 
Speculum Analyticum) by which he computes the Coefficients m the new 
Equation for" finding Difference mentioned. This Table, I ob- 
ferved, was forjiied in thj fame Manner from the Equation propofed, as 
the Fluxions are, taking the Root fought for the only flowing Quan
tity, its Fluxion for Unity, and after every Operation dividing the 
Produ6t fucceíTively by the Numbers i, 2, 3, 4, ^ c. Hence I foon 
found that this Method might eafily and naturally be drawn from 
Cor. 2. Prop. 7. of my Methodus Increment orum, and that it was capa
ble of a further Degree of Generality, it being applicable, not only to 
Equations of the common Form, {viz. fuch as confift ot Terms wherein 
the Powers of the Root fought are pofitive and integral, w’ithout any 
radical Sign) but alfo to all Expreflions in general, wherein any Thing 
is propofed as given which by any known Method might be computed ; 
if  vice versa., the Root were confidered as given : Such as are all radical 
Expreflions of Binomials, Trinomials, or of any other Nomial, which 

' may be computed by the Root given, at leaft by Logarithms, whatever 
be the Index of the Power of that N om ial; as likewife Expreflions of 
Logarithms, of Arches by the Sines or Tangents, of Areas of Curves 
by the Abfcijfas., or anv other Fluents or Roots of fluxional Equations,

For the Sake of this great Generality, it may not be improper to 
fhew how this Method is derived from the forefaid Corollary ; therefore 
2: and X being two flowing Quantities (whofe Relation to one another 
may be exprefled by any Equation whaifoever) by this Corollary  ̂ while

%
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o f  the Roots o f  Equations in  -improv’d.' 8 i
«

2 by flowing uniformly bccomes 2 +  v , x  will bc^^me v

+
^ ‘  +  l£c. or ̂  ^ 4 .  i L l l  + _ ^ 1 -  +  ^ c,

I . 2Z"  • i  . 2 . 32^ • *. I 1 X 2  I . a .  3

for % putting I.

Hence if^ b e .fh e  Root o f  any Expreffion-formed o f a n d  known 
Quantities, and fuppofed equal to nothing, and z  be a Part of and x  
be formed of z  and the known Quantities, in the fame Manner as the 
Expreilion made equal to nothing is formed o f •, and let  ̂ be equal 
to 2: 4- s -the Difference v  will be found by extraáling the R o ot'o f

• ••
¡CV , ,  C J  T >  •

this F.xprefTion x ^ ^  =a o. For in this

Cafe 2 being become z  v  = zy,x, which is now become ^
■ : 2

j_  ^ c. muft become equal to nothing. '

The Root V in the Equation ;í-4- - f — ------- f- = 0 ,
I 1 . 2  1 . 2 . 3 '

is to be found upon the Suppofition o f its being very fmall with refpeft 
to z , (as it muft be, i f  z  be taken tolerably exad) by which Means

O H  f .- i

the Terms--------------------------- — -{- & c. may be negleded, upon ac-
1 . 2 . 3  1 - 2 . 3 . 4

*  * »

count o f their Smallnefs with refped to the other Terms, fo as to

• • • ^

leave the Equatioi^íí -4- ÍLZ-1— U L .  —  o, for finding the firll -Ap-
I I . 2

proximation o f v.

By extracting the Root o f this Equation, we have ..

=  That is,• • • • • • •
PC PC

V o l . IV. M  From



82 TZj Method o f  Approximating in the ExtraEiion

lA iD -

Firft, ^ — = ° -
X* X X 2

Second, , if  _  * 4 - i  V +  0.
XS .V X

Fourth, 4 —  4 ?» if  —  A? —  X <y +  1 ^ ,  ^c.= zcr.
X

' This Approximation gives v exaél to twice as many Places as there 
are true Figures in z, and therefore trebles the Number of true Figures 
in the ExpreiTion of j  by z  i;, which may be taken for a new Value
o f z ,  for computing a fecond "j, feeking other .Values o f ic, ic, x, 
Though when z  is tolerably exad (which it may be efteemed when it 
contains two or three or more Figures true in the Value o f y, according 
to the Number of Figures the Root is propofed to be computed to)’ 
the Calculation may be reftor^d without fo much Trouble, only by

taking - ¿ d l  ^  ̂ vi — ------ -— inilead of
X 2 • 3 X I . 2 . 3 . 4 X

v ' ~  taking every Time for v its Value lafl; computed,
x^ X

« %

From the fameEquationx -4-x v +  --- -------- {- =  o,
2 I • 2 . 3

• - »

may be gather’d alfo a rational Form, viz. v iTT For negled-
X X  .

X— —  ̂ '
2 X

• «

ing the Terms we have v  =  ---- rr which is nearly
1 - 2 . 3  . «



of the Roots o f Equations in Numhrsy improv’d, 83

ss Therefore in the Divifor inftead of v  writing we have

more exaftly v  = ----- -̂— r.—  t̂ hat is,
;v X

2 X

2 1-------, w h e n X V  + Í L ! í l  r=  q .
2

----  X

•
• •

X X
♦ V •

2  X

X

^ +

• •
X X 

2 X

X

X ----

• •
X X 

•

2  X

—  X

x  +

» •
X X

•

X

2  X

This Formula will alfo triplicate the Number o f tme Figures in z . 
And the Calculation may be repeated, after every Operation, taking

for a Divifor ;  +  ^  o1
2 1 . 2 . 3  ^ * 2 . 3 . 4

;  .

2 X

Dr Hall^ has fully explained the Manner o f  ufing both thefe 
wa a s in Equations o f the common F orm ; wherefore I lhall be the 

orter m explaining two or three Examples o f another Sort. ^
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84 Approximating m the £xtra£íion

' Ex,  I. Let It be propofed to find the Root of this Equation^* +
+   ̂ —  1 6 = 0 .  In this Cafe, for;- writing z , and for o wntingKc, we

have 2’- H -i f   ̂ 2 —  16 =  X. Whence by taking the Fluxions, we

have x’= 2  i / z x z x z ^  +  i + 1 ,  and x =  2 1/ 2 x 8— 4 ^ 2  2̂

v/a-  ̂ For finding the firft Figures of the Root j ,  for 2 take

, and we have the Equation i  ̂ +  jy —  16 =  o, which being ex

panded gives/  +  s;»* +  2 /  - h  S'^y —  255 =  o. ^
By this Equation I find' that for the firft Suppofition we may take 

2 = 2 .  Therefore in order to find v, let us now make ^  2 =  | ,  (which

is nearer than before) and we have x =  2̂  +  i — 16 =  z"; 4 -  i

_  1 4 -  14 —  —  4, 48 j X =  10, 66 •, x =  4, 72. W hence by

■4 ; '48*  •
the fecond rational Form v =

ID,  66-\-
4, 72 X 4, 48

2 X 10, 66

=  o, 38 •;

which muft be too big, becaufe -f 1/ 2, and therefore will require 
a larger Value ofjy to exhauit the Equation, than where i/  2 is exa¿t. 
For the fecond Suppofition therefore, let us take 2 =  2 ,3 , make 2

=  1,4142136, an'dby help of the Logarithms we ihall have z^ '+i

=  13, 47294, whence x =  —  o, 22706; x =  14,93429, and x =  
5 ,18 4 19 . Hence by the irrational .

'*4^ . * * . ' *  ■ *■  ̂ -

v =  V  +  £ i 4 i 4 t£ _  M i l 3429 _  o,"o516, which gives
5, 18419* 5, 18419 5, 18419 •

J =  z  + -y =  2, 31516, which is true to fix Places. I f  you defire’ it 
more exaéb than to the Extent o f the Tables of Logarithms, taking
2 =  2, 31516 for the next Suppofition, the Calculation muft be repeated

by computing x 2 - f - 1  to a fuíHcierit Number o f Places 5 -which
muft



muft be done by the Binomial Series, or by making a Logarithm on 
Purpofe, true to as many Places as are neceflary.

Ex. 2. For anotherExample, let it be required to find the Number whofe 
Logarithm is o, 29, fuppofing vve had no other Table o f Logarithms, but 
M .̂Sharp*  ̂o f 200 Logarithms to a great many Places.This amounts to the 
refolving this Equation /jy=o, 29, or ly— o, 29 =  o. Hence therefore we

• • . r

have;^=/A'—  0, 29, {a being tht Modulus belonging to the Tabic
z

we ufe, viz. o, 4342944819, i^c.) x =  , ¡c =

In this Cafe becaufe x has a negative Sign, changing the Signs o f all 
the Coefficients, the Canon for v  will be found in ' the fourth Cafe,

of the Rootŝ  o f Equations 'tn NumVers  ̂ improv’d. 85

which in the irrational Form gives v   ̂ ^ —

;;
2 X V

2 • 3 -4 X

^ c .

a • 3 2  4 2

convenient to compute— , which is got from this Equation ~  1
 ̂ z

. l l z --- O,  58 , 2 2 V* . 2 C - ^
1/ 1 -I--------------------I------^ - ¿Tr. The neareft Loga-

a . 3 z* 4 2;-̂  5 z  ®

rithm, in the Tables propofed, to the propofed Logarithm o, 29 is
o, 2900346114, its Number being i ,  95. Therefore for the firft Sup- 
pofmon taking 2 = 1 ,  9 5 , we have (r= / 2 —  o, 29 =  o, 2900346114

—  o, 29) =  o, 0000346114, and 58- ^0000692228 _
a,.  ̂ 0,4342944819

o, 00015939139, and I - j -_— _— == i,  00015939139., Whence
p..

■  ̂ Rir



86 A Series f o r  exprejftng the Root o f  &c.

for the firft Approximation we have —  =  i —  ■/!> 00015939139 =

—  o, 00007969247, and 1; =  —  o, 00015540032, and =  z  4. -y ~
I ,  94984459968. Which is true to eleven Places, and may eafily be

correéted by the Terms i ü - ,  t£c. which I leave to the Reader’ s Curi-
3 2

ofity.
Being upon the Subjecl of Approximations, it may not be amifs to 

Jet down here two Approximations I have formerly hit upon. The 
one is a Series of Terms for exprelTing the Root of any Quadratic Equa
tion ; and the other is a particular Method of approximating in the In
vention o f Logarithms, which has no Occafion for any of the Tranfcen- 
dental Methods, and is expeditious enough for making the Tables with
out much Trouble.

A general Se- Quadratic Equation being reduc’d to this Form x x  —  m qx
riet for tx- -f- =  o, the Root X will be exprefs’d by this Series of Terms.
pi'tjitg tht
Root V I  T T
^ a d r a tic  E -  ■ a  i t > \ ry
quation.  ̂= ---- 1" -------------- 1“ B X -------------- f- C  X ----------

q m —  2 —  2

I

4- D X —  which mufl: be thus interpreted.
.—  2

I. The Capital Letters A , B, C, ^ c. ftand for the whole Terms 
with tlieir Signs, preceding thofe whereen they are found, as

B =  A  X ---- Í------ .
m

Letters <2, in the Divifors, are equal to the
whole Divifors of the Fraólion in the Terms immediately preceding j 
thus b ■=. a"*- —  2. / r  D

For an Example of this, let it be required to find V  2. Putting
2 =   ̂ 4 “ we have a» 4-, 2 at'—  1 = 0 ,  which being compared
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with the general Formula  ̂ gives w y =  —  a, sindmy :=: —  i •, there
fore for m taking —  i ,  we have y =  2, and^ =  i ,  which Values fub-

ilituted in the Series give x
2 2 x 6  2 x 6 x 3 4

, ^c .  The Frac-
2 x 6 x 3 4 x 1 1 5 4  2 X 6 X 34 X 1 154 X 1331714

tions here wrote down giving the Root true to twenty three Places.

3. This Method is founded upon thefe Confiderations. ^
 ̂ ^ thod o f com-

1. That the Sum o f the Logarithms o f any two Numbers is ih.c Loga- 
Logarithm of the Product of thofe two Numbers multiplied together.

2. That the Logarithm of Unit is nothing; and confequenly that 
the nearer any Number is to Unit, the nearer will its Logarithm be to 
o. 3¿/ ,̂ That the Produíl by Multiplication of two Numbers, where
of one is bigger, and the other lefs than Unit, is nearer to Unit 
than that of the two Numbers which is on the fame Side o f Unit 
with itfelt •, for Example, the two Numbers being 4 and 4» the Pro- 
du(5l  -i is lefs than Unit, but nearer to it than which is alfo lefs 
than Unit. Upon thefe Confiderations, I found 'the prefent Approxi-^ 
mation ; which will be the beft explain’d by an Example. Let it there- 
iore be propofed to find the Relation of the Logarithms o f 2 and of 10.

In order to this, I take two Fraiflions and _£, w z..  ̂ and ^
100 10 ioj>  10 p

whofe Numerators are Powers o f 2, and their Denominators Powers 
of 10', one of them being bigger, and the other lefs than i. .Ha
ving fet thefe down in Decimal Fraitions in the firft Column of the 
Table annexed, againft them in the fecond Column I fet J  and B fur 
their Logarithms, cxpreiTing by an Equation the Manner how they are 
compounded ot the Logarithms of 2 and 10, for which I write / i 
and I 10. Then multiplying the two Numbers in the firft Column 
together, I have a third Number 1,024, againft which I write C  for 
Its Logaritlim, exprefilng likewife by an Equation In what Manner C  fs 
lormed of the foregoing Logarithms A  and B. And in the fame Mnn  ̂
ner the Calculation is continued ; only obferving this Compendium, that 
before I multiply the two lad Numbers already got in the Table, I 
comider what Pov/er of one o f them muft be ufed to bring the Pro- 
tlu¿t the nearefl to Unit that can be. This is found, after we have 
gone a little W ay in the I'able, only by dividing the Differences of

ths.
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the Numbers f r o m  Unit, one by the other, and. taking the Quotient 
with the nfareft, for the,Ind« o f  the Power waM<^. Thus tte two 
laft Numbers in the Table being o , 8 and i,  024, their Differences

from Unit are 0,400 and 0,024 ; therefore gives 9 for the

1
Index; whereft5re multiplying the ^ninth Power o f i ,  024 by o, 8* I 
have the next Number o, 990352031429, whofe Logarithm is Z) =  9 
C +  5 . Ill feekiwg tl>e Index in tliis Manner by Divifion of the Dif
ferences, the Quotient ought generally to be taken with the leaft i

• but in the prefent Cale it happens to be the moft,. becaufe inftead of 
the Difference between o, 8 and i, we ought ftridly, to have taken the 
Difftrence between the reciprocal i ,  25 and i,  which would have gi
ven the Index 10 ; and that would be too big, becaufe the Produd 
by that Means would have been bigger than i,  as 1,024 is. Where
as this Approximation requires ,that the Numbers in the firft Co
lumn be alternately greater and lefs than i* as may be feen in the 
Table.

When I have in this Manner continued the Calculation, till I have 
got the Numbers fmall enough, I fuppofe the laft Logarithm to be 
equal to nothing. Which gives me an Equation, from which having 
got away the Letters by Means of the foregoing Equations, I 
have the Relation of the Logarithms propofed. In this Manner if I 
fuppofe G =  o, I have 21 36/ 2 —  643 / 1 0 = 0 .  W hich gives the 
Logarithm of 2 true in feven Figure3, and too big in the Eighth; 
which happens becaufe the Number correfponding with G is bigger than 
Unit.

There is another Expedient which renders this Calculation ftill 
ihorter. It is founded upon this Confideration, that when x is very

fmall I 4- X is very nearly 1 ^  nx. Hence if  i 4- a*, and i —  2: are 
the two laft Numbers already got in the firft Column o f the Table,

their Powers 1 4 - ^ and i —  z  are fuch as will make the Produdl

14-^1 X I 4- 2 very near to Unit, m and n may be found thus:

X I  —  z

=  I—  n z ,  and confequently i 4“

or( negleóling m n z x )  i +

mii
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m X 
q u a l

—  n z. 
to I,

M a k e  t h i s  e -  

a n d  w e  h a v e

w : n :: z : x / I —  z : I

1 X. Whence x l

^  z  11 X =1 o. T o  give 
an Example of the Applica
tion of this, ik  I ,  024 and 
0,990352 be the laftNum- 
bers in the Table, their L o 
garithms being C and D. 
Then we have 1,024 = 1  +  
X, and o, 990352 =  1— z, 
andc0nrequently.v=;0,024, 
and z=o,00964b’ . Whence
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Ofthtfum. X VIII. I Prop. I.  Proh. T o  find the Sum of any Number of Terms
mngofhfi. o f  .
ttite Sena, -------  ----------  ----------  ----------  -------- --------—
P.u-t I. b y  P. a x a - 4~ » x a + 2 » x  a x  a  -¡-_p  —  i
A. de Mon- _ _ _ _  _____  _____ _________ _ —____-
mort. n. 353. 4. ^ 4. ;; x  - f  2 « x  4 - 3 « x  a - { - 4  f!, 8zc .  X a - \ - p n
p- 633« _______________  ______ ____ —

- f ^  +  2«Xí 2 +  3^ÍXí? +  4«,  &c.  X r t - f - p + i »

+  « +  i n  xa-\- ^n. &c. X -ft ^ +  2 n

4"  ̂ 4 5̂ Si’C. X 4” p  3 ^

l^c.

• Here » is the given Difference both of the continued Failors 
a -j- 2 fif ^ c. of every the fame Term, as of the homologous Faétors of 
the fucceíTive I'erms of the Series continued ; and p  denotes the Number 
of fuch Fadors in every Term.

Solution. Let ;<• denote the firft of the Factors in the lafl: o f the Terms 
whofe Sum is required ; then that Sum will be

y X y 4- » X y +  2 », &c. x x ^ p n  —  a —  n x a x a  -\-nxi^ c. x a-\- p— i n

/> +  I «

^ E . L

Example i. Let the Series of natural Numbers be propofed, i 4- 2 -f- g 
4- 4, ^ c. and let the Sum be found of fo many Terms as there are 
Units in the Number z , which in this Cafe is allb the lail o f the Terms 
whofe Sum is required. Then in this Cafe it will he a z=: i ,  « =  1,^  =  1, 
and X =  z. whence

x x x + n x ^ c . x x - ^ p ) i = z x z - \ - i ,  anda —  n x a x  ^ c. x p — i n =0, 

and^ 4- I » =  2 X I. Therefore the Sum required is z  x z  4- i.

2
Example 2. In the Series i 4- 3 4- 6 10, i^c. of Triangular Num

bers, let the Sum of fo many Terms be found as there are Units in the
Í

Number 2. The Numbers in this Series may be wrote thus : 1 x 2
2 ’

-----this Means, if we fet afide the given
2 2 2

Divifor 2, the Series is reduced to the Form of the Propofition, it being 
a = . i , n  — 1 ,^  =  2, and x =zz.  Whence the double Sum of the Se

ries is I X . V 4 - 2  —  0 _ _ ; c x A r 4 - i  X X 2
, And having Re

gard



O f Infinite Series's,

ard to the Divifor 2, the Sum of the Series will be  ̂ +  1 x y +  2^
2 x 3

or
z x 2: 4- i x 2: 4-2  •

2 x 3
in this Cafe x and z  being the fame. And after

the fame Manner the Sums of the other figurate Numbers may be 
found, whofe Forms are now commonly known.

Example 3. Let a -=z n ■=. 2̂  p z=: that the propofed Series may
b e i x 3 X 5 - } - 3 X 5 x 7 - } - 5 X 7 X 9 ,  i^c. In this Cafe the Form of

the Sum is +  +  1 — 2X  I x g x 5  =

4 X 2

.V X y +  2_ X y +  + 1 5 -   ̂ P qj, Inftance, if  the Sum o f ten
0

Terms is required, then y =  19, which is the tenth Term in the Series 
of Arithmetical Proportionals i ,  3, 5, 7, ^ c. and therefore the Sum is

1 9 x 2 1 x 2 3 x 2 5  +  15 _
8

^=. 28630. Now the Propofition is thas demon-

ftrated*.
Demonfiraiion. Let there be a Series of Quantities, yf, 5 , C, D, 

whofe Differences conilitute the Series <2, c, d, ^ c. fo that it may be 
 ̂ ^ —  yUh z=.C —  By c =  D  —  C^íác. Hence we immediately

ther,that¿?+¿» =  C — +  +  f =
and in general, that the Aggregate o f any Number of Terms of the Series a,
b, £•, d, ¿iff. is equal to the next following Term of the Series B\ C, D , 
fcfc. leflTen’d by the firil Term A. For A, B, C, take the Terms.

a— n 'K a c. x a p  —  i n  a x « +  » x fif^.x a-\- p n 

p \n

a - ^ - n x a  ^ ^ n %  x 4- p -\-1 n 

p - \ - i n
,^íT. that is, the fucceflive Values of

91

ÍÍ X x +  « X {£?<:. X ^ 4- , ,, . T-.-ÍT . • , r----------- ----------- -  ; and their Differences being taken for
p i n  °

f> dy ^c.  then will a x x £r?r. x a \ p — i », a - f « x r t  +  2W,x ^c.

N 2
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X í¿c. w^ich are the very Terms of the Series propos’d. But

by comparing thcfc Scries, if any Term of the latter Series is x ;v-j-»,x ÜV.

X .V +/» —  I w, it is plain that the Term one Step farther in the former

Series will bc i ! J üJ L! ’ Therefore the Sum of the lat-
-f- I «

ttr Series, as far as r.he 1 erm ,v x x x +  /» —  i n  inclufively, is

,vxy +  «, x ¿ s ^ f.x x + ;)« —  »x¿7, —  1«  O 2).

P  i n

Scholium I. In this Propofition is contain’d fome little Part o f the 
Methodus Incrementorum̂  concerning which two Years ago my very good 
Friend Dr. Brook Taylor̂  Secretary to the Royal Society at London.̂  
publifh’d a Book. He that would know more of this Method fhould 
confult that Work. It is fufficient for our Purpofe to obferve, how 
great an Affinity there is between this Method and the Methcxi of Flux
ions, or the Differential Method. For as in the Method of Fluxions, to 
find the Fluxion of x a n y  Dignity of x, one Side is to be converted

into the Fluxion .v, and the Qiiantity arifing is to be multiply’d into 7rt

the Index of the Dignity, that the Fluxion fought m x may be pro
duc’d ; lb in the Method of Increments, to find the Increment of fuch a

Produft X \ X «  X X  2  77, (where the Faélors x, x ^  n, x 2 are 
in Arithmetical ProgrelTion, whofe common Difference is n the given 
Increment of X ,)  the leaft of the Fadors x is to be converted into the 
Increment, and the Quantity arifing is to be multiply’d by the Number

o f the Fadlors, fo that 3 « x x  +  « x x - f -  i n  may be the Increment 
Ibught, the Number of Faitors in the Cafe proppfed being 3. Thus al

io the Increment of x x x -}- k becomes 2 «  x x -J- ».

2. Alfo by the fiime Rule are found the Increments o f the Recipro
cals of fuch Produds. But here it muft be obferved, that as Divifion is 
contrary to Multiplication, inftead of taking away the leaft o f the Fac
tors, now another Fador muft be added, which is greater ftill by one 
Increment. Alfo that the Number of the Fadtors muft be wrote with a

nega-
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The Increment o f ----- L = .  will be-----= ___  ̂ ”  --------. And fo in
X \ X n x \ x - \ - n x x - \ - 2 n

all others of this Kind. This is eafily proved by taking the Differences 
between tv/o continued Values of the Integrals.

3. By treading in the Steps of the Diredt Method, we may lience c o I t  

left the Rules ot the Inverfe Method, by which the Integrals of any given 
Increments are to be lound. For let the given Increment be apply’d to 
the known Increment of the S ide; let a Fa6lor be added whic 1 is ilill 
lefs by one Increment, and let the Quantity that arifes be apply’d to the 
Number of the Faftors fo increafed. Thus for Example, if  the s;iven

Increment were n \ x x x -ir ny. x 2 n,\t becomes firft x x +  n x x-{- 2 n ;

then —  « x x x x  +  « x ;í -|- 2 «  adding the Fador ;«• —  « ; laftly.

n-KX XX Yl yi X t 2 TÍ
------- —-----, which is the Integral required. This ob

tains when the Fa¿lors are Multipliers •, but when the Faétors are in the 
Place of Divifors, then mutatis mutandis the Rule is thus. Let the given 
Increment be apply’d to the known Increment of the Side ; let the great- 
cll of the Fadors be reje6led, and let the Quantity arifing be apply’d to 
the Number of tKe Fadors remaining with a negative Sign. For Ex-

_______  J
ample, let be given the Increment ----- —  —  -...  -  ; Firil it bc-

i i x x - i - « x . v - f - .  2 n

 ̂ j thfn------ ^ ------T laftly.

-I
* v^hich is the Integral required.

2 XY. X n

 ̂ In this laft Cafe the Integral found, with a contrary Sign, is equal to 
tae Sum of all the Increments in the Series being continued to Infinity.

For Example it is------- í = = = - n

>1-

\
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x J ^ n  2 « x ; v + 3 »  ^ +  2 « x . v + 3 » x í í 4- A ^
\

For in this Cafe, x becoming at iaít infinite, ------ í = .  vaniíhes, that
2 X % X n

is, the laft of the Terms J ,  B, C, becomes nothing ; and becaufe 
o f the Contrariety of the Signs of the Integral and Increment, inftead 
OÍ —  J  the Aggregate is exprefs’d by A

Lemma i. In any Series of Numbers M , N , 0 , P , üfc. let any Term 
be denoted by X, and let the Place of that Term in the Series be denoted 
by X ; that is, let x =  i, when X  denotes the firft Term or M  j let at =  2, 
when X  denotes the fecond Term iV, and fo on. And of the Terms 
M , TV, 0 , P, iifc. let b be the firft of the firft Differences, c the firft of 
the fecond DiíTerénces, d the firft of the third, e the firft o f the fourth,

•
X — I x — i

and fo on. Then it will ht X  •=. M-\- b x ------------ j- £• x -------- -

X —  2 a: —  I X —  2 X —  3 X —  I X —  2
X --------------- d % ---------------- X -  ■ X ----------------- 1-  Í? X --------------X —----------

—  3 ÍÍ —  4
X ---------X ---------- , i^c. This follows from the Table o f Equations,

3 4

fag. 60. of our Treatife call’d Effay d\4nalyfê  &c.
Umma 2. The fame Things fuppofed, let any Term in the Series of 

Arithmetical Proportionals -f- », <3 2 ^ c. be denoted by z , and

now let it X •=. A  B z  C zy, z  n I>zy. z  ^  n X z  -{• 2 n

n V  • M U+ L r ® +  3 ». (¿I- Then the Values of A , B, 
C, A  E, ^C, will be thefe following.

 ̂ — a — a —  n
A z r M ^ b x --------[-f X -------X _______

» n 2 »

3»

tfl4 £ U



-—a — ^ — » — ÍÍ —  2 «  —  —  3 «
^  Í  X -------- X -------------------X ' ■' '■■ ■ —  X ---------  , ^ c .

n i n  3 »  4 »

I — a —  n — a —  n — a — 2 »
5  —  —  x ¿ » + í x -------------------- d  X ----------------------X ---------------- — •

n n n l i t
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a — n — a —  2 »  — a —  3 «
-I- ^ X ---------X ------------X ....................... ,

n / • 2 «  ♦ 3 «

I I —  a —  2« —  a —  2«  —  a —  3 »
C =  —  X —  x f  +   ̂X----------- }-  ̂X — -■■■ X---------------,

n i n  n n o.n '

I I I  —  a —  3 »
D  =  —  X ---- X ----X -f- Í X ----------- ------5

» 2 « 3 « n

I I r I f
£  =  —  X -------X -----X -------------e, Í!?c.

n 2 n 3 « 4 «

The Order of forming the Coefficients o f b, f, c, í¿c. i« thefe Va
lues, is fufficiently manifeil o f itfelf.

Demonftration. Becaiife by x and 2:'the refpedlive Terms o f thefe 
Arithmetical ProgreiTions are denoted, i, 2, 3, 4, i^c. and <7, ¿z-f-w, 

-{- 2 «, tí - f .  3 ^ c, therefore x —  i will denote the Number o f the

D i f f e r e n c e s  n w h i c h  i s  c o n t a i n ’ d  i n  s í ,  f o  t h a t  i t  i s  z-=. a x —  i  n.

H e n c e  i t  i s  t h a t  x —  2 =2 x —  n —  a ^  —  o  =

n « .

■ ------Í3C. T h e r e f c ^  b y  f u b f t i t u t i n g  t h e f e  V a l u e s  x —  i^ x  —  2,

^  3 ’ i n  t h e  S e r i e s  o f  t h e  f o r e g o i n g  L e m m a ,  a n d  r e d u c i n g  t h e

T e r m s  i n t o  O r d e r ,  t h e  V a k i e s  o f  B, C ,  c o m e  o u t  a s  h e r e  e x h i b i t e d .

CoroL Vvhen a. —  «, the Values o f B, C, {iff. become more fimple,
as • .. • - , i.

A ~ M  —  0 c —  i/ +  >. ■ -I- -  X - --
• ^ =



^5 ‘ O f Infinite Series's.

u

C  =  - Í - X —  x f  —  3 d +  6(?,
« 2U

D  = —  X - 1 -  X J -  X d -i- 4 e, &c.
n 2 n i n

K

Lemma The Symbols X  and at being interpreted in the lame Man
ner as in the firft Lemma, let q, r, /, «, ^ c. be the Generators of the 
Arithmetical Triangle, whofe tranfverfe Line is occupy’d by the Series 
it/, iV, 0 , P, Csfi'. but in an inverted Order, fo that q ( =  M ) may 
be the laft Generator, r the lail but one, s the laft but two, and lb on. 
Then it will be

A  =  q - ^ r  X---------- f  f X-------- - X — / x ~ ------X — X — ^
I 1 2  1 2 3

This is plain from the Confideration of the Arithmetical Triangle it- 
felf, which we have e x h i b i t e d 63. of the Treatile 

where the fame is more fully explain’d.

Lemma 4. The fame Things being fuppofed, and the Symbol z  being 
¡I interpreted in the lame Manner as in Lemma 2 : I f it is X  — A -\- B z

C z  X z  -f- «, as in Lemma 2. the Values o f the Coefficients
1 /f, 5 , C, A  will be

=  y - I -  r  --------------------s X -----------------X ---------------------
: » a 2 «

—  a — a ~ ^ n  — a 2 n
+   ̂ X ------- --------------- X ------------------ ,

n 271 3 «
«

* — a —  a ~\-n
5  =  — x r - l - j x -------- -----------------------------

 ̂ « n 2 n

I I  
X ------+

n 2 n  . n

I n m
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I I I  ,

, — X —  >C ----- X/, Csfi-. - -    ----- , _
‘ n i n  3 « . j . - J- u X -u ■> '•

. The Order o f the Coefficients is manifeft in thefe Values,’ anti the 
Lemma is demonftrated in the Manner o f  the fecond Lemma, i r - ^

Cor. I .  When =  «,  the Coefficients yf ,  5 ,  C, D , i¿c. come out .m 
fimpler Forms thus. . .

i  ̂ _ . ,l.T

-4» ■' ■ ^vi »m*Í4

*1 .
1 I • ____  “ ^  1 I ~ I '  — --------- -

C zz —  X ----- X J  —  /, 2) =  —  X -------X -------xt  —  u, £f?r. '•
n i n  n i n  i n

* * ' , .4 ’ - J
Cot. 2. Whence If fome o f the Generators r, j, 7, «, ^ c.  are eiqua! 

to one onother, X  will be exhibited by a fimpler Form, fome of the Co
efficients Ay 5 , C, iSc. vaniihing. -: - .

Thus for Example, a Series of Numbers being propofed 4, 69, 530»
2676, 10350, whichconftitute the tenth tranfverfe Line in the Arith
metical Triangle, whofe three firft Generators are 54, —  18, 5, and the 
feven laft are equal to 4 •, it being ¿z =  i =  « j the Term X  is exhibited 
by a Form of four Terms only;, ------- - . nJ.

z  z - ^  1 z  2 2 4 - 6  z z - f - i
—  —  . ------- . -------- . {iff. X ----------- 23 . —  . — , ^ c.

I 2 ■ 3 7 1 - 2  :j
* »

z + 6  2: 2 - f - I  ^ + .7   ̂ 2 4 - I
‘X — «'I. —  72 . —  . ........ . x ....... 4- 54 -

7 1 2  8 1 2
^ j • • r

{sfc. X --------- 5 the firft fix. Coefficients C, D , i^Vaniffi*
ing. 9'■

.  b -

II. Proh, T o  find the Sum of any Nu"mber o f Terms Of this 
Series. ' . .

M  -  -  - -  - N

«xí?-f«, {«fi, + «  + », Ciff. X p »
’ ‘ V o L . I V .  o



m s L

^ 5  Of Injifiite Series's,

, ................ ^ __  ̂ t^c. Where the Numerators M

N , 0 , conftitute any Series of Terms whoie Differences are given,
whether firft, fecond, third, i^c. or which is the lame, 
any tranfverfe Line in any given Anthmet,cal Triangle. But the De- 
nominators conftitute the Scries exhibited in Pr9f. i. r j  i

Solution, Let the firft of the Fadors a a ^  n, a +  2 n ÍBc be re-
prefented by X  in the Denominator of the fame Tei m, fo that Zand z 
may be the fame as in the foregoing Lemma’s ; and theretore let any 
Term of the Series be reprefented by

By Lemma 2 or 4, (as may feem

z  X z  +  X 2; 4- /»—  »

convenient, either to admit the Differences, or the Generators of the 
Arithmetical Triangle,) let X  be refolved into the Multinomium

> 2 +• C z  X -I- D  z  x 'z + 'w  X z T "  2 Csfi. By this Means' 
(the Terms of the Multinomium being apply’d to the Denominator

z  X 2 -f- », ISc, X 2 -t- —  »,) every Term o f the Series will be rc-

duced to the Form
2 X 2  +  «CS?f. x z 4 - / > — I »

2 - f  », X z  +  ̂  —  1 « z  +  2 «, t£c. y, z-\- p  —  i n  

Whence (by Schol 4. Pnp. i.) the Aggregate o f the whole Series

i'' ' • X
continued in infinitum from the Term

i*i€lufively, is
P --- I X » x 2 X z-f«  i^C. X 2 ---2 »

B
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 ̂ - - y e .
p  _  3 X  »  X  2 +  2 « ,  X  z + / >  —  2 « ,

If this Aggregate be taken from the Value o f the fame Aggregate when. 
z z z a ,  the Remainder will be the Sum of all the Terms before the

'I’erm ^  that is, o f fo many Terms as there are Units in LZZ_f.
2 +  ^C.  «

^  £ . /.

Ex.  I. Let the firft Example be the Series

41 *31
H----------------------■+■ '

5 . 7 . 9 . II . 13 . 15 7 . 9 . II . 13 . 15 . 17

275 473
■ ' “Í"

9 .  I I . 1 3 . 1 5 . 1 7 . 1 9  I I . 1 3 . 1 5 . 1 7 . 1 9 . 2 1 ,  (£c:

’ Tis here « =  3, w =  2, p =  6, A / =  5. And taking the Differences 
of the Numerators, it will be  ̂=  36, f  =  54, =  o =   ̂=  Hence in

the fccond Lemma ’ tis =  5 36 x ------54 x ---------- i  x

5  =  I x  36 +  54 X-----c = - i - x  —  X 5 4 =  -iZ _ ,
2 2 2 2 4  4

D =  o =  £  =  £s?f. Therefore the Sum o f the whole Series is 

209________  +  _______ — 95)_
4 x 5 x 2 x 3 . 5 . 7 . 9 . 1 1  2 X 4 X 2 x 5 . 7 * 9 * i i

4- ________ i 2________ =r .:.l-____ ih ________ And the Sum of
 ̂ 4 x 3 x 2 x 7 . 9 . 1 1  80 X 3 . 5 . 7 . 9 . II

i e  Terms in Ñümter ^ i s
2  '  «  '

2 8 3
8 0  X 3  . 5  . 7  . 9  • 1 1  

O  2
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. 209________ ^  f  — ^
40 X 2 . Z -f-2 . 2- h 4 .Z + 6  . Z+8 16 X 2-{-2 • Z-j-4 . 2 +  6 . 2 + 8

99

For Inftance, let eight Ternis be re-
2 4  X 2 + 4 . 2 + 6 . 2 + »

quired j then it is = 8 , or 2 = 1 9  i which Value being introduced

into the Formula, the Sum is ^5589
2 .3  • 3 • 3 • 3 • 5 • 5 • 5 • 7 • • 9̂- ^3

'  The fame Numerators poiTefs the third tranfverfe Line in the Arith
metical Triangle

54 . 54 . 54  ̂  54 • 54 ' 54 •
—  18 . 36 . 90 . ' 144 • 198 •

5 . 41 . 131 . 275 . Cs"-:.

Whence in the Formula of Lemma 4. the Generators are  ̂ =  5, r  =
—  18, J =: 54, Í =  o =  the Coefficients come out -'f =  5

—  18 X +  54 X ^  X Z Z J -± -£ _ = 3 £ 9 , 5  =  X —
2 2 4 4  2 . ^

18 + - 54 X — — £2., C = ~  x ~ x  54 = - ^ ,  D  =  o = r £ =  Cífíj
2 2  2 4  4

✓
the fame as above. t

£;< 2. Let the Series be— --------------------- f ------------------- —
1 I . 2 . 3 . 4  . 5 . 6.. 7 . 8 . 9 . 10 . II

+
69 2676

+  ■
10350

2 . 3 . la  3 . 4 .  ¿iT'f. 13 4 . 5 14. 2 . 6 . 14

where it is ¿z =  i ,  » =r 1, ^ —  11, arid the Numerators conftitute 
the Series exhibitéd Cpr. 20. L. 4. Tlierefore applying l ie  Value of

in that C m llarj to the Denominator z x z - i - i j  x .« +  10, the. ----------------  ^

1 j
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Term of the propofed Series becomes

i . 2 : 3 . 4 - 5 - 6 x 2  +  6 . z  +  7 . 2  +  8 . 2 4 - 9 - 2^ +  l o

+  ■----------
I . 2 . 3 . 4 . 5 . 6 . 7 X Z + 7 X 2 -1- .8 X Z 4- 9 XZ +  IO

+

. 2 . 3 . 4 - 5 - 6 . 7 . 8 x 2  +  8 . 2  +  9 x 2 - 1 - 1 0

54 __________________
I . 2 . 3 * 4 . 5 - 6 . 7 .  8 . 9 x 2  +  9 x 2 - 1 - 1 0 .  Therefore by this

Propofition the Sum of the Series continued from that Term  in infinitum
- ' t 

—  I '
i s " '  ' ......  , • — ‘Jii .— ........  — Liii;

4 x i . 2 . 3 ‘ ‘4 - 5 * 6 x 2  +  6 x 2  +  7 x 2 + 8 x 2  +  9

3 x  I . 2 . 3 . 4  . 5 . 6  . 7  X 2 - 1- 7  . 2  +  8 . 2  +  9

------- T1--------

2 X I . 2 . 3 . 4 . 5 . 6 . 7 . 8 X 2 - + 8 X 2 - I - 9  

+ - ---------------------- ^ ---------------- z = L -  Therefore for z alTu¿
I X I . 2 . 3 . 4 . 5 . 6 . 7 . S . 9 X 2 - Í - 9

I
ming I ,  the Sum of the whole Series is

♦ ■

■--------:------------ -------------- L------- And in generala the Sum of
1 2 x 1 . 2 . 3 . 4 . 5 . 6 . 7 . 8 . 9 . 1 0  ^

the Terms in Number will-be ^ .
I

---------------------- 305 , -  ^
>2 X I . 2 . 3 . 4 . 5 . 6 . 7 . 8 . 9 . 10 ! -------- - "r ̂ ^



i

I X I . 2 . 3 . 4 - 5 - 6 . 7 - 8 . 9 x 2  +  9

Scholium I .  In computing the Sums o f this Kind o f Series, gene
rally the Calculation is made eafier by making Ufe of the Generators 
o f the Arithmetical Triangle, than by making Ufe of the Differences. 
Therefore I have a Mind to take this Occafion, to (hew how the Ge
nerators of the Arithmetical Triangle may be found, from the Differ
ences being ^iven.

Therefore let « be the firil Term of the Series, a the laft Difference 
given, b the firft -of the lait Order but one of the Differences, c the firft 
o f  the next Order before, and fo d, and let /, a, íí, y, be
the Generators of the Arithmetical Triangle required, whofe tranfverfe 
Line in Order p  is occupied by the Series propofed. Then it is evi
dent from the Confideration of the Arithmetical Triangle, that

\  />— 1
h = ------ t

p ^ l  p ^ 2  P — 3 ^ —  2 p — 3
d = .'  -X*-  "X — ...... — X —  «'U

1 2 3 ■ I 2

P — 3 -  -
• — — * + 7>£if. . . . . . .
'  t  '  ■ ■ -Whence

linca
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Whence the Values of the Generators are colleóted.

P — L 
U : = z b ^  ---------- ty

p  —  I p  —  2 p  —  Z
x - c -----------------X ------------- - / ----------------- Ur

1 0 3

p —  3
X, ^ c .

Now the lail Generator is equal to » the firft Term of the Series.

2. After I had communicated thefe Things to D. de Monfoury, he 
found another Solution of this Problem, the Formula o f which I 
ihall here fet down, becaufe o f its wonderful Simplicity. Therefore in 
the Series of Numerators let a be the firft Term, b the firft o f the firft 
Order of Differences, c the firft o f the fecond, d the firft of the thirds

and fo on ; and let the Denominator o f the firft Term be z  x 2 », ^ c .

x z  p  —  \ n. Then the Sum of the whok Series* continued in-infi~ 
nitum will be exhibited by this Formula,,

«•

» x p  —  i x z x z - f -  X 2: +  /> —  2 n

X j ) ---- I X p  —  2 X 2 - + - « ,  ^ c .  x z - \ -  p  —  2 »

'Up —  1 x p  —  2 X p —  3 x 2 4 - 2 » ,  ^ c. X 2 +  ^ —  2 n

Let us take an Example in the Series ...A— !---- 1------- i l —-----
3*. 5 . 13 s  . y , ^ c .  15

+
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'JL  __ L^i___ 1 - ^75___  ̂^ c. the Sum o f which we have alreadr
‘ 7  . 9  . 1 7  9  . I I  1 9  r - I

exhibited. In this Cafe it is ® =  5, ¿ =  36, c =  54, i= t  o =  <? =

Whence by the Formula the Sum o f the whole Series is
* « 5 x 3 . 5 , . M i

___ __________________ ____________________________  ^ S 3
4 . 5 X 4 . 5 . . . .  11^ 8 . 5 .  4^ 3 X 7 . . .  II 80 x~3 . 5 . . . II»

as it was cxliibited by our Formula. If it is required to find the Sum

+
'3 6 -+ 54

o f the fame Series beginning from the tenth Term —— ¡n this
2 1 ........... 31

Cafe it is a> =  2273, ¿ =  522, r =  54, and the Sum would be

•2273 4 522 54
5 x 2 1 ------29,  4 .  5 . 4  X 23 » . . .  29 8 . 5 . 4 . 3 X 2 5 . . . 2 9 ’

« t i '
This Formula is very convenient  ̂ and exhibits the Sum with very lit

tle Trouble, as often as the Sum of the whole Series is required • for 
the Diiferenees are not too many. But when the Differences are many; 
and the whole Series is not required, but only fome of the initial Terms 
then our Forms will be the more convenient. _
" 3. When the Terms of the Series are formed only by Multiplication, 

and are not affefted by variable Divifors, the Sums may always be found 
by the Method delivered in Prop. i .  though the Formulas are never fo 
complicate ; For they may always be reduced to fuch Terms as that 
Propofttion requires. Thus if the Differences o f z  and a: are m and 
and a Term in the Series is denoted hyzx- ,  this Term will be reduced

n
toá  —  « 2 +  —  2 X *  +  whofe Integral may be had by Prop i . - F o f

bccaufe ¿  x = »  and ¿ 2  =  w, *tis d x z = . d z  x -— And
m

returning to

the Integrals it will be j? =s ^  z  4* <3, (the invariable Quantity a being
tn ’ ^

added,
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added, that an Account may be taken of the Relation between and .v 
in the firftTerm of the Series) which may be thus written, ¿2 —  « - f

_»  ̂ j2 ^  w , that afterwards being drawn into 2, it may acquire the 
m

neceíTary Form. And in the fame Manner we may proceed in other 
Cafes of the fame Kind. But when the Forms propofed are affeded 
with Divifors, the fame Difficulties occur as in the integral Calculus, as 
It is called, or in the inverfe Method of Fluxions, which are to be over
come with the fame Induftry. Nor can they always be overcome. For 
befides as it hardly can be known for a Certainty what muft be the Re
lation between the Numerator o f the Fraótion, and the Denominator, 
that the propofed Formula may be reduced to an Integral; fo it is often 
very difficult to find, whether fuch a Relation is already in that Formu
la, or, if it is not, whether it can be introduced. What I have chiefly 
found of Ufe in this Matter, is contained in the three following 
fitions.

Prop. III. Prob. The Quantities z , «,_y, if, i^c. increafing by the given 
Differences /, 0, ^ c .  to find the Value of the integral Numerator

iV, Í0 as that the Denominator being 2 . z  +  ^ c . z -\ -  p n  x u  .

i^c. u -\-qm ŷ y - y i - ^ c-y  - \ - r l x x  . &c.  x  +

the Fraftion may be reduced to an Integral.

Solution. Make N = z - { -  p n  x u -\-qm \ y ^ r l x x - \ - s o ,  —  

z  u y  X. ^ c .  and the Integral will be a Fraélion whofe Denominator is

2 . 2 4 - » .  i^c. —  i n  . u . u-\-m . & c. u q —  \ m .y  .y - \ - l

i£c. —  i l . x ^  0 . & c. x~\-s — I 0, is>c. the Numerator being i.

For the Difference of this Fraótion is a Fraélion whofe Numerator is 
the exhibited Value of iV, and the Denominator is the fame rs the De
nominator propofed, as it ought to be.

£?i. I. Let the Denominator propofed b e 2 x 2 - f - 2 x « x a - f - 3 .  In 

this Cafe Cafe ’ tis k =  2, »?= :3, p =  1 , 5 = 1 ;  Therefore AT =  z -| - ’

2 « =  3 2 ^ - 2 «  +  6. A n d b y--4 5 ± r ll± £ = = ^  is rê
2 . 2 + 2 X « . « - | -  3 

V ol . IV. P prefented
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prefented a Term o f a fummable Series, the Sum of which, when con  ̂

tinued in infinitum  ̂ is exhibited by — . For Inftance, let the firft cotn-
Z It

I
mon Value of z  and u be i ,  and the Series to be fum’d will be

1 . 3 X I . 4

j ------------------ 1_____ 35-------  ̂ fQj- the Sum of the whole is i,
3 - 5 X 4 - 7 5 - 7 X 7 -IO

By ^ let be denoted the Order of any Term in this Series, then it will
»

h tp  =  ?  .T~ ^ ^  and therefore z  =  2 p —  i ,  and u =
2 3

2 ^  —  2 j which Values being fubftituted for z  and the Term will
j 2 /) - — I

be denoted by this Form---------— ■ -----   ---— —  . But
2p ---  1 X 2 ^ 4 -  I 3 P ---  2  X 3 / ) - { -  I

the Sum of all the Terms before this, that is, o f the initial Terms

which are  ̂ p  —  i in Number, will be i —  —  ;
2 z  u z  u ^

tliat is, 7 Wherefore writing ^ -f- i for py the Aggre-
2p  —  I X3^ —  2

gate o f fo many initial Terms as there are Units in />, will be

i p  +  I X 3/>-f I

Ex. 2. The fame z, ? / , m ftill remaining, let the Denominator be 

z . z 4 - 2 . 2 : - f 4 x « . « 4 - 3 .  Then by the Formula the Numerator 

will be 2 +  4 X « +  3 —  2« =  3 2 +  4« 12, and the Sum o f the

Series will be exhibited by the Form ula-----   ̂ O f  z  and tí
2 . 2 +  2 X «

let the firft common Value be i ,  and hence will be deduced the Series

---------L2____  -I- --------37_____  1 55 fcj)/. __ 2.
i - 3 - 5 x i ! 4  3 - 5 . 7 x 4 - 7  5 - 7 - 9 X7 * i o '  ’

Sdoliutni

W £ I l
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Scholium. In the Series now exhibited there is every where the fame 
Difference between the continual Fadors o f any the fame Term, as be
tween the homologous Faftors o f the continual Terms. In the follow
ing are fome Examples of Series, whofe Sums may be exhibited in a fi
nite Number o f Terms, although that Rule is not obferved.

Prop. IV. Prob. The Quantity z  increafing by given Differences 
 ̂fty to find the Integer Numerator Ny  fo that the Fradion may be ,re

duced to its Integral, whofe Denominator confifts o f  a certain Number 
p of the Terms z, z  )z 2 «, &c. o f Arithmetical Proportionals
drawn into one another. But q muft'be an integer Number lefs'than the 
Number o f F a d o r s • ■ -i-’ , . -¡ii **

Solution. It will be i V =  x

—  2 »  —  z x z  ny. Cs’r. x 2 -f- j  —  i n ,  the Integral .being

 ̂ ' k i' ^

_—   -------------------------------------------------------------------------------  ̂It is demonftrated after the
z \ z  -\-n  X & c. y. z - \ - p  —  j  —  i n

Manner o f the foregoing Propofition.
m

m
The Quantities being aíTumed at Pleafure, and the firft Value

o f 2, hence will arife an infinite Number o f fummable Series, fuch as 
the three following.

5 9
j i Ü  '■ “4“ " ' “f”  j

I . 2 . 3 . 4  3 . 4 . 5 . 6  5 . 6 . 7 . 8  7 . 8 . 9 . 1 0

I 4 9
£  = --------------------- Í-

1 . 2 . 3 . 4 . 5  4 . 5 . 6 . 7 . 8  7 . 8 . 9 . 1 0 . II

16

10 . II . 12 . 13 . 14

i M  ■ 5 5 ____ .

C -Í -̂------------------ ......... ..... ............... —  +  ’
I . 2 . 3 * 4 . 5  5 . 6 . 7 . 8 . 9  9 . 1 0 .  I I . 12 . 13

P 2 - 14^
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1 3 . 1 4 . 1 5  . 1 6  . 1 7

I communicated thefe Series long ago to fome principal Geometri
cians, to whom they did not feem contemptible. That very skilful 
Geometrician Mr. Nicolas Bernoulli thus writes to me in a Letter of 
July 25, 1716.  “ You will very much oblige me. Sir, if you will com- 
“  municate to me the Solution of this Problem of yours. Having a 
“  Series of Fraftions given, the Numerators of which are any figurate 

Number whatever, and of which the Denominators are formed of 
“  the Produft o f an equal Numbers o f Faitors which are in Arith- 
“  metical ProgreiTion ; to find their Sum. And chiefly how you have

“  found thefe two Forms ----- ^---------and -  ̂ +  i
I  2 4 X 4 />-]-i i 2 x 3 ^ - f i x 3 /’ - K 2
i Thefe Forms belong to the Scries C and B, the Number of Teirms
I whofe Sum is required being denoted by p. And thus alfo Dr. T‘aylor
Í writes to me, in his Letter oi Aug. 22, 1716.  ‘ “ As  alfo by what

“  Method you fell upon the Summation of the Series exhibited by you»

*
“  I mean chiefly of the S e rie s--------------------- ^ ___________

-  ' I . 2 . 3 . 4  ., 5 4 .  5 . 6 . 7 . 8'

7 . 8 . 9 .  10 . 11
, which feems to be of a deeper Inquiry.

But now let us return to our Examples.
In the Series yf ’ tis ^ 4, j  =  2, «' = ’ i ,  the firft Value o f z  bei-ng

2 - 4 - 3 x 2 4 - 2  —  ZXZ4 -  1 =  2 X2 2 :  +  3;  whence 
(rejecting the given Number 2) are derived thefe Numerators 5>9». 13,

17» Alfo the Formula of the Sum i s ___  ̂ Then taking an
2  X 2  -f- I

Account of the Number 2, which we rejefted out o f the Numerators, 
the Sum of the whole Series, continued in infinitum from* the Term in

which is 2, will be exhibited by the Formula.___ i  . and there-
2 2X2-1-1.

fore the Sum of the intire Series i» __ i
2 x 1 x 2  4



O f In fn ite  Series*s, 109
• In the' Series B *tis « =  i ,  p =  5, ? =  3, the firft Value of 2: being

I. Therefore N  =: z - f - 4  x z  3 x 2 + 2  —  z x z - f - i  x 2 +  2

—'6 X 2: I But continued Values o f z  - f  2 are 3, 6, 9, Cffr.
which becaufe they are all divifible by 3, making 2 +  2 =  3 íí, it will be

6 x~3~i\  ̂ =  6 X 9 5Í * =  54 a; % the continued Values o f x being
I, 2, 3, Therefore the given Number 54 being rejeded, hence 
proceed the Numerators i ,  2*, 3*» that is, i ,  4, g, A lfo

the integral Formula is------1------ - wherefore taking Account o f the
2 X 2 + 1

Number 54 rejefted out of tlie Numerators, the Sum o f the Se
ries continued in wfinitwn from the Term in which is 2, will be

»
____  ̂ Whence the Sum 'of the intire Series is------- -
54 2 X 2 +  I  ̂ -

Laftly, in the Series C ’ tis w =  i ,  /> =  5,  ̂=  4, and the firft Value

o f  2 is I . Whence i V = 2 - } - 4 X 2 - | - 3  \z-\- 2 x2- { -  i —  2 x 2  +  1

x 2 + 2 X 2 - { - 3 = 4 X 2 + -  I X 2  +  Z X 2 + 3 .  But the Values of 
N  arifing by this Formula can always be divided b y 4 X 2 X 3 X 4  =  96. 
Therefore this Divilbr being rejedicd, there come out the Numerators
I ,  14, 55, 140, And the Formula of the Sum, admitting the

Number 96, is — \—  And therefore the Sum of the intire Series is - i— .
96 2 96

Scholium. By thefe two Uill Propofitions we may eafily find as many 
lummable Series as we pleafe. And on the contrary, having a Series 
given of this Kind, if it can be fum’d its Sum may generally be re
duced to one ot theie two Propofitions. Yet there is Need of good Sa
gacity in the Tryal. But it proceeds beft if  the Terms o f the given 
¿cries are reduced to the Form of Prop. III. Thus for Inilance, having

this Series propofed-------- ------------- \----------- __________ j-
3 . 5 . 7 . 9 . 1 1  7 . 9 . II . 13 . 15,

I •
---------------------------- , the Denominators may thus be written,
II . 13 . 15 . 17 . 19

3 . 7 * 1 1  X 5 . 9 ,  7.  II . 1 5 X  9 . 1 3 , 1 1 . 1 5 . 1 9 x 1 3 .  17 whence 
according to Pr^p. 3. ’ tis « =  4, ??; =  4, jp =  2,  ̂ =  i ,  the firft Value 
of 2 is 3, the iirft Value o f u is 5. Hence the Form of the Numeratcf

is found t o b e 4 X 2 - | ' 2 « - h 8 .  But this is always divifible by 3 ;
wherefora
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wherefore rejeding the given Diviibrs 4 and 3, by this Formula the Nu
merators come forth, 7, 11, 15, i^c. the fame as the Numerators in 
the propofed Series, which therefofe may be fum’d by that Propofition.

2. After I had communicated thofe Series J5, C, to Dr. Taylor, he 
wrote me Word, that he had found their Sums, of the firil A  and the 
third C by reducing them to fimple Cafes of his Method o f Increments; 
that he had reduced the third C to this Form

X ----  — h  —  -----f-----  — , that the Sum might be
24 Í -5 5 - 9  9 - *3 Í 3 - 17

had by the Prccepts deHvered in the Scholium Prop. i. But in the 
fccond Scries when this did not fucceed fo well, he ufed the fol
lowing Analyfis, which, becaufe of its great Elegance, having firil ob
tained his Leave, I fliall here infert. “  The Term o f that Series (to 
ufe his own Notation) is exhibited by this Formula

2 -f- 2 X 2

1 7 2 x 2 4 - I x 2 x 2 - f -  I 
/ /

becaufe it is 2 =  3. Suppofc to be equal to the Integral required, 

that is is the Integral of---- ---- ? --------------- , fetting afide the
2 X 2 - I - I  X 2 X 2 - | -  I 

/ f

given Divifor 27. But the Increment o f A  is ?  ^ ^ ^ . Thprpfnr<-
C C C

^ C  —  5 C , 2 4 - 2 x 2 :  , , , -
^  • and — -----T ____ :_____ought to be the fame. Then

C C 2 X2 4 - 1 X 2 X 2 4 - 1
'  I t

cornparing the Denominators, it is found that Czzi z  x^4_ i .  And 
taking the Increments it becomes C =  2 2 2 + 2 *  +  2 ( = 1 2 2 2 4 - 4

2 ) becaufe it is 2 =  3. ) Thefe Values being fubftituted in the Place 

o f C a n d C ,  there arifes B  C - £ C =   ̂ ^

which ought to be the fame as i  +  2 x z. h n B z = . a  +  v,  a being

the invariable P^rt of 5  and v  the variable Part. Then taking the In-
Whence to find a and v  we have the Equation

z



*
¿ Z —  2 Z X X « +  “i; =  z  +  2 x z, which may thus be

written —  2 z  x 2 -{-.2 v  =  z  x 2 +  2 x i +  2 or alfo C-y

_C-y =. z X X i +  2 tf. M ake i +  2 ¿í =  o, ( whence a =
.

—  * ') and it bccomes C «z; —  C i> =  o, in which it may be -y =  o, (be- 
2 ' '  ' ’

caufe each Term of the Equation is afFefted either by or ‘i',) hence it 

Is 5  =   ̂ =  -  j and therefore ~ = ---- ^  -̂---- Then reftoring the
, 2 ^ 2 Z X 2 - +- I

Divifor 27, the Integral required will be ------  ̂ . N ow  by
54 X z X2: +  I

comparing the Equation C v  —  C v:= zo  with the general Formula

we may thence conclude, that is equal to a given
C C  ^

/

Quantity, becaufe its Increment is o. So that aflTuming n for any given 
Number, it will be “i; =  « C, and 5  =: —  -1: +  « C. By which the Inte

gral required b e c o m e s +  which differs
C C 2 Ü , •

From the Integral found before only by the given Quantity n. This 
proceeds from hence, that as in the C^adrature o f Curves the Area when 
found may be increaied or diminiflied by a given Area, fo in the M e
thod of Increments, the Integral when found may be increafed or dimi- 
niihed by a given Quantity. But by the firft Integral, wiiere n is abfent, 
the Sum of the Series is exhibited when continued ad infniium.

Prop, 5. When z  increafes by. Units, and.tf, c, are g iv p  
Quantities, none of which are equal to one another, to find the Integral o f 

j • ; —  . . - -

2 X 2 + X 2 - f  ¿ X z - f  Í X ¿¿"r * :

Solution. Multiplying both the Numerator and Denoininator. o f the 
Fradion into the Terms 2 4 - 1 , 2 4 - 2 ,  ^ c, a 1^24-   ̂ 4- 2,

O f Infinite Series I I I
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2 +  ¿ 4- I ,  2 4- ¿ -4-  2, 2 +  f  -4-  I ,  2 +  Í +  2, deficient in

the Denominator, let the Denominator be reduced to tiia Form 2 x  2 -f- i 

X 2 4- 2, of the Denominator in Prop, i. Schol. n. 3. Then let the 

Numerator be reduced to the Form / i - 4 - 5 2 - f - C 2 X 2 4 - i 4 - Z ) 2 x  

2 I X 2 4- 2j  i^c. Then applying the Terms to the new Denominator 

2 X 2 4 - 1 X 2-4-2, ^ c. let the Fraction be reduced to this Form 

^ - - +
2 x 2 4 - 1, 2 4 -1  X 2 4 - 2, Csff. 2 4 -2  X 2 4 - 3 ,¿ífí-.

4- — ^  .  -------   ^ c. whence laftly let the Integral be fought by
2 4 - 3 x 2 4 - 4 ,  í¿c.

Sc bol. Prop. I. ». 3.

The Reafon of the Solution is manifeft of itfelf.
Scholium I. The whole Difficulty of this Solution lies in the Reduc

tion of the Numerator to the Form required, which yet how it may be

done will appear from one Example. Therefore let the Produd 2 4 - 2

X 2 4 - 3 X 2 4 “ 7 b e  propofed to be reduced to the required Form. 
Therefore I evolve the Terms by Degrees as follows. The firil Faétor 
2 4 -  2 I thus write 2 4 - 2 ,  whofe firft Term 2 I multiply into 3 -4- x, 
whence it becomes 6 4- 2 x. The fecond Term 2 I multiply by 2 4-

2 4 - 1  ( = 2 4 - 3 )  whence it is 2 2 + 2  x 24- i. Then collefting the

Produfls i t i s 2 - f - 2  x 2 - 1 - 3 = ^ ^ ^ ^ 4 - 2 x 2 -I- I i= 6

4 2  +  2 x 2 4 - 1 .  It remains to multiply this into 2 4 - 7 .  There- 
tore I multiply the firft Term 6 into 7 4- 2 ( =  2 4- 7) whence it is 42

6 2. I multiply the fecond Term 4 2 into 6 2 4- i ( = 2 4 - 7 )

whence it is 24 2 4- 4 2 x 2 4- i ; the third Term 2 W 2 4- i I multiply

into 54-24-2( =  24-7) whence it is 5 2 x 2-{-. i 4. 2 x 2 +  i x
2 -t- 2. Therefore the Products being colleded together as before ’ tis

2 - 4 - 2 x 2 4 - 3 x 2  +  4 =  42 -4-30 2 4 - 9 2  x 'z  4. I +  2 x 2 4. I

X z  4- 2. And fo we may proceed in other Cafes.

2. Let us take an Example of the Propofition in the Fradion

z  x ü  +  2 x 2  +  5’ ‘■̂“ oring the Faftors 3 + 7 x 2 + 3  x z+4>

which
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l^hlch are deficient jn the Denomidator, the Fradlon becomes .

z  +  T  x z - i - 3 X 2 ; + 4 ^
- —------ --------- Therefore the Nu-

z x z + i  X 2 - 4 - 2 X Z  +  3 X 2 - H 4 X 2 :  +  5

merator is to be reduced to the Form required. Now by the Method

already delivered, * t i s f i r f t z + i x 2  +  3 = : i x 3 - f z  +  2 x 2 + x + i

^ ^ 4 _ 2 i ^ 2 2 - i - 2 : x 2  +  I =  3 +  3% +  z x  zH - I. T h en z 4. i

z - f - 3  x z 4 - 4  =  3 X 4  +  2 +  32 : x 3 + z - t - i + z x z - f - i

Z +  I X Z  +  2 = I 2 +  I 2 Z +  5 Z X 2 + 1

applyiug this Produfl to the Denominator z  x z  - f  1 x ¿sPf. z  +  5, the 
Fraction will be reduced at laft to this Form

12
-------------------------- +

2 XZ +  I X Z 4- 2 X Z - } - 3 X Z 4- 4 X Z - i - 5

12

Z + 1 X Z 4 - 2 X Z 4 - 3 X Z 4 - 4 X Z 4 -  5

5 "  I

-----------H ZZZ----------- ---  ̂ - h - ...■■■■■ ,
2 + 2 X 2 + 3 X Z 4 - 4 X Z  +  5 Z + 3 X Z  +  4 X Z 4 . 5

Í
—  12 ;

the Integral o f which i s ---------------------- -------- *......... ...... .............. J-
5 z  X z  +  I X 2 4 -2  X z  +  3 X z 4

4 X 2  4 -  I X Z +  2 X 2  - f  3 X 2  -I- 4  3 x 2  +  2 x 2 4 - 3 x 2  +  4

f i * » • * -

'I
I f2 X 2 4  ̂3 X 2 4 -  4

. VtDL. IV. -  o.WheA
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3. When there are two Fadors only z  and 2: +  the Integral wilt

1 I — a  I —  a  X 2
alfo be exhibited by the Formula------------- —

2 2 Z X Z H - I  2 Z X Z-{-I X 2 4 -J

I ----<3 X 2 -----  ^ X 3 ----  ^
_________________ ____ _, (s?c. where the Series is to be con-

4 2 x z - | - i x z - h ' 2 x 2:-J- 3
•r

Í  tinned till it breaks off by the vanifliing of tlie Terms. I f  there are two

—  I
Fadors z and 2— the Integral will be exhibited by the Formula----------

2— 1 .

—  i + ú -  —  i ^ a x  —  2 + a
___________________________________ _ The fame

2 X 2 —  I X Z  —  2 3 X 2 —  I X 2 —  2 X 2 —  3

Integral may be exprefs’d either Way, according as the Fa6lor of the 
given Fraftion is taken either lefs or greater than 2.

4. If the iirit Value of 2 is« - f  i, the latter Formula will be changed

—  I I I I I

into th is------X —  X —  X —  , to —  inclufive, by which with a.
tí 1 2 3 a

contrary Sign is exhibited the Sum of this Series continued in infinitum̂

I
____ ------------------- 1------- - ----, For Initance, let =  i,

I X I +  2 X 2 - f<i  3 x 3  +  «

1 1  1 I I
the Scries will be--------------------- . ■ — , ^ c. x —  x —  = 1 .  If

1 x 2  2 x 3  3x4. I I

I I I I I I
tf =  2, the Series will be —  -|-----------j- ■■■ ^ c. =  — x — h—

1 x 3  2 x 4  3 x 5  2 I 2

3 I I I I
=  —  . I f  tf=3, the Series will b e---- - ----------- >

4 1 x 4 2 x 5 3 x 6  4 '̂  t

2 « 2 ,x8 * 5-
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5. From the fame-Series-------  ■■■■ + H-
2 X 2 - f - í í *  3 X 3 4 - «

i^c according to the different Values o f feveral Series will arife, which 
in Form will be elegant enough. ToTet fome o f thefe before the Eye 
of the Reader, perhaps will not be unacceptable.

If the even Numbers 2, 4, 6, 8, ^ c. are made fucceflively equal to 
the Series will be as follows. —

If  ̂=: 2 ) ----- H------- — ----•+•
I X I + 2  2 X 2 + 2  3 x 3 + 2  4 x 4 + 2

_  I I 1 , 1
4) ----- -------+  -- -------' -------------------- +  ' ' '

i x i + 4  2 x 2  +  4 3 ’^3 4 ' 4  4 ’^4*+'4

I 1 , 1  I ^
6 ) ------------ +  ------------ +  ~~~ “i" * ~ >

i x i  +  6 2 x 2  +  6 3 x 3  +  6 4 x 4  +  6

I I _ I I
8) — -------- -Í-------- -------- +  — ---------- H------- -------- »

I X I - +8 2 x 2  +  8 3 x 3  +  8 4 X 4 H - 8

I I r I
O r ------------\---------------1-------------- \------------ , ^ c.

4 —  I 9 — I 1 6 — I 2 5 — I

I I ■ . I I
H------------- + ------------ + ------------ , ^ c .

9 —  4 16 —  4 25 —  4 36 —  4

I I I  I
+ ---------+ ----------+ ----- ^

16 —  9 25 —  9 36 —  9 4 9 *— 9

I I I I
-I------------- + ------------ + -----------^ c .

^ 5 — 1 6  3 6 — 1 6  4 9 — 1 6  6 4 — 1 6

I I  I I
O r ----------- j-----------+ ------------ +  --------- , Cífí-,

4 — 1 9 - ^ 1  ^ 5 * ^ ^

.0 .2  "
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T i l l  ’ I I
—  —  -̂---------- .4 -  ■■ ■ ■■'■ -  +  ■' , £i?c. .

4 - { - i  ' - 9 TÍ- 3  25 +  7

I I r I I

+
4 + 3  9 . +  7 +  “ 1....... . ?.5 +  í 5 ,

■-I

+

If . ’ I
+ ------------ + --------- ^

4 - h  5 9 +  II 1 6 + 1 7  25 +  23
■* I

I f  for a arc taken i the odd Nunlbcrs fucccffively, i ,  3, 5, 7, Cj*. the 
Series will be  ̂ y * .̂

a c: 1) v +  “ -  + , (Jc.
I X I - i - I  2 X 2 - 1- I  3 x 3 + 1  4 x 4 + 1

I I I I

3) ----- -------- ;+  ----- -----—  + ----- --------  +  — ---------- ,
, 1 x 1 4 - 3  2 X 2 + - 3  3 x 3 + 3  4 x 4 + 3

'' j
I I  I I

"  H------------------ 1------------------1----------------, Cij’c.
I X I +-^5 2 X 2 + - 5  3 x 3  +  5 4 x 4  +

i x i + . 7  ̂ 2 X 2 + - 7  3 x 3  +  7 4 x 4 + 7

+ ----------- +  ---------------------,

I l l  I I
Or  —  X ----------- [. i _

2 , 1  . 3 ---------  6 10

I I 1 - I " I ‘
^  X ---------  +  ---------  +  ---------  +  --------- , (ffc.
* 3 ■“ ..I. 6 — 1 JO —  I 15 —  1

2 6 —
+ + +

- 3  10 3 _ 15 — 3____ ?i — 3
1 I i- •- 1 ' 1 • ,i J

X > — _{- ---------------- 1- &c.

- i(>
I f I T

+  “— —  H-----------   -Í------------- , ^c.r Or —  X -----
2 i +  o 3 +  o ' 6  +  o * io  +  o

» Í
,c
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2

1

2

X -I ' ■— 4 - ■ ' + --------- +  ■' »
I +  I 3 +  2 6 -i- 3 10 +  4

I I I  I
^ ----------- j. ----------  4 - --------- jX —

j _ | _ 2  3 " 4 " 4  6 +  6 10 +  8

I
X _J---------J--------+ ----------------- --------------------  5

1 +  3 3 +  6  6 9 1 0 +  12

6. Some Years ago that great Geometrician Mr. Jawes Bernoulli found 
the Sum of any Series, whofe Numerators conftitute a Series of Equals, 
and the Denominators were a Series of Squares diminiih’d by any given 
Square or a Series of Triangles diminiih’d by any given Triangle 2". 
This he found by obferving, that fuch Series arife, by taking away a 
truncated Series of harmonically Proportionals from the iame Series when 
intire •, that is, lo that the Number of deficient Terms in the truncated 
Series may be either double of the Side of the given Square or the 
double increafed by Unity of the Side of the givenTriangle l ie oblerved 
alfo, that the Sum of a reciprocal Series of Squares would be fought after 
in vain. And the fame is true alfo of the Reciprocals of Cubes, or of 
any other Powers of Numbers in Arithmetical ProgreiTion. 'I'he Rea- 
fon is, becaufe 'no Difference intercedes between the Faitors of the De
nominators, which is always required for fuch Summations, as appears 
from the Method of taking the Differences explain’d in the Scholium o f 
Prop. I. For if the Sum required could be exhibited by any Formula, 
the Difference of that Formula would exhibit the Terms of the propofed 
Series j but in fuch a Difference the Denominator is always affefted by 
the Faélors which are different from one another ; which becaufe it does 
not take Place in the aforefaid Series, the Sums of fuch Series cannot be 
had in finite Terms. Alm ofl in tlie fame Manner, by an Argument de
rived from Prop. 3, 4. it may be demonilrated, that the Sums o f Se
ries cannot be exhibited in a finite Number of Terms, whofe Numera
tors conftitute a Series of Equals, but the Denominators confill o f a cer
tain Number of Terms in Arithmetical ProgreiTion, the greattil ta fto r 
of every Term being lefs than the leaft Faétor in the Term next following,

fuch as is this Series — —  +  — H-----
1 . 2  3 . 4  5 . 6  7 . 8

7. Now T might give forne Rules which I have contrived for certain 
fingular Cafes *, but this would lead us too far. It may lufiice therefore 
to have explain’d the more general, and to take Notice at the fame Time, 
that nothing would more conduce to the Improvement of this new D oc
trine of Infinite Series, than if fome very gen eral Forms of Sums were
digefted in Order, from the DifTerences of which being computed by

- ■ the
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the Rule above, Canons might afterwards be form’d o f fummable 
Quantities •, juft as is already done in the Integral Calculus, or what 
Sir I. Newton calls the Inverfe Method of Fluxions.

8. By reftoring the Faftors which are deficient in the Denominator, 
the prefent Problem might be reduced to Prop. 2. Alfo it might be pro- 
pofed in more general Terms, or for the Numerator might any Formula 
be taken, of which any Difference is given. Yet with this Condition, 
that the I)imenfions of the Denominator ihould exceed the Dimenfions 
of the Numerator at leaft by two, for otherwife the Sum of the Series 
could not be had in finite Terms. Let there be an Example of this in

4 , 9 . i6
t h e  S e r i e s + ;+

i ’ 3 ’ 5 * 7   ̂ ' 4- ’  ̂  ̂ ' 3 • 5 ' 7 • 9 ' 4 - 6 . 8 .  l o ’

where the Numerators are the Squares of the natural Numbers. 
Then applying both the Numerators and Denominators to the natural

Numbers, the Series will be reduccd to a more fimple Form-
3 - 5 - 7 +

T h e  n a t u r a l  N u m b e r s  i ,  2, 3, 4 ,  5 ,
4 . 6 . 8  5 . 7 . 9  6 . 8 . 1 0  
¿s'c. b e i n g  d e n o t e d  b y  a T e r m  o f  t h e  S e r i e s  w i l l  b e  r e p r e f e n t e d  b y  t h e

or by the Formula-Form ------— —  ^ ~— =
;)- i - 2 X /> +  4 X /)-4-6 2 x 2 4 - 2 x 2 - 1 - 4

writing 2 for/» -4- 2. Now in proceeding from Term to Term, becaufe
2 is increafed by Units, the deficient Fadors 2-4- i, 2 -f- 3, are to be 
rellored in the Denominator, and by this Means the Term of the Se

ries will be reduced to this Form_____ 2 — 2 X2- | -  i x 2 - f -  3 ______________
■ — < 

2 x 2 + 1  X 2 + 2 X 2 - 1 - 3 X 2 + 4  
By the Method already explain’d in this Propofition, the Numerator is

reduccd to —  6 —  6 2 ~ 2 x  2 4- i 4- 2 x 2 -f- i x 2 +  2. Whence 
having Refpeél to the Denominator, the Term is reduced to this Form

- 6  - _ 6

- — 7 . i z z  +  r z r — -----------------------------— ------+
2 x 2 4 -  I • x z 4’ 4 ^ + í x 2 4 - 2 X 2 4 ‘ 3 X 2: 4 - 4

Therefore by taking the
2 4 - 2 x 2 4 . 3 x 2 4 - 4  

Integral we íhall find it

6

+ 2 X X  +  I X 2  +  2 X 2 +  3 3 X * +  I X 2 +  2 X 2  +  3
2 X
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2 X Z +  2 X Z  +  3
.  i » 

be exhibited the Sum of the Series continued in infinitum, beginning
. '

^ 2 :  —  2
from  the Term ------------------------ Therefore the Sum o f the whole

ZXZ-\-2XZ-\~4.

Series beginning from the Term — -̂---- will be--
3 . 5 . 7  240

If we had a Mind to proceed by Prop. 2. from the Formula Z j -  2 x

2 ^ 7  X z  +  3 the firft Numerators being colleded, 24, 70, 144, 252, 
taking their Differences we ihould have 46 =  28 =  í-, 6 =  ¿, í  =  o
=  M  being 24 i whence by Lem. 2. the Formula —  6 —  6 2  —

z  X 2 -f-T +  2 X2 +  I X 2 +  2 would arife, by which the Term is de
noted as above. And proceeding by Prop. 2.- the Sum is had. -

Prop. 6. Prob. T o  find the Sum o f any Number of Terms o f a Se
ries of Fraitions, whofe Numerators and Denominators make any two 
tranfverfe Lines in Pa[chal'% Arithmetical Triangle that is,^whofe Ge
nerators are Units.

Solution. Let the Order of the Series of Numerators in the Arithme
tical Triangle be denoted by n, and let p be the Difference between the 
Order of the Numerators and Denominators, and let the Number o f  the 
Terms whofe Sum is required be denoted by q, -Then if the Denomi
nators are of more Dimenfions than the Numerators, the Sum will be ex
hibited by the firit Formula following. But if  the Dimenfions of the 
Numerators are more than thofe o f the Denominators, the Sum will be 
exhibited by the fecond Formula.

Formula I.

y j - f p — I n .n  1 . n 2 . n-\-p —  i

^  ̂ p —  I X » -1-Í . » -h ? +  I . —  2
^  '  I  - 15 - •

Formula II.

' — P  —  I  ̂ +  « —  I . q n —  2 . ^ c . q n —  P  —  1

P +   ̂ p 4- I X n —  I . » —  2 . ^ c .  n —  p

Ex. I. Let it be propofed to find the Aggregate o f the fix firit

Terms of the Series
I 7 28 84 210 4^2

the

In™



t h e  N u r r i i e r a t o r s  c o n f t i t u t e  t h e  f o u r t h  L i h e ,  a n d  t h e  D e n o m i n a t o r s  t h e  

f e v c n t h '  i n  t h e  A f i t h m e t i e a l  T r i a n g l e .  “ T h e r e f o r e  i t  » = :  4 ,  ^  =  3 ,

0  =  6 ,  a n d  b e c a u f e  t h e  D i m e n f i o n s  o f  t h e  D e n o m i n a t o r s  e x c e e d  t h e  

D i m e n f i o n s  o f  t h e  N u m e r a t o r s ,  t h e  S u m  w i l l  b e  g i v e n  b y  t h e  f i r f t  F o r -

4- +   ̂ 4 • 5 • ^

1̂ 2 <y Of- Infinite Series s.

3 — 1 3 —  i x 4  +  6 x 4 +  7

=  2
1 1

Ex. 2 .  L e t  t h e  S u m  b e  r e q u i r e d  o f  t h e  f i x  f i r f t  T e r m s  o f  t h i s  S e r i e s ,

J L - u I L o -  — +  t h e  T e r m s  o f  w h i c h  a r e  t h e
I  4  1 0  2 0  35 5 6

R e c i p r o c a l s  o f  t h e  T e r m s  o f  t h e  f o r e g o i n g  S e r i e s .  ’ T i s  t h e r e f o r e  n =  7 ,  

p  = :  3 ,  qzizSy  a n d  t h e r e f o r e  b y  t h e  f e c o n d  F o r m u l a  t h e  S u m  i s  —

4  „4 X 6 . 5 . 4

‘ '̂Scholium I .  T w o  Y e a r s  a g o  I  c o m m u n i c a t e d  t h e  F o r m s  i n  t h i s  P r o -  

p o f i t i o n , "  t o  t h o f e  l e a r n e d  G e o m e t r i c i a n s  M .  d e  Moivre  a n d  t h e  Ber
noulli s. T h e y  m a y  e a f i l y  b e  d e r i v e d  f r o m  t h e  P r e c e p t s  d e l i v e r e d  i n

’ « 4 •
Pmp-. I . - W e  A v i l l  t a k e  f o r  E x a m p l e  t h e  f o r e g o i n g  S c r i e s - i — f -  - 1 -  - f

1 . 1  7 ■

T h e  P l a c e  o f  t h e  T e r m  i n  t h i s  S e r i e s  b e i n g  d e n o t e d  b y
2 8 ' ’ ”

t h e  T e r m  w i l l  b e  e x h i b i t e d  b y  t h e  F o r m u l a - -  ;

. , /> +  3 • ; ’ +  4 •/'  +  5 
w h e n c e  r e t u r n i n g  t o  t h e  I n t e g r a l ,  t h e  S u m  o f  t h e  S e r i e s  b e g i n n i n g  f r o m

4 • 5 • _t h a t  T e r m  w i l l  b e  e x h i b i t e d  b y  t h e  F o r m u l a

2 +  3 X/) +  4f . —

I T h e r e f o r e  t a k i n g  i  f o r  py t h e  w h o l e  S e r i e s  I s  ^  ‘  ^  ,  =  2 ,  a n d  t h e
2 . 4 . 5

S u m _ o f  t h e  f i x  f i r f t  T e r m s  w i l l  b e  3  —  i u f t  a s  i t  w a s  n o w
i O r l l  .

e x h i b i t e d  b y  t h e  F o r m u l a .

2 .  I n  t h e  f i r f t  F o r m u l a  t h e  S u m  o f  t h e  S e r i e s  c o n t i n u e d  in infitiitum i s

the other Part of the Formuia now vanilhiog. But in the
/>— 1 V - - ^

Cafe

IflEQ
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Cafe o f the fecond Formula, the Sum is an infinite Quantity, whofe Spe
cies, in refped of the infinite Number is exhibited by the other Part o f the

Formula, which in this Cafe becomes  ̂̂  *
—  I .» —  2 .  n — P'

3. Concerning Series of this Kind, that great Geometrician Mr. Leih- 
nitZf in a Letter of May 1716,  wrote to me in the following Manner : 
The Death of which great Man, lately taken from us, we now lament.

“  It feems to me that heretofore I fum’d certain Series o f this Kind

“  f uchas- ^— The  Terra of this
I 4  10 20 35  56

ti Series exprefs’d Analytically is 

„  ___________ X________"  _  1 . 2 . 3  _  _______ ^______

A ' . X - | - I . ; < ' - } - 2 x 4 « 4 . 4- í í - } - I - ^ + 2  X X X 2

Tis required to find the Sum of a given Series, one o f the Terms o f

which is ----- ;— , where X fignifies the natural Numbers
XX ^ I x  2 1 1

I,  2, 3,  i^c. and I fignifies Unity, or the Difference o f the feveral 
Let us fuppofe that the Term required of the Summing Series is

n Difference o f -2 =  — 4—?   ̂ ^ —

~ Í 5 ^  j)~‘ a O =  f d ,v, and d i  z=. m dx — m I. Therefore

+  m  7U I X 7)111 1 1

-----  in f  I I

c;

(C

(C

mmx X 2m n l X nn  II m m x x  ^  3 mm I x A- 2 m m iT  
m in IX ^  mn 11

“  thefe two Forms muft be identified,wherein the given Quantity is muJti- 

 ̂ 'é ¡r i making the refpe’a ive  Terms equal, fince the

‘ ‘ f a v h a v e  by fim plex, 2 n ^ m z =  3 m, that is to 
ic w  ^  ablolute Terms nn-^-tnn =  2 m m, which

Therefore the Identification fucceeds, and we may
V  ”   ̂=  I, and/  =  I, (for/m ay be taken at Pleafure) and
“ OL. IV.

the
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(C

the Term oF the Summing Series will be— — * For the Difference
X +  I

r 3Í __  ̂ +   ̂ _  _J------------and confp-

quently.  ̂ gives the Sum of the — .. — = = — —̂ ;— ; » 3»
^ ^ X + I  X . X + I . X + 2 X t . x . t

« .  9_, -3- ,  (^c. the Summing Series whofe Term is ^  .
’̂ 2 5 7

« A l f o - i - + — + - ^ + — +  — > is the Series to be fum’d,
I 4 10 20 25

“  whofe Term is . ------T -T — T '
X . X 1 . X 2 . X t X - o - X t

“  of them for Summations, the five Terms, for Example, o f the given

“  Series (hall be J Í -  —  3 =  And in general, the Sum of
7 ^

“  the Terms as far as any Term n —  ̂ "—  cxclu-
AT.X +  I . X + 2 X t X 4t X 4-

“  fivelv ihall be  ̂ —  3. And for the Sum of the intire Series
X +  I

6
“  ad infinitítín, x then becomes infinite, and therefore— =  6 :

“  Therefore the Sum of the whole Series is 6 —  3 =  3, as you have 
“  found it.

“  This Method is the Calculation of Differences apply’d to Numbers; 
“  and I mud own to you, that before I apply’d it to Figures, and even 

before I commenced Geometrician, I pradlifed it in fome Meafure 
upon Numbers : Having found, when I was yet but young, that 

“  Series whofe Numerators are Units, and the Denominators any figu- 
“  rate Numbers, as Triangular, Pyramidal, ^ c. were the firft, fecond, 

third, i^c. Differences multiply’d by the conftant Quantities of tliis

Series .-i- +  —  +  —  +  and confequently were fummable.
I 2 3 ,4

“  But after I became fomething of a Geometrician and an Analyft, 1
“  faw it was poifible to arrive at thefe Summations by a general Me-

thod, when it could be done *, and that the Calculus ot Di fferences

“  was ftill more convenient in Geometry than in Numbers, becaufe
ibere

j 2 2 O f Infinite Series s*



there are more Frequent Ccincidences, and that the Differences have 
Place in the Tangents, as the Sums have in Quadratures. This ge- 

‘ ‘ neral Method of finding the, Summing Series of the Series given,
“  when it is poiTible, always fucceeds, when the Term of the Series 
“  given exprefs’d Analytically has no variable Quantity involved in a 
“  Radical Sign, nor entring in the Exponent ; and then one may al- 
“  ways determine the Summing Series, or prove it impoíTible to be 
“  found. And the Thing very often fucceeds, even when the variable 

Quantity enters the Exponent. But as there are fometimes particular 
“  Qiiadratures of fome Portions of a Figure, when one cannot give the '
“  general Quadrature, or the Quadratrix ; fo fometimes one may find 
“  the Sum of the whole Series, or o f a certain Part, though one cannot 
“  find the Sum of every Part. Then we muft have Recourfe to parti- 
“  cular Methods, which we have not always in our Power, our Analy- 
“  fis being not yet carried to its due Perfection.

Prop. 7. Prob. T o  find the Sum of a Series, whofe Numerators con- 
ilitute any ereft Line in PafchaVs Arithmetical Triangle, and the Deno- 
ininators conftitute any tranfverfe Line. ,

Solution. Let p denote the Order of the ereft Line, and q the Order 
of the Tranfverfe Line ; and let m be the Aggregate of fo many of the 
firft Terms in the ereil Line of the Order 4  ? —  i as there are Units

in —  1 ; and the Sum required will be 2  ̂ —  in x

O f Infinite Series*s. 123

/./»-}- I . ^ c. p q —  2

Ex I. Let this Series be propofed —  — {- JL2.-}. A  }-_i_ ,
I 4 10 20 35 56

where the Numerators conftitute the fixth ereft Line, and the Denomi
nators poiTefs the fourth tranfverfe Line. Therefore in this Cafe ’ tis 
p = 6 ,  j  =  4, —  1 =  9, j  therefore w =  i 4- 8
+  28 =  37, equal to the three firft Terms of the ninth ere¿t Line.

Whence the Sum required v/ill be 2 “ —  37 x .̂— 112..
6 . 7 . 8  56

'Ex.  2. Let the Numerators conftitute the hundredth ere6t Line, and 
Jet the Denominators be the Trigonal Numbers, which poffefs the third 
tranfverfe Line. Then it will he p =  100, 5 =  3,»? =  102, and there

fore the Sum required is 2*®* —  102 x
I CO . l OI

Cor, If j  — 2, the Formula becomes -----1, by which the Aggre-

R 2 gate
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cr.te will be exhibited, of the whole firft Term, with half the fecond, a 
third Part of the third, a fourth Part of the fourth, and fo o ^  o f any 
ereñ Line of the Order p of Pafchal's Arithmetical Triangle. Thus ior

InRance, _L + . o - f '

124 o f  Infinite Series’s.

u k i f j i -

I 2

Prop. 8. Prob. T o  find the Sum of the fame Series, when the Signs
of the Terms are alternately +  and —  . , , .   ̂ „

SolutiGn. The Sum required will be exhibited by this very fimple For

mula,
q —  I

p q 2

Ex. Let it be propofed to find the Sum of this Series, -----—  +

5̂ _I  ̂ -f-  ̂ , where the Numerators conftitute
45 165 495 1287 3003

the feventh ereél Line, and the Denominators the ninth tranfverfe Line. 
Therefore in the Formula for p and j  writing 7 and 9, and the Sum will

be 8 _  4
14 7
The fame Series o f Numerators remaining, (that is, the feventh ereft

Line) if for the Series of Denominators be taken the fecond, third,
J  O  O

fourth, ^ c. tranfverfe Lines fuccelTively, the Sums will b e _ ,  -2-,

i^c. which may be wrote thus, - i - ,
10 II 7 28 84 210 462

where both the Numerators and Denominators are taken out of the 
tranfverfe Line of the feventh Order. The fame would obtain it in- 
llcad of the feventh, the Numerators ihould conftitute any other ere¿t 
Line of the Order/». For the Sums would arife from the Application 
of the Terms of the tranfverfe Line of the fame Order/) to the Terms 
next following in the fame l îne.

Thefe two lall Propofitions are rather neat than ufcful; therefore we 
will leave the Demonftration of our Formula:, to be found by the 
Ingenuity of the Reader, and betake ourfelvcs now to the lalt Propo- 
lition, which contains a third Species of Series, remarkable enough 
for its great Ufe.

Lemma 5. Let there be any Series ~  , fife, the De-
h h'̂

nominators of whofe Terms conftitute any Geometrical Progreffion,
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h*'y ^ c. A lfo let the firft o f the Numerators A  {— M ) be the

firft of* the firft Differences By the firft o f the fecond C, the firft o f the

third A  of the fourth E, and fo on. And let

refpedtively be the Aggregates o f one, two, three, four, or more Terms

o f the Series ^ c.  and let the firft o f the Numerators be

<?(=*)  the firft of the firft Differences be the firft o f the fecond c, 
the firft of the third d, and fo on.* And let ¿  —  i =  l^hcn the Va
lues of a, by c, d, & c. will be

=  A  ■=. at. ■=. M  
bz= h A B  
c z=. q h A  h B C
d = : q ^ h A - ^ q h B - ! f q h C - \ -  D , and fo on.

Demo7tfh-(ition. It is plain that a =  a. z=. A — M.

The Terms Numerators M , N . O

P, i^c. being exprefs’d by A, 5 , C, A  ^ c.)  are transform’d into the 

Terms é ± I  ¿ ± 2  ^ ± £  ^ + 3 ^ +  3 C +  0

Whence by collefting the Sums of the Terms are found the Numerators 
«¿5 </1, ^ c. that is,

* =  A

1 2 5

i  = h +  I A-{- B

y — h Jf-I A h  ^ i B  + C

=  4. 2  ̂ -f- 3 B -\-̂ h +  3 C - f  Z>, i^c.
Whence taking the Differences, they become 

¿ =  b A ^  B 
i =  qh A  h B C
d — q q h A \ . q h B - ^ h C - \ - I ) y  and fo on, as in the Propofition. 
Ccr. I. O f the Numerators My iV, 0, P , ifff. if  the firft, fecond, third, 

or any other Difference is given ; in the Series Ay By C, jD, ¿iff. all the 
lerms after fome of the firft vaniihing, the Difi^erences by r, dy & c. will 
at ait become a Geometrical Progrtillon in the Ratio o f i to q. For 
^xample, of the Numerators My Ny O, P , if  the firft Difference B  

given, then Cy dy ^ c. will be in the continued Geometrical Ratio o f i

being o A  +  h B, q^ h A  +  q h By k

Cor. 2.

'‘ri



Cor. 2. But the Order of the firft of the Differences 5 , C, D,
which vaniih in this Manner, is the fame as the Order of the Differences 
b QT c, ^ c. wlience that Geometrical Progreffion begins. Thus if 5  =
o =  C, (^c. then />, c, d, ^ c . will be in a Geometrical Progreffion. If 
C =  o =  A  then c, d, ^c. will be in a Geometrical Progreffion.
And fo on.

Lemma 6. The fame Things being fuppofed, let r be that Term by 
which the Geometrical Progreffion begins in the Series of Differences 
f ,  i/, Í!?c. and byp +  I let the Order in the Term be denoted in the Se

ries , ^ c. Then that Term will be denoted by
h ’

a Fradtion, the Denominator of whieh being the Numerator is

bp c p x ~ ------ dp \ \ x- -̂---- -\-

126 O f Infinite Series's,

__ _____________________________3__________ f

^¡jb—  I — q p —  q- p x t ---- L —  p y X ----- ? ^c.
2 2 3

the Order of the vanifhing Difference of the Series 5 , C, D , i^c. being 
denoted by «, as alfo the Number of the Terms a b í¿c. and like- 
wife of the Terms —  i —  qp  ̂ i^c.

Demopjiraiioff. By Lemma i, the Numerator of that Term is exhibited

by the Formula a b p cp . ^ dp y. t ----- Í
2 2 3

(\{p 4- I llipplies the Place of x in that Lemma.)
Therefore if it is for Example « =  2, by Lem. 5. Cor. 2. it will be

d, ÜC. in the continued Ratio of i to q. Therefore the Numerator in

this Cai'e \sa b p-\- c p x--  ̂ x-^-~  c q"̂  p \
2 2 3

^ x-  ̂  ̂ x ^- i^c. But if the Terms cp  x c q p x
2 3 4  2

Z.ZZ-Ly.^-IZ-l^ ^ c. are multiplied b y iL ,  and to the Produd be added
2 3  c

the Terms i +  q p,i a Series will arife, by which the Dignity i q\̂ :=■ 
bf of the Binomial i +  j  is exprefs’d. Therefore that Produd is equal

to hP —~i —  j  /> j and therefore the Terms cp x ^ -~ — -f- c qp y t l Z l .
2 2

^ c, =  —  —  I ^  , by which the Numerator be-

Cismes

ÜJ1ED



comes <? 4- Í ^ x  —  i —  j the two Terms being a-\-l^p,

as alfo the two —  i — qp, according to the Senfe of the Propofition, 
becaufe « =  2. And there is the fame Demonftration in other Cafes.
As to the Denominator, the Thing is mañifeft o f itfelf.

Prop. 9. Prob, T o  find the Sum of any Number of Terms of any

Series ^ c. o f the Terms o f which the Deno-
h

minators conftitute any Geometrical ProgreiTion ^ c. and tl.e
Numerators are Quantities having any conftant Difference.

Solution. O f the Numerators M , O, P , ^ c. let the firft be the 
firft of the firft Differences B, the firft of the fecond C, the firft o f the 
third Z), and fo on. And of J ,  B, C, D , & c. let the Number be and
h — i = q .  Then let a z= J  {— M)  b — h A -\- B, c z= q h A b  B  

Q  d — q"̂  h A  q h B h C ^ c. that there may be fo many 
Terms, f, ^ c. as there are Units in » 4- i. L et the laft o f thofe

Terms be oilled r, and by ̂  +  i let the Number o f Terms —  , J Í-,
h

0 P
jT-> jr-> denoted, whofe Sum is required. I fay that Sum will be

exhibited by a Fraftion, whofe Denominator being +% the Numerator- 
wili be •

a +  b p ^ c p  d p x ^ J Z llx l^ Z L l ,  ^ c . +  _ !_

O f Infinite Series ŝ, 127

hi>—  i —  qp —  f p x l ----- l  —  q ^ p x l -----l x l - 1 ,  ^c .

—  q ”- ^ p x l -----\ ^ c .
2

Bemonjlration. For (by Lem. 6.) by this Formula is reprefented the 

/ +  I Term in order o f the Series A ,  {ffc. which Term

(by the Conftruñion Lem. 5.) is equal to the Aggregate o f Terms in

Number r 4 - I of the propofed S c r i e s ^  E  T)

1. L et there be found the Sum of nine TeVms o f the Series _I_ ,

- L  3 4  ̂ ^
4 ’  T ’ 7 6 ’  ̂ =  2, Í  =- & —  I =  I ,/ .  _j_ I —

c ¿ T h e r p ^ ~  I» c  =  o = Z ) , i^c. and therefore » =  2, (be-
ere are two, A i ,  b ^  h A  ^  B =  2 x
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1 +  1 =  3, f =  5 / & ^ + ¿ 5  +  C = 2 x i + 2 X i + o  =  4=:>*j and

therefore by the Formula the Sum required i s i + 3 x 8  +  - i^ x

_  1013
I —  1 x 8  =

— --------  512

Ex
3^3

. 2. Let the Sum of fix Terms be required of this Series i x 3 +  
; * - } - 6 x 3̂  +  i o x 3  ̂ +  i 5 X 3 * + 2 i x 3®,£3’¿‘. In this Cale t̂is

¿ =  _L,  Í / > + 1 = 6 ,  /> =  5, y i = i , 5 = 2 ,  C = i ,  D =  o
3 3

=  £■, Ofc. and therefore « =  3, and a ■=. i^b -=1 —— |- 2 =  , í  —^ _ 7_
3 3

n Í 4 - Í _ 4 -  I = - i i ,  A — =  =  r. Whence the
9 3 9 27 9 3 27

Sum required is 19956, or

- I - H — X 5 —  ÍL X 5 X —
2 ■ 8 3j______ 3 9 2

Í 16

Cc;-<?/. I. Tlie Sum of the fame Series, continued from the firil Term 

~ ~  in infinitum, is exhibited by a very fimple Formula ----------- [-
b b —  I

B

Carol 2. If  ̂=  2, the Sum of the whole Series continued infinitely
is had by the Addition only of the Terms A, 5 , C, Z), i^c. And this
Sum is the fame as the Sum of the ered Line anfwering to the firit Term 

in the Arithmetical Triangle, whole tranfverle Line is occupied by 
the Numerators M , M  0 , P , ^ c. which eafily appears from the Confi- 
deration of the Triangle. If therefore M , iV, 0 , Úc. are figurate Num

bers of any Order », the Sum of the Series —  -+• —  +  -2 . +  -^ ,
2 4 8 16

will be equal to this Dignity of the Number 2, that • Thus

IU 1£J1



tlic Series 2 * ^ * =  i .  as is commonly

known. The Series - i - +  t¿c. =  2 =  2 ; and the
2 4 8 10

Series —— h =  23-* =  2* = 4 .  And fo on.
2 4 8 10

Scholium, The celebrated Mr. James Bernoulli  ̂ in his Treatife about 
infinite Series, has folved this Problem. “ T o  find the Sum of an in- 
“  finite Series of Fraétions, whofe Denominators incrcafe in any Geo- 
“  metrical Progreffion, but the Numerators proceed either according 
“  to the natural Numbers i ,  2, 3, 4, t^c. or Trigonals i ,  3, 6, 10,
“  i^c. orPyramidals i ,  4, 10, 20, ^ c. or according to Squares i ,  4, , .
« 9, 1Ó, i^c. or Cubes i ,  8, 27, 64, ^ c. or the Multiples of thefe!
The Reader may confult his Solution. Mr. Nic. Bernoulli his Nephew 
found another Solution much more general, and was pleas’d to com mu- *
nicate it to me in a Letter o f Septemhr i8 , 1715, after I had fent him 
this, but without a Demonftration. H is Letter was full o f admirable 
Difcoveries, fuch as that learned Gentleman often imparts to me. Con
cerning this Problem he writes thus. A s to the Sum of any determinate 
Number n of Terms of the Series of your feventh Theorem,, (the firft

Corollary o f this Propofition) I have found this Formula —  x
rtv'

« — « ^ w— I «— 2« —  T /) __ « a n .  --------  L. — « , -------. — ^

where the Letters ŷ , 5 , C, ^ c. denote the Coefficients o f the Terms im -‘ 
mediately preceding. And in this Formula p u t t i n g i  for », for 
w, and multiplying the whole by we fhall have the Solution o f 
your Prob. 9. And this able Mathematician acquaints me, that this his
general Formula will be changed into our particular one, {CoroL i . o f

/

this Propo/ition) when ;í — a s . For then i ,  v, », ”  , n . ”  ^
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w 2 ,
— J — , ^ c, will vaniih in refpedt o f the Terms m' , J5, C, t^c, fo

that the Series in that Cafe will be a b -i~ ^  c
in  —  I m  —  I  m  —  j  ’

'vhich intirely coincides with ours _  ̂  ̂  ̂ (¿c

IV. s  Dr,



'  ̂ Dr. taylor has found another Solution of this Problem, very different
from thefe by the Help of his Method of Increments. A t the Deiire ot 
that very learned Man I had fent him my fecond formula for the Solu
tion of Prob. 2. as alfo the other Forms'belonging to the third, fourth, 
and fifth Propofitions, but without their Demonftrations. ^ o r  I did 
not doubt but fo acute a Man, and the Inventer of the Method oi 
crcme ts would be able to find out thefc, or others like to them. He 
wrote back that he had found the SolutioHS, and at the fame Time com
municated feveral other Things, tending much to the Improvement of 
this Method. Thefe, at my Requeft, he has thought fit to fubjom to 
this Difcourfe of mine.

An Appendix, At th" Requeft of the ingenious Author we exhibit the following Pro- 
txatmg of (be pofitions, which wc propos’d to referve for another Occafion, but that 
i n  thought proper to comply with the Defire of a Friend, who propofed

fomc of tlie foregoing Propofitions to our Inquiry, and gave us the Oc- 
Dr. B. T a y -  cafion of finding them.
lor,/¿./.676. X)(finitions, I. I denote the prefent Value of any variable Qiiantity by 

the Letter fimply wrote down, as at ; the foregoing Values I difiiinguiih 
by little Lines put at the Top of the Letter, and the following Values I 
diftinguifli by little Lines put under the Letter. So that by the Forcc

j^0 O f hifimte Series's.

of this Definition ?, .v, Jf, are five continual Values o f the fame
/ //

//

I

I

variable Qiiantity, x being the prefent Value, x the Value laft paft, x
the fccond paft •, x is the Value next to come, and x the fecond to come.

/ //

And fo of others. After the fame Manner are to be underftood the lit

tle Lines which are put to Increments. Thus x, x, x, x, are five 

fuccelTive Values of x ; and fo x is the fecond Increment of x, and
• • • •

/ , /
X is the fecond Increment of x ; and the like of others.
« •

Cor. By vertue of this Definition x x =  x, x x z=. x, x x zzz x.

And fo of all c/thers of this Kind.
When Occafion requires that a variable Quantity, fuppofe x., is to be 

look’d upon as an Increment, I denote its Integral by the Lettcr.inclu- 
ded between two Hooks [ ] .  Alfo the Integral of the Integral [ x ]
or the fecond Integral of x. I denote by putting the Number 2 over the

2
firft o f the Hooks, as [ x ]. Alfo the Integral o f this Integral, or the 
third Integral of y, I denote in the fame Manner by putting the Number

l m £ D



‘ 3 •
3 orer the H ooks, as [ ^ ]. And fo on. Therefore by virtue o f this

3 2
Definition [ X ], [ ic ], [ x ], a-, conflii tute a Series o f Terms, everyone 
of which is the firft Increment o f the Quantity immediately before i t ; fo

2 ' 3  2 
that i t i s [ ^ ]  =  [ x ] ,  [ í í ] = [ í í ] ,  at =  [ a; ] .

* * •

Lemma. The Increment o f the Produft made by the Multiplica
tion of the two variable Quantities x and is x v ^  x v.

For the Variables being increafed by their proper Increments, becomes 

the new Produft +  +  orAr‘i ; + j i ‘:; +  x that is, x v
• • • • •

- \ - x v - \ - XV, writing x iovx-\^ x, by Def. i . From whence taking

former Produd x v, there remains the Increment x v -Jf x v,
/ •

Prop. I . Theor. The Increment o f the fame Produd .v v, either firfl:, 
fecond, third, or any other, the Order of which is denoted by the Symbol 

will be exhibited by this general Formula. * •

xV  -\-ny. X  ̂ V ^  n \   ̂ y x x v  -\-n x-- r~. ! x x x s.
' • 2 " 2 3 ' "

»— I * * n ^ z  ' ‘ V . ' »— 3
V, (sfc. • - N '
« •

. 'V ■ '•
In this Formula thefe Things are to be obferved'. ' Firft, the Coeifi- 

cients o f the Terms r, « x Ü----- Í ,  rt x J  x \ aré "the
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V  «

fame as of the Binomial raifed to the Power n. Secondly, the Num- 
.bers », n —̂  i ,  « —  2,’ & c. writteh below every denote the Number
of the Points by which the Increments are determin’d. Thirdly, the 
litde Lines ^ c. written under x, are to be interpreted according to
T)ef. I. Fourthly, in every I'erm theNumber of the Points together v/rit- 

under x and i;, always make n. For Inftance, let n =^4, then by the 
Formula the fourth Increment o f x •iy,wiU be a? 4 x v  -f-' 6 x v

X V ^  X V , ! ;• ' < __/// •;  f f f f  ■; II.. , 1 . .  . .  . i.i - I , . ^

2. Th^r, The firft integral of xt;, or [ x  v ] ,  is exhibited^by 

the Series [x  ]  ̂ — t  x ]
/ ' n "  Iff •;

S 2 ‘ But



17.2 Of Infinite Series's»
But the Series is thus terminated, that it may be [;í v ] =  [ íí ] <1;

For by taking the Increments, the propofed Quantity v  will be re-

I . Tw o of thofc [ X ], ^ [ x ] v y  being given, the third_

will be given. Alfo any three of thefe being given [ x ] ,  [ .v ], [ » x-

, the fourth is given ; and fo on.

Cor. 2. If "J =  o, then [ x -y ] is given when [ x ] is given. I f  t-=o,
2

then [ X x; ] is given from the two [ x ] and [ x ] being given. I f -y =  0,

2 3
then [ X -y ] is given from tlie three [ x ], [ x ], [ x ] being given. And 
fo on.

Ex. I. For an Example of this Formula, let us find the Integral of

z z  z z  
/ // ///

from z  being given, and v z=.o\ which is a particular Cafe of

of the fecond Propofition of the foregoing Treatife o f Mr. Monmort.

Making therefore x =
z z z z  

/ /////
, ’ t is [x .]  = —  I

2  2TX 2ZZZ 
. ( n

and [ X ] = — I
// I 2 X 2 2 : X  %zz. If

Whence by the Formula it is-[x v ],

that is V

z z z z  
f  n  m

V V V

3 2 2 2 : 2 :  2 2 X 2 2 2 2  1 2 X 2 2 X 2 2
IP • ' I I /  • • • //

Ex. 2. Let another Example be the Invention o f the Integral o f na%̂  
where 2 =: i ,  and a is given. Then for x alTuming and for v  taking

2

», tis Af =  , that is X =  y, or ;í +  X =  « X, and therefore x =  a ^ \



;e, andx =  .

O f Infinite Series's,
 ̂ Therefore returning to the Integrals, it is [ a* ] =

a  —  I

2
alfo [ x ]  =  h i  =z ==r— . Alfo [ a: } = ----- ^— . •

a —  I L J J Z T 7 N 3  ’

and fo on. Therefore becaufe x a x, his[  x ]  —  ̂ ^
'  .  a —  \ i

r x ]  =  ■■ ——— > Whence by the Formula there comes out f « ij* ]
n a —  rj ^

O' —  * tí —-1\* a —

In this Example is contained the Solution o f the Problem, treated of 
by Mr. Monmort in the ninth Propofition. A n d  the Formula coincides 
with that which he gives us in his firit Corollary of the fame Propofition.

Scholium. Other Values alfo o f the Integral required may be derived* 
from this Form, according to the different Manner in which the Favors 
of the propofed Increment are interpreted. Thus in the fecond Exam
ple the Integral of n may be exhibited by the Formula «* [ « j _

____   ̂ 3
a —  I <?*[»] 4- ^ c. that is, taking n for x, and

t n

for V, But we may treat more o f  this perhaps on another Occaficn.
Prop. 3. Theor. The Integral o f the fame^íx», either firft, fecond,., 

third, or any other whofe Order is denoted by the Symbol'», is exhibi-
n n

ted by a Series proceeding in this general Form, [Ar ‘y ] = : [ x ] ' y  —  n,

, n-\-2 . , »4-7
[ * ] ^  +  » x  ”- ± l [ x ] v - « x ”- + l x ' í ± l l x Í v , e ¿ , .

/ ‘  2  / /  ’ • 2  3, / / /  V

The Form o f the Series being derived from the foregoing Propofition,,

the Coefficients i ,  —  »,.« x — —  « x ? - x ”  ^ a r e  thus
2 2- 3

n n
found by the Method o f Incren^gnts. Suppofe [ x ‘ü]  =  ^ [ x ]  v B* 

«+I «4-2 »4.3
tác. Then n being increafed by its

///

Augment « ;= i ,  and the Quantities C, Z), iic ,  by their, fynchro*

naii
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1 3 4
nal Increments 4  B, C, D,C¿c. t h a t  t h e y m a y M W  become», J ,  B, C, D, 

y e .  a new Integnl jwhkh is the Integral of [ * .  ]) ««1  be had, that ¡<

H + 1 « + 1 - C ^ x S  v - ¡ r B [ x ] v , ^ c .  There-

fore the firft Incre^nent of this ought to coincide with thé Integral fup-

pofed above. Thereifore taking the Increments,- it will be [ x; ] ==

„  n J L i  « + 2  ' Í+ 3  r
A [ x ] v J , A [ x ] v ^ B [ l ] y , ^ C [ x ] v . ^ c .  the fame as the

B H- C +  ^
/ / '

Integral above fuppofed. Therefore comparing the homologous Terms
with one another, it is ñ x &A z ^A .  Whence A  is a given Quantity.

/ !
But when « =  o, then A  zz. \ \ therefore Az z z i .  Secondly, B — 
B ^ A ,  that is, jS =  5  +  5  +  I, or 5  =  —  i =  —  Therefore 
f t  • ■

returning to the Integrals it is B-=. —  n a. But when « =  o, it is 
B Therefore az=. o, and jS =  —  w. Thirdly, C zz. C B̂  that

O f Infinite Series's.

is, C =  «. And returning to the Integrals ’ tis C But when
'' 2

n o, ’ tis C =  o j therefore ¿ =  o, and C =  that is, n x
»fi • 2

n -f I
2

- ± - L  x l + - l
2 3

found.

Fourthly, in the fame Manner it will be found, that D  =  —  k x 

And proceeding thus the other Coefñcients will be

Scholium I.  In this Propofition compared with the firft Propofition» 
it may be perceived that there is a certain fingular Relation between In
crements and their Integrals. For as in vulgar Arithmetick Multiplica
tion and Divifion are fo contrary, that if  Multiplication is denoted by 
an affirmative Index, Divifion will be'denoted by an Index with a con
trary Sign; fo in the Method of Increments, if an Increment be denoted 
_by an affirmative Index, a negative Index will aíFed tlie Integral. Thus 
in the firft Propofition, if for n be taken theNumbér 2, by the Formu
la the lecond Increment of ;f  ̂will be exhibited, that is x -i; 4  2 x i'-

// 

But

lOfJI



But if for n the negative Number —  2 is taken, that now may be fought 
the negatively fecond Increment (if we may fay fo) o f x v, which is the 
fame Thing as the fecond Integral, the Coefficients come out the fame as 
if n were taken affirmatively in the prefent Proportion ; and as the

2 3 4
Quantities x, x, ^ c .  moreover being interpreted by [ [ x ], [ x ],

^c. the Series becomes intirely the fame as by the former Propofition, 
where the fecond Integral is required.

■ 2. And from thefe Formulas, as it were on their own Accord, pro
ceed the FormuliE o f the eleventh and twelfth Propofitions of the Book 
concerning the Method o f Increments. For if  for the Increments are 
wrote the Fluxions, and the Increments vaniihing all the x̂  x, x, x, & c.

O f Infinite Series*s.

t // /n

become equal •, then this fecond Propofition will immediately be'changed 
into that eleventh, and the prefent third into that twelfth, which is a re
markable Example o f the Newtonian Method, by which he colledts the 
Ratio’s o f the Fluxions from the laft Ratio’s o f the vaniihing Incre
ments, or the firit Ratio’s of the nafcent Increments.

Supplement. Being wholly engaged in the printing o f the foregoing ^PoAfcnpt ¿y 
Treatife, and taking care to corred; the Errors of the Prefs, and upon thefumt. ibid. 
that Occafion thinking often on thefe Matters, that Artifice came into P- ^̂ 3- 
my Mind, which Mr. James Bernoulli formerly made Ufe of, in the In
vention of certain Series, by the Help of an harmonical Progreffion, 
which Mr. Monmort mentions in Schol. 6. Prop. 5. aforegoing; That it 
may be conveniently apply’d to the finding Mr. Monniort\ Propofitions 

3» 4> 5’ others of that Kind perhaps fomething more general. T o  
ihew this in the few following W ords, I thought would not be unaccep
table to the Reader.

Theor. Let there be an Arithmetical Progreffion j), p-\-n, /^+2 jP-f-3 «,
^c. whofe feveral Terms may fucceffively be denoted by x. And let b,

&c. be any Multiples of the given Difference n of the Terms of 
that Progreffion. L et B, C, A  ijfc. be any given Numbers, and let

them conilitute any Fradions .. , _ _ ,  ' , ^ c. For
. X X ¿ X c 'X

writing fucceffively its Values ^ ^ 2 », and from any
of thefe Fradtions will arife a Series of harmonically Proportionals. Thus

for Inftance, from the firil F ra 6 lio n ~  arifes the Series ~ ,  — ~ , 
j  P P T - ^ n

n  ̂ Aggregate of any Number of fuch Series

continued in infinitum may be exhibited in a finite Number o f Terms,.
if



if only the Aggregate of the Numerators At B, C, D, i^c. be equal to 
notlung. This will be evident from the two following Examples.

Ex. I. Let there be only two Fradions-^ and being b =
X  ̂+  3 ”

2 n. Let harmonical Series be wrote arifing from thefe Forms, in fuch 
an Order, that the Terms in which are the equal Denominators may an- 
fwer one another, and the Sums of the homologous Terms being col- 
lefted, the Aggregate of thefeveral Series will arife in a finite Number' 
of Terms, as may be feen in the Calculation following.

^ ^  ^  ^ __^ , ^ c .  =  to the Series from—^ ,

j (, O f hfjiite Series*s,

P /> +  2«
A —  A  A

-i--------- , (ffc. =  to the Series from-
/ + 3 «  P + 4 « ^ + 3 ”

-f- ^ __I---- o 4 -  =  Aggregate o f the two Series.
P P - \ - n  />+2« . A  B C

Ex. 2. Let there be three Fradions — , ------- ,  --------, and let
X x ^ 2 n  X-1-3»

b ■=. and A~\- 5-f-C  =  o . In this Cafe the Calculation is thus.

ÍÍ.-I---- ~ — I---------------- ^c.  =  to the Series arifing from— —— .

D R  B
--------- , =  to the Series from

/> +  2« /> +  3» x-\‘ zn

C C
-I--------- , Off. =  to the Series from

A
_________P + 3» , ̂ + 3«

-  +  B /A h  - h  C — o) =  to the Aggregate o f the 
p ' p ^ n  p ^ i n  V /»-1-3«
three» Series.

Here the Aggregate of the Series comes forth in a finite Number of

Terms, that is becaufe the Aggregate o f the
P P  ̂ P ^

Numerators Ay By C, is equal to nothing. And in the fame Manner

may the Theorem be demonftrated in all Cafes whatever.
Cor. I . From thefe Principles may be derived an Infinity o f infinite

Series, which yet are fummable in finite Terms.
1 A

Caf. I, L et—  and-------- be the Formulas o f two harmonical Se-
X x + b

ries»

I£JL



O f Infinite Series^s, 137
ríes, the Aggregate o f which comes out in a finite Number of Terms by 
what is demonitrated above. Then thofe Formulas being colieded,

__ —  becomes the Formula o f the fummable Series. Make for In-
x % x  -{■ b

ftance =  4-, /> =  i> » =  2, and  ̂ =  3 » =  6. Then the Formulae of

the harmonical Series will be - Í -  and ---- L = .  The Formula of the
6 y . x ^ 6

compound fummable Series will be----- L = r ,  that Series being
XX X 6 1 x 7

+  — H----- -̂----1-----  — , ^c.  and the Sum of the Series, by theCal-
3 x 9 5 x 1 1 7 x 1 3

cuius demonilrated before will be— i— f- — ?— |----- L  . L et there be
o x i  6 x 3  6 x 5

three Formulas o f harmonical Series, _—— , — ~— , it being A
X X ^  b X - f -  c

4- 5  +  C =  o, that the Aggregate o f the three Series may be finite, by 
' what goes before. Then the Formulae being collected into one, will be

XXX-{-¿f\X-\-C

reduced to the Form o f the Faólors X y X x x - \ - b ,  x x x - ^ b x x - \ - c )

J c b  J c  +  c —  b B x x - \ - J ^ B  +  C x x x x - \ - b  

X x x - { -  b X X -i- c

caufe of ^  +  S  +  C =  o )  ̂ ^ x
x x x - \ - b x x ^ c

of the fummable Series,

If there are four Fradions — , — .... ^  ■ if  ̂  4- 5
 ̂ X b X -{■ c X +  d

+  C -1- Z) =  o, the formula o f the fummable Series will be found in the 
lame Manner to be

 ̂ x c— b Xd— b X x J f A d ^ B x d — b +  C x  x x x 7^

X b X X C X X d
nd fo we might go on to itill more compounded Formulse,

T  Caf i z
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Capri, And if there are feveral Formulse of fuch fummable Series, 

the Faftors of whofe Denominators are taken out of different Arithmetical 
Proereffions, by the Addition of any Number of thofe Formulae into 
one, a new Formula will be compofed of a fummable Series, f o r  E x

ample Sake let there be two Formulas of fummable Series -------_^and
^ X X X  +  s

 ̂  ̂ X being taking out of the Arithmetical Progreffion i ,  2, 3,
z X z -{• 2
4, Ĉ c. and 2 out of the ProgreiTion i,  3, 5, 7, ^ c. then of thefe Formu- 
Ize colleéled into one Sum will be made a new Formula

2 y —  Í X 2 y +~7 +  y x y 3  ̂ ^

X X X H - 3 X 2 XZ - I - 2  X X X + 3 X 2 X —  I X 2 X + I

is expounded by x and given Numbers.
Cor 2. Hence every infinite Series is fummable, whofe Terms are 

denoted by a Fradion, the Faftors of whofe Denominator are taken out 
of any Arithmetical Progreffion; and the Numerator is a Multinomiuni 
whofe Dimenfions are at leaft fewer by two than the Dimenfions of the 
Denominator. For every Fraótion of this Kind may be refolved into 
fo many fimple Fradions, as are the Dimenfions (that is, the Number 
of Fadlors) of the Denominator, of which Numerators the Aggregate is

nothing. For Example, let the propofed Formula +
X X x - ^ b  X x-\-c  X x-\^d

Suppofe this Formula to be equal to the Aggregate o f the Fradions

---- ^-tH----  — H— - —j ’ Then thofe Fraftions being collefted
x x - \ - b x - \ - c x - ^ d  °

into one Sum, it will \ x . A b c d - \ - A c d - \ - B y . c  —  b y. d —  ¿ ' XJf-h

Ad-\- By. d —  ¿ +  C x ¿  —  c y x y x - \ - b - \ - A - \ -  5 + C + D x x x

X +  ¿ X X +  f, apply’ d i o x y x - { - b y x - \ - c y x - \ - d ^  is equal to the

Fradion g +  g ^ + > y x x  +  ¿ 
x y  X b  y x  c y x - \ - d

Then by comparing the homologous Terms, A  h c d z=. a, A c  d

- f ' ^ x f  —  b X d —  b -=z A  d B y d  —  b C y d —  c ^  y*

> f + £ + C  +  D =  c,  and therefore A  B  =   ̂ "-=̂ =1
b c d \  t ^ b y d - ^ h

.  C =

lüJEIl
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B - ^ C By which Means

the propofed Formula is refolved into the fimple Fradions
b c d x +

/2 —  A c  d
+

—  A d  —  B y.d-
X -f- dyZIT^Xi/ —  b X X b  d —  c y. X c

by which the Aggregate o f the arifing Series, that is, the Sum o f the

A-\‘ & x - { - y x x x  - f .  bS e r ie s  arifing from the propofed Formula __ _______
x x X ’\ - b y . x ~ \ - c ' K x - { - d ^

comes forth in finite Terms, by what has been faid. N ow  that the D i- 
menfions o f the Numerator in the propofed Formula muft be fewer by 
two at leaft than the Dimenfions o f the Denominator, will appear from

hence, that in the Reduólion o f the Fraflions
X

B  C
x-\- b̂  X

D
x-\- d

every Numerator A , B , C, D , is multiply*d into all the Denomi

nators except one, which is its own. Whence the Dimenfions o f the 
Numerator come forth one lefs than the Dimenfions o f the Denomina
tor. But by the Equation A - { - £ + C ^ D z = o  the higheft Dimenfion 
in the Numerator is loft ; whence there remain the Dimenfions o f the 
Numerator fewer at leaft by two than the Dimenfions o f the Denomi
nator. N ow to this Corollary may be reduced M r. de Monmori*s Pro- 
pofitions 2d and 5th.

Cor. 3. A lfo  a Formula being propofed according to Caf. 2. Cor. i . 
ftill more compounded, it may be perceived from the fame Principles 
whether the Series be fummable. L et there be two Arithmetical Pro- 
greflions i ,  3, 5, ^ c .  2, 4, 6, ^ c .  the homologous Terms of which may 
be denoted by x and 2, and let the propofed Formula o f the Series be

or (for z  writing i» and the Faftors o f the
;fXX’ + 2 X 2 X 2 - | - 2

Denominator being reduced into O rder,)—   ̂ Sup-
X X X +  I X ►¥ +  2 X X 4-3

pofe this Formula to be equal to the Aggregate o f the Formulas

— Í ___________
if.x X Jf. 2

, o f Series that are fummable by what is

T  2 íiüd
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faid above, that (when thefe laft Formulse are collefted into one Sum) 
it may be t

1^0 O f Infinite Series's*

P x x 4 - i x x  +  3 4 ‘ ^ x x x j ? + 2
----------- -------------. or

XXX I X X + 2 X X + 3

3 P  +  4 P  +  2 ^ X  X +  P  +  ^ X  A + $ X - \ - y X '

X X A + I X X + 2 X X + 3  X X X 4 - I X . V 4 - 2 X X + 3

Hence comparing the homologous Terms, thefe Equations arife,
3 P  =  rt, 4 P  +  2 /S, P  +  >. Whence P  and ^  being eli
minated by jufl; Analytical Reduftions, there will arife the Equation 
2a, —  3 ; g - f - y  =  o, by which the Relation will be determined,, 
■which muft obtain among the Coefficients et, 0, y, in order that the Se
ries may be fummable, which arifes from the propofed Formula

a . $ X y x̂
— ------------------   . In the fame Manner if  the Fadors oí

x x x  +  i X X 4 - 2 X X - j - 3

the propofed Formula of the Denominator are taken out o f three Arith
metical Progreflions, two Equations will be found, by which the Rela
tions of the Coefficients of the Numerator will be determined, in order 
that the Series may be fummable. I f there are four Arithmetical Pro- 
greffions, the Relation of the Coefficients will be determin’d by three 
Equatiorus. And fo on. And in fuch Formulae, in order that the Se
ries may be fummable, it is farther to be obferved ; firft, that the Di- 
meniions of the Numerators may at leaft be lefs by two than the Di- 
menfions of the Denominators ; likewife that out of each o f the Arithr 
metical Progreffions be taken at leaft two Fadors o f the Denominator. 
Laftly, if two or more Fadors of the Denominator are equal to each 
other, it muft be fuppofed that fo many Arithmetical Progreffions, out 
ot which they are taken, are alfo equal. The Premifes being duly 
confider’d, thefe Things will be evident. Now to this Corollary are 
eafily reduced the third and fourth Propofitions of Mr. de Mon- 
mort.

XIX. Prcp‘

I M I L
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T*he Newtonian Differential Method. 141
X lX . Propojition. T o  find a Parabolical Line, which ihall pafs Newtoni- 

through the Extremities o f any Number o f equidiftant Ordinates.
A M A A A A  ̂ plain'd, by Mr^

A  A t .  ^ 3  A  óf A   ̂ A  6  A   ̂ A   ̂ A  ^  J ,  Stirling, n .
B  B  2  B  ^ B  4. B  ^ B  6  B y  B  S 362. p, 1050.

C  C  2 C  3 C  4  C  5  C 6  C  y  Fig. 33.
D  Ü 2  £>3 D  4. D 5  D 6

E  E  2 E  3 E  4 £ 5
F  F- 2 F  3 F  4. 

G G 2 ‘  G 3 
H  H 2  ' ' 

I I —

Caf. I. Let A , A  2, A  A 4, i£c. denote equidiftant Ordinates 
infifting upon an Abfcifs in a given Angle. Colleft their Differences 
B, B 2, B 3, 5  4, (ŝ c and the Differences o f thefe C, C 2, C  3, &c.  and 
the Diflferences of thefe 7), D  2, D  3, ^ c. and of thefe E  2 ,.£  3, 
and of thefe F , F  2, F  3, And ib on. Now the Differences muft 
be colleded by always taking the former from, the latter. That is, ma
king B A  2 —  Â  B 2 ~  A  3 —  A2^ B 3 ■=. A  4 —  3» 4 —  5
—  A  4̂ . ^ c . Then C —  B 2 —  5 , C2 =  B  3 —  B 2, C 3 x=l B 4 —  5  3,
^c. Then D = z C 2  —  D  2 -=. C 3 —  C 2 , D 3 =  C 4 —  C 3 ,  Ííff. 
And all the following Differences muft be colleded in the fame Manner. 
Or let tf, /?, «, «5 be equal to A  ̂ A  2, A  A  4, A  A 6,
A  7, ^ c. refpeótively \ then Az=.a.  ̂ B —   ̂—  a, C = . y  —  2/ 3- ^ *,  D
— /  —  3 7  +  3^ —  «£, £  =  s —  4./1 +  6 y — 4 —  5 6
+  10 J\—  10 7  +  5/8 —  rf, G =  » —  6^-4- 15^ —  2oJ'  +  15 y  —
6 j8 +  ^ c .  In thefe Values the numeral Coefficients of a, /?, y, A  «»

(¿C. are generated as in the integer Powers o f the Binomial i —

L —  z \ \  I —  2) I —  I —  z y ,  ^ c. by writing the Numbers

1) 2> 3r 4» 5> the Series i x —  x ------ - x ------— x ------ ^ c .
1 2 3 4

inftead o f n fucceíTively. N ow let P  ^  be any Ordinate intermediate 
to the reft, and let A  P  ix& Diftance from the firft Ordinate A  be cailed.
2, then it will be

P ^ = A +  ■ '
z

J B X -  +
I .

z  2 —  I

C X —  X — -  +  _
* 2 r ^

D  X
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142 77:e Newtonian Differential Method.
z Z   I Z - 2

D x  — X '------ - X ---------■ +

z  Z —  I z —  2  Z  —  3
£ x  — X . ----------X -------------X ------------ +

1 2  3 4

2 Z —  I 2  —  2 2 — 3 Z  — 4

--  ---- --------------- X ------------ X ------------ X -------------+

I 2 3 4 5
z  2 — 1 2 —  2 z — 3 2 ----4 z --5

G  X —  X ---------- X ------------ X ------------ X ------------ X — —  +

I 2 3 4 5 ®

Here the Sign of z  is to be changed, whenever P  ^ fallson  the other Side
of the firft Ordinate, as p Í-  ̂ '

Caf. 2. Now let yf 5 be an Ordinate in the Middle of all ; make A  =
5 4  +  5  5 ,  5  =  D  3  +  D  4 ,  C =  F 2  +  F 3 ,  D  =  // +  // 2, and 
rt =  C4, ¿ £  3, c =  G 2, d =  I,(^ c. that is, i f  it be 6 =  «, 7

iP, 8 =  7, ^ 9  =  J 4 z=k, A =:v,(^ c.
Make A  == a—  k,  ̂—  2 * + 2 *  —  a ,  C  =  5/<— 4 /3 -1-5 * —  5 *
4 - 4 A — /Z, D z i :/  —  6 7  +  14/3 —  i 4 rt- i- i4 Jt —  1 4 ^ + 6 / x  —
£sfr. a-=z A—  2 / ^ 5 - t - x ,   ̂=  ¿ —  4̂ a 6 A  ̂  —  4 » +  a, c z=. y  —  
6jg +  1 5 * — 20 A  IS K —  6 K fi, d=zJ —̂   ̂ y - h  2S l¡ +  56 A
+  70 5 —  5 6 ÍC-h  28 A —  8 ¿/.+ Í', Csff. And let ^  5 P  be called z.
Then it will be t

A z ^ a z z
+ ---------------+

1 . 2 -

2 B z - \ - h z z  2 2 ---1
----------------------X --------------------------------------------------------------------------------

1 . 2 3 . 4

^ C Z + C Z Z  2 2 — I 2 2 — 4
,  ,, X "  ■ ■ ■ X ■ ■ +

1 . 2  3 . 4  5 . 6

J^.Dz■\-dzz 2 2 — I 2 2 — 4 2 2 — 9
— — X ---------------------------------- X -   X --------  4 -

1 . 2  3 . 4  5 . 6  7 . 8  7

S E z - \ - e z z  2 2 — I 2 2 — 4  2 2 — 9  2 2 — 16
4 — — — X ------------- X — — X — ----------   ----------

1 * 2  3 . 4  5 . 6  7 . 8  9 .  10 Caf 3.

I £ H



Caf. 3' N ow  let A  be two Ordinates in the Middle o f all. 

Make A  =  é J - ± A l . ,  B  =  ^ J -± .£± , C  =  D  ==

^  ̂ j az:zB4,  bz= .D ^ , c = . F 2 , d = . H ,^ c .  Or let 5 =  a,
2

yf 6 =  iS, ^  7 ^  8 =  /, /^4 =  K, A  2 =  A  2 =  (j., A  z=z V, Cs?f.
Then it will b e 2 - ^ = « t  +  it, 2 ^  =   ̂—  * —  2 C z=.y —  3.5 +
2 < t + 2 » —  3 ^ + / " ’ 2 D = c l ' - — 5 7  +  9 ^ —  5 * —  4 ; c + 9 A —  5 
¡J, ^ v , ^C. And az=Let —  b — $ —  3 «  +  3 «  —  a, —  5 j 8- t-
10 —  10 >'- +  5  ̂ ^ —  7 > +  21 i3 —  35 35  ̂ —  2 1 A

^ And let O be the middle Point between /f 4, 5, and
let 0 P  be called 2. Then the Ordinate will be

Tie Newtonian Differential Method.

P ^ =
az

+

1 4 3

^B-\-bz  42:2— I
----------- X ------------+

4 ' 2 . 3
^C-\-cz  4 2 2 — I 4 2 2 -
------------- X -------------- X --------- +

4" 2 . 3  4 . , 5

y D - ^ d z  4 2 2 — I 4 2 2 — 9 4 2 2 — 25
+

4 ' 2 . 3  4 . 5  6 . 7

9 S + Í 2  4 2 2 — I 4 2 2 — 9 4 2 2 — 25 4 2 2 — 49

4 - 5 6 . 7 8 . 9
-f- Ü̂ iT.

Alfo in thefe two Cafes 2 is negative, when the Ordinate P  ^ fa lls  on
the other Side o f the Beginning o f the Abfcifs. And in all the three
Cafes the Common Diftance of the Ordinates is fuppofed Unity.

All the three Cafes are very eafily demonftrated by Calculation. In 
the firil Cafe for P  ^  I write fuccefiively «t, /2, y, J', and for 2 at the 
fame Tim e o, 1 , 2 ,  3, 4, ^c.  which are the Lengths o f the Abfcifs fol
lowing in Order. Thence arife thefe Equations,
« =  j S = y i - f - 5 , y  =  y i + 2 5  +  C, <̂ =  ^ 4 - 3 5 + 3 0  +  !),«  = A  

■4 “ 4 fi +  6 C + 4 Z ) - ^ j E ,  Cfff.
 ̂*~«t—  -fi, y  —  $ B  cT —— y  ziz A  *4" 2 C Dj  i «T —  5

+  3 C 4- 3 D  +  Cfff.

> —  2/s +  *c=;C, J '— z y  +  Z S i s C + D ,  s — 2«  ̂ +  ?  =  ^ +  ^ ^  
- -  Ey Cif.

/  —



/ — 3 V +  3 Í  —  « = A < — —  +
« —  ^ á' 6 y  —  4 ^

Thefe Equadons are eafkly refolved, by taking their Differences, as 
may here be feen. And they give us the fame Values o f C, Z), 
i^c. as are before fuppofed in the Solution. The other two Cafes are de-
monftrated after the iame Manner.

Every one of thefe three Series will converge to the Value o f the Ordi
nate P  ^  when the Differences o f the given Ordinates are o f a proper 
Magnitude. But when they do not converge, other Expedients are to be 
try’d. A t prefent we íhall add a few Things about the Ufe o f this Propo- 
fition.

Let a , >,  cfl, €, ^  », reprefent any equidiftant Terms, whofe 
Differences are very im all; and let the Relations which they have to one 
another be nearly reprefented by the following Equations, which arife by 
taking the Differences, and the Differences of the Differences continually, 
and making them equal to nothing.

«

A —  .5 = 0  
A—  2 /5 +  >« =  O 

« — 3 ^ +  3> —* o
a.— ' 4 /S 6 y 4- ^ ‘4” ® —  o

* — —  10«/' +  5 « — C = o
—  6 ^ 4 - 15 5.  —  20</l +  I5Í —  H =  O

CC— . 35. ^4-35« — 21 ^ + 7 H —  9 =  0
*  —  8iS +  2 8 >  —  561 yo i—  5 6  { 4 - 2 8  « —  8 9  +  k =  0

* —  9 ^ + 3^ ? —  8 4 / + 126 € —  126^-1-84« —  36 9 - f 9 ;c —  A = o  
i^c.

This Table muft be kept for Ufe, to be confulted when Occafion re-' 
quires. Now that thefe Equatiens either obtain accurately, or approxi
mate to the Truth when the Difterences of the Terms are fmall, may 

j appear from the Demonftration of the Propofition of the firft Cafe,
i  ̂ ■ Let any Series be affumed, i^c. and
f let the Term be fought which ftands the next before -t4 t .  It is plain

^  ihis is -rc-3-; let us fee then what this Method will make it. L et a, de
note the Term required, then it will be

, 'The Newtonian Differential Methód.

fTETi'



7%̂  Newtonian*- Differential:M ethod.
r

-To-T
ITüT
ITTT
1

-T5T
I

TT5T
I

j o Í

0099.0099.0099.0, 
0098,0392,1568,7, ^
0097.0873.7864.1, .0 
0096,1538,4615,4, g 
0095,2380,952^,8, 
oo945339 >̂2264, 2.

I

2

■3
J ĝives a <

5
6

0099,9805,8629,3
0099.9994.3455.0
0099.9999.7824.8
0099.9999.9895.8
0099.9999.9993.1

Therefore it is evident, that this Method continually approximates. If 
the Differences o f the Terms had been leis, the Values would have ap
proached fafter to the Truth, and on the other Hand flower, if  thole 
Differences fliould be greater. Hence if  a Term Ihould be wanting in 
Numeral Tables, it may be interpolated by this Method.

Alio by this Method come forth the very fame Algebraical Series them-

felves, that are uled to arife by other Methods. L et i 2 be pro- 
pofed as the Ordinate o f a Curve which is to be fquared. It is the firil

Series i z i ^ z z ] \  i + T ^ ' ,in

1
z.

the regular

% &c.  o f Ordinates, all which,except the firft give their Areas
• J '  ^ I j  • — I  ^ I y  y *r 9

ftituting a new Series, of-which the firft-Term will be the Area required. 
This therefore will be found by putting to reprefent it,, and /?, y ,  /,.^5 

for the reft in their Order. The firft. Equation gives * =  2 ; The; 
fecond z  —  4- 2 M The third =  z  — z  4- 2 * : The fourth

: And fo for the reft. Therefore the Areatt= 2
required is univerfally 2 — 4 2 ' + - f 2 * - - - ; - 2 ^  +  4 . 2 ’  —  t V z ' %  
Which Series is the Arch whofe Tangent is 2, in a Circle the Radius of 
which is Unity. This was found by our M r. James Gregorŷ  and^com* 
municated to Mr. Collins the Beginning o f the Year 1671,  from whom, 
by Means of Mr. Oldenburg  ̂ it came to the Hands o f Mr. Leibnitz.  ̂

Now'let ê  d, b, ¿7, P , 4?, y. S', «, ^ c .  be a Series proceeding, 
both Ways in infinitum, where all the Terms are given except P  in the 
Middle o f all. M ake 5  =  /3 + j C =  f, D  =  J'
E =  i ^  Cj i^c. and it will be

A  
~  +
2 r

A ^ B

i'4

i •
aL

I - .WJ

*45

]

S A — . i B + ¡ C

V ol . IV,
60

u



1 4 ^ Tie Newtonian D ifferential Method» 

• ¡ A  —  1 4 5  +  9 C  —  2 D

140

4̂ 2 A  —  9 6 5 + 8 1  C —  3 2 D  +  

1260
A

66 A —  1 6 5 5 +  1 6 5 C  —  8 8 D - I - 2 5  £  —  3 F
+

2772

429//— 1 144 5  +  1287 C —  832 D +  325 E  —  y z F  - ^ y G

24024

’ This Series is found by the Equations, by taking thofe alternately in 
which the Number of the Terms is odd. For their Differences will 
Jeave the Terms in this Series, which therefore may be produced at 
Pleafure.

Let I - f -  z )~ *  be the Ordinate o f an Hyperbola, and let its Area be 
fought, which lies above the Abfcifs z , when that becomes Unity. This

Ordinate is the Middlemoft in the Series of Ordinates, ^ c. i - s ,

I I "+• 2^ -3, I +  2 ) - » ,  T + z ' - S  1 +  z/% I +  Z]‘, 7 + z l S

1 +  2̂ ’, Csfc. which are equidiftant, and proceed both W ays /» infinitum. 
Therefore the Areas generated by thefe Ordinates will conftitute a like 
Series, whofe middle Term will be the Area required j which therefore 
may be obtained by the foregoing Series. When z  is Unity, as in the 
prefent Cafe, the Areas of the Curves become isff. 44, 4, 4, and i,
4 , >  Hence 1 +  4, 5  =  4 +  I  =  V , C = 4 + ^  =

•D =  V  +  4 t  =  V t  > Thefe being fubftituted in the Series,
P  or the Area of the Hyperbola comes out 4 4T  -r 4Tro

that is, 4 — 2 5  qC

4*3  4 - 5  4 - 7
_ 4 D _  5 E  

4 * 9  4 • 11'
Csff. where now A,

By C, 2), £s?f. (after Newton*s Manner) denote the Terms in Order from 
the Beginning. I add the Calculation.

T E R M S ;



Newtonian D ifferen tia l Method .
T E R M S .

Affirmative.
7 5 0 0 , 0 0 0 0 , 0 0 0 0 , 0 0 0 0 , 0

62,5000,0000,0000,0
7440,4761,9047,6

97,5586,9130,8
i»339o>4o 86, i

188,7745,5
2,7085,0

393>4
5»7

Negative.
062 5,0000,0000,0000,0

6,6964,2857,1428,5 
845,5086,5800,8

11,3818,4731,9
1585,7062,8

22,5708,7
3260,2 

47>5
7

H- 7563>2539»3900»7494»i — 0631,7821,3370,8041,1

Subtraéling the negative Sum from the affirmative, I have for 
the Area, that is, for the Hyperbolic Logarithm of 2, the Number 
6931,4718,0559,9453.

The Series that follows is very convenient for the Conftruftlon o f  any 
Numeral Tables. L et'& ’f. dy c, h, a, <t, /S, y , </i, e, i^c. denote the alter
nate Terms in a Series proceeding both Ways in infinitum ; put A  
\  a, 5 =:/S +  ,̂ C =  and the
Term between *  and a will be

A
-  +
2

1 y i — B
- X  -------------  +

I 2 4

1 . 3 2 ^  —  3 -5 + C
--------X -----------------------------+

2 2 7

3 . 5  5 ^ - 9 5 + 5 0 — 2)
--------- X ----------------------------

2 • 3

3 -5 • 7

1 O

14 —  2 8 5 - f - 2 o C —  7 D +  £
-------------------------------------- +

13^•3*4  2

3 *5 ‘ 7*9 42-/Í— 90 5 +  75 C — 35 D +
■------------------X " <  ' ■ . M. »  I . ■! .

^•3 ‘4 • 5

*47

19

U  a * í 3



14^ T!he Newtonian Differential Method.

I . 3 . 5 . 7 . 9 II 132/^— 2 9 7 5 4 2 7 5 ^ — 15 4 ^ + 5 4 -^  iii^ -fG
—  X----------------------------— -----------------------------[.

I . 2 3 • 4 - 5 - 6
• 9

^ c.

This Series follows from the third Cafe of the Propofition, by making
2 =  0. The numeral Coefficients of the Letters are thus produced j for 
Example, in the fourth Term the Coefficient of the laft Letter but one 
C is 5 j make 5 +  i =  », and the Numbers which arife from the MuU

tiplication of the Terms i x
n n —

—  X -------
I 2

I n 
— X —

2 n
— X —

i^c. will be I, 6, 15, 20, ^ c. The Differences of thefe 5, 9, 5, .arc 
the Numbers required ; and therefore the Series may be produced at 
Pleafure.

Having given the Logarithms of the Numbers 46, 48, 50, 52, 54, 
56, 58, 60, to find the Logarithm of the Number 53, which is in the 
Middle of all. Make /. 52 +  /. 54 // =  3, 4483, 7910, 34 : /. 50
+  /. 56 =  5  =  3, 4471, 5803, 13 : /. 48 +  /. 58 =  C =  3, 4 4 4 6 , 6923, 
©•S : 46 4- /. 60 =  D =  3, 4409, 0908, 19. Thefe Values being
wrote in the Series, the firil four Terms will give 1,7242,2586,96 for 
the Logarithm of the Numb r 53. And in the fame Manner any other 
intermediate Number may be found.

Therefore in the Conftruftion of Tables it is fufficient, firit to find 
fome Terms at due Diftances, for the reft may be inferted in this Man
ner. For the I'erms at firft found are to be continually intercalated, 

'till we arrive at laft at thofe that are defired. By this Means the v/hole Ta
ble will be had, from a few given Terms at firft as a Foundation for the 
Work. But it is not convenient that the Terms we firft feek are all equi- 
diftant thro’ the whole Table j for if we omit them by Turns, where their 
Difference is the greateft, we may ellewhere perfitihtm omit two, threr, 
twenty, or perhaps more Terms. But the Number of I ’erms that are 
omitted, confifting between two given ones, ought always to be one 
of the following, i, 3, 7, 15, 31, 63, ^ c. if we would inlert them by 
this Series ; for this by no Means would be any Hindrance to the 
W ork.

But for Praftice the Terms may be colleóled into one Sum, as you 
fee done in this Table. The firft ExprefTion is the firft Term  •, the fe- 
cond is the Sum of the firft and fecond j the third is the Sum of the 
iirft, fecond, and third j and fo on.

s



‘f h t  Newtonian
'? i J -i;;r,

6

8

10

,::j -r:>: I
'v\ • r [ [)'!■'.

g J — B

í 6

I50y^— 2 5 S  + £ £

256 ■

1225 yí —  245 B -f -  49 ^  5
2048

39690 8820 B +  2268 C —  305 ^  +  3 5 -g

65536

Thus fome of the alternate Terms being given, the intermediate ones 
will be prefently found by thefe Expreflions, without taking any Notice 
of the particular Nature of the 'lable. For thefe Rules are the fame in 
all. The Areas-of Curvees are nearly equal to the Areas of the Paraboli
cal Figure which palTes through the Extremities of its Ordinates. BuC 
becaufe it would be too laborious always to have Recourfe to the Para
bola, I have computed the following Table, by which the Areas are ex
hibited direótly irom the Ordinates being given.

-  R
I

3
J - j -  4 B

R

R
90

4 i y ^ - f -  216 B 2y C

11

840
R \K

989 yf-4- 5888 5  —  928 C +  10496 D  —  4540,£
------------------------ ------- ~— R

28350-  ̂ -

16067-^-4-1063005— 48 52 5C4-2 72400D— *26o55ó-E4’42 736^^

598752
R

H ere

m
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i j o  Newtonian D ifferential Method,
Here the Number of the Ordinates is odd, A  is the Sum o f the firft 

and laft, B  of the fecond and laft but one, C of the third and laft but two; 
and fo on, till you come to that which is in the Middle o f all, which is 
reprefented by the laft Letter in every Expreflion. R  is the Bafe, or that 
Part of the Abfcifs which is intercepted between the firft and' the laft 
Ordinate. The Expreflions are the Areas contained between the Curve, 
the Bale, and the extream Ordinates on both Sides. I have not added 
the Table for Ordinates that are even in Number, becaufe when every 
Thing clfe is alike, the Area is defined more accurately from an odd 
Number of Ordinates.

Let the Area be required which is generated by the Ordinate i -f- 2

and lies upon the Abfcifs 2 when it becomes Unity. In i z  2̂ —1 
for z  write -r%, -ry* -ro? -Tb̂  tV» 1^» 1^» "To» To"» r̂̂ d eleven Ór-

m r p * ;  w i  11 n r i i V  t  * 0 0  1 5  1 0 0  2 5  4. 1 5  1 0 0  i s  t o o  i  t t „  __amates wui aruc i ,  -r o-r» t t> T-0-7» i—» t » t t » t-j-t» i ~st» t * -nence
yrf __ - I I __ 1 D _ * o o  I 1 0 0  __  * S z  o o __ I S  I 1 $ ___  ' 6 7 s

—  I  " T “  T  —  T »  / i  —  -roT -i— r  —  T r r T T j  —  t t  “ T “  t t  —  t o - s - s - ,

Z) =  4f ^ + 444 =  44-1-^ , £  =  4 1 4 - 4 4 =  Thefe Va
lues being fubftituted in the laft Expreflion, and Unity for i?, you will 
find the Area to be 785398187 ; which Number is true in the feventh 
Figure, but in the eighth it is too much by 2.

U eleven Ordinates do not give the Area to fufficient Exaftnefs, you 
muft ereft more ; and conceive the Area to be divided into more Parts; 
then feeking every one feparately, you may have the W hole to what 
Degree o f Truth you pleafe.

The Value of i +  may be exprefs’d by any one o f the three fol
lowing Series,

1 =  I +
n

n n —  I
X —  X ---------+

I 2

n n —  i n  —  2
X —  X ----------- X ----------------1-

r .  1 2 3

» n —  I n —  2 n —  9
X —  X ----------- X -------------------------------- 1-

* 2 3 4

n « —  I » —  2 » —  3 » —  4
^  X —  X - X  ----- —  X —  X —  '■ ' +  f .

* * 3 4 5
Of



T%e Newtonian D ifferen tia l Method* 

Or Í =  * ■+■
I

n
/ i x — +

I

n  »  +  I

R ^y, —  X -------------- h
I 2
n » -f* I » 4 - 2

—  X ---------- X ■ ---- - +
I 2  3

n » 4 - 1  « + 2  » + 3
X —  X --------- - X --------- X ------------- \r

1 2 3  4

« « + I  n 2 « + 3  4
i^S X —  X ---------------  X --------------  X --------------  X --------------

I 2  3  4  5*

1 + ^
Here you muil make ---- ----- =  R.

2 +  K 4 -  I X ^  n

----------------------------- X . ^ x -------------- h

I . 2
4 4 - « 4 - 2 x ^  n n n — i
----------------------------- X X ---------- - X --------------- 4 -

6 4 -  «4-  3 ^

1 , 2  3 . 4

n nn  —  i  » » - — 4

1 +  ^ 3

8 H - »  +  4 x C

1 . 2  3 . 4  5 . 6

«  n n — I n n  —  4  « »  —  9

X ^7 X

1 4 - 1 . 2  3 . 4  5 . 6  7 . 8

i o 4 - « 4 - 5 x ^  n n n — i  nn  —  4  n n  —  9  nn— 16
•---------------------------- x ^  X --------- X -------------- X -------------- X---------------X — —

« +  
+  £if.

1 . 2  3 . 4  5 . 6  7 . 8  9 . 1 0

The

* 5 1



Differential Method,
T h e two firft Series arc demonftrated by Caf. i. o f the^Propofition.

For if  7 +:^!.% r + ^ %  fl^note
fo many equidiftant Ordinates in the Parabolical Figure •, then will i +

be an Ordinate o f the fame, whofe Diftance from i H- will be n. And 
fo comes forth the firft Series. But if in another Parabola the equidiftant

Ordinates are i -H i -f- i -f-  ̂ "+~

t^c. then will be an Ordinate in the fame, the Diftance of which

from i-j-  will be —  n. So will the fecond Series come forth-

N o wi n  a third Parabola-let i ^

7 1 T ^ - ' , T + ^ %  7 + ^ ; ,  r + D . s T T ' ^ S  r + ^ %  be- 
a Series of equidiftant Ordinates proceeding both Ways in infinitum  ̂ and

in the fame the Ordinate T +  will be removed from the middle

Term I +  at the Diftance». And thus the third Series will come
forth by the Second Cafe of the Propofition. The firft breaks off' when 
)i is an integer affirmative Number ; the fecond when n is integer and 
negative •, and the third breaks off in either Cafe, The third converges 
much fafter than either of the other ; its fecond Term may be ufed as 
a Correftion, when an Extradlion is to be perform’d by the Repetition 
o f the Calculus. By any o f thefe the Roots of Numbers may conreni- 
ently be reduced to Series.

Dr. Hailey in his Method of conftrucling the Logarithms, from the 
firft of thefe Series demonftrates Mercator's, Series for the Quadrature of

the Hyperbola. Let its Ordinate be Y -f- z\-~  ̂ or 7 -f- n being
here an infinitely fmall Number. Whence by the Method for Quadratures, 
the Area which lies above the Abfcifs z, that is, the Logarithm of the

j  I — 1
Number i +  z, will be ------But by the firft Series ’ tis i -f- z "

=  I +  And
1 1 2  1 2  3

therefore in the prefent Cafe, in which n is infinitely fmall, it will be

1 2  3 4 ^ 5
which being fubftituted in the Value of the Area, it becomes z _4 z*
+  T 2;̂  —  -f" T z S  which is Mercator*  ̂ Series.

In like Manner by the.fecond Series this Rule comes forth. Let the

^iven Number i -f. z  j make K — — ?— , and its Logarithm will be
I - f  2  °

^ - h  4 /es . By



Newtonian D ifferen iia l Method.
By the third Series comes out-this Rule, Let R  be any Num ber;

, and its Logarithm will be R R
2 R

» —  4 t E  t^c. where 5 , C, D , after
'j êwton's Method, denote the Terms o f the Series in Order. This Se
ries, as well as that from whence it is deduced, approximates much fafter 
than the other two, and is exprefs’d much more generally than that 
which we gave before, from a Foundation not unlike this, for finding 
the Logarithm of the Number 2.

A  Method for finding the Values of Arithmetical Serieŝ  that converge 
never fo Jlowly.

In Tome Series the Sum o f the Terms cannot be had, except to a very 
few Places of Figures •, till fome other Artifice is made Ufe of, more 
than their meer Addition. N ow let any Series be propofed, all' whofe 
Terms are aíFeóted with the lame Signs  ̂ and whofe neareft Terms conti

nually tend to Equality. Such are the following +

4. _ i— , Í¿c, i + t  +  t  +  tV  +  íVj Colled the Sum o f fome
7 •  8

of the Terms from the Beginning, and let thofe that are next to be
added be «t, /2, cT, é, (¿c. In Numbers near the Truth, let r =;

-----, and o f the Quantities a. x  ̂ ci-f-  ̂x
i t  .5 —  2 e t y  a. —  /2  / J  —  y

'  ̂+  y  X 2Lz!zJ1/, a - f /3 - { - J' X Í r t - f/g+^z+cT-l -» 
y  —  J’ /  —  e

x i ± l i

neareft Numbers let j  =   ̂  ̂  ̂ ^

, i ic .  let the Differences be ¿7, ê  (^c. Then in the

, and of the Quantities a x
ab  —  2 a (  be

t?(. let tlie Diffef enees be j1, B, C, D, tic . and let / = __ ^ 9.~T ^ P  ¡

and fo proceed as far as you pleafe. Then will« +/3 +  j. +  + «■•+■ ;:,-i 
V o l .  IV. X



X ‘i ± 4  + ^ ̂ « —  /3 fl —  ¿ — o

feldom be Occafion to proceeil* beyond the two firfl: Terms of this new 
Series.

V •
1^4 Newtonian Differential Method.

As if the Value of this Series were defired, ------ -̂----------- 1------ - +
1 . 2  3 * 4  5 • °

_ _ L _ , ^ c, collea: the firft 21 Terms, the Sum of which I find to be
7 • ^

,6813,8410, 1885. The Terms next to be added are rt =  , 0005, 2854, 
1226, /S =  , 0004, 8309, 1787, ^ =  ,0 0 0 4 ,4 3 2 6 ,2 4 11 , Ji =  ,ooo4,

o8i6, 3265, ^ c. Hence it is that r =  i, nearly, and « x =  ,

0117,6449,6282, a-=z— , 0000, 0017, 5096, b=z —  ,0000,0014,. 
7410, c ■=. — , 0000, 0012, 4986, ^ c. Whence J =  4 nearly, and a \

=  —  , 0000, 0141, 8 111, which becaufe of the negative Sign I
a — b

fubtraft from « x and there remains, 0117, 6307, &171 ; tliis
A—  ^

being added to the Sum before found, , 6813, 8410,. 1S85, gives 
the Number , 6931*, 4718, 0056 for the Sum of the whole Series, which 
is true in the ninth Decimal. But before thefe two Corredions, the Sum 
was true irv the firft Figure only. I f you have a Mind to come nearer 
the Mark, you may proceed to the following Approximations. If the 
Terms of the Series have difî erent Signs, they are to be fo join’d, that 
all may have the fame. Thus in the Scries i —  4- + t  —  t  +  t»

by coUeding the Terms by two and two, it becomes— ?---- f- — ------ j-
1 - 3  ■ 5 • 7

H--------- , ^ c. But here it is to be noted,, that the Difi^erences
9 . 1 1  13. 15

b, </, . as alfo J ,  5 , C, D , ^ c .  muft be colledled by fubtrading,
the antecedent Quantities from the fubfequent. And in all this Kind of 
Series, i f j ,  r, reprefent three Terms following one another in Or

der, p the firft, q the fecond, and r the third; and the Reftangle^^-^ti^ x ?
2

is not greater than p r, the Value o f the Series will be infinitely great: 
But it will always be finite when the contrary happens. This Rule may

fome-



fometlme fail, when the Terms p, q, and r are but little diftant from the 
Be^ înning o f the Series •, but if they are fuch Terms as are pretty remote 
from the Beginning,-the Rule then becomes very fafe and fure.

T o other Kinds of Series other Rules muft be apply’d. Let there be 
a Series o f Regular Polygons infcribed in a Circle, the Radius being 
U nity; as

H  =  2,0000,0000,0000,000 4
G  =  2,8284,2712,4746,190 8
F  =  3,0614,6745,8920,718 16
E  =  3,1214,4515,2258,051 32
D =  3,1365,4849,0545,938 64
C  =  3,1403,31 5̂»6954»752 128B =  3,1412,7725,0932,772 256

3,1415,1380,1144,299 ' 512

Now let the laft Polygon be called A,  the laft but one 5 , the iaft but 
two C, and the reft in their Order, but backwards, D, E , F , and the

A S  4 A  5 "t" C
kxtiL o f the Circle required will be yi -j-------------\-------------------------- j-

3 3 - ^ 5

64/^—  8 4 5 -1 -2 1  C — D  40^6 A —  5440 Í5-I-I428 C —  85 D  +  £

Newtonian Differential Method,

3 . 15 . 63 . 255

^c. where if for A , B, C, D, £ , are wrote their proper Values, the 
firft four Terms will give the Area of the Circle 3, 1415, 9265, 3589, 
790. Now this Set-ies is general, and does not at all depend on the 
Nature of the Circle. It is applicable whenever the former Differences 
of the approximating Numbers are as it were quadruple o f the latter. 
The Fadors in the Denominators are the integral Powers o f the Num 
ber 4 diminiih’ d by an Unit. W hich being had, the Coefficients o f the 
Letters in the different Term s are form’ d by the continual Multiplica

tion of the Numbers i .
ji n —  3 n — 15 n — 63

— » -j —7-— > --------
3 15 H  255

, where the

|aft of the Faftors o f the Denominators muft be fubftituted for n.
2 4 8 '

The laft o f the Quantities tj, 2 x —  2 > 4 V ' . v  —  4 ,  S ^ . v  — 8, 

16
16 i/  » —  16, is equal to the Logarithm o f the Number x. For 
X write 2, and by á repeated Extradlion of the Square Root, the follow
ing Numbers will arife.

X 2  . . M z :
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 ̂ JVf= 1,0000,0000,0000,0000,

L  =  8284,2712,4746,190*»
I  =  7568,2864,0010,8843»

/ / =  7 2 4 0 ,6 18 6 ,13 2 2 ,0 6 13 Í
G =  7 0 8 3 ,8 0 5 1,8 8 3 8 ,6 2 14 ,“
F  z=i 7007,0875,6931,7337,
£  =  6 9 6 9 ,14 3 0 ,7 3 0 8 ,8 2 9 4 ,
D =  6 9 5 0 ,2 7 3 4 ,2 4 3 8 ,7 6 11 ,
C  =  6 9 4 0 ,8 6 4 1,2 8 5 1,8 3 6 3 ,
5  =  6936,1658,4759,4014; •
A  =  6933,8182,9699,9493,

L e t  the lail of the Num bers be called J, the laft but one B, and To on 

backwards •, and the Logarithm  required will be
.  ̂ 1 - 3

: t

g J — 14 5 4 .7  C— D   ̂ 64/^ —  120 B +  yo C —  I 5 - P 4  E  

1 . 3 . 7  I - 3 • 7  - 15 » I

T h e  firft five Term s will give 6 9 3 1 ,4 7 1 8 ,  0 559, 9457 H y p e r-
polic Logarithm  of the Num ber 2. A nd how this Series proceeds inhi- 
finitum is eafily infer’d from what we have faid of the former. It  is alfo 
univerfal, having no Regard to the particular Properties o f the H yper
bola.

A lfo  this Differential Method may be extended to the Refolution of 
Equations, and to many other Speculations which we forbear to men
tion here. Anci it contains the mofl’ general Foundations o f Series, as 
perhaps I  may ihew in a Ihort T im e , by applying it to the Reduétion 
of Irrational Equations, as alfo Fluxional Equations.

"a Perfeélion of this m o il ufeful Part o f A rith m e tick, this
^  wanting, the Difcovery of fome General M ethod for 

¿V % r .  J. ’ finding all the Logarithm ical Series. 'Now fuchis this that follows, being 
Craig, n. 328. eafv and genuine, as being derived from the veryNature of the Logarithm s. 
P- ‘9 '. By the Letter /  prefix’d to any Num ber is denoted (as is commonly

known) the Logarithm  of that Num ber. N ow  becaufe the Logarithm  
of any Num ber propofed may be found in two M anners, therefore we 
ihall conftitute two Parts of this Logarithm otechny. In  the firft we de
duce immediately the I.ogarithm  from the Num ber. In  the latter we 
derive the Logarithm  of the propofed N um ber from the know n Lo g a
rithms of fonK antecedent Numbers.

Par/ 1. L e t « i any N um ber propofed, and x its Logarithm

to be feund. N ow  by the Hypothefis x=z/. a ̂  i ,  w hich Equation  
m aybe call d a general Canon, ( i . )  L e t  there be an Equation among 
Term s any how compofed of « andjy, with any other N um bers, com

bined



bined in any Manner by Addition, Subtraflion, Multiplication, Divificn, 
or Extradtion of Roots. (2.) By the Help of the Equation fo affumed 
at Pleafure, let a be exterminated out of the general Canon, and an 
Equation will be had expreffing the Relation between the indeterminate 
Quantities x and y. (3.) By Bernoulli's Rule let the Differential of this 
Equation be found, [or its Fluxion,] and by known Methods let the In- 
tecrral [or Fluent] of this be found, exprefs’d by an infinite Series.
T^is will give the Value of the Logarithm v: required.

Example i . Let it be affumed a ^ y \  then by the general Canon

y ^  I y\ whofe Fluxion is x = — ^ —  And the Fluent o f this

exprefs’d by an infinite Series is x =zy —  iy""

^ c. I +  y
Example 2. Affume y =r — , whence « +  i = ------ _,andthere-

 ̂  ̂ a -Y 2 . I — y

fore by the general Canon x -=.1. Fluxion of which is x =

- 11- ,  and the Fluent of this exprefs’d by a Series is =  2 intojy' 4 -  4
l — y y

<y3 jLŷ  -I- 4 ^ c. Where the Number 2 prefix’d muff be mul-
tiply’d b t o  all the Terms of the Series. Nor is there Occafion to add ^
more Examples here, fince from hence it appears, how innumerable 
Logarithmical Series may be found, which, without any Refpedb to the
Logarithms of other Num bers,‘ exhibit the Logarithm of the Numbec
propofed. ^  E. I.

Lem. I. L et 2: be the Logarithm of any Fraftion — -— , x the Lo-
d I

making Logarithms. 157

garithm of the Denominator a -{- i then will / .  ̂—  z  = .x. Or if  2

is the Logarithm of the Fraction ̂  it will be /. ¿ +  2: = a’..

Lem. 2. Let e be the Exponent of any Power of the Number then 
will I . z=.e % I . b. Therefore the Logarithm of the Number b% and 
the E xp o n e n tb e in g  given, the Logarithm of  ̂will alfo be given. Both 
thefe Lemmata aic plain from the Nature of Logarithms.

Part 2. Let « 4- i be the Number, as before, whofe Logarithm is to 
be found, and let ¥  be a Number produced by the Multiplication of 
Numbers, the greateil of which is lefs than a And k t  z  be the

Logarithm of the Fradlion — -— , that is, 2: =  I — - — And let this
-f- I +  I

Equation be called the general Canon, T h e n  ( i .) for ¿  let there be taken

l a



j rB A General Method o f
a Quantity any how compofed of and any determinate Numbers, and 
let this Vakie of the Number fo taken atPleafure, be fubftituted in the

Fraftion -  — , whence it will be exprefs’d by a and given Numbers. 
a I

Let there be any Equation between and with Numbers taken 
at Pleai'ure i and by the Help of this let a be exterminated out o f  the 
ô eneral Canon ; whence an Equation will be had, exprefiing the Reia- 
don between the Indeterminates x and (3.) By Bernoulli's Rule let 
tlie Fluxion of this Equation be found, and then by known Methods find 
the Fluent of this exprefs’d by an infinite Series  ̂which will give the Lo-

oarithm z  of the Fradlion— Í —  And when 2: is found, the Logarithm
°  tí +  r
.V =  /. of the propofed Number a 1 -wiH be had by Lem. i . For 
by l lypothefis b" is produced by the Multiplication of Numbers, the 
greateil of which ts lefs than a-j-i  and by Hypothefis the Logarithms 
o f all Numbers are known, which are lefs than the propos’d Number 
a I. Therefore alfo the Logarithm of the Number which is the Pro- 
duil o f all, or ; and therefore ( by Lem. 2.) the Logarithm of b 
will be given.

Example i. AiTume if you pleafe b -=zü, whence z  z=̂ I . . Then

(by Art. 2.) take ad libitum y a i, by which let a be extermi-
♦ • 

nated, and it will be 2: =  -----i,  whofe Fluxion is is z  —  The
I y y - ^ i

Fluent of this, exprelVd by a Series, is 2 =  —  i  into— — -___f- -
y sy" 5y'

whence by i.
f  7 ^' ________________________ _ .

x = / .  —  -h — -— 1- Í— 4-—i _li y 3y" sy' 7y' 9y"' '

Example 2. Make b =  a 2 whence z  =  /. ^  aa “2. a
a I

Take alfo at Pleafure;? =   ̂2 j ,  whence tz I . ^ i / ' y y  4 , of

which the Fluxion is 2 -  4_y —  43^” % and the Fluent o f this is

2 =  —  2 into whence by Lem. i .
y ^y  ̂ 3y 4 >



Example 3. Make b z= .V  aa-{- 2 as in the foregoing, but now al- 
fum e;';’ =  i ;  if  by thefe two Equations are extermi'

nated b and a out of the general Canon, it will be 2: =  / . ^  ^ - i .,
✓ 4 -  I

of which the Fluxion z z = . i y y %  o f which the Fluent

exprefs’d by a Series is 2: = ----- L ------- —  — I —  —  _ J —

Therefore by Lem. i . x z=. I . b A----L  4. _J----1-_L__ 4- .  ̂ \
y" s y "  5y '°  yy' ^

^c.

making Logarithms. 159I

I s9y

But it muft be obferved, that the Number 2 prefix’d in the Series oí 
the firft and fecond Examples, is fuppofed to be multiply’d into all the 
Terms of the following Scries. And that like Series may be derived from

z =  l . -  in the fame Manner ; but then .v =  /. - f  z , as appears
b

from the fecond Part of the firft Lemma. Therefore from hence it ap 
pears very plain, that the Logarithmotechny now explain’d is very eal'y 
and genuine, and fo general, that by thefe two Ways innumerable Scries 
may be found, exhibiting the Logarithm of any Number propofcd. For 
we may aifume innumerable Equations at Pleafure, exprefiing the Re
lation between y and <3, every one of which will give us a new Logarith
mic Series. Yet Care ihould be taken that fuch Equations may be af- 
lumed, that fliall caufe the Terms to converge as fail as may be, fo that 
the Logarithm may be found with the leaft Trouble poiiible. T o  per- 
torm this, the Series exhibited in the laft Examble will be very proper, 
which is the fame as that given by the learned Dr. Haileŷ  the firft In
venter of it, in his very elegant Method of conftruéting the Logarithms.

Here by the W ay I defire the Reader to take Notice, that the Curve, 
which is derived from our Analyfis of the Problem, concerning the 
Length of Curve-Lines, publilhed in the Philofophical Tranfaitions for 
the Year 1708, is the fame with that propofed. A s I was wholly in
tent about the Analyfis, I took no Notice of the Coincidence o f the 
Curve propofed with tliat which was found, till the learned D. Jo. 
Bernoulli inform’d me of it, in his Letter to Mr. IVilL Burnett, F . R. S. 
By which alfo that learned Man was pleafed fully to fatisfy all my Ob- 
jedlions againft his Creeping Motion ; as I now readily own, out o f that 
pure Love which I bear to Truth.

X X L  Log.



i 6 o A New Methodfor maling Logarithms.

A  New Me. X X I. Log.
thod for ma- 
king Loga
rithms, c9m- 
municaiid by 
Mr. J. Long, 
n -339- P- 52-

Nat. Num. Log. Nat. Num.

'

0,9
0,8
0,7
0,6

0,4

0,2
0,1
0,09
0 ,0 8

0,07
0 , 0 6

0,05
0 , 0 4

0 ,0 3

0,02
0,01

0,009
0 , 0 0 8

0,007
0 , 0 0 6

0,005
|o,oo4
‘0 ,0 0 3

0 , 0 0 2

0 , 0 0 1

0 , 0 0 0 9  

0 , 0 0 0 8  

0 , 0 0 0 7  

0 , 0 0 0 6  

0 , 0 0 0 5  

0 , 0 0 0 4  

0 , 0 0 0 3  

10 , 0 0 0 2  

jo ,O O P  I

7 , 9 4 3 2 8 2 3 4 7

^>309573445
5 , 0 1 1 8 7 2 3 3 6  

3 , 9 8 1 0 7 1 7 0 6  

3 , 1 6 2 2 7 7 6 6 0  

2 , 5 1 1 8 8 6 4 3 2  

1 , 9 9 5 2 6 2 3 1 5  

1 , 5 8 4 8 9 3 1 9 3  

1 , 2 5 8 9 2 5 4 1 2

1 , 2 3 0 2 6 8 7 7 1  

1 , 2 0 2 2 6 4 4 3  c 

1 , 1 7 4 8 9 7 5 5 5  

1 , 1 4 8 1 5 3 6 2 1  

1 , 1 2 2 0 1 8 4 5 4  

1 , 0 9 6 4 7 8 1 9 6  

1 , 0 7 1 5 1 9 3 0 5  

1 , 0 4 7 1 2 8 5 4 8  

1 , 0 2 3 2 9 2 9 9 2

1 , 0 2 0 9 3 9 4 8 4  

1 , 0 1 8 5 9 1 3 8 8  

1 , 0 1 6 2 4 8 6 9  

1 , 0 1 3 9 1 1 3 8 6  
1 , 01157945 
1 , 0 0 9 2 5 2 8 8 6  

1 , 0 0 6 9 3 1 6 6 9  

1 , 0 0 4 6 1 5 7 9  

1 , 0 0 2 3 0 5 2 3 ^

1,0 0 2 ^ 4 4 7 5
1 , 0 0 1 8 4 3 7 6 6

1 , 0 0 1 6 1 3 1 0 9

1 , 0 0 1 3 8 2 5 0 6

1 , 0 0 1 1 5 1 9 5 6

1 , 0 0 0 9 2 1 4 5 9

1 , 0 0 0 6 9 1 0 1 5

1 , 0 0 0 4 6 0 6 2 3

1 , 0 0 0 2 3 0 2 8 5

0 , 0 0 0 0 9

0 , 0 0 0 0 8

0 , 0 0 0 0 7

0 , 0 0 0 0 6

0 , 0 0 0 0 5

0 , 0 0 0 0 4

0 , 0 0 0 0 3

0 , 0 0 0 0 2

0 , 0 0 0 0 1

0 , 0 0 0 0 0 9

0 , 0 0 0 0 0 8

0 , 0 0 0 0 0 7

0 , 0 0 0 0 0 6

0 , 0 0 0 0 0 5

0 , 0 0 0 0 0 4

0 , 0 0 0 0 0 3

0 , 0 0 0 0 0 2

0 , 0 0 0 0 0 1

0 , 0 0 0 0 0 0 9

0 , 0 0 0 0 0 0 8

^ , 0 0 0 0 0 0 7

0 , 0 0 0 0 0 0 6

0 , 0 0 0 0 0 0 5

0 , 0 0 0 0 0 0 4

0 , 0 0 0 0 0 0 3

0 , 0 0 0 0 0 0 2
0 , 0 0 0 0 0 0 1

0 , 0 0 0 0 0 0 0 9

0 , 0 0 0 0 0 0 0 8

0 , 0 0 0 0 0 0 0 7

0 , 0 0 0 0 0 0 0 6

0 , 0 0 0 0 0 0 0 5

0 , 0 0 0 0 0 0 0 4

0 , 0 0 0 0 0 0 0 3

0 , 0 0 0 0 0 0 0 2

0 , 0 0 0 0 0 0 0 1

1 , 0 0 0 2 0 7 2 5 4  

1 , 0 0 0 1 8 4 2 2 4
1 , 0 0 0 1 6 1 194 
1 , 0 0 0 1 3 8 1 6 5  

1 , 0 0 0 1 1 5 1 3 6  

1 , 0 0 0 0 9 2 1 0 6  

1 , 0 0 0 0 6 9 0 8 0  

1 , 0 0 0 0 4 6 0 5 3  

1 , 0 0 0 0 2 3 0 2 6

1 , 0 0 0 0 2 0 7 2 4

1 , 0 0 0 0 1 8 4 2 1
i , o o o o i 6 i
1 , 0 0 0 0 1 3 8 1 6
1 , 0 0 0 0 1 1 5 1 3

1 , 0 0 0 0 0 9 2 1 0

1 , 0 0 0 0 0 6 9 0 8

1 , 0 0 0 0 0 4 6 0  Í

1 , 0 0 0 0 0 2 3 0 2

1 , 0 0 0 0 0 2 0 7 2  

1 , 0 0 0 0 0 1 8 4 2  

1 , 0 0 0 0 0 1 6 1 1 

1 , 0 0 0 0 0 1 3 8 1  

1 , 0 0 0 0 0 1 1 5 1  

1 , 0 0 0 0 0 0 9 2 1  

1 , 0 0 0 0 0 0 6 9 0

1 , 0 0 0 0 0 0 4 6 0  

1 , 0 0 0 0 0 0 2 3 0

1 , 0 0 0 0 0 0 2 0 7  

1 , 0 0 0 0 0 0 1 8 4

1 , 0 0 0 0 0 0 1 6 1  

1 , 0 0 0 0 0 0 1 3 8  

1 , 0 0 0 0 0 0 1 1 5  

1 , 0 0 0 0 0 0 0 9 2  

1 , 0 0 0 0 0 0 0 6 9  

1 , 0 0 0 0 0 0 0 4 6  

1 , 0 0 0 0 0 0 0 2 3

This



T h i s  T a b l e  i s  w h a t  I  f o m e f i m e ^  m a k e  U f e  o f  f o r  f i n d i n g  t h e  L o g a 

r i t h m  o f  a n y  N u m b e r  p r o p o f e d ,  a n d  vice versd̂  f o r  f i n d i n g  t h e  N u m 

b e r  c o r r e f p o n d i n g  t o  a  L o g a r i t h m  g i v e n .  F o r  I n f t a n c e  :  S u p p o f e  I  

h a d  O c c a f i o n  t o  f i n d  t h e  L o g a r i t h m  o f  2 0 0 0 ,  I  l o o k  i n  t h e  f i r f t  

C l a f s  o f  m y  1  a b l e ,  ( t h e  w h o l e  T a b l e  c o n f i f t s  o f  8  C l a l T e s )  f o r  t h e  

n e x t  l e f s  t o  2 ,  w h i c h  i s  1 . 2 9 5 2 6 2 3 1 5 ,  a n d  a g a i n f t  i t  i s  3 ,  w h i c h  

c o n f e q u e n t l y  i s  t h e  f i r i l  F i g u r e  o f  t h e  L o g a r i t h m  f o u g h t .  A g a i n ,  d i 

v i d i n g  t h e  N u m b e r  p r o p o f e d  2 ,  b y  1 . 9 9 5 2 6 2 3 1 5 ,  t h e  N u m b e r  f o u n d  

i n  t h e  T a b l e ,  t h e  Q i i o t i e n t  i s  1 . 0 0 2 3 7 4 4 6 7  ;  w h i c h  b e i n g  l o o k ’ d  f o r  

i n  t h e  f e c o n d  C l a f s  o f  t h e  T a b l e ,  a n d  f i n d i n g  n e i t h e r  i t s  e q u a l ,  n o r  a  

l e f i e r ,  I  a d d  o  t o  t h e  P a r t  o f  t h e  L o g a r i t h m  b e f o r e  f o u n d ,  a n d  l o o k  

f o r  t h e  f a i d  Q u o t i e n t  1 . 0 0 2 3 7 4 4 6 7  i n  t h e  t h i r d  C l a f s ,  w h e r e  t h e  n e x f  

l e f s  i s  1 . 0 0 2 3 0 5 2 3 8 ,  a n d  a g a i n f t  i t  i s  r ,  t o  b e  a d d e d  t o  t h e  P a r t  o f  t h g  

L o g a r i t h m  a l r e a d y  f o u n d  •, a n d  d i v i d i n g  t h e  Q u o t i e n t  1 . 0 0 2 3 7 4 4 6 7 ,  

b y  1 . 0 0 2 3 0 5 2 3 8 ,  l a f t  f o u n d  i n  t h e  T a b l e ,  t h e  Q u o t i e n t  i s  1 . 0 0 0 0 6 9 0 7 0 V  

w h i c h  b e i n g  f o u g h t  i n  t h e  f o u r t h  C l a f s  g i v e s  O j  b u t  b e i n g  f o u g h t  i n  

t h e  f i f t h  C l a f s  g i v e s  2 ,  t o  b e  a d d e d  t o  t h e  P a r t  o f  t h e  L o g a r i t h m  a l 

r e a d y  f o u n d  ;  a n d  d i v i d i n g  t h e  l a f t  Q u o t i e n t  b y  t h e  N u m b e r  l a f t  

f o u n d  i n  t h e  T a b l e ,  viz. 1 . 0 0 0 0 4 6 0 5 3 ,  t h e  Q u o t i e n t  i s  1 . 0 0 0 0 2 3 0 1 5 ,  

w h i c h  b e i n g  f o u g h t  i n  t h e  f i x t h  C l a f s ,  g i v e s  9  t o  t h e  P a r t  o f  t h e  L o 

g a r i t h m  a l r e a d y  f o u n d  :  a n d  d i v i d i n g  t h e  l a f t  Q u o t i e n t  b y  t h e  n e w  

D i v i f o r ,  viz. 1 . 0 0 0 0 0 2 0 7 2 ,  t h e  Q u o t i e n t  i s  1 . 0 0 0 0 0 0 2 1 9 ,  w h i c h  b e i n g  

g r e a t e r  t h a n  1 . 0 0 0 C 0 0 1 1 5 ,  f t i e w s  t h a t  t h e  L o g a r i t h m  a l r e a d y  f o u n d ,

•viz. 3 . 3 0 1 0  ' 9 9  i s  l e f s  t h a n  t h e  T r u t h  b y  m o r e  t h a n  h a l f  a n  U n i t  » 

w h e r e f o r e  a d d i n g  i ,  y o u  h a v e  Briggs'^ L o g a r i t h m  o f  2 0 0 0 ,  v iz ,
3 . 3 0 1 0 3 0 0 .

I f  a n y  L o g a r i t h m  b e  g i v e n ^  f u p p o f e  3 . 3 0 T 0 3 0 0 ,  t h r o w  a w a y  t h a  

C h a r a f t e r i f t i c ,  t h e n  o v e r - a g a i n f t  t h e f e  F i g u r e s  3 . . . . 0 . .  i . .  . 0 . .  ^ .  . 6 .  . 0 ^

y o u  h a v e  i n  t h e i r  r e f p e f t i v e  C l a i T e s  1 . 9 9 5 2 6 2 3 1 5 ..................o .................... 1 . 0 0 2 3 0 5 2 3 8

....................o .....................1 . 0 0 0 0 6 9 0 8 0 . . . . 0 . . . 0  w h i c h  m u l t i p l i e d  c o n t i n u a l l y  i n t o

o n e  a n o t h e r ,  t h e  P r o d u f t  i s  2 . 0 0 0 0 0 0 0 1 9 9 6 6 ,  w h i c h  b y  r e a f o n  t h e  

C h a r a é t e r i f t i c  i s  3 ,  b e c o m e s  2 0 0 0 . 0 0 0 0 1 9 9 6 6 ,  t h a t  i s ,  2 0 0 0 ,  t h e  n a 

t u r a l  N u m b e r  d e i i r e d .  I  f h a l l  n o t  m e n t i o n  t h e  M e t h o d  b y  w h i c h  

t h i s  T a b l e  i s  f r a m e d ,  b e c a u f e  y o u  w i l l  e a f i l y  f e e  t h a t  f r o m  t h e  U f e -  
o f  i t .

It is obvious to the intelligent Reader, that thefe CiaiTss o f Num 
bers are no other than fo many Scales of mean Proportionals. In the- 
firft Clafs, between i and 10 •, fo that the laft Number thereof, viz.. 
1.258925412 is the tenth Root o f 10, and the reft in order afcending 
are the Powers thereof. So in the fecond Clafs, the laft Number 
1-023292992 is the hundredth Root of 10, and the reft in the fame?

M a n n e r  a r e  P o w e r s  t h e r e o f  S o  1 . 0 0 2 3 0 5 2 3 8  i n  t h e  t h i r d  C l a f s ,  i s

t e n t h  R o o t  o f  t h e  l a f t  o f  t h e  f e c o n d ,  a n d  t h e  r e f t  i t s  P o w e r s ,

^ r ,  w h i c h  i s  a l l  o n e ,  e a c h  N u m b e r  i n  t h e  p r e c e d i n g  C l a f s ,  i s  t h e  

^ n t h  P o w e r  o f  t h e  c o r r e f p o n d i n g  N u m b e r  i n  t h e  n e x t  f o l l o w i n g  d a i s ;

Vv hence ’ tis plain, that to conftrud thefe Tables requires no more than 
V ol. IV. Y  one

A  new Method of making Logarithms. * i 6 i



1 52 O f the Invention of the Method
one Extradlion of the fifth or furfolid Root for each Clafs, the reft of 
the W ork being done by the common Rules of Arithmetick ; and for 
extradting the fifth Root, you will find more than one very compendi
ous Rule m N u m . 210. of thefe rranfam ons, if any one Hiall defire to
examine the compitus of thefe Tables. jn. • • ^

The Procefs is exaétly the Reverfe of Mr. Briggs's, Doctnne, in Cap. 
XII. of his Arithmetica Logarithmica Vlacq'% Edition •, and had Briggs 
been apprized hereof, it would have greatly eafed the Labour of dedu
cing the Logarithms of the firll prime Numbers, which appear to have 
coft him fo much Pains.

/I U tter e f  X XII. I .  I have defer’d till now to anfwer your Letter, becaufe I 
Coñú had a Mind to accompany my Anfwer with that which Mr. Newton»
L eibnitz, con- has lately made, to the Poftfcript which you have added to it. I ihall
terning the not enter into the Particulars of the Difpute between you and Dr. Keil̂
invention JP/ I can only relate Matters of Fa¿l, what I have
F l u x i o n s ,  l'^^íeen, and what I have read, and what I iliall ftill fee and read, in order 
359- P-*9̂ 3- to make a true Judgment of the Aifair.

I have read with great Attention, and without the leaft PrepofieiTion, 
the Commercium Epijiolicum, and the little Book  ̂ which contains an Ex- 
trail from it. I have feen at the Royal Society the original Papers of 
the Letters of the Commercium ; a fmall Letter wrote in your Hand to 
Mr. Newton •, and an old Manufcript that Mr. Newton fent to Dr. Bar
row, and which M r. Jones has lately publiih’d.

From all which I coiled:, that if we leave out o f the Difpute all fo
reign DigreiTions, all we have to do is to examine, whether Mr. Newton 
had the Calculus of Fluxions, or of Infinitefimals, before you, or whe
ther you had it before him. You publiih’d it firil, that is true ; but 
you have likewife own’d, that Mr. Newton had given great Hints of 
it, in the Letters that he had wrote to Mr. Oldenburg, and to others. 
This is proved at full Length in the Commercium, and in the Extrad 
from i t ; what is your Anfwer to this ? This is what the Publick wants, 
in order to make a fure Judgment in this Matter.

Your Friends exped your Anfwer with much Impatience, and it is 
their Opinion, that you cannot avoid returning fome Anfwer •, if not 
to Dr. Keil, yet at leaft to Mr. Newton himfelf, who gives you a Chal
lenge in exprefs Terms, as you will fee in his Letter.

* In his Letter dated Feb. 26. 1 7 1 5 -1 6 . fi. vet. and printed at the End o f  Raphfons 
H iilory o f  Fluxions.

I» Printed in the Philo/opbicalTranfaéliom, N . 342. and in T o m e  V I I .  du Journal l i ter aire.
* D ated 17 March 1693. and printed at the End o í  Raphfon'% H iftory o f  Fluxions,
 ̂ Entituled, Anal^uper Serie: numero terminorum infinitas.

I
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I iliould be glad to fee you on good Terms with one another. Thé 

Publick receives but fmall Advantage from fuch Difputes, but rather 
lofes for many Ages all the Improvements, which fuch Difputes de
prive it of.

His Majeily has been pleafed to lay his Commands upon me, to ac
quaint him with all that has pafled between Mr. Newton and you. I 
did it to the bell o f my Power, and I wiih it might be with Succefs 
to you both.

Your Problem has been refolved very eafily, and in a little Time.
Several Geometricians, both at London and Oxford, have given a Solu
tion of it. It is general, for it extends to all Sorts of Curves, whether 
Geometrical or Mechanical. The Problem is propofed a little equivo
cally ; but I think M . de Moivre is not miftaken, when he fays, that 
our Ideas of it ihould be reftrained to a Series of Curves. For E x
ample, we may fuppofe it to have the fame Subtangent to the fame 
Abfcifs •, which will not only agree to the Conic Seftions, but to infi
nite other Curves, as well Geometrical as Mechanical. Other Suppo- I
fitions might be made, to fix the Idea o f it.

I fnall fpeak to you another Tim e concerning Mr. Newton's, Philo- 
fophy. W e muft firft agree upon the Method of Philofophizing, and 
very carefully diftinguifli between the Philofophy o f Mr. Newton, an4 
the Confequences that many are apt to draw from it, though very raíh- 
ly. Many Things are afcribed to this great Man, which he does not 
own, as he has proved to thofe French Gentlemen, who came to Lon
don, on Account of the great Eclipfe.

I am, with all poiTible Refped,
London, Sir, your, ^ c.

March 1716.

N. B. Mr. I’Abbe Conti fpent fome Hours alfo in looking over the old 
Letters and Letter Books kept in the Archives of the Royal Society, to fee 
if he could find any Thing which made either for Air. Leibnitz, cr agai-njt 
Mr. Newton, and had been omitted in the Commercium Epiilolicuno 
Collinii &  aliorum ; but could find nothing of that Kind.

S I R ,  Hanover, Apr. 14, 1716.
2. Not to make you wait, I ihall tell you before Hand, that I have £̂ ¡[3. 

anfwer’d already to the Letter which I had the Honour of receiving mtz’j /f/z/wi/-. 
from you, and at the fame Tim e to that which Mr. Newton has wrote 
to you. I have fent the Whole to Nlr. Remond at Paris, who will not 
tail of tranfmitting them to you. I made ufe of this W ay, that I might 
nave irnpartial and intelligent Witnefles of our Difpute : And Mr. Re- 
inond wi 1 alfo communicate them to others. I have fent him at the 

a Copy o f your Letter, and of that o f Mr. Newton. A f
ter this you will be able to judge, whether the Petulance of fome o( 
your new Friends gives me much Difturbance.

Y  2 A s
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A s to the Problem, of which feme among them have thought fit 

to refolve fome particular Cafes, to fix their Ideas, as they call it *, it 
is probable they have pitched upon fome eafy Cafes. For there are 
fome fuch among the tranfcendent Curves, as well as among thofe that 
are common. But the Bufinefs is to find a general Solution. This 
Problem is no new one. Mr. John Bernoulli has already propofed it for 
the Month of May in the Leipfic Journal, 1697. p. 2 11. And as Mr.
Facto defpifed what we had done, the Propofal was repeated for him, 
and for others like him, in the Journal of May 1700. p. 204. It may 
ftill ferve to this Day, to Jhew fome People, how far they are gone in 
Methods, and whether they have gone as far as we. And, in the 
mean Time, till they find out the Means of arriving at a general So- 

I lution, they may try what they can do in fixing their Ideas upon a par-
I  ticular Cafe, which we here propofe to them in the Paper hereto an

nexed. Its Solution proceeds ftill trom the fame Mr. Bernoulli. So I 
 ̂ hope you will have the Goodnefs, not to give yourfelf up too much to

I the Infinuations of thofe who are oppofite to us ; as when they would
make you believe, that our Problem was eafy to them, lam., S I  
with much ZeaU yours, &c.

t
\ A  Problem containing a particular Cafe of the general Problem, for
V finding a Series of Curves, every one of which is perpendicular to another
I Series of Curves.
I  I'i£ VI- Upon the right Line K G , as an Axis, from the Point A  any Number

' of Curves being conflru5led, fuch as A B D , of fuch a Nature, that the Ra-
dius of Curvature BO , drawn front all the Points B of the fevcral Curves, 
may be cut by the Axis A  G in C, alway in the fame given ratio : That is, 
that it may be as BO to BC, fo is m to n. Now let 'Traje¿iories be con- 

 ̂ ftruUed fuch E N F , that may cut the former Curves AViD at right Angles.

. I'jc. r -  Thus far this Letter.'] Mr. Leibnitz firft propofed the general Pro-
i ’ blem to V Abbe Conti in thefe Words ; To find a Line BCD, which

may cut at right Angles all the Curves of a determinate Series of the fame 
>* Kind \ for Example, all the Hyperbola's, A B , A C , A D , which have the

fame Vertex and the fame Center \ and this by a general Method. And in | 
I the Afla Euriditorum for OBober, 1698. p. 470, 4 7 1. he calls the Curves f
H in this determinate Series, Curves given as to their Ordinates, and given
if ^  Pofition, and given in Pofition as to their Ordinates. And by all this,
^ the Series of Curves to be cut is given, and nothing more is to be found,
^ than the other Series which is to cut it at right Angles. But Mr. Leib-

\ fiitz being told, that his Problem was folved, he changed it into a new
one, of finding both the Series to be cut, and the other Series which is 
to cut it. And the particular Problem, propofed in this Letter, is a 

, fpecial Cafe, not ot the general Problem firil propofed, as it ought to
II ^ave been, but of this new double Problem. And the firft Part of this

,double Problem, {viz, by any given Property of a Series of Curves to
find

JJL E D L
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f i n d  t h e  C u r v e s )  i s  a  P r o b l e m  h a r d e r  t h a n  t h e  f o r m e r ,  a n d  o f  w h i c h  a '  

a e n e r a l  S o l u t i o n  i s  n o t  y e t  g i v e n .  M r .  Leibnitz^ i n  a  L e t t e r  t o  y\x.John 
%rnouUh d a t e d  1 6  December  ̂ 1 6 9 4 .  a n d  p u b l i f l i e d  i n  t h e  A£ta Erudito
rum f o r  05tober̂  1 6 9 8 .  p .  4 7 1 .  f e t  d o w n  h i s  S o l u t i o n  o f  t h e  P r o b l e m ,  

w h e n  t h e  g i v e n  S e r i e s  o f  C u r v e s  i s  d e f i n e d  b y  a  f i n i t e  E q u a t i o n ,  e x p r e f l i n g  

r h e  R e l a t i o n  b e t w e e n  t h e  A b f c i f s  a n d  O r d i n a t e .  T h e  f a m e  S o l u t i o n  

h o l d s ,  w h e n  t h e  E q u a t i o n  i s  a  c o n v e r g i n g  S e r i e s ,  o r  w h e n  t h e  P r o p e r t y  

o f  t h e  C u r v e  t o  b e  c u t ,  c a n  b e  r e d u c e d  t o  f u c h  a n  E q u a t i o n ,  b y  t h e  

b y  S e r i e s  t h a t  a r e  i n f i n i t e  i n  t h e  N u m b e r  o f  t h e i r  T e r m s .  B u t  

}Av.^Leibnitz w a s  f o r  f o l v i n g t h e  P r o b l e m  w i t h o u t  c o n v e r g i n g  S e r i e s .

X X I I L  I n  a n  E p i f t l e  f o r  a n  e m i n e n t  M a t h e m a t i c i a n ,  A£l. L ip f  1 7 1 6 .  Dr. Taylor’j 

I  a m  a c c u f e d  o f  P l a g i a r i f m ,  a s  i f  I  a r r o g a t e d  t o  m y f e l f  t h e  I n v e n t i o n s  

o f  Bernoulli a n d  o t h e r s .  L e t  t h e m  p r o d u c e  t h e i r  E x a m p l e s ,  a n d  t h e n  nouHi, t i .  360. 
t h e y  i h a l l  h a v e  a n  A n f w c r .  ’ T i s  t r u e  I  h a v e  t r e a t e d  o f  m a n y  T h i n g s  p. 9 5 5 ,  

i n  c o m m o n  w i t h  o t h e r s ,  b u t  I  h a v e  b y  n o  M e a n s  u f e d  o t h e r  M e n s  I n 

v e n t i o n s  a s  m y  o w n .  I  h a v e  e v e r y  w h e r e  u f e d  b y  o w n  A n a l y f i s ,  ( i f  y o u  

w i l l  e x c e p t  t h e  P r o b l e m  o f  I f o p e r i m e t e r s ,  o f  w h i c h  M e n t i o n  f h a l l  b e  

m a d e  h e r e a f t e r )  t h a t  i t  c a n n o t  b e  f a i d  i n  a n y  w i f e  I  h a v e  c h e a t e d  o t h e r s .

T h e y  f h o u l d  h a v e  n a m e d  t h e i r  A u t h o r s ,  f r o m  w h o m  I  h a v e  t a k e n  m y  

M e t h o d s .  I  h a v e  f o  g r e a t  a  V e n e r a t i o n  f o r  t h e  i l l u i l r i o u s  N a m e s  o f  

Huygenŝ  de VHofpital, Varignon, Leibnitz., a n d  o t h e r s ,  t h a t  I  c a n n o t  

t e l l  b u t  t h a t  I  h a v e  e r r ’ d  o n  t h e  c o n t r a r y  S i d e ,  w h e n  I  m a y  f e e m  t o  

h a v e  b e e n  w a n t i n g  t o  m y f e l f ,  w h o  a l w a y s  t h o u g h t  i t  a n  H o n o u r  t o  m y -  

f e l f  t o  q u o t e  f u c h  M e n  a s  t h e f e .  P e r h a p s  t h e r e  m i g h t  b e  a  l i t t l e  L a -  

z i n e f s  i n  t h e  M a t t e r ,  t h a t  b e i n g  w h o l l y  i n t e n t  u p o n  T h i n g s ,  I  n e g l e d t e d  

l i t t l e  P i e c e s  o f  H i f t o r y .  Y e t  I  h o p e d  I  c o u l d  n o t  f a l l  u n d e r  t h e  

S u f p i c i o n  o f  f u c h  a  F r a u d ,  f i n c e  t h e  c e l e b r a t e d  W o r k s  o f  f u c h  g r e a t  

M e n  w o u l d  e a f i l y  d i f c o v e r  i t .  W h a t  P r o b l e m s  I  h a v e  t r e a t e d  o f  i n  

c o m m o n  w i t h  Bernoulli a r e ,  o f  t h e  F u n i c u l a r i a ,  o f  t h e  C e n t e r  o f  O f c i l l a -  

t i o n ,  a n d  o f  I f o p e r i m e t e r ’ s .  I n  t h e  t w o  f i r f t  I  h a v e  u f e d  m y  o w n  

A n a l y f i s  e n t i r e l y .  I n  t h e  I f o p e r i m e t e r s  I  u f e d  t h e  A n a l y f i s  o f  t h e  A u 

t h o r  James Bernoidli., a  M a n  v e r y  d e f e r v i n g  i n  M a t h e m a t i c k s ,  t o  w h o m  

I  n o w  p a y  t h e  H o n o u r  w h i c h  i s  d u e  t o  h i m .  M y  S o l u t i o n  o f  t h e  P r o 

b l e m  c o n c e r n i n g  t h e  C e n t e r  o f  O f c i l l a t i o n  w a s  c o m m u n i c a t e d  t o  m y  

f r i e n d s  e v e r  f i n c e  t h e  B e g i n n i n g  o f  t h e  Y e a r  1 7 1 2 ,  a s  I  c a n  a p p e a l  t o  

t h e  m a n u f c r i p t  L e t t e r s  o f  D r .  Keil f o r  W i t n e i T e s .  A s  a l f o  m y  B o o k  

w a s  i n  t h e  C u f l i o d y  o f  t h e  R o y a l  S o c i e t y ,  a n d  c o m m u n i c a t e d  t o  a l m o f t  

a l l  o u r  M a t h e m a t i c i a n s ,  f r o m  t h e  M o n t h  o f  April o f  t h e  Y e a r  1 7 1 4 ;  

w h i c h  I  t h o u g h t  n e c e i l a r y  t o  m e n t i o n  h e r e ,  l e f l :  Bernoulli f h o u l d  c l a i m  

a l f o  t h a t  S o l u t i o n  t o  h i m f e l f .  H i s  t w o  S o l u t i o n s  a r e  e x t a n t  %  b o t h  

p u b l i i h e d  i n  t h e  f a m e  Y e a r  •, t h e  l a t t e r  o f  w h i c h  f o  p e r f e f t l y  a g r e e s  

w i t h  m i n e ,  a s  t o  i t s  P r i n c i p l e s ,  t h a t  y o u  w o u l d  f w e a r  t h e y  w e r e  b o t h  

i n v e n t e d  b y  t h e  f a m e  P e r l ó n .  T h e  M a t t e r  o f  t h e  I f o p e r i m e t e r ’ s  w a s -

* One in the i i / Journal o f Ju7ie, the other in the Memoirs of the French Academy 
'Or Augujl,

f i r f t .
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ir ft  invented by James Bernoulli, as liinted above. His Solution with 
the Analyfis is extant in the Journal ior the Year 1701. His
Brother’s Analyfis is extant in the Memoirs of the Royal Academy of 
Sciences for the Year 1706. A  Solution is alfo extant in my Book. 
Bernoulli has lately publiihed a Commentary about the fame Subjeit in 
the Leipfic Afts for the Year 1718. There, leaft he ihould feem to do 
the fame Thing over again \  he fpitefully endeavours to detrad, not 
only from mine, but from his Brother’s Solutions alfo, objefting Pro
lixity to his Brother % and Obfcurity to me  ̂ H e promifes every 
Thing that is great of thofe his new Undertakings % and by the Help 
of a certain Principle, fetch’d from the Law of Uniformity, which no
body has hitherto obfcrved, he will compleat the whole Matter almoft 
without Calculation, and with very little Trouble. But I know not 
by what Fatality, in this Matter about the Ifoperimeters, Bernoulli ne
ver finds the Gods propitious. For firjl, that former Analyfis of his 
from Beginning to End makes only one continued Blunder. Se
condly, that fo much boaited Principle of his,' fetch’d from the Law of 
Uniformity, which nobody has hitherto obferved, (for fo he boldly af
firms) has already been obferved by me. Laftly, the Analyfis which he 
here exhibits as a new one, is merely that of his Brother. For it is the 
Precepts which make the Analyfis, according to which the Calculation 
is afterwards performed; which is not itielf the Analyfis, but only the 
Inftrument of the Analyfis. The Precepts being once laid down, every 
one eafily performs the Calculation, each in his own W ay, one more 
copioufly, another clofer or neater, according as his Genius direds.

P. 16, iifi. Therefore for thefe and other Reafons, I lhall not feem to do the fame 
Thing over again, is’f.

'  Here the Reader will find no Rocks, which the operofe Analyfis o f my Brother throws 
in his Way, and the Intricacies and Thorns of third Differences, with which the Way is
every where befet ; he will find no fuch Things in my Method.------Neither has he to
fear the Prolixity o f my Brother’s Calculation, nor the Obfcurity o f  Taylor %, which is
equally offenfive and troublefome, p. 1 8 .------which my Brother has deduced by his moil
operofe Analyfis ------ not only thole Things which were formerly propofed by my Brother
with great Pomp, and folved with no lefs Labour and Difficulty, I have folved by the 
Law o f Uniformity alone, without any Analytical Calculus,

■* See the foregoing N o te----alfo what is now taken from p. 18.
"  Publick will give him Thanks, that I have had Occafion of

pubhlhing fuch 'I'hings now, which perhaps, with many other Things, might have lain 
buncd for ever in my Papers, altho’ they will not a little enlarge the Boundaries o f the 

iubhmcr Geometry, p. 17. What was omitted there by Incogitancy, I ihall here make 
Amends for, by a new Method of Solution, which difpatches Problems with fingular Fa
cility not only all thofe which my Brother propofed concerninsr Ifoperimeters, but innu
merable others o f a like K i n d , ------ by Help of a certain Principle derived from the
Í.3W 0Í Lniformity, which no one has hitherto obferved, by the Infpedion o f the Figure 
alone, and almoft without any Calculation, I ihall deduce Equations for Curves required, 
that offer themfelves as it were of their own Accord, as in Note I ihall not feem to 
do the fame T h in p v e r  again, if  m this Argument, which is difficult o f itfelf, I (hew a 
Way orM e^ od that is Ihort, plain, clear, and eafy, by which any one, endued but with 
a moderate Capacity, may arrive at thofe abftrufe Truths, not upon the Credit o f others, 
but be convinced w ith his own E y e s , fo that, iS t,  as in No^e ^

It
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It muft not be denied, that Bernoulli has made the Calculation more neat 
a n d  elegant, but he has done it in his Brother’s Analyfis and not his 
own. Nor is it to be doubted but that his Brother, if he had lived till 
now, would have illuftrated this Matter as well. W e faid before, that 
the Analyfis confifts wholly in the Precepts ; but all the Precepts are 
his Brother’s. For that he confiders a little Arch of the Curve requi
red, as compofed o f three little Elementary right Lines, is wholly ow
ing to his Brother, as he himfelf has confefs’d  ̂ That from the given 
Length o f that  ̂ little Arch he feeks the ratio o f the Differences o f the 
Ordinates in his Lemma’s, is from his Brother. That he feeks the 
fame ratio over again, by fuppofing the little nafcent Area, compofed 
of the Funftions as he calls them, to be either the greateft or leaft, is 
from his Brother. Lajll)\ that from that double ExpreiTion o f that 
iame ratio he obtains the Equation, by which the Nature o f the Curve 
fought is determined, is from his Brother. But thefe are the Things 
which conilitute the Solution : Therefore the Solution is entirely his 
Brother’ s. I faid that I heretofore made Ufe of that Principle, which 
Bernoulli arrogates to himfelf with fo much Oftentation. Here are 
two Examples of it in the fame Page. In Page 113. of my Book are 
found thefe.

m in
' :_______i r . i . . .  - r  mBut —  is a new Value o f • Whence ^  will be 

R R  R  R ' R
t 9

a given Quantity. ' Here it is as clear as the Light, that in this Place, .
m
t

from obferving the Uniformity o f the ExpreiTions__and I Cott
i i  R9

eluded that ^ i s  a given Quantity, I did the fame in what follows: 
R

m n , m nn m nn
" ffi " '  '

Suppofe ^  ^ — s where that the :

m n n  mnn

Uniformity might appear between-the fb rm /rf,— 5— a n d — 5 - ’ I
K  K9

transform’d the Equation. I fancy you will now perceive how happi
ly I have penetrated into Bernoulli^ profound Mylteries. W ill he fay 
that this is obfcure too

 ̂ N o tio n  o f  a very Ihial] A rch ,

Now



i6 8  Taylor’i Apology againjl J. Bernoulli.
Now I come to the firft Part of my Undertaking, which is to fliew, 

that Bernoulli's former Analyfis was extremely corrupt, hrjt  by a Sub- 
ftitution, which is ridiculous enough, fetch’d I fuppole from his pro* 
found Speculations, he transforms the Equation ^ 0  x ^ R O  — ou:x 

into this/'O  X A i’ F r r  ?>« X ; which in a particular Cafe, 
(that is, when the Fundions are as the Squares of th<̂  Ordinates) comes 
to this, that at the fame Time F O  x R O  =■ <?'<> x ?», and P O  y. PF  
=  9ft) X -Tf. Whence it follows that P F . R O  I! -r® . But this is 
impofiible, bccaufe it is P F  ^  R O  (a or elfe P F  '7' R O

^  ; neither of which can be reconciled with the propofed Ana
logy. For Ú' P F  ^  R O  f'o ^  ^9 by the Analogy it will be alfo 

f« (bccaufe oi' P F R O )  contrary to the Hypothefis. Or if 
P F  ■p' RO 'T9, by the Analogy it will be alfo t con
trary to the Hypothefis. Secondly-, he very unskiliully fuppofes the 
Curvature in F  to be to the Curvature in e, as ® 0  to FO  •, fince there is 
nothing in the whole Analyfis that can reftrain this Property to the 
Point O, father than to any other Point ® in the little Arch F O  ta
ken any wherc : Nor indeed can Curvitude be eilimated in fo ridiculous
a Manner. Thirdly  ̂ with but httle Skill he makes m « =  a', n l ^y^ 

and m I = -i^  i when they ought to ht mn ^ x., n l z=i ^ and
X

I z=. I L .  Lajlly., what is woril of ail, to thefe very erroneous Prin-VÍ
2 X

ciples he has affix’d a very pcrfeél Conclufio/i. I fay this in the firil 
Problem ; for in the fecond the OfF-fpring is more worthy of fuch Pa
rents. You imagine that I am only expofing fome of Bernoulli'?, old 
obfolete Blunders: But it is not fo, for thus he goes on. “  A ll thefe 

Things I have laid-by a good While, and now difcufling them over 
again very accurately, I have weigh’d them in the Scale of a fevere 
Examination And it is to be noted, that the Solution o f the firft 

“  Problem, in my Paper inferted in the Memoirs of the Academy, 
“  p. 235. is perfeáily right Therefore he has again adopted his old 
Miftukes. Now perhaps any one would enquire, by what Right he 
oretends to the firft Rank in the fublimer Analyticks, with fuch a ftub- 
Dorn Ambition So that nobody can make any Advances in it, but he 

muft be immediately accufed of having penetrated into Bernoulli^ prô  
founder Science'. Whence does it appear to be true, what has been 
lately affirm’d by fomebody, that the Rules now extant in the 7>eaiife 
Analyfe des Infiniment Petits  ̂ were firft derived from Bernoulli ? That

* P. *6. P. 17. ‘ P. 18. See aJfo Ep, for an em inent M athem atician,
and Bernoulli % ow n W ritin g s alinoft ev ery  w h ere.

 ̂ He allows the Marquis de t underltood that Method, and knows that illuilrious 
Perfon learn’d it from the great Bernoulli ; and is well allured, that the Rules in the (aid 
Book (the Analyfis of infinitely fmill Quantities) owe their Original to tiie famcu. Bei‘  
toulii. A il. Liiff. Ann. 1718. p. 4.64.

the
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' the Praife ufually given to the moil excellent Marquis áe VHofpital  ̂
muft be now transfer’d to his Preceptor ? Is fuch a Man fit to teach 
others the Rules of Differencing Differences ? W ith many other Things 
which there is no Occafion now particularly to enumerate.

X X IV . Twelve Years ago I undertook the Defence of that learned 
Man Mr. James Gregory my Uncle, againil the Calumnies o f Abbot 
Galloyfe ; who alfo impeached before the learned World the great Dr. D.Gregory.n. 
Barrow  ̂ as if he had ftolen from Robervall his Propofitions concerning 308. pr:2 ;(). 
the Transformation of Curves. Now fince Galloyfe thought fit to 
revive the fame Controverfy again % give me Leave again to vindicate 
my Uncle’s Reputation.

Robervall lived feven Years after Gregory'?, Book was publifhed. H e 
that was catching at every little Advantage, was challenging every Thing 
to himfelf, and would leave no one in quiet Poffeffion oí his own ; 
would he liiffer himfelf to be rilied o f his Propofitions, while he was 
alive and had the Ufe of his Eyes  ̂ But Galloyfe fays, he did not fee it, 
he read no new Book all that 7'ime, he patiently fuffer’d himfelf to be 
robb’d of all his Difcoveries, he gave up his Fame together with his 
Mathematicks. I wonder with what Face he can throw out fuch Fic
tions as thefe, which can fo eafily be refuted. There is fo little Truth 
in his Affertion, that from the Year 1668, Robervall lived in Retire
ment, remote from the Converfation of learned Men, and had renoun
ced his Mathematical Studies •, that from the Year 1670, he was a Pro- 
feflbr of Mathematicks in the Academy of Paris, and communicated 
to the Royal Academy of Sciences his Invention of a 7iew Balance  ̂
as their A6ls teftify, which were publiOied for that Year  ̂ Therefore 
Robervall was prefent at the Affemblies of the Academicians; and if  he 
then read nothing himfelt, yet can it bs thought he heard nothing in 
Converfation about Mr. Gregory  ̂ Inventions, which were then fo cele
brated in France ? Did he hear nothing about them from Mr. Huygens  ̂
who at that Time difputed very eagerly againil Gregory among the Aca
demicians ' ? But if  there was no Familiarity between him and Huygens  ̂
as Galloyfe affirms, (perhaps becaufe he was difpleafed that Huygens has 
found out the chief and moil ufeful Property of his Trochoid) could he 
hear nothing for the whole Space o f feven Years, from all tjie reil of 
the Academicians ? Or if  he did hear, did he make no Complaint to 
his Brethren and Friends ? W ho can believe he had fuch a Contempc 
for Fame, that has but once heard o f his Squabbles with the Italiansy 
with his own People, and with every body ? If of a fudden he was be-

* In the mean Tim e it may be concluded, that he, together with M r. Nenvtor. at the
that Error, till at laft they were deliver’d from it by the Ufe o f

Differentialis, and were taught the Rules o f Differencing Differences by the fa- p. 5̂5.  ̂ ¿ i/ y
 ̂ Memoirs o f the Jcadcm. for 1693. Memoirs c f  the Acad, for 1705.

des S(avan.<, /fa. 1670. ‘ Journal da '.'itívuví.Jn. 160S.
IV. ■ Z coinc
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come fo indolent, and íb indifferent to Reputation, that he could eafily 
fuffer to fee all his Dilcoveries afcribed to others; and that what he had 
happily invented rather to lie dormant in his Kcritoire  ̂ than to bring 
them to L ig h t; H ow could it be that Gregory ihould ileal thefe Things 
from him ? L tt us fee by what Strength of Argument Galloyfe proceeds 
to fix this Accufation upon him. Firji (fays he) it appears % that this 
Method for the ‘Trawformation of Curves  ̂ which was invented by Rober- 
vall, was known /«Italy before the Tear 1668 ; Torricellius, who 
died An. 1647, tejlifies in his Letters, that it was communicated to him by 
Robervall, Secondly, the Adverfary, however unwilling, is obliged to 
confefsy that this Method is the fame with that of Gregory. Thirdly, it 
mufl therefore appear v e r y  probable, that Gregory, when upon his Travels 
in Italy, might learn this Method from the Italians, which had been fo long 
known in Italy.

That this Method, which came out in the Year 1692, under the 
Name of Robervall, is the fame as that which Gregory had publifhed 24 
Years before. Prop. XI. Math. Univerf as it is plain to any one that 
views them both, fo I had granted it without any Hefitation. Indeed I 
faid, that in the Writings of the French, wherein it is afcribed to Rober
vall, it was drefs’d out with a miferable and lhameful Demonftration. 
But that it was the fame with that of Gregory, I never once queftion’d, 
nor made any Difpute about i t ; tho’ Galloyfe made this the chief Point 
of the Controverfy, and triumphs as th'o’ I had yielded him the Viélory. 
But I by no Means grant him, either that it was known before to the 
Italians, or that it was communicated by them to Gregory. For how 
does it appear that it was known to them ? Becaufe Robervall had com
municated it to "Torricellius. H ow does this appear ? From the Letter 
of "Torricellius himfelf But where is this Letter ? Galloyfe has it. When 

t* was it wrote ? About 60 Years ago. Where has it been hid fo long ?
Where all wonderful Things are hid, in Robervall's own Treafury. Whe
ther this Epiftle is genuine or no, or whether there be any fuch Thing 

I"’ or no, we muft not prefume to doubt, fmce there are fo many credible
WitnelTes. But by what Literary Monuments does it appear, that "Tor- 
ricellius communicated thefe Inventions to the Italians ? About this there 
is ilill a profound Silence. Or it he had imparted thefe to any, they 
might by this Time have been quite extind and unknown, fince T'orri- 
cellius himfelf had been dead 20 Years bctore Gregory went into Italy. 
Or if they had not been yet out of Memory, Galloyfe ihould tell us, who

Í among the Italian Mathematicians imparted thefe Secrets to Gregory,
which had been intruftcd to him by Torricellius. Perhaps he will fay, 
(tor he can take the Liberty of faying any Thing) that they were' 
known to many in Italy. But would the Italians truit thefe Geo
metrical Secrets to Gregory, a meer Foreigner, which they had con
cealed from every body for 20 Y e a r s W o u l d  he dare, in the Midft of 
Italy, (for his Book was printed at Padua) publifli Things as liis own, 
which he had but juft learn’d of the Italians ? Or if  he had been fo de-

8 Oeuvre! da M athm .pa Mejf. di I  Acad. Roy.
void
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Account o f  Books  ̂ &c. omitted. 171
v o i d  o f  S h a m e ,  c o u l d  h e  h a v e  d o n e  i t  w i t h o u t  b e i n g  c e n f u r c d  b y  t h e  

Italianŝ  w h e r e a s  h e  w a s  r a t h e r  a p p l a u d e d  b y  t h e m  ?  T h i s  I  c o n f e f s  i s  

beyond m y  F a i t h  t o  b e l i e v e .

X X V . A  Paper omitted.
L o g o m e t r i a ,  au6tore Rogero Coteŝ  Trin. Coil. Cantab. Soc. Aftron. 33». p.

&  P h .  E x p .  p r o f e i T o r e  Plumiano, &  R .  S .  S .

X X V I. Accounts of Bookŝ  & c. omitted.
1 .  Lexicon 'Technicum, o r  a n  U n i v e r l a l  EngUJh D i d i o n a r y  o f  A r t s  a n d  N .  2 9 2 ,  

S c i e n c e s ;  e x p l a i n i n g  n o t  o n l y  t h e  T e r m s  o f  A r t ,  b u t  t h e  A r t s  t h e m -  P -  ‘ 6 9 9 .  

f e l v e s ,  b y  J . Harris  ̂ M .  A .  a n d  F .  R .  S .  Folio  ̂ 1 7 0 4 .

2 .  Euclidis q u e  f u p e r f u n t  o m n i a  G r .  L a t .  e x  R e c e n f i o n e  Bavidis Gre- n. 289 
gorii M . D .  A f t r o n o m i s e  p r o f e i T o r e  Saviliano, &  R .  S . S .  Oxon.iyo^. Folio, p .  1 5 5 3 .

3 .  Apollonii Pergcei C o n i c o r u m  L i b r i  o 6 t o ,  &  Sere7ii Antiffenfis d e  S e c -

t i o n e  C y l i n d r i  &  C o n i  L i b r i  d u o .  Fol. R e g .  e  T h e a t r o  Oxon. 1 7 1 0 .  p .  7 3 2 ! ’

The 5 ' ' ' ,  ó ' * * ,  and 7 ' * ’  Books of A p o l l o n i u s  are here tranjlated out of A r a b i c  

frotn a MS. by Dr. H a l l y ,  in which Language they are only to be found \ 
who has alfo endeavour d to rejlore the 8'*' Book, which was wholly loft.
The G r e e k  Text of S e r e n u s  A n t i í T e n f i s  was never publifh'd before.

4 .  D e  Locis Solidis f e c u n d a  D i v i n a t i o  G e o m e t r i c a ,  i n  q u i n q u e  L i b r o s  i n -  j y j  2 9 1

j u r i a  T e m p o r u m  a m i l f o s  f e n i o r i s  G e o m e t r i e  ; A u d o r e  Vincentio ibo-j.
Viviani, M a g n i  D u c i s  Etruria M a t h e m a t i c o  P r i m a r i o ,  &  R e g a l i s  S o c i e t a 

t i s  Londini S o d a l i .  O p u s  Conicum i n  l u c e m  p r o l a t u m .  A n .  1 7 0 1 .  Folio.
5 .  Methodus Incrementorum, A u f t o r e  Brook Taylor, L L .  D .  &  R .  S .  S .  n .

An Error in the 25“’ Propofition of this Book is here correoled by D r.T  aylor. p. 3 3 9 .
T h i s  E r r o r  d o e s  n o t  a f F e é t  t h e  R e a f o n i n g  b y  w h i c h  I  f i n d  t h e  D i i l a n c e

o f  t h e  C e n t e r  o f  P e r c u f f i o n  f r o m  t h e  A x i s  o f  R o t a t i o n  ;  b u t  i t  i s  t h i s ,  

t h a t  I  f u p p o f e d  t h e  C e n t e r  o f  P e r c u i l i o n  t o  b e  i n  t h e  P l a n e  p a l l i n g  t h r o ’  

t h e  C e n t e r  o f  G r a v i t y ,  a n d  p e r p e n d i c u l a r  t o  t h e  A x i s  o f  R o t a t i o n  j  

w h i c h  i s  a  M i f t a k e ,  a n d  i s  c o r r e c t e d  b y  t h e  f o l l o w i n g  P r o p o f i t i o n .

P R O P .  P R O  B . ]  To find the Dijlance of the Center of Percujfion front 
the Plane paffmg through the Center of Gravity and perpendicular to the 
Axis of Rotation.
S O L U T 10N.~] L e t  Figure h t  f u p p o f e d  i n  t h e  P l a n e  p a f f i n g  

t h r o u g h  t h e  A x i s  o f  R o t a t i o n ,  a n d  i n  w h i c h  t h e  C e n t e r  o f  P e r c u f f i o n  i s  

f o u g h t .

L e t  A  B ht t h e  A x i s  o f  R o t a t i o n ,  B  ................... ... ....................................—  E

AG C ht t h e  I n t e r i e d i o n  o f  t h i s  F i g u r e  w i t h  D

t l ^ e  P l a n e  p a f f i n g  t h r o u g h  t h e  C e n t e r  o f  G r a 

v i t y ,  a n d  p e r p e n d i c u l a r  t o  t h e  A x i s  o f  R o t a 

t i o n  ;  G  b e  t h e  P o i n t  w h e r e o n  a  L i n e ,  r a i f e d  a ______ \__

p e r p e n d i c u l a r  t o  t h i s  F i g u r e ,  w i l l  p a f s  t h r o ’  G  C

t h e  C e n t e r  o f  G r a v i t y  ; B E  he a. L i n e  p a r a l l e l

t o  A  G, w h e r e i n  i s  t h e  C e n t e r  o f  Percuffion. T h e n  t o  f i n d  t h e  D i f t a n c e  

l e t  p  f t a n d  f o r  a n  E l e m e n t  o f  t h e  B o d y  p r o p o f e d ,  f t a n d i n g  p e r -

Z 2 pendicularly



1 7 2 -Accounts o f  Books, See. omitted.
pendicularly on any Point D. Draw D  C perpendicular to AGC^ and
A B  will be equal to the Sum of all the Quantities p x G C  x C D  taken 
with their proper Signs, divided by the Body itfelt multiplied into the 
Diilance JG .

Having thus found the Diilance fuppofe the Plane of the Figure 
in Prep. 25. to cut the prefent Figure at Right-Angles in the Line BE^
and the Center ot Percufllon will be rightly determined by that Pro-
pofition.

34 6. Commcrcium EpifioHcum Collinii Cs? aliorum de Analy/i fromota. Pub-
/■J by the Order of the Royal Society, in relation to the Difpute between
V. 162. Mr. Leibnitz and Dr. John KeilU about the Right to the Invention of the

Method of Fluxions, by fome call’d the Differential Method.
This Book confifts of Letters, and other Papers, which pafs’d many 

Years ago between Mr. Collins, Sir Ifaac Newton, Mr. Leibnitz, Dr. Bar- 
Dr. IVallis, Mr. Oldenburg, Mr. J . Gregory ; the Occafion of their 

being publiih’d was this :
The Editors of A^a Ltpfienfia ior January 1705, (in giving an 

Account of Sir Ifaac Newton's Treatife of Quadratures) began to repre- 
fent, that Mr. Leibnitz was the firfi Inventor of the Differential Method, 
and that Sir Ifaac Newton had fubftituted Fluxions for Differences ; Dr. 
John Keill upon this, in a Paper publiih’d in ih&Philofophical ‘TranfatVionŝ  

r/i/. infra {{ox September zná Oílober 1708.*) afleited the Invention to Sir Ifaac
C. IV. S.V. jV(?w/ow, appealing to the Letters which Dr.lVallis had printed in the

Colleftion ot his Works, publilh’d many Years fince. yir. Leibnitz up
on this complain’d to the Royal Society of Dr. Keill in 1 7 1 1 ; whereupon 
the Society appointed a numerous Committee of Gentlemen of feveral Na
tions to fearch old Letters and Papers, and to report their Opinion, 
which was.

That from thcfc Papers it appears, that Sir Ifaac Newton had found 
the Method of Fluxions in or before the Year 1669.

That it does not appear from thefe Papers, that Mr. Leibnitz had the 
Method of Fluxions or Differential Method before the Year 1677.

Dr. IVallis (in the fecond Volume of his Works publifh’d) in 1695,
aflerted the Invention to Sir Ifaac Newton in thefe Words.---- Newtoni
Methodus de Fluxionibus —  quam ego defcripji ex binis Newtoni Literis, 
aut earum alteris, Junii 13, &  Oétob. 24, 1676, ad Oldenburgum datis,
cum Leibnitio tum communicandis ------- ubi Methodum hanc Leib-
jiitio exponit tum ante decem Annos nedum plures [i. e. ann. 1666
vel 1665.] ab ipfo excogitatam---- Several Letters follow’d hereupon,
between Mr. Leibnitz and Dr. IFallis, in which Mr. Uibnitz  did not 
deny tnat Sir Ifaac Newton had the Method 'Ten Tears before thofe Í"wo 
Letters j pretended not that he had the Method fo early ; brought no 
Proof that he had it before the Year 1677 ; no other Proof befides the 
ConceiTion of Sir Ifaac that he had it fo early; affirm’d not that he had it 
earlier; and commended Sir Ifaac Newton for his Candour in this Matter.

When Mr. Fatio in 1699 luggefted that Mr. Leibnitz, the Second In
ventor ot this Calculus, might borrow fomething from Sir Ifaac New-

tOfly
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Sir líaac Newton’í Experimejíts^ 8cc.
the Inventor by niany Years, Mr. Leibnitz^ in his Añfwér in 

Erud. for May 1700, allow’d that Sir Ifaac had found the Me- ‘ 
apart, and did not deny that Sir Ifaac was the oldeft Inventor by 

 ̂ any Years ; and aíTerted tlien no more to himfelf, than that he alio 
S d  found the Method apart, or without the AiTiftance of Sir Ifaac •, 
nor did he put in his Claim to be the firji Inventor, till after the Death 
of Dr. IVallis, the lall: of the old Men who were acquainted with what 
had pafs’d between the Englifh and Mr. Leibnitz forty Years ago. The . 
Doftor died in 05lober 1 703, and Mr. Leibnitz began not to put his 
new Claim héoxt January 1705.

1 7

C H A P .  II.

O P  T  I  C S.

I. ̂  H E  Manner of feparating the primitive Colours of Light to fuch
B a Degree, that i f  any one of the feparated Lights be taken apart^

¿  its Colour fhall be found unchangeable, "jjas not publifh'd before
S/r Ifaac Newton’j  abroad. For want of knotting hew this
was to be done, fojne Gentlemen of the Englilh College at Liege, and Mon- 
fieur Mariotte Í7i France, and fame others, took thofe for primitive Co
lours which were made by immitting a Beam of the Sun's Light into a 
dark Room through a fmall round Hole, and refracting the Beam by a tri
angular Prifm of Glafs placed at the Hole. And by trying the Experiment 
in this Manner, they found that the Colours thus made were capable of Change, 
and thereupon reported that the Experiment did not fucceed. And lately the 
Editor of the A d a  Eruditorum for Qftober 1713,  pag. 447, defired that 
Sir If. Newton would remove this Difficulty. The Objeftions (fays he) 
which have been made by learned Men, both in France and England, 
againft that Theory o f Colours, have been very fuccefsfully anfwer’ d by 
the moil perfpicatious Newton as is abundantly manifeil from the 
Englifh Tranfa5lions, N . 84, 85, 88, 96, 97, 121,  123, 128. Whence 
it is defired by many, that he would be pleafed to explain himfelf upon 
that Difficulty, which was ftarted by the moil ingenious Mr. Mariotte, 
in his Treatife of Colours, p. 207, i^c. who while he lived was a very in
defatigable as well as fuccefsful Enquirer into the Nature of Things. His 
Difficulty was this. A t the Diftance of about 25 or 30 Feet he received 
upon a Paper an entire Ray, let in through a fmall Hole into a darkned 
Chamber, which was tranfmitted through a triangular glais Prifm ; and 
the violet Colour, which poiTefs’d a Space o f above three Lines, he let 
pafs through a Slit o f two Lines, which he received upon another Prifm 
placed very obliquely. When this was done, he obferved fome Part ot 
tliis Light to be changed into Red and Yellow, In like Manner he

found.

Fofne o f  S;i‘
J I'aac N ew - 
to n ’j Expert-' 
>nevts o f  L ight 
and Colours 
repeated, b'/ 
M r. J . T .  D e- 
fairuliers,
N . 348.
P- 433-

Vid. fupra,
V. I. c. III.



found, that Part of this red Light would be changed into Blew and 
Violet. Now if this Tranfmutation is admitted, the whole Newtonian 
Theory muil fall, as is plain from the TranfaSiions for 1 706, p. 60. 
NowMzm//^ took the Diilance of 30 Feet, left in a fmaller Diftance any 
one fhould pretend, that there was not a compleat Separation o f the he
terogeneous Rays, T o  us the Experiment of Mariotte would appear de- 
cifive, if the whole Blue Light had been changed into fome other. 'Thus 
far the Editor of the Aéta. In Anfwer to which it is to be obferved  ̂ that 
the Red and Yellow which came cut of the Viokt, and the Blue and Violet 
which came cut of the Red, might proceed from the very bright Light of the 
Sky next encompaffing the Sun, and that feveral Sorts of Rays which come 

from feveral Parts of the Sun's Body are intermixt in all Parts of the co
lour d Speélrum, which falls upon a Paper at any Difiance from the P-nfm. 
In this Manner of Trial, for making the Experiment fucceed, the Light of 
the bright Clouds, immediately furrounding the Sun, fJoould be intercepted by 
an opake Skreen placed in the open Air without, at the Diflance of ten or 
twenty Foot from the Hole through which the Sun fhines into the dark Room. 
And in the Skreen there fhould be a fmall Hole for the Sun to fhine through, 
The Hole may be cither round or oblong, and not above one eighth or one 
tenth Part of an Inch broad \  fo that the Skreen may intercept 7 1 0 1 only the 
bright Light of the Clouds next encompaffing the Sun's Body, but alfo thegreat- 
efi Part of the Sun's L ig h t: For thereby the Colours will become lefs mixed. 
The Beam of Light ivhich pajfes through this Hole, mv.fi afterwards pafs thro’ 
the other Hole into the dark Room, and the Prifm mufi he placed parallel to 
the oblong Hole in the Skreen, and the refra^ing Angle thereof be fixty De
sees or above. In this Manner the Experiment may be tried with Succefs, 
but the Trial will be lefs troublefome i f  it be made in fuch a Manner as is de- 
fcribed in the fourth Propofition of the firfi Book of Sir Ifaac Newton’j Optics.

Sir Ifaac Newton therefore, upon reading what has been cited out of the 
Atila Eruditorum, defired Mr. Defaguliers to try the Experiment in the 
Manner defcribed in the faid Propofition •, and he tried it accordingly with 
Succefs before feveral Gentlemen of the Royal Society, and afterwards be

fore Monjieur Monmort and others of the Royal Academy of Sciences : 
How this and other concomitant Experiments were tried and fucceeded  ̂ is 
defcribed as follows.

Experiment i.] Having few’d together end-wife two Pieces o f Rib
bon tour Inches long eadi, the one Blue and the other Red, whofe com* 
mon Breadth was 4 of an Inch; I caufed it to be held in fuch Manner, 
that the Light which fell from tlie Clouds thro’ the Window was fo re-

made by the Rays of Light, which came in at 
the Midde 0Í the Window, with the Plane of the Ribbon produced, was 
equal to the Angle made by a Line drawn from the Ribbon to my Eye,
^  ij-uu of the Ribbon. M y Eye was placed as far behind
the Ribbon as the Window was before it, the Diftance from which to 
me was about 12 Feet. Then looking thro’ a Prifm at the Ribbon, it 
appear d broken afunder in the Place where the Blue and Red H alf

join’d»
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j o i n M .  I f  the Prifm  was held with the refraéling A n g le  downwards (or 
laid with one of its Planes fiat upon the Nofe) the blue H a lf  o f the R ib 
bon appear’d to be carried down lower than the R e d , as at 5 , i ?  j but Fig. 36. 
if  the refra(?ting A n g le  o f the Prifm  was turn’d upwards, (as when tlijs 
Prifm has one of its Planes laid fiat to the Forehead) then the blue H a lf  
of the Ribbon was lifted up, as at Q p .

The Prifm was o f white Glafs, having every Angle of 60 Degrees ; 
but when inftead of it, one o f a greenifh Sort o f Glafs, fuch as Ob- 
jed: GlaiTes of Telefcopes are made of, was ufed, having the refraéting 
Angle which I look’ d through of about 48 Degrees; the fame Pnaeno- 
menon was more diftinft, this Glafs having no Veins, but the Red and 
Blue were nearer to a ftreight Line •, in fuch Manner, that if  A  reprefent 
the Ribbon feen through the firft Prifm, B will reprefent the Ribbon 
feen through the fecond Prifm, Fig. 37. If the refrafting Angle o f the Fig. 37..
Jail Prifm had been as great as that of the firft, the Light being tranf- 
mitted through too great a Body of greeniili Glafs, the Phsenomenon 
would not have fuceeeded fo' well.

The blue Ribbon being fomewhat too pale, and the Red a little dull,
I repeated the Experiment with a Skain of Blue, and one of red W oriled 
join’d together in the Middle as the Ribbons were before ; and the Co
lours of both being very intenfe, the Experiment fucceeded better with 
both Prifms. A ll that were prefent trying the Experiment found it to 
fucceed, and that every Circumftance anfwer’ d to the Account given in 
Prop. I. I'heor. i. Book i. o f Sir Ifaac Newton's Optics  ̂ as far as the Di- 
redions there given were follow’d. So that it appear’d that the Blue 
being carried lower than the Red in the firft Cafe, and lifted higher in 
the fecond, was owing to the greater p.efra6lion of the blue R a y : For 
though each Part of the Ribbon or Worfted refieded all Manner of Rays, 
yet the Phasnomenon was very apparent; as alfo that the blue,Ribbon 
or Worfted reflefted the blue Rays more copioufly than the red Rays, 
and that the red Ribbon or Worfted refiedted the red Rays more than the 
blue ones, becaufe the Red of the blue H alf feen through the Prifm was 
lefs intenfe than that of the red Half, and the Blue or Purple of the red 
Half feen thro’ the Prifm was lefs intenfe than that of the bhie Half.

N. B. I f the Ribbon or Worfted is laid upon any enlightened Body,, 
the Phenomenon will not fucceed fo weJl; the Colours of the Body 
feen through the Prifm mixing with thofe ot the Ribbon or Woriled.
Even a black Body will not do, if  Light fall upon it : But there muft 
be a black Cloth behind, in fuch Manner, t4iat no Light falling, upon it 
can be refieéled fo as to difturb the Phsenomenon. And it a lliort- 
fighted Perfon looks through the Prifm, a concave Lens between his 
Eye and the Prifm, will render the Phaenomenon more diftind than it 
would otherwife be.

Exp. 2.] Some Days after the Sun iliining, I made two Holes //, F'g- 3S. 
in the Window Shut S\ j, o f a darkned Room *, through which letting 
tne Sun’s Beams pafs, by Means of tv/o Prifms /I B, (one near each 

^ ^  ■ Hole)



Hole) 1 opened the Rays coming from the Sun into tl^ two coloured
Speilra where the fo llo w in g  Colours were very diitinft,w 'z. red.
Orange, Yellow, Green, Blue, Purple and Violet. Now the Realon of 
their bcine more diftinft than ordinary was, that the Prifms which I made 
Ufe of, were made of the greeniih Glafs mentioned before •, which is very 
free from thofe Veins by which the Colours are too much thrown into 
one another, by the beft white Prifms of the common Sort.

The forementioned colour’d Speilra being thrown into the Room, to 
the Diftance of about 20 Feet from the Window where the Sun’s Light 
came in, I caufcd a Piece of white Paper -27, + inch broad, and 5 Inches 
long, to be held within the refraded Rays (at a Diftance of 10 Feet from 
the Window) which produced thefe Colours in luch Manner, that by
turning the Prifms round their Axis, I could make the red Ray of the 
Spe£irum made by the one Prifm, iall upon one Halt of the Paper, and 
the purple Ray of the Spe£it'uin made by the other Prifm tall upon the 
¡other Halt •, for the Spe£ira were both vertical, the Lines which termi
nated the long Sides of them towards each other juft touching, as ap- 

fig 38. pears in Fig. 38. Then at the Diftance of 9 Foot, looking through the
Prifm C at the Paper t'lus colour’d, the red half appear’d very much 
leparated from the Purple, the one feeming lifted up from the other ; 
the Red or Purple appearing the higheft, according as the refrading 
Angle of the Prifm was either held upwards or downwards. The Phe
nomenon is much much diftinit this Way than any other ; for the Pa
per not only feems divided into two, when it is colour’d by a red and 

I’ig- 39- a purple Ray, but alfo by a red and blue, Fig. 39. by a red and a green
l ‘g- 40- Ray, Fig. 40, or indeed by any two Colours that are diiferent, how near

foever their Places in the SpeElra be to each other. The Halves of the 
Paper appear, when view’d through the Prifm, to be farther trom each 
other, when the Paper is tinged with fuch Colours, as are farther from 
each other in the Series of Colours in the Spe£lnim •, and neareft, though 
ftill divided, when neighbouring Colours fall upon the Paper, as Yellow 
and Green, or a light and a deep Green. But the Paper appears no 

Fig. 4 1 . W ay divided, when colour’d with the Red of the two Spectra., Fig. 41.
if  thofe Reds are equally intenfe; and fo of the other Colours.

Exp. 3.] I held a Lens of about three Foot Radius, at the Diftance of 
fix Feet from the oblong Paper, (on which a red and a purple Ray fall
ing, made it look half red and half purple) and I projedted the Image 
of the faid coloured Paper at the Diftance of about fix Foot on the other 
Side of the Lens, on a white Sheet of Paper; where it was obfervable, 
that when the red H alf was diftinélly painted on the white Paper (which 
was known by the Edges of the Image being regularly terminated) then 
the blue H alf of the Image was confufed : But if  the white Paper was 
brought about two Inches nearer to the Lens, the Image o f the blue 
H alf became diftindt, and that of the red H alf confufed.

I tried the Experiment with a Paper coloured half Red and half Blue, 
the Red with Carmine, and the Blue with Smalt, making the Candle to

enlighten
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enlighten the Paper, (the R oom  being otherwife dark) and the Exp e
r im e n t  fucceeded in the fame M anner. T h e  Experim ent thus made, is 
the fame that Sir Ifaac Newton gives an A ccount of. Book i . Part i, 
fheor. I .  of his Optics. O n ly  it is to be obferved, that when the oblong 
Paper is coloured with R ed  and Blue from the Prifm s, the focal Place, 
where the red Part o f the Im age is  diftinft, is more diftant from the 
Place where the blue Part o f the Im age is d iílinét, than when the Paper 
is coloured with the Painter’s Powders, and m uch more v iv id .

The 4 2 “* F ig u re  Ihews the P ro jed ion o f the Paper tinged with the Fig. 42. 
Rays •, and Fig. 43. the Projeftion of it when painted ; where a black pig. 43, 
Thread is wrapp’d round the red a n d ^ ie  blue Part, that the Diftinélnefs 
of the Image o f the Thread may ihew when the red or when the blue 
Part of the Im age o f the Paper is m o il d iftin il.

N. B. W hen the Candle enlightens the painted Paper, fet an opaque -  
Body as B between the Candle and the Len s *, left the Image o f the C an 
dle being alfo projeóled, ihould difturb the Experim ent.
Exp. 4 .] H a v in g  made an H o le  of Inch Diam eter in the W in d o w - 

Shut o f the darkened R o o m , I  fuffer’d a Sun-Beam  to come into the 
Room, which I  intercepted with a Prifm  at the Diftance o f five Inches 
from the H o le  and after its R efradion in paffing through the Prifm ,
I received it upon a Sheet of white Paper, where it was coloured, m aking  
an oblong Im age of the Sun or Speofrum of about nine Inches in Len g th , 
and two in Breadth •, which Breadth was nearly equal to the Diam eter of" 
the round Im age of the Sun received upon a Paper at the fame Diftance 
from the H o le , which here was 18 Foot. O r if  the Sun be too high, a 
Looking-Glafs being piu; in the R oom  of the Prifm , w ill throw a white 
round Spectrum upon the Paper, which held at the faid Diftance o f 1 8 
Foot, will have its Diam eter equal to the Breadth of the coXouv'áSpeílrum.

The Colours of the Spe£lrum were thefe ; red, orange, yellow, green, 
blue, purple, and violet, though the V iolet was fo faint in this as to be 
Icarce perceivable. See Fig. 44. Fig. 44.

N. B. T h e  A xis  of the Prifm  in this, and all the other Experim ents 
hereafter mentioned, muft be perpendicular to the R a y  that falls on it j 
and the Plane, into which the R a y  enters, muft be held in fuch a Pofition, 
that the A ngle, which fuch a R a y  makes with that Plane when it en
ters, may be equal to the A n g le  made by the m iddle L in e  o f thofe 
Hays which emerge after R efradion, on the other Side of the refrading  
Angle of the P rifm , with the Plane out o f which they emerge. T h a t  
‘s ^ 5 Z)G z=z ^  A E H .

If  the Plane A  C , on which the Sun-Beam  falls, be turned nearer to 
a Perpendicular to the Sun-Beam  than before, the Speilrum w ill be m uch  

: I f  it be more inclined to the faid Beam, the Spe^rum w ill be 
porter, and in both Cafes lefs diftinél. See the Spe5lrum B E  and the Fig. 45,4^1 

p̂ê rum de where H h  reprefents the H o le  in the W indow .ftiut in  
^ ch Cafe ; AC^ a c the Plane o f the Prifm  on which the R ays enter *,

¿ f t h a t  out of which they emerge j P^p  the perpendicular, and 
‘ the refraítíng Angle.
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If the Plane A C  be ftill more oblique to H F, all the Light v/ill be 

reflected, and there will be no colour’d Image or Spe¿trum made by Re- 
fraóbion at all.

But if it be held fo as to be more nearly perpendicular to the Sun- 
Beam than in Fig. 47. the whole Beam w ill indeed enter the Prifm; 
but meeting with B C  the lower Surface of the Prifm, or rather the 
Surface of the Air contiguous to it, fome of the Light will by the Plane 
B C  be refleded to d palling almoll perpendicularly through A B  
and the reil will emerge through iSC, and by Refradion make the im- 
perfedl Speilrum D  E. See Fig. 45.

If the Sun-Beam enter A C  perpendicularly and in the Middle of it 
the Light will be all reflefted as in Fig, 48. fome of it by the Plane
B C t o  R., and the reil by the Plane A B  to p .  But if  the Beam fall
nearer to Â  (ftill perpendicularly) it will be all refleiled by the Plane
A B  if nearer to 5 , it will be all refleded by the Plane BC.

In order therefore to have the coloured Spe£lrum as it ought to be, 
Care muft be taken that the emerging coloured Light may make the 
fame Angle with the Plane iiC , as the immerging Light does with the 
Pianey/C; that is, the Angle A E H  muft be equal to B D G ,  as was 
faid before, Fig. 44. which may alfo be feen on the enlightened Duft in 
the Air. But the beft W ay is to turn the Prifm on its Axis, and at the 
fame Time look at the coloured Speilrumy which will rife and fall and 
become longer and ihorter as you turn your Prifm ; and between the 
Afcent and Defcent of the Image, will appear ftationary ; there ftop 
the Prifm, and the Refledion will be fuch as is required for all the Ex
periments hereafter mention’d.

In order to have the Prifm move freely on its Axis, and ftop any 
where, I fix’d each End of it into a triangular Collar of Tin, from the 
End of which came a Wire, which was the Axis of the Prifm produ
ced -, and fo I laid it on two wooden Pillars, with a Notch on the Top 
to receive the Wires, and fixed it to a fmall Board juft broad enough to 
ftand faft. See Fig. 49.

Exp. 5.] I took the Prifm C D , and thro’ it looked at the coloured 
SpearumRPy which appeared then round and white as at^, juft as if 
it had been the Sun’s Light received on a Paper from the H ole H, and 
feen with the naked Eye. In this Cafe the Prifm C D  muft be held in 
direSum with ABy and the refrading Angles in the two Prifms muft be 
equal. This SpeStrum appearing white but juft in one Point, is not 
fo readily found ; but the beft W ay is to look through the fame Prifm 
A B  which makes the Spe£lrum., which may eafily be done if it be pretty 
long, and then R  P  will be feen wliite and rounds and as at 5, as if 
coming diredly from II. See Fig. 50.

Exp. 6.] I held a broad Lens L  /, ground to a Radius o f 2 f  Feet, in 
iuch Manner that the whole coloured Speilrum fell upon i t ; and after 
Reiradion all the Colours appeared to converge, if received on a Ps" 
per at i but when che Papa- was hel4 in. the Focus at F  in tl̂ e Pofi-

tioo-
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tion the Spe^rum was round and perfdly white by the Union o f
all the coloured Rays. I f the Paper was held at n n, the Colours appear
ed to diverge from each other, but then the red was uppermoil, which 
before ufed to be the lowell, and fo on in an inverted Order.

I tried the fame Experiment with a Lens of one Foot Radius, witii 
one of 9 Inches, and with another o f 7, and the Succefs was the fame.
Sec Fig. 51- where the /¿O, T", G, 5 , B, P , exprefs the Colours. Fig. 51.

B. Care muft be taken that the very End of the Red, and the 
Extremity of the Violet, be taken in by the Lens •, othervvife the Spec
trum will not be perfectly white with the Glafs?s Focus. 1

There is no fixed Diftance of the Prifm from the Lens, but it ought 
to be brought fo near the Prifm, that the two Ends of the Spetlrum 
may fall nearer the Axis of the Lens than the Edges of the Lens be- 
caufe there the Refraélion is not fo regular.

Behind the Lens L , which made the Colours converge into white at 
the diftind Bafe or Focus F, I placed the Lens /, which made the white 
be at /  the diilind Bafe of the two GlalTes combined ; and the Experi
ment fucceeded as before. Fig, 52. ‘ _ Fig. jr.

When the Paper was held in the Focus of the Lens, fo as to receive 
the white Image of the coloured Spectrum projeded by the Lens ; if 
with a Card I intercepted the red Ray, the white appeared tinged with 
purple, and if  I intercepted the violet or purple Ray, or both, the white 
appeared tinged with red ; and if the red was intercepted at tlie fame 
Time, the Spe£lrum appeared to be a Mixture of yellow, green and blue.
If any fingle Colour was fuffered to tall upon the Lens, the reft being 
intercepted, that Colour would continue the lame ; only it would be 
more intenfe in the Focus of the Lens.

Exp. 7.] I took a Board {Fig. 53.) which ftood reclining on a pig. 55; 
Prop /, having an Hole of a Quarter of an Inch Diameter at and be
hind it a Prifm B fupported on two Props as abovementioned, fo as 
to turn eafily about its Axis ; and having fet this Board on the Ground 
with the Prifm behind it at B •, by turning the Prifm A  C about its 
Axis, I firft made the red Ray of the coloured Spe¿írum pafs through the 
Hole/&, and fall obliquely upon the fecond Prifm B. This Ray after 
its Refraftion in pafling through the fecond Prifm, was carried up to 
the Cieling of the Room at the Place marked R  •, then I made the purple 
Ray fall upon the Board, and pafs through the Hole h, as the red had 
done before ; and after Refraótion through the Prifm B  it was carried up 
the Ceiling at P . And the green Ray being afterwards made to pafs 
the fecond Prifm in the fame Manner, went up to G : And fo of all the 
intermediate Rays, which were by this fecond Refraftion thrown to the 
intermediate Places on the Ceiling between R  and P.

Care is to be taken that the fecond Prifm be placed oblique to the 
Rays which come through the H ole left they be refleóled, as they 
^ould be, if  the Board being in the Pofition ^ 5, and the fecond 
í*ñfra in the Pofition L N M ,  the Ray from the firft Prifm be ; for
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Fig- 54* then it will be reñefted upwards to <r inftead ot being refradbed. Fig. 54.
Neither muft the Plane of Immerfion be too oblique, left the Incident
Ray be reflefted downwards by it, as the Ray  ̂ is by the Prilm B

Fig- Sv thrown to £ , in Fig. 55. Several have conteiTcd to me that they at
firft ufed to fail in this Experiment, for want of fetting the fecond Prifm 
in a due Inclination.

Though the Colours by the fecond Refraótion on the Ceiling appear
ed unclianged, when feen by the naked Eye, yet if  viewed through a 
Prifm, they afforded new Colours, (except Ibme Part ot the Red, and 
lome Part of the Violet) which was owing to their not being fully fe- 
parated •, for which Reafon I made the tollowing Experiment, to prove, 
that if the Colours be well feparated, they are truly homogeneal and 
unchangeable.

TV. B. When the Prifms are good, and no Clouds are near the Sun, 
the Extremity of the Red or Violet will afford unmixed Colours in this 
Experiment •, otherwife not.

Exp. 8.] Having made a Hole in the Window-Shut 2 Inches wide. 
Fig. 56. I applied to it a Tin-plate, which Hiding up and down hid all this 

Hole in the Wood, and only tranfmitted a fmall Beam througli its 
own Hole //, whole Diameter was =  ,‘s Inch. This Beam, by 
Means of the Looking-Glafs placed on the Board of the Win
dow X I refledled horizontally to the other End of the Room. 
But to correft tire Irregularity of the Reflettion of the Looking-Glafs, 
I made Ufe of the Frame of Palte-board Z’ which had an Hole in it 
h of Inch likewife •, and placing it at I fuffered fome of the re- 
fleftcd Beams to pafs through it, fo as to fall upon the Lens F E  (con
vex on both Sides, and ground to a Radius of 4 4- Feet) at the Di- 
ftance of 9 Feet, fo that ^ e  Image of the Hole h was projefted to /  
on the other Side of the Glafs, at the Diftance of 9 Feet more. Juil: 
behind the Lens, which by a Screw in the Stand S mi^ht be raifed or 
fet down, fo as always to receive the Beam along its Axis, I placed a 
Prifm y/ (upright on one of its Ends and eafily moveable about its Axis, 
by reafon of its Wire turning freely in an Hole in the folid Piece of 
Wood íT, which ftood on another Stand behind the Lens) as near as I 
could to the Lens EF^ fo that the Image of h inftead of being round, 
white, and projefted to /, was caft fidewife on a white Paper ftretched 
on a Fraine, and appear’d coloured, and 30 or 40 Times its Breadth, 
as at M N . The Colours in this Cafe were very vivid and well iepa- 
rated, only the Violet had fome pale Light darting from its End, upon 
Account of fome Veins in the Prifm A, and the Light not coming di- 
rcélly from the Sun, reflefted ; which ought not to have been, if the 
Sun had been low enough to have thrown the Rays a good W ay into 
the Room without the Help of a Looking-Glafs.

T o  fhew that the Colours in this SpeSlrum were fimple and homogé
nea! Lights, I made the iollowing Experiments.

Exp.Q.^ Having made an Hole i? in the Paper which received the 
coloured Speífrum, I íuffer’d the red Light to pafs; which being re

fracted
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An Experiment to con frm  the DoEirine^ See, 181
f r a i t e d  by a fecond Prifm, fell upon anothej Paper a t  T ,  where i t  ap
peared ftill red, whether feen with the naked Eye or Prifms o f different Fig. 57. 
refracting Angles. T o  the Eye which faw it through the Prifm F, it 
appeared indeed lower as at /, but red, round and unchanged. I made 
the Experiment upon all the Colours, which by this Means appeared to 
be fimple and homogeneal. See 57. where the fame Letters denote 
the Lens, Prifm and firft Paper.

Through the fame Lens and Prifm the Spe£irum was made to fall on 
a Book •, then through the Prifm F  it appeared unchanged ; and the 
Letters in the Book which crofs’d the Spehriim were as diitinft as when 
leen with the naked Eye. Seeî ẑ -. 58. Fig, $5.

B. The Axis of the Prifm F  ought to be perpendicular to the 
lono- Axis of the S-pebirum sm thrown on the Book, which will appear

nt ff y. *, and the Prifm in the Pofition reprefented at F, with its flat 
Side towards the Nofe : For that is the moil convenient Pofition for 
looking at the SpeSlrum in thefe Experiments.

I fuffer’d the purple Ray only to pafs through the Hole h, and fall 
upon a Book at P , the Letters of which appear’d at «r, and were as di- 
Itind through the Prifm ^ a s  when feen with the naked Eye ; and I had 
the fame Succefs with all the other Rays. See Fig. 59. Fig. 59.

But if a Sun-beam as r comes through the Hole H  direélly upon the 
Book at ¡V, an Eye looking at it through a Prifm at X  will fee this 
Beam at r  oblong and coloured, and the Letters on which it falls, 
confufed. See lig . 59.

N. B. The Lens ought to be very good, without Veins or Blebs, and 
ground to no lefs a Radius than I mention’d in the Experiment; though 
a Radius of a Foot or two longer is not amifs. The Prifm ought to 
be of the fame Glafs as the Objeft-GlaiTes of Telefcopes, the white Glafs, 
of which Prifms are ufually made, being commonly full o f Veins. And 
the Room in thefe laft Experiments ought to be very dark.

A tew Days after, having got very good Prifms made for the Pur- 
pofe ot the abovementioned Glafs, I made all the Experiments over 
again, before feveral Members of the Royal-Socieiy, with better Succefs i 
and had the Spe5lruyn very regularly terminated, without any pale L.ight 
darting .from the Ends of it.

For a further Account of Experiments to this Purpofe  ̂ fee Sir Ifaac New- 
ton’j Optics, Book I. Part i. to which I might have referr’d the Rea
der altogether ; but that I was willing to be particular in mentioning 
fuch Things as ought to be avoided in making the Experiments above- 
mentioned ; fome Gentlemen abroad having complained that they had 
not found the Experiments anfwer, for want of fufficient Diredions in 
Sir Ifaac Newton^s Optics ; though 1 had no other Directions than what Expen-
I found there. jirm the Uoi- 

trine o f ^ -
 ̂II. After the Experimentum Crucis made by two Prifms, I ihould not frangibihty, 

give the following Experiment, but that it is fo eafy to be made, that
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by it thofe who want the Apparatus (or are unwilling to be at the 
Pains) to make the Bxptrimentum Cruetŝ  may at any Tim e fatisfy them- 
feives of the Truth of the forementioned Doftrine.

I .et the Candie A  be fet before the Bar of a Chimney Looking-Glafs, 
Fig. 6̂ . fiich as is reprcfcnted by ////, Fig. 60. which is a Piece of Looking-

Glafs. Plate confiilihg of four Planes, feen in the Sedion o f it «/¿.0, 
VÍ7. which is quick-filver’d behind,/as a Plane parallel to it, 
one of the Side-planes bc-zzell’d towards d or inclined to it in an 
Angle of about 40 Degrees, (though from 30 to 40 will do, but the 

? greater the Angle the better, if it does not exceed 45̂ .̂) ¿t.S the other
t Side-plane inclined in the fame Angle to 0 d.
1 The Rays of the Candle which come from A  to y  fall obliquely on the
Í Plane a. H, i'o that inllead of going on to they are by Refraélion made
P to incline more towards the Perpendicular p />, namely, to go on in the
¿ Line y <r, and then arc' refleded from the Point c on the quick-filver’d
2 • Surface, in the Direélion fK, fo as to make the Angle k c d =  y c e.
J Now us the Rays which would go to *, if not refraéted, emerge

obliquely from the Plane a/? they leave the Diredion f  x, and decline 
'I from the Perpcnuicuhr -r x, and, being differently refraded, open into
; four differently colour’d Rays, viz. a red Ray, a Ray made
 ̂ up of orange and yellow ; ¿ G B  a. Ray made up of green and blue, or

a Sea-green, and ¿ P a  purple Ray.
If from the Place E e you look full upon the Point b, the SpCuirum or 

Image of the Candle at b will appear double ; but not mixed ; that is,
I tiiere will appear a Sea-green Spot, and a red Spot, as it were, one upon

another, but not fo as to produce a mixed or intermediate Colour. 7 hen 
it the right Eye or Eye at £  be iliut, there will appear only a green 
Spot to the Eye at (f; if the Eye at <? be fhut, the Eye at E  will fee only 
a red Spot.

If you come nearer to f(j that the Eyes a t« i ,  g 2 receive the moil 
and the leafl refrangible Rays, there will be a double Spe£lrum  ̂ viz. a 
red and a puqjlc one juft touching, or upon one another : And the Phae- 

Fig. 60, nomenon will anfwer as before. Fig. 60.
I keeping both Eyes open, you dired their Axes towards O a Point
f 'S- *• nearer than the ufual Place of the compound Speiirum Fig. 61. which
I Point is in a Line from the Nofe N  to the Point S *, or in other Words,
, if  you look full at O, or at the End of your Finger held in O, the red

Fifr. purple5 pot) will appear to be divided from each other
• after the Manner reprefented at ^ r in Fig. 62. where the red will appear 

|l to be on the Right-hand, and the blue on the Left.
[' by feeing the Spetlra p and r whilil we
- ^   ̂ Leave to explain the Dillindion between looking and

filing ; that I may the better fhew how this Phicnomenon proves that the
Senfation o f different Colours is caufed by Rays differently refi 

Difim tm  I.} The Optic M h  is a Line which, going thro’
refraéted. 

gomg tnro’ the Center
ot
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the DoBrine o f  Refrangibility. '
of the Convexity of all the Coats and Humours of the Eye, falls upon 
the Middle of the Retina, as .t ¿z or A  a. Fig. 63. pjg_ 5̂ ,

Def. 2.] T o  look at any Point, is to turn both Eyes towards it in 
fuch MantxT, that the Optic Axes making an Angle at the faid Poir.t as ¿7, 
the Rays from a may have the Optic Axis for their Axis, and (by their 
Convergence upon the Retina after Refradion in the Eye) may paint the 
Image of the laid Point upon the Middle o f the Retina of each Eye, 
where the Optic Axis in each Eye falls.

Def. 3.] T o  fee without looking, is to direct the Optic Axis to fome 
other Place than to the Point which is then feen ; and in fuch a Cafe, the 
Image of the Point feen will be projeéled upon a Part o f the Retina of 
each Eye, where the Optic Axis does not fall, namely, either nearer to 
the Nofe iV, as in Fig. 61. at the Points o f the Retina mark’d n n \ or far- 61.
ther from the Nofe than the Middle o f the Retina, as at in Fig. 64.. Fig, 64.

Whatever is feen, by being look'd at with both Eyes, always appears 
fingle, by reafon o f the Communication between the Middle o f the Re
tina in one Eye, and the Middle of the Retina o f the other ; there be
ing no fuch Communication between any other Part of the Retina in one 
Eye, and the correfpondent Part of the Retina in the other, when thefe 
correfpondent Parts are equally diftant from the Nofe.

’There is indeed a Communication between the nervous Fibres on the Right- 
fide of the Retina of one Eye, and the nervous Fibres on the Right-fide of the 
Retina of the other Eye, and fo c f thofe on the Left \ but no fingle ObjeSl 
can be fo painted in each Eye, as to have its Image on the right or left Part 
of one Retina that communicates with the right or left Part of the other, of 
the fame Bignefs and at the fame 'Time as in the other •, becaufe in whatever 
Pofition the ObjeSf is, it mufi be nearer to one Eye than to the other, except 
it be jufi in a Line from the Nofe betwixt the two Eyes fireight forward.

Hence it is, that if there be two Candles fet before any one, the firil 
at the Diftance of one Foot, and the fecond at the Diftance of two Feet, 
from the Eyes *, he that looks at the fecond Candle at B will fee it fm- 
gle, but fee the firft Candle, or the Candle A  double •, one Appearance 
being in the l Á n & A D y ,  the other in 0 A E ,  becaufe it paints itfelf 
upon 00 in the Retina o f each Eye •, which Points are not the middle 
Points, but farther from the Nole than the Middles m m.

So if B be the firft Candle, and C the fecond, he that looks at B will 
fee C double, becaufe it is painted in the Retina at the Points n n nearer 
the Nofe than mm \ and fo will appear to be in the fame Pofition as 
in Fig. 62. Pig- 6z.

If > p be two Candles fo difpofed, that by the Interpofition o f a per- p¡„ 
jorated Board F F , y  can paint itfelf only in the Eye R , and p in the 
tyeZ,. Upon making the Optic Axes meet at B, and to tend towards ■
f and  ̂ and y will each paint an Image on the Middle of the Retina

each Eye, by croiTing their Rays at 5 ; And thus the two Candles {¡s
"ill appear to be but one, or rather to be in one Place, upon the Ac*-* [|* '--f '̂ j
count ot the Communication o f the Middle of each Retina. But if

inltead



j g A Spharico-Catoptric theorem.
i n f t e a d  o f  t h e  C a n d l e s ,  t  b e  a  P i e c e  o f  r e d  p i k ,  a n d  >  a  P ie c e  
g r e e n  S i l k ,  t h e  f a m e  P o f i t i o n  o f  t h e  E y e s  w i l l  m a k e  I m a g e  a t J  
f p p e a r i n g  l i k e  a  r e d  a n d  g r e e n  S p o t  t o g e t h e r ,  w i t h o u t  a  M . x ^  o f  ,he 
C o t a r s  I f  t  b e  a  r e d  h o t  I r o n ,  a n d  > a  C a n d l e  o f  S u l p h u r ,  t h e  P h * .  

n o m e n o n  w i l l  b e  m o r e  d i f t i n f t .  I f  t h e  O p t i c  A x e s  b e  t u r n e d  d ir e f f l/  
t o w a r d s  >  a n d  f ,  a s  i f  t h e r e  w a s  n o  B o a r d  FF i n  t h e  W a y ,  th e r e  will 
appear two Holes in the Board, the one having the red hot Iron m it,
the other the Candle.

I ,a. 60. Now if, of the refrafted Rays of the Candle in the firft Cafe, thofe
which divercre from each other, fo as to fall into each Eye, caufe the 
fame Senfations refpedtively, as the Rays which come from a red hot 
Iron, and thofe which come from a blue Candle •, it is evident that tlie 
Candle in the firft Cafe affords red-makmg and blue-making Rays after 

Fig. 60. Refradion, and that thofe Rays are differently refrangible ; the red ¿i?
the leaft refrangible, as declining lefs from the Perpendicular •, and
the purple as b P , declining moft from the iaid Perpendicular.

I ’he fame will (cateris paribus) be found true in the intermediate Rays, 
and to be certain that the Experiment is as I have related it, the Planes 
«/and/i/ of the Bar may be covered with Paper.

AnUmvnfal III. The Finding of the Foci, both in Dioptrics and Catoptrics, eafily 
Spha-rico-Ca- follows from the Calculation for the Curves called Cauftics. For no- 
rm required, than that the Locus may be known in which
H ^ iu o n /n .  the Radius (perpendicular to the Curve either refraéling or refleñing) 
29J, p. 1810. is a Tangent to the Diacauftic or Catacauftic Curve. Concerning which 

Method Mr. Hayeses, Book of Fluxk>ns lately publifhed may be con- 
fulted. W e ihall undertake the Matter upon other Principles, as far as 
Catoptrics are concerned.

Fig. 66. Lg(. D j r p  be a Portion of a concave Spherical Speculum, whofe
Center is 5 , Semidiameter B E  or B D  alfo let yf be a radiating Point 
placed in the Axis, from whence proceeds the Ray J D ,  which at the 
Point D is reñefted in DC. Now the Diftance o f the Focus C, from 
the Vertex of the Speculum E  is to be inveftigated.

It is to be obferved, that we fuppofe the Point D  to be very near E. 
For the remoter Rays go befide the Eye, which we place in the Axis 
JE^ nor do they contribute any Thing to Vifion. And becaufe of the 
indefinitely fmall Arch D  £ , the Angles DAB,, A D B ,  and alfo their 
Sum Z)5 C, are the fmalleft poffible, and therefore will have the fame 
ratio to one another as their oppofite Sides. By making this the Prin
ciple of his Reafoning, Dr. Haileŷ  Profeflbr of Geometry at 
arrived at his Dioptrical Theorem.

Thefe Things being premifed, let A B  z=.h, B D  B E  B Cz=. z, CE — r —  2, which for Brevity we will call/. The Quan-—  7 -------—  ' 1 vyi y  i\.y  w i l l  \^aii j  • * ,
tities b and r are known •, for the Semidiameter o f the Speculum, and 
the Diftance o f the lucid Point from the Vertex are given ; but z an 
f  are unknown and required, Now in the Triangle DJBy it

ji0 £ 0



A  SpheHco Catoptric Theorem,
be Aug. D  A  B . A  D  B \ r . b. ' A lfo  in the Triangle D  B Cy ’ tis Ang. 
¿  D C = ^ A D  B from the Nature o f Refleétion ; and Ang, D B C = .  
D A B  +  A D B ,  by e l  Eucl. Therefore fince Ang. D  5  C is as r 
and Ang. B D  it will be alfo A ng. B  B C . B D  C \ Vr ^  b . h.
And then it follows from the Principle above-mentioned, D C  , B C l ’, 
f  b . b. But becaufe the Point D  is very near the Point £ , D C will 
be eiVimated as equal to C £  ; and therefore it will h e C E  . B C II r -Jf b 
. bi that is, / . z \ \ r  -{-b. b. And by comparing the Sums of the A n 
tecedents and Confequents to the Antecedents, / +  z  . f \ \ r  + 2  b . 
rJi-b. But f + z = : r y  therefore r . f  H r  2 b . r +  b, whence /

r j : ± ± L .  ^  E.  I.
r-\-2 b

If we make r - \ - b z = . A E = z d ,  the Theorem will be abbreviated 

thus /  =   ̂^ But in either Cafe the Theorem will ferve for find-
2 d —  r

ing the Focus, whatever be the Form o f the Speculum, or the Condition 
of the Rays.

Corel. I .  It will be 2: ^ r =  d f —  r f ,  or A E  x B C =1 A B  x C  E , or 
which is the fame Thing, the Line A  E  is harmonically divided in the 
Points A, B, C, E. For the foregoing Equality o f Reftangles is the 
Property of a Line divided in harmonical Proportion. This appears to

d r  ,  ̂ d rbe true, becaufe/  =
i d  —  r ’

and z  zz r ■— /  =; r whence

by fubftituting thefe Values, the Equation becomes plane. So that in 
every fpherical Speculum, the Lines B  A , B  B, D  C^D E , are Harmo- 
nicals ; and the radiating Point, the Center, the Focus, and the Vertex, 
are Points that conftitute an harmonical Divifion.

Corol. 2. Firft, if  you make d r̂  then by the Calculation / , or
T d

--------- , is alwas greater th an i r. That is, if  the Diftance o f the ra-2 a —  r ” 2
diating Point is greater than the Semidiameter o f the Speculum, the
Diftance of the Focus will always be greater than a Quarter o f the Di. 
ameter.

Alfo it will always be r d
2 d r. That is, the Diftahce o f the

Focus will always be lefs than the Semidiameter o f the Speculum.

Secondly, I f  you make d =. r̂  it will be/  = — =  r. That is,
i d  —  r

* the radiating Point be placed in the Center o f the Speculum, its Image 
will there be united with it. f

Thirdly if you then the Expreifion of /  will cither be
B b  ------- pofitive.



j8 6  a  Sfherko Catoptric Theorem.
pofitive, or negative, or infinite, according as the Quantity i  d\% ej. 
ther greater or lefs than the Quantity r, or equal to it.

I f  2 i/-7  r, that is, 'ú d '7 ' then the radiating Point and the
2

Focus lie on the fame Side of the Speculum.

If 2 ¿ ^  r, or J ^  then the Image will be in the Axis of the
2

Speculum produced beyond the Vertex.

I f  2 i/ =  or the Image is at an infinite Diftance, or the
2

reflefted Ray becomes parallel to the Axis.
Corol 3. It may be determin’d very readily by Means o f this Cal

culus, how the Motion of the Image correfponds with the Motion of the 
radiating Objeft in refpe<5l  of the Speculum. Let the Diftance of the

d r
Image from the Speculum be as before _ ------, when the Diftance of

the O bjed is d. Now let the Diftance of the Objed be any how chan
ged, and of d let it become n d, making n to ftand for any Number

d y
Integer or Fradion. Then inftead of the former Equation /  =  _ - _ , w e

ihall have another Equation to a new Focus F = — And if n is
* 2 n d  —  r

fuppofed to ftand for an integer Number, this fecond Diftance of the Ob- 
jeft will be greater than the firft ; but if « be a Fra6tion, then it will be
lefs than the firft.

Thefe Things fuppofed, l i d ' P ' r ,  and n be an Integer, it will be

that is, it will be — — , o n  n d d r  —  n d r r  i n d d r  
2 n d  —  r 2 d  —  r

— dr r zs  is manifeft.That is, in a concave Speculum if the Diftance of the 
Objed: be greater than the Semidiameter, then the Objeél withdrawing 
from the Speculum, the Image will approach nearer the Speculum. 
Again, let n denote a Fradion, and then it will be found, that 2 n d  dr
—  n d r  r z r  2 n d d r  —  d r r̂  ov F  -7' f .  That is, as the O bjeil ap
proaches nearer the Speculum, the Image at the fame Tim e will with
draw farther from it.

Now let it be fuppofed that d - r̂ and let n dhe  any other Diftance 
o f the Objed, which is always lefs than 4- Then will 2 n dd r —  ndrr  
and 2 n d d r —  d r r h t  negative Quantities, or n d r  r —  2 n d dr  and 
d r  r —  2 n dd r will be pofitive Quantities. And if  n be an integer 

; 1 Number, then will n d r r  —  2n d dr  ' T ' d  r r —  2 nd d r^or F ’7 ' f-
11 . But if  » be a Fradion, then will n d r r ~ ^ 2 n d d r ' ^ d r r  —  2 nd dr,

or F  /. That is, if in the Concave Speculum the Diftance of the

IflED



A Spherico Catoptric Theorem» 187
left be lefs than a fourth Part of the Diameter of the Speculum, then the 
Objeél withdrawing from the Speculum, the Image will withdraw alfo.
Or if the objeót approaches towards the Speculum, the Image will alfo 
approach towards it.

Now all thefe Conclufions which we have deduced, by tracing the Foot- 
fteps of the Calculation, are included in one Scholium  ̂ which Dr. Gregorŷ  
profeiTor of Aftronomy in the Univerfity of Oxford, has delivered in his 
Catoptricks.

Corol. 4-> In the E q u a t i o n l i  d be fuppofed infinite, it

will be/ =  4  which is a Rule for parallel Rays, or for a radiading 
übjeét placed at an infinite Diftance. The fame Thing will follow, if

h be made infinite in the Equation / _ r r  rh
r 2 b

_____ - f
2 d  —  r

d r
Corol. 5. In the Equation --------- =/,the negative Sign o f the Quantity

d rr being made pofitive, it will bef — —  -----  ; or in the Equation /  =
2d r

— changi ng the pofitive Sign into a negative, it will b e /  =

— ;--------; which gives a Rule for a Speculum which is convex towards
lb  —  r ^

the radiating Objeil. This Change o f the Sign is very plain ; for as in 
the concave Speculum d — r -{■ in the convex it will hedz=. b— r.

Corol. 6. In a convex Speculum, (thofe Things remaining which we 
have taken Notice of at Corol. a b o u t a  concave Speculum) it will appear, 
that if n be an integer Number it will h e . 2 r n d d ~ \ ' n d r r ' y ^ 2 r n d d  

d r r ■, and if  ;z is a Fradion it will he 2 r n d d - \ - n d r r ' ^  2 r j i d d  
^  d r  r. That is, if  the Objeft withdraws from the Speculum, or if  it 
approaches towards it, the Image in like Manner will recede or approach.

Alfo it appears in a convex Speculum, that if the O bjeil withdraws to 
an immenfe Diftance, yet that its Image will not recede from the Vertex 
beyond a fourth Part of the Diameter, but will there ftop in the middle 
Point between the Center and the Vertex. For fuppofing d ox b to be in

finite, it will b e / =  in each Cafe f  z=. ^r.
2d 2b

To thefe may alfo be join’d the Solution of a Catoptrical Problem. T o  
find fuch a Pofition o f the radiating Point in refped o f a given Specu
lum, that the radiating Objed: may have a given Ratio to its Image made 
by the Speculum. L et the given Ratio be that o fr to  q, and by the Sym
bol 0  let the Magnitude of the Objeft be denoted, let /be the Image, d 
the Diftance of the Objeit, a n d /o f the Image from the Speculum̂  Now 

Dr. Gregory has demonftrated, it will hQ 0 , I I I  d »f .  That is, the
B b  2 O bjed



gg jq  Way f o r  Myopes to ufe Telefcopes
O bjea and the Image are diredly proportional to their Diftances from the 
Vertex of the Speculum. And becaufc it is required that it may be Q . 
/ : :  r  . Í ; it muft a lfo  be ¿  . /  I : r . j  > or inftead of /  takmg its Value,

¿  \\r . q, whence z d q  —  r q 7=. r and d . Now
' - d —  r  ̂ ^

•2

ft
■

becaufe d r =  ' 1 + ^ ,  and 2 ¿  —  r  =  ¡ it will b e f o r - ^ ' ' -
2 q ? 2 a —

-^r^q ^ x  J -  which is the Diftance of
2 Í q 2 ? ■ 2

/  or of the Image from the Speculum, agreeing to the Diftance of the

Objeit. Therefore if  the Objeft be fet at the Diftance ---- > its

Image madeat the Diftance  ̂ being compared to it, will have the
2

Ratio of q to r. Or it will be, O . /  II r  . For it is 0 . I I I  d . f  \l 

r r ^ r q  r - ^ q .
2q

AlVay for 
Myopes to ufe 
Telefcopes 
•without Eye- 
Glajfes, See. 
iotnmunicated
hy Dr. ]. T . 
Defaguliers,n. 
361. p. 1017.

Fig. 67.

Here we have confidered the radiating Obje<5l and the Image as if they, 
were Lines ; but if we confider them as Suriaces then it will be 0  . / II 
d d . f f  II r . q fo that then we ihall come to this Equation 4-dd —  

d r  =  r  ̂ —  qr^,  from whence the Value of d may be found very 
eafily by the common Methods.

IV. Myopes may ufe ‘Telefcopes without Eye-Glafles, an Objedt-Glafs 
alone becoming as ufeful to them, and iometimes more than a Combina
tion of Glaffes.

Lemma i .]  What is required of a Teiefcope is to give large and diftinft 
Vifion ; that is, to make the Objed (as in GaliUo’ % Teiefcope) or its 
Image (as in the Telefcopes made up of convex Lw /fi) appear under a 
great Angle, and to have all the Rays of thofe Pencils that enter the Eye, 
meet in a Point upoi? the Retina of the Eye, on their refpedlive Axes.

The 67th Figure reprefents the Combination of two convex Lentes for 
the aftronomical or inverting Teiefcope ; where the abovementioned Re- 
quifites are obtain’d. ^  5  is the Objeót fuppofed at a vaft Diftance from 
the objedtive Lens L  L , fo that Rays coming from the Extremity A  
o f the Objeft, will fall upon the Lens L  L , in the fame Manner as if  they 
were parallel to their Axis A  X  \ and after paffing the Glafs unite at 
where they projeób the Image o f the Point A  ̂  from whence diverging, 
they fall on the Eye-Glafs I /, and having pafled through it, go on paral
lel to each other, and enter the Cornea o f a common Eye E , which unites 
thofe parallel Rays upon Retina R R R a t d ,  where the Image of a is 
projedled: The fame may be faid o f the Rays that come from B,  and after
their feveral Refraíüons thro’ the two Glaffes and the Coats and Humours

■ . . • --------- 01
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without Eye^GlaJfes^ &c. 189
the t y e ,  meet upon the Retina at ¿5, where they projeft the diftinél: Image 
of the Point b- The Rays that come from all the Points of the Objeft 
j i  Bf being affecfted after the fame Manner, give a diitind Image of thofe 
Points upon the Retina, and therefore the Objedt does appear diftinft.

The Objeé): w^l alfo appear magnified in the fame Proportion as the 
Angle I C I  =  ÍO h M  a (under which its Image is feen) is greater than 
the An"le A  C B ynder which the O h ] ^ A B  would be feen by the naked 
Eye i as is more at large demonftrated by dioptrical Writers.

Lemma 2.] I f  parallel Rays fall upon the Cornea o f a My ops, or fliort-> 
fighted Perfon, they will unite in the Eye before they come to ú\tRetÍ7ia, 
the farther from it, the more convex the Eye is ; but if  the Rays which 
fall upon the Cornea, diverge in Proportion to the too great Convexity 
of the Eye, as from D , fuch Rays will be fo refradled by the Coats 
and Humours of the Eye, as to meet in one Point upon the Retina p.
R i?, where I have in the Scheme neglefted the Refraftion of the Rays 
pafiing out of the chryftalline K  into the vitreous Humour V , as I do in
the other Cafes.

This Lemma is alfo demonftrated by dioptrical Writers.
Lemma 3.] I f two Pencils of Rays (in each whereof all the Rays are 

parallel to the Axis, as a C) fall upon different Parts of the Cornea,. 
at the greateft Diftance from one another that can be allow’d for thofe 
Rays to enter the Pupil P  P , their Axes will, after enn-ing the aqueous 
Humour, converge, and meet either in the vitreous or chryftalline FIu- 
mour, according to the Convexity of the Cornea through which they 
pafTed, and diverge again before they come to the Retina \ the Rays of 
each Pencil converging upon their refpedive Axes, to the Place where p̂ g 
the faid Axes crofs one another.

Demonjiration.] The Axes a C a, a C a, falling obliquely upon the 
Cornea at C  C, and entring from Air  into the aqueous Humour, will 
be refraded towards the Perpendicular to K, where ftriking more direftly 
upon the chryftalline, they will go on to </, a, upon the Retina R R R R ,  
decuffating at V  within the vitreous Humour. The other Rays r, r ;

p, after their Refraftion in the aqueous Humour, fall more obliquely 
on the chryftalline, and therefore are refraded again fo as to meet at p. 
where the Axes alfo meet, and thence go on to the Retina R R R R .

Lemma 4.] But if  the Axes of the abovementioned Pencils are 
parallel, the Rays that accompany them diverging from a Point fo 
near rhe Eye, that the Divergence may be proportionable to the too 
great Convexity of the Eye ; then only the Axes will meet in the Eye 
before they come to the Retina (by Lemma 3.) but the other Rays will 
not unite upon their refpedive Axes, till they come to the Rletina, (by 
Lemma 2.)

Prop.'\ I fuppofe the Eye o f the Myops fa  convex that he can fee
no farther than a common E ye, with die Eye-Glafs o f a Telefcope
before i t : Then the Eye o f the Myops being in the Place of the
Eye-Glafs, will receive ihe Rays diverging from the feveral Points 

of
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oF the Image (proje£led by the Objeft-Glafs in its Focus )̂ in ííicH 
Manner, that they will, after the feveral RefradUons, meet in reipeftive 
Points on the Retina •, and the Axes of the Pencils, which come from 
the Extremities of the Objea:, will, in the Eye, make the Angle B V A
— t o b c a ,  under which the Image a b \s feen, by Lemma 4. The Cornea 
and aqueous Humours here fupply the Place o f the Eye-Glafs, and the 

Fig. 71: chrsftalline and vitreous Humours that of a common Eye. In the Figure
R  'is the Retina, V  the vitreous Humour, z v i áKK  the chryftalhne Hu
mour •, and the Image ba \s fuppofed to be brought down from the 67th 
Figure, which reprefents the Aftronomick Tekfcvpe ; the too great Con- 
veSty of the Eye here being in the Place of an Eye-Glafs.

An Objeaion may be made to this, viz. that P  P  the Pupil o f the 
Fye being fmall, will take in but a very little Image, or a fmall Part of 
the ObjeS ; But then if the Eye be moved fuccellively, to all the Parts 
of the Space where the Eye-Glafs was, it can take any Part o f the Ob- 
jeft and if the Objeét-Glafs be large, which may more eafily be made 
than a large Eye-Glafs, and the Tube a Foot wide or wider, as much 
may iucccllively be taken in, as if an Eye-Glafs might be had of a Foot 
Diameter. A  little Pra6lice may make any Myops fo ready, as to keep 
an Objcél when once found, though the Place where he ftands be iha- 
ken. It v/ould not be amifs to hold a Lens in one’s Hand (tor an Eye- 
Glafs) to find the Obje^; at firil, till Cuilom has made it eafy without 
i t : When once the Objeft is found, it may be eafily kept.

An Eye more fhort-fighted than I have fuppofed, will perform the 
Ofince of a more convex l*',ye-Glafs, being brought nearer to the diftind 
Bale of the Objeél-Glafs •, and an Eye lefs convex, the Office of a lefs 
convex Eye-Glafs ; But with this DitFerence, that the more convex the 
Eye is, the eafier may any Part of the Objeól bcrfound, and the larger 
and more lucid it will appear.

I have feen Saturn's King very plain with an Objedl-Glafs of little 
more than fix Foot Radius, without an Eye-Glafs.

I have allb found out a Way for the Présbita to make ufe of an Ob- 
'jetSt-Glafs, by placing their Eye nearer the Lens than its Focus, by fo 
much as their Eye is flatter than a common Eye, fo as to make (as it 
were) the Telefcope of GaliUo •, the flat Eye ferving as a common Eye 
armed w'ith a concave Lens. I have fo fixed the Telefcope as to make 
a Présbita at a great Diftance a fmall Print. The Truth of this 
may be eafily demoniirated, if  it be required.

It this Experiment be made at Sea with a very large Tube, big enough 
to put in the Head and move it about, and the Objeót-Glafs be alfo large, 
ic may not perhaps be difficult to obferve the Eclipfes o f the Satellites 

upmTltTah which I would rccommend to the Confideration o f thofe that
’u.ith the D. ŵ Guld try for the Longitude by fuch-like Obfervations.
(jT Orleans’  ̂ V. The Burning-Glafs is three Foot in Diameter *, it colle6ls the

Diftance, where it forms a Focus of about 
froy, n. 3^! Inchcs ovcf, which i§ again con traded by means o f another Glafs- 
p. 374. Lens
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iJehs to an Inch Diameter, and confequently is rendered three Times as 
ftrong.

I ihall only relate here what I have obferved upon the four Imperfeft 
Metals, viz. Iron, Copper, T in  and Lead : I ihall fay nothing at pre- 
fent of Gold or Silver ; becaufe as their Analyfis feems to me much 
more difficult than o f the other Metals, I fnall forbear Inquiries upou 
them, till I have examined as far as poffible into the Nature and Com- 
pofition of the former.

What was a great Hindrance to me in making thefe Experiments in ^
the Focus o f the Glafs, was the Difficulty I had to find any Matter ca
pable of holding the Metals in Fufion.

Charcoal, which is commonly made Ufe of, is indeed a very proper 
Subilance •, but it is impoffible with it to vitrify any one of the Metals :
The Particles of the Metal, when held any long Time in Fufion in the 
Focus of the Glafs, diffipate and fly away in Fume or fmall Particles; 
and as long as any Part remains, that little that does remain, is always 
metdlick, until the whole be quite evaporated.

The Reafon of which I take to be this. Charcoal is a Subilance deep̂ - 
ly impregnated with oily or fulphurous Parts (if I may fo call them.)
The firil EfFeél that F'ire has upon Metals is to feparate the fulphurous 
Parts ; Now, if  in Proportion as the Sulphur is feparated from the M e
tal, trie Body that fupports the Metals furniihes it anew with other ful- 
phurous Parts, the other Principles will never feparate, and the Metal 
will always remain Metal. And nothing but the greateft Degree of Fire 
is able to raife and feparate the Sulphur, and that but by little and little, 
and in very fmall Particles.

I had then Recourfe to another Matter, that could not any ways be 
fufpeéled of containing any oily Parts. Tfchirnhaus (to whom we are 
obliged for making of thefe large Glaffes, and the firft Experiments 
that have been made with them) fays, he has vitrified Metals by holding 
them in C^/^a-Ware. It is true, this fucceeds pretty well, provided the 
Pieces be very thick, and the Glazing taken o f f : But the Difficulty I 
had to find a fufficient Quantity of thick and proper Ware to make 
all thefe Experiments, forced me to have Recourfe to more common 
Subjefts, as well as fuch, if  poffible, as were lefs capable o f melting.

O f all the diff êrent Sorts of Matter that I made Trial of, what 
feimed beft were the common Coppels and Plates of grey Fire-ilone.
The Coppels hold the Metal a long Tim e in Fufion in the Focus of the 
Glafs without melting ; excepting Lead, which eafily runs through them 
as foon as it vitrifies, and helps to diíTolve them. The Plates of Fire- 
ftone bear the Heat of the F^ocus much longer than any other Matter; 
but great Care is to be taken in heating them without breaking, ’ till they 
become red hot, and when they are hot the lead cold Air makes them 
melt. ISevertheiefs this is the only Subilance that I have ufed with moil 
Succefs, to hold Metals a long Tim e in Fufion, though with the ^eateft 

•Cautioo that was poifiblej to avoid the IiKonveni?ncies aforementioned.
A ii -
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,g 2  Expérmentí upon Metals m tb  the
Another Thing that has hinder’d me from carrying oii thefe Inquiriá^ 

upon Metals fo far as I could have wiihed, has been the few clear Days 
we have had for thefe two Years paft; for the greateft Part o f thefe E x
periments require a bright, ftrong, and conftant Sun, to keep the Mattér 
a long Time in perfeft Fufion: And I have fcarce had, for this laft 
Year, above three or Tour fuch Days as I could wiíh fo r; the Sky having 
been almoft every Day covered with Clouds about Noon, which is the 
Tim e of the Day fit for thefe Experiments.

On Iron. I placed in the Focus of the Burning-Glafs a Piece o f forged Iron of 
about a Drachm W eigh t: It turned red hot, and its Surface was co
ver’d with a black Matter like Pitch or Tar. I f  one withdraws tl® 
Iron out of the Focus in this State, this Matter fixes itfelf on the Sur- 
iace of iihe Metal, and there forms a fmall Skin, or a v e ^  fine blackilh 
Scale, which is commonly very eafily feparated by ftriking upon i t ; 
and that Fart of the Iron that was covered with this Scale appeared 
blacker than ordinary. This Scale is fome of the fulphureous Part o f the 
Iron that rifes to the Surface of the Metal when it is ready to melt, and 
there remains for fome Time before it exhales. It is plainly this ful- 
phureous Part that rifes upon Iron and polifhed Steel when heated, and 
gives them all thofe different Colours, from a Yellow to a Violet, 
Water-colour, or Black.

If one continues to hold this Piece o f Iron on the Charcoal, it in- 
tirely melts; and at the fame Time cafts forth very bright Sparks in 
a great Quantity, fometimes to above a Foot Diftance from the Coal.

If one faves what flies off during this Sparkling, by holding a Sheet 
o f Paper under the Coal ; we find that they are fo many very fmall 
Globules o f Iron, and the greateft Part of them hollow.

All the Iron that is held in Fufion upon the Coal, flies away in 
Sparkles after this Manner, till none remains. Sometimes the Metal 
leaves off fparkling, when the Coal is in part confumed, and covered 
with a Bed of Cinders, upon which lies the melted Iron. For as the 
I'parkling of the Iron feems to me to proceed from nothing but the oily 
Parts of the Coal aóHng upon thofe o f the Metal, the Cinders hinder 
this Oil from paiTmg from the Coal to the Iron, fo that it remains 
quietly in Fufion. But if through any Shake, or the like Accident, the 
Cinders are fo removed, that the Iron comes to touch immediately the 
Coal, it will begin to fparkle afreih. Sometimes the Heat, that 
keeps in Fufion the Metal, vitrifies alfo the Cinders; and this vitri
fied Matter mixing with the Metal makes a confiderable Ebulli
tion. If one at this Inftant withdraws the Metal out o f the Focus, it 
appears half vitrified, or reduced to a blackiih friable Mafs. Other 
Times this vitrified Matter fwims on the Surface o f the Metal, and there 
forms itfelf into Drops, that are fometimes clear and tranfparent, and 
other Times opaque, according as it is more or lefs mixed with the 
Metal.

Further-



Furthermore, if  after having let the melted Iron cool upon the Coal, 
one expofes it again to the Focus o f the Glafs upon the Stone, it fparkles 
afreih till it is all confumed ; -which common Iron will not do, that has 
not been expofed to the Heat o f the Focus upon Charcoal. This 
Sparkling probably proceeds from the fudden Rarefaftion of the oily 
Parts of the Coal, with which the Pores of the Iron are fo plentifully 
faturated ; or pcrliaps it may be caufed by the Salts of the Iron aéling 
on the Oil of the Coal.

I expofed to the Focus, upon a Stone-flate, Iron and Steel •, they grew 
red hot, and melted without crackling or cafting off any Sparks; they 
fmoaked very confiderably, and the melted Metal turned by little and 
little like an Oil. After having withdrawn this melted Matter out of 
the Focus, it fixed in a Regulus-like, friable Mafs, and appear’d fome- 
times lightly ftriated, or fliot into iharp Points like Needles. Tho* 
this Matter does not appear at all tranfparent, yet we may look on it as 
the Beginning of Vitrification, or a middle State between Metal and 
Glafs; for it would vitrify in the End like other Metals, if  one could 
hold it a fufficientTime in the Focus without melting or mixing with 
what fuitains i t : But continuing it long in the Focus, the extreme Heat 
of the Sun, that is neceíTary to keep it in perfeft F'ufion, melts like- 
wife tlie Stone or Coppel that contains it, the Refult of which Mixture 
is a brown or greyifh Sort of Ennamel.

We may then take this Regulus Mafs to be a half vitrified Iron, by 
reafon it is deprived o f a great Part of its Sulphur. If one adds to this 
Mafs a Sulphur like that which was taken from it, from being friable 
it turns very hard and malleable ; and the Dulnefs it had before, changes 
to the Brightnefs o f a Metal. This is what I have experienced in ex- 
pofing again this Matter to the Focus upon Charcoal: It melts, and fc  
continues a confiderable Time in Fufion without fparkling, but at laft 
it fparkles with the fame Brifknefs as Iron itfelf j and when withdrawn 
from the Focus, appears nothing different from melted Iron.

It appears from thefe Experiments, that Iron contains a Sulphur or 
oily Subftance, that renders it bright, malleable, and eafy to melt.

That this Sulphur is raifed by the Fire of the Sun, when the Metal is 
for fome Time held in Fufion in the Focus of the Glafs.

That this fame Sulphur may be raifed by the Flame of common Fire, 
which tho’ not itrong enough to melt the Iron, yet is able to reduce 
it to an Efchar or Sort of Ruft.

That Iron deprived of this fulphureous Part, melts into a Regulus, 
or brittle and friable Mafs, in Colour much like Antimony.

That if oné can hold a fufficient Quantity of this Matter long enough 
in the Focus by itfelf, without melting or mixing with the Body that 
contains it, it perfeólly vitrifies.

That this Glafs or metallick Regulus, with the Help of a little Oil, 
returns to its former State o f a Metal.

D. Orleans's Burnlng-Glafs, 19 j
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That it reafliimes this metallick Form upon Charcoal, hy drawing

thtnce this oily Subftance. , r- i • iv.i j-nr
That in fliort, this oily Part contained in the Coal, is little diffc-

rcnt from the Sulphur of Iron. Ncverthelefs we n.uil imagme it to
differ in Tome Particulars •, in that melted Iron, that has been faturated
with it, crackles and iparklcs very much when, melted again upon the

k L ^ b d n e^ ie  only Metal in which I have obferved this Sparkling, 1 
take it to be a Property peculiar only to Iron, and not to any other Me- 
n l Perhaps we may attribute it to the vitriohck Salt that this Metal 
lb plentifully abounds with, which is very greedy of Sulphurs

T o this iame Greedinefs alfo, with which the vitriohck Salt ot Iron 
•ibforbs the oily Part of the Coal, we may attribute the Eafmels with 
which Iron conlumes the Coal •, for there is no other Metal that io loon 
walUs the Coal in the Focus of the Glafs, as Iron does.

Another Obfervation is, that it is the only one of the tour im- 
perfeót Metals, on which vitrified Drops arife, while it is in Fufion 
upon the Coal : The Reafon of which I have not yet been able to
difcover. .

On Copper. Copper expofetl to the Focus ot the Burning-Glais, at nrlt turns
white on its Surface, and afterwards grows black, and is covered with
a Kind of Skin, or black, furrowed, and uneven Scales, till at laft it
quite melts. , i • u-

I have withdrawn this Metal out ot the Focus, as loon as this white
Colour has appear’d, and after it has been cold, found nothing extraor
dinary on its Surface, which has again by little and little recover’d very 
near the fame Colour as it had before.

I have not been able to difcover from whence this white Colour pro
ceeds, unlels we may attribute it to fome volatile arlenical Salt con
tained in the Copper, and driven by Extremity of Heat to the Surface 
of the Metal *, or whether it purely proceeds from the Alteration that is 
made in the groffer Parts of the Surface of the Metal when it begins to 
melt. The black Colour that Copper afterwards takes, feems to be 
caufed by the fulphureous Matter that melts firil in this Metal as well as 
Iron, and is raifed to its Surface by the extreme Heat.

I placed a Piece of Copper in the Focus upon Charcoal : It melted, 
and emitted a very thin Fume, and by little and little diminiihed till it 
was all evaporated.

I put a Piece of red Copper on a Coppel into the Focus of the 
Glafs: It melted, and fent forth fome thin Fumes-, and after it had 
been fome Time in Fufion, it turned liquid like an Oil. I withdrew 
this melted Matter, and as it grew cold, it fixed into a Regulus of a 
reddifh brown Colour, which was hard, brittle, and not ductile under 
the Hammer. If one breaks it, it turns into a red Powder like Cin
nabar o f Antimony ; and when viewed with a Microfcope, appears lo
m a n y  l i t t l e ,  r e d ,  t r a n f p a r e n t  G r a i n s ,  l i k e  f m a l l  R u b i e s  j  i n i b m u c h  t h a t

one
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one would readily take this Regulus to be a deep coloured red 

(jltiis
I endeavoured to make this vitrified Copper fpread abroad in melt- 

jn(T, by mixing it with common white G lafs; for which End I pow
der’d Tome of this vitrified Copper and common Gjafs, and mixing 
them, melted them together •, but the Mixture when in Fufion took at 
firil a beautiful green Colour, and continuing it longer in the Focus, it 
turned bluilli. I believe we may attribute this Change of Colour to the 
Alcali Salts of the Glafs a61ing on the Particles of Copper ; for thofe 
Salts ufually draw a green or bluiih Tindure from this Metal.

To preferve therefore this red Colour of the vitrified Copper, when 
mixed with common Glafs, I made Ufe o f this Expedient. 1 melted 
in the Focus upon a Coppel a Piece o f Copper, and as foon as it be
gan to vitrify, I call upon it fome common Glafs \ as foon as the Glafs 
was melted, I took them together out of the Focus without confufing 
t;liem •, and as foon as they were cold, feparated the Regulus from 
the Glafs as well as poffible •, and picked out of it fome Pieces of the 
Glafs, loaded with fome very fmall red tranfparent Particles o f the 
Regulus.

This vitrified Copper is then nothing but Copper, deprived, by 
Means of Heat, of the fulphureous Part, that gave it the Form o f a 
Metal. A  Proof, that this metallick Form proceeds from nothing elfe 
but this Sulphur, is, that if  one expofes this vitrified Copper to the 
Focus upon Charcoal, it reaffumes, in a little Tim e, the Colour and 
Confiftence o f melted Copper i and as it grows cold, fixes into a good 
red malleable Copper, as fine and hard as it was before it was v i
trified.

It follows from thefe Experiments, that the Bafis o f Copper is a red”
Earth fufceptible o f Vitrification.

That this Earth receives its metallick Form from a fulphureous Sub- 
ftance, in Appearance no Ways different from the Oil of Vegetables or 
Animals.

That one may deprive Copper o f this Oil, by holding it long enough 
in the Focus, or by calcinating it in the Flame of common Fire.

That Charcoal reftores again this oily Part to Copper, and at the 
fame Time its metallick Form.

It appears further, that the Oil o f the Coal has not fo confiderable an 
Effeft upon Copper, as it has upon Iron.

Copper expofed a long Tim e to the Focus upon a Stone or Cop
pel, fumes very much, and diminiihes in W eight very confiderably. i 
don’t think that this Fume is only the fulphureous Part of the Metal, 
the Evaporation of which muft be infenfible ; but I believe that 
with this Oil there is mixed a great deal of the earthy, vitrifiable 
Part of the Metal, which the Heat o f the Sun fublimes and raifes iii 
flowers.

D. of Orleans’  ̂Btirning-Glafs, 195

C c 2 Tin



On Tin. Tin expofed upon Coal to the Focus ot the Burning-Glafs, melts
and emits a grofs, white, thick Fume, until it is all confumed in 
Vapours.

If one melts Tin upon a Coppcl in the Focus of the Giafs, it fumes 
very much, and its Surface is covered with a white rarefied Calx •, on 
which, by little and little, arifes a Tuft, or Heap of lliarp, Needle-like, 
tranfparent chryftalline Particles, confifting of an infinite Number of 
fmall Points.

If one continues to hold this Mafs in the Focus upon the Stone, thefe 
Chryftals at Length leave off fuming, and remain fixt, while the Stone 
melts and vitrifies.

I took Calx of Tin, which is Tin reduced to a grey Powder by 
Means of Fire, that has taken away by Calcination great Part of its 
oily Subftance, and expofed it on a Coppel to the Focus, where it fu
med again very much, and was reduced into iharp chryilalline Particles 
confifting of other fmall Points.

In re-expofing thefe chryftalline Particles to the Focus upon Char
coal, they melted very eafily, and took again the Form of Tin ; the 
Coal having furnifhed them with the fulphureous Ĵ art that the Fire had 
before taken away. Every body knows, that if  one add any Fat, or 
the like inflammable Matter, to the Calx of Tin, when red hot in the 
Crucible, it reaffumes immediately the Form of Tin.

Thefe Experiments fliew, that Tin contains a Sulphur that is very 
eafily feparated, fince common Fire can do it fo readily ; and that 
this Metal calcined, or deprived of its Sulphur, is eafily faturated 
again with it from the oily Part of any inflammable Matter whatfo- 
ever.

It proves alfo, that the metallick Earth, which is the Bafis of Tin, 
is a chryftalline Earth, very difficult to be melted  ̂ fince common Fire 
cannot vitrify this Metal by itfelf, and that the Heat of the Sun, in 
the Focus of this large Burning-Glafs of the Palace-Royal  ̂ cannot 
perfedly melt the Calx, into which this Metal is reduced. W e may 
prefume, that the Chryftallization, or reducing of this Metal into fharp- 
pointed Particles, proceeds from the Force o f the Sun’s breaking and 
melting together into a Sodder (if I may fo fpeak) fome of thefe 
fmall Chryftals, by Degrees, as the fulphureous Part leaves them ; it 
not being ftrong enough to melt them all down together in one entire 
Mafs.

On Ltad. I took Lead, and held it in Fufion upon Charcoal in the Focus of the 
Glafs : It all wafted away in Abundance of Fumes.

I expofed the like Quantity of Lead upon a Stone to the Focus, 
where it caft forth great Quantities of Fuines, and by little and little 
changed into a fluid Liquor like Oil or melted Rofin. This Liquor, 
as it grew cold, fixed into Glafs ; which has this peculiar to itfelf, 
that it is difpofed into Plates like Venstian 1  alk, and that it is flabby,

foft
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foft to the Touch, tranfparent, and in fome Parts of a greeniili or red- 
dilh Yellow.

In continuing this Matter in the Focus, it fpread upon the Stone like 
Varnilh •, and at laft penetrating it, helped to melt it.

I placed this talky Earth in the Focus upon Charcoal: It melted, 
and in a little Time after reaffumed the Form of melted Lead. I with
drew it from the Focus, and having let it cool, found it nothing dif
ferent from Lead.

Thefe Experiments fliew, that there is in Lead, as well as the other 
imperfeft Metals, a fulphureous Part, that is eafily feparated by com
mon Fire, or the Heat of the Sun j and that this Metal has for its Bafis 
a foliated or talky Earth.

I ihall add here fome Experiments, that I have made upon Q uick- On ^ick- 
filver; though I cannot yet draw any pofitive Conclufions from them, 
not having profecuted them fo far as is neceffary for that Purpofe.

I placed Qiiickfilver in the Focus of the Burning-Glafs upon Char
coal, upon the Coppel, and upon the Stone : It all immediately dif- 
perfed, and exhaled in a very thick Fume.

I expofed upon the Stone to the Focus fome Mercury Precipitate per fe  ̂
in a Degree of Heat equal to that of Digeftion : It feemed to melt, but 
prefently difperfed in Vapours *, there remained a fmall Quantity o f a 
very rarefied Duft like a Froth or Scum •, but continuing it in the Focus, 
it melted, and gathered into a yellowifli Glafs, in which one might 
diftinguiih fome Particles of Metal like Silver.

I expofed fome Mercury Precipitate pgr fe upon Charcoal: It fumed 
very much ; and, as it melted, one might fee little Globules of Mercury 
unite and form themfelves together upon the Coal, but they difperfed 
again prefently in Vapours.

Thefe Experiments feem to prove, that there is in Qiiickfilver a Sul
phur, that may be feparated by a very gentle Heat, fuch as that of 
Digeftion.

That as foon as this Sulphur is taken away, it lofes its Fluidity and 
Brightnefs.

That the Bafis of Mercury is a Calx, or red Earth.
That this Calx does not melt into Glafs as the Calx of other Metals, 

becaufe it is too volatile, and as foon as it melts is evaporated by the 
Heat.

That if one reftores to this Calx a Sulphur, by expofing it again to 
the Focus upon Charcoal, it reaffumes immediately its metallick Bright
nefs and Fluidity, and becomes Qiiickfilver.

I cannot tell whether this light Earth, that remains upon the Stone 
after the Evaporation of the Calx of the Mercury, be a Part of the 
Earth of the Mercury more ‘exaitly deprived o f its Oil, and conte- 
quently more fixt and proper for Vitrification •, or whether it may not 
be fome Matter fgreign to the Mercury, tiiat ftxcs itfelf, and remains

behind
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behind at its Evaporation. But this 1 fliall examine more particularly 
hereafter.

The Reiiilt o f all thefc Experiments is, that thefe four Metals, which 
we call iniperfeei, ziz. Iron, Copper, 'Fin, and Lead, are compofed 
of a Sulphur or oily Subitanee, and of a metallick Earth capable of Vi- 
trihciition.

That from this Sulphur proceeds the Opacity, Brightnefs, and Mal
leability of a Metal.

That this metallic^ Sulphur does not appear at all different from the 
Oil of Vegetables or Animals.

I'hat it is the fame in Mercury as in the four imperfeft Metals.
I'hat thefc four Metals have, for their Bafis, an Earth fufceptible of 

Vitrification.
'I'hat this Earth is different in every one of thefe four Metals, in that 

it vitrifies differently in each of them.
And that on this Difference in vitrifying depends the Difference of 

L-i: Metals.
•I It remains, tliat I fhould examine more particularly the Nature of
jk,; thefe Earths, or metallick Vitrifications, to know if any other Prin-
:  ̂ ciples or Subilances may be feparated from them : But this I ihall en

deavour to do hereafter, in profecuting the Analyfis o f thefe Metals, as 
far as poffible.

1 9 8  Experimcnís with M¡\  Vi l le t te ’ j  Burning-Glafs.

Expenmints VI. This Miroir is a Concave 47 Inches wide, and ground to a 
Sphere of 76 Inches Radius ; fo that its Focus is about 38 Inches di- 

ing-<JlafsTn' the Vertex of the Glafs. The Metal of which it is made is a
June, by Dr. Mixture of Copper, Tin and Tin-Glafs, whofe Reñeílion has fomething 

 ̂ Harris, W  of a yellow Caft. The Concave-Surface has fcarce any Flaws, and thofe
r ’ fa¡uíicrs, 'n.^' Convex-Side, which is alfo poliihed, has fome Holes

3O0. p. 976.
' .i Having held feveral Bodies in the Focus o f this Miroir, we obferved
,; what happened to them whilft expofed to this great Heat ; and with a

half-fecond Pendulum, took Notice ot the Time in which any material 
Change happened to them.

I'he Experiments were as follow, and made from Nine till Twelve in 
the Morning.

I.  A  red Piece o f  a Roman Patera, which began to melt in 3 
' Seconds, was ready to drop in 100.
;  ̂ 2. Another black Piece melted at 4, and was ready to drop at 64

Seconds.
3. Chalk taken out of an Echinus Spatagus filled with Chalk only, 

fled away in 23 Seconds.
4. A  FoiTiIe-Shell calcin’d in 7 Seconds, and did no more in 64.

I 5. A  Piece o f Pompey's Pillar at Alexandria was vitrified in the black
Part in 50 Seconds, and in the white Part in 54.

6. Copper-Oar
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6. Copper-Oar, that had no Metal in it vifible, vitrified in 8 Se
conds.
Slao-, or Cinder of the ancient Iron-work faid to have been wrought 

by t^e Saxms, ready to run in 29 Seconds and an half.

Here the Glafs growing hot, burned with much lefs Force.
8. Iron-Oar fled at firft, but melted in 24 Seconds.
q. Talk began to calcine at 40 Seconds, and held in the Focus 64.
10. Calculus humanus in 2 Seconds was calcined, and only dropped 

off in 60.
11. An anonymous Fiih’s Tooth melted in 32 Seconds and an half.
12. The Asbeftos feemed condenfed a little in 28 Seconds •, but it was 

now fomething cloudy ; Monf. Villette fays, that the Glafs ufually 
calcines it.

13. A  golden Marchafite broke to Pieces, and began to melt in 
about 30 Seconds.

14. A  Silver Sixpence melted in 7 Seconds and an half.
15. A  King lVilliam\ Copper Halfpenny melted in 20 Seconds, and 

ran with an Hole in it in 31.
16. A  King George"̂  Halfpenny melted in 16 Seconds, and ran 

in 34.
17. Tin melted in 3 Seconds.
18. Caft Iron in 16 Seconds.
1 9 .  S l a t e  m e l t e d  i n  3  S e c o n d s ,  h a d  a n  H o l e  i n  6 .

20. Thin Tile melted in 4 Seconds, had a Hole, and was vitrified 
through in So.

21. Bone calcined in 4 Seconds, and vitrified in 33.
An Emerald was melted into a Subftance like a Turquois Stone.
A Diamond weighing 4 Grains loft I  o f its Weight.

VII. Experience (as well as the Authority of Dr. Hook in his Pre- A Pocket-Mi- 
face to his Micrographia) afllires us, that fingle Magnitying-Glafies 
(when they can be ufed) are preferable to Microfcopes, compofed of 
two or more Magnifying-GlaiTes : Nor are the late Improvements, p. 1241. 

made by Magnifying-GlalVes, fo much owing to the making Them, and 
compofing Aiicrofcopes, as to the Methods o f applying Objefts for the 
Advantage of Light ; in which, I hope, the following defcribed Inftru- 
ments will not be found inferior to any yet made, at leait commonly 
fold.

This Sett o f Microfcopcs has eight different Magnifying-GlalTes ; 
feven of which may be ufed with two different Inftruments, for the bet
ter applying them to various Objeéls : One of thefe Inftruments :s re- 
prefented Fig. 72. A  A A A ,  and is made of Ivory •, it has three thin Fig'
Hrafs Plates E E ,  and a Spring o f Brafs // within it ;  to one o f the
thin Plates of Brafs is fixed a Piece of Cork F, with a Concavity G .......
both in the Cork and Brais ro which it is affixed : In one End of this

Inftrument
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Inftrumcnt there I.1 a long Screw Z), with aGlafs C, fcrewed in the End 
of it : In the other End there is a hollow Screw 0 <?, wherein any of the 
JVlagnifying-Glaflcs aie fcrewed when they are to be made Ufe of. The
8 different iMagnifying-GlalTcs are all ftt in Ivory, 7 of w'hich are fet in 

Fig. 7S. the Manner of 76. n. 4. The greateft Magnifyer is marked upon 
the Ivory, wherein it is fet, with n. i. the next 71. 2. and fo on till

7. the 8"’ Glafs is not marked, but fet in the Manner of a little Barrel 
F'S- 7+- Box of Ivory, as in Fi^. 74.
Fig. 75. Figure 73 is a flat Ficce of Ivory e e, whereof there are 8 belong

ing to this Sett of Microfcopes, (though any one, who has a Mind to 
keep a Rcgifter of Objeds, may have as many of them as he pleafes) 
in each ot which there are  ̂Holes / / / ,  wherein 3 or more Obje6ls are 
placed between two thin Glafles or Talks, when to be ufed with the 
greateft Magnifyers.

7J- The Inftrument Ffg. 75. is mflde of Brafs or Prince’s Metal, with
Joints P P P ,  to turn eafiiy any W ay with a fmall Pair of Tongs GG, 
which open at the Points by preiling together the two Heads of the 
Pins I I  for taking up of O bjed s: There is a round Piece of Ivory H, 
icrewed upon the other End of the Tongs, white on one Side for black 
Objeds that are opaque Bodies, (fuch as are Seeds or Sands) and black 
on the other Side ior white ones of that Nature.

Upon the iharp End of this brafs Inftrument, all the 8 GlaiTes 
76. may be fixed, as you fee Fig. 76. n. 4. there being a Hole in the Ivory 

wherein the GlaiTes are fet for that Piirpofe, with a thin Piece o f Brafs B 
in the Manner of a Spring, that hole s it firmer : So when any Objeél 
is taken up in the Points of the Tongs or laid upon the other End/7, 
it may be very eafiiy (as any one who fees the Inftrument will per
ceive) applied to the true Diftance of any of the Glafl'es, by the Help 
ot the Joints P P P P ,  as alfo the Screw C, and Wheel Z), which will 
bring the Object to the Exaclnefs of the Center or true Diftance, being 
regulated by a Spring E.

72- The Ufe.oi the firft mentioned Inftrument, Fig. 72. A A A A ^  is thus: 
Fig- 73- Take one of the flat Pieces of Ivory or Regijlers  ̂ Fig. 73. (as they 

may be calledJ and Aide it in betwixt the two thin Plates o f Brafs EEy 
in the Body of the Microfcope, Fig. 72. fo that the Objed, you intend 
to look upon, be juft in the Middle, remarking, that you put that Side 
of the Plate e e, where the Ring is furtheft from your Eye : Then you 
are to fcrew into 0 0 (the hollow Screw in the End o f the Body of your 
Microfcope) the 3**, 4**', 5 '\ 6̂ \ 7'’* Magnifying-Glafs ; which be
ing done, while you are looking through the Magnifying-Glafs upon 
the Objed, you are to fcrew in or out the long Screw D  in the other 
End of the Body of the Microfcope, till you bring the Objed to the 
tRie Diftance; which you will know by feeing the Obje6t clearly, and 
diftinftly ; But fmce in the greater Magnifyers you can fee but a Imall 
Part o f the Objed, viz. the Legs or Claws of a F lea; while you are 
-looking upon any Part of the Objed, if you take hold of the End of

the
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the Plate e e, whereon the Objeót lies, and move it gently, you may fee 
the whole O bjed fucceffively, or any Part o f the Objed: you pleafe ; 
and if that Part o f the O bjed, you defign to look upon, be out o f the 
true Diftance, remember your End-fcrew D  can always bring it in, by 
fcrewing it nearer or farther off.

After this Manner may be feen all tranfparent Objefts, Dufts, L i
quids, Chryftals of Salts •, fmall Infefts, fuch as Fleas, Mites, (jfc. If 
t ley be Infefts that will creep away, or fuch Objeéts as one intends ta  
keep, they may be placed between the two Regijler-Glajfes / / . For by Fig. 73. 
taking out with the Point o f a Penknife the Ring that keeps in the 
GlaiTes //, where the Objeft lies, they will fall out o f themfelves ; fo 
you may lay the Objeft between the two hollow Sides o f them, and put 
the Ring in as it was before : But if the ObjecSls are Dufts or Liquids, 
a fmall Drop of the Liquid, or a little o f the Duft laid on the Outfide 
of the Glafs / / , and applied as before, will be feen very eafily.

As to the firft and Jfecond Magnifying-Glaffes, being marked with a 
Crofs upon the Ivory wherein they are fet, they are only to be ,ufed 
with thofe Regijier-Plates, that are alfo marked with a Crofs, wherein 
the Objeéls are placed between two thin Talks, becaufe the Thicknefs 
of the Glaffes, in the other Regifters or Plates, hinders the Objeél from 
approaching to the Centre, or true Diftance o f thefe great Magnifyers.
But the Manner o f ufing them is the fame with the former ; only re
member when you put in or pull out the fame Plate or Regiftcr e e. Fig. 73̂  
(whereon the Objeft lies) or move it from one Objeft to another, not to 
let it rub your Magnifying-Glafs, which is done by unfcrewing a little 
the End-fcrew Z), when you put in or pull out the Plate, or move it Fig, 72J 
from one Objeót to another.

For feeing the Circulation o f the Blood at the Extremities o f the Ar
teries and Veins, in the tranfparent Parts o f Fifhes, Eels, ^ c. there 
are two Glafs-Tubes, the one bigger and the other leffer, is defigned 
in Fig. 77. wherein the Fiih is to be put •, when this leffer Tub^e is Fig. 77. 
ufed, you are to unfcrew the End-fcrew D in the Body o f the Microf- 
cope until the Tube 77. can eafily enter into that little Ca
vity G of the Brafs-Plate faftened to the Cork F , under the other two Fig. 72. 
thin Plates of Brafs E E \  when the Tail o f your Fiih lies fiat to the 
Glafs Tube, fet it oppofite to your Magnifying-Glafs, and by fcrew
ing in or out the End-fcrew D, as is faid before, you may eafily 
bring it to the true Diftance, and fee the Blood circulate with great 
Pleafure.

When the bigger Tube is to be ufed with a larger Fifh or Frog ; then 
you are to take out the Brafs-Plate O F  faftened to the Cork, by pref- Fig. 72. 
Cng down the other two Plates E  £ , and the Spring //, to the End o f 
the Microfcope B  •, and by turning the Cork and Brafs-Plate G F  fide- 
ways, you may eafily take it out, and put it in again ; when the Cork- 
Plate G F  is out, the larger Tube will eafily enter into the Body o f the 
Inftrument, and is to be ufed as the other leffer one,

V ol. IV . D  d  ̂ i f
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202 A Pocket Mkrofcope,
If you would fee the Blood circulate in a Frog s Foot, chufe

fuch a Frog as will juft go into your Tube, then with a little Stick
expand the hinder Foot of the Frog, and apply it clofe to the Side
o f the Tube, obferving, that no Fart of the Jr rog hniders the Light
coming on its Foot •, and when you have it at the juft Diilance by
Means of the Screw D, as abovefaid, you will fee the rapid Motion
of the Blood in its VeiTels, which are very numerous, in the tranf-
parent thin Membrane that is between the Frog’s Toes : For this
O biea the t  and 4'” Magnifyers will do very well •, but you may
fee the Circulation in the Tails of JVater-Newts with the 5“* and
Glafs, by Reafon the Globules of the Blood ' ot thofe Newts arc as
big again as the Globules of the Blood of Frogs or fmall Filh, as

tr j ' c \T has been taken Notice ot by Mr. Coivpcr in N ° 280, of thefe ‘Tranf-
Vtd. infra V . ^
V C' V I S iii a^ions.

N, B.  The Circulation cannot be fo well feen by the ift and 2" Mag
nifyers, bccaufe the I'hicknefs of the Glafs wherein the Filh lies, hin
ders the Approximation.

Fig 74 The Glafs placed in the Manner of a Barrel-Box, Fig. 74. is only
to be ufed with the Brafs Inftrument, (or in your Fland) being the
leaft Magnifyer for greater Objeits, fuch as Flies and common In- 
fe¿b, The Hole a in the Side of this Box is to be fixed on the
Point A  of the Brafs Inftrument, remembring to put the End b next 
your Eye, and the other to the Objeft •, fo if you take up any Infeft 

F%- 75- in the Point of the Tongs k, or lay any opaque Objed: on C, the other 
End, you may approach them to the true Diftance, by the Help of 
the Joints and Screw C, D, P , E, (fpoken of before) and fee them 
diftinélly.

In the Viewing of Objefts, one ought to be careful not to hinder the 
Light from falling upon them, by the Hat, Peruke, or any other 
Thing, efpecially when they are to look upon opaque Objefts : For no
thing can be feen with the beft of Glafles, un efs the Objeét be in a 
due Diftance, with a fufficient Light.

The beft Light for the Plates or Regifters, (where the Objeft lies be
tween the two Glafles) is a clear Sky-light, or where the Sun fhines on 
any white Thing, or the Refleftion of the Light from a Looking-Glafs. 
The Light of a Candle is likewife good tor the Circulation of very 
fmall Objefts, though it be a little uneafy to thofe who are not pradlifed 
in Microfcopes to find out the Light of the Candle •, but Ule will 
make every Thing eafy.

For the Conveniency of thofe who would draw or make any Sketcnes 
or Defigns after Microfcopical Objefts, I have alfo made a Pedejlal to 
fix the two Inftruments above defcribed, and make them ftationary to 
any convenient Light. This Pedeftal may be placed on a 1 able, ¿5?̂ * 
and after the Objed:, and Light are fixt, as many Perfons as ple^e 
may view the Objcd:, without any Trouble or Difficulty in finding the

The
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The following Figures were drawn by this M icrofcope from feveral

D, E, F  reprefent the Feathers o f the W in g s o f ButterjHes*fiop^“̂’̂°' 
and M̂oths'-, A, B are the fame, but differently magnified. A  was ex- Fig. 78. 
prelTed by the 4}̂  Glafs, and B  as it appeared by the ift . T h e  reft be
ing taken from different Parts o f thofe Infe¿lSy C, D, E, F  were all
viewed by the 4*** G lais.
G  is one G rain  o f the Farina o f the Capilaments o f Makes  by the Fig. 79.

firjl Glafs.
H H  is the I’ail of a fmall Fijh, viewed when liv in g  by the 4'*’ Glafs i F»g- 80. 

it is the Fart of the T a il  next the Body of the F ifh , where the T r u n k s  
of the Veins and Arteries pafs together. Ill 1 their Extremities w hich  
appear united, k k k  other Inofculations, with the Arteries and Veins ap
pearing in the tranfparent Membrane, between the Cartilages K K .
L L L L  the Cartilages compofed of feveral Joints, on each Side o f which  
the T ru n k  of a V ein  and A rtery  paiTes. M  an Animalculuniy whereof a 
great Num ber appeared m oving themfelves up and down on the T a il  o f Fig- 81.’ 
the F ifh , while the Circulation was view ing.
N  reprefents a Side-view  of the fame Aninialculum. Fig. 82.
0 is another Animalculum of a different Figure from the former, that Fig. 83* 

iluck to the T a il  o f the F if li by its jagged Extrem ity, and frequently
drew its long Body out and in again.
P  ^  one of the Lice  found on the Beetlê  called Scarabeus Pedictdofus Fig. 84. 

by the 4"' Glafs. P  its Anus, its two Claw s, not unlike thofe of a 
Lobfter, rrrr  the Extrem ities of its Feet, which have a remarkable 
Contrivance for fticking faft to the poliihed Surface of the Beetle, not 
in the Manner of Claw s, as many other Infeéls, but divided into C a p i
laments, as expreifed in the Figure.
S the fame Animal as it appeared to the naked E y e . Fig. 85.

V II I .  I  think that all the M icrofcopes, which preceded M r. Leeu- The Manne»- 
wenhoeck’ s, are fo m uch out-done by his, that it w ill be proper only xq o f making Mi- 
take Notice of thefe and the reft of later Invention, not defigning to ^rof^pes^&c. 
leñen their Ufefulnefs, but only to add a few Tho ug hts which m ay be Â dánTs, n.' 
of Service. . 325. p. 24,

1 had not an Opportunity of exam ining M r. Leeuwenhoeck*^ Glaffes 
particularly, which is a Favo u r he allow's to none •, therefore I  am not 
capable at this Diftance to defcribe either their M ake or Ufe,, any fur
ther than that to me they appeared to be Spherules lodged betv/een 
two Plates of G o ld  or Brafs, in a H o le  whofe Diam eter m ight not be 
bigger than that o f a fmall P i n ’s H e a d  ; and the Obje<5ls I  faw through  
them were pretty and diverting *, but ftill their M a k e  and T r u th  are 
unknown.
^^•Butterfield is very curious in m elting his G lafs, but I  fuppofe 

unfuccefsful in cafting his Spheres ; for befides that a fufficient C ^ian - 
lity of beaten Glafs cannot ftick to the moiftened Point of a fine Needle ;

D d 2 '
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204 Manner o f  making Microfcopes,
fo neither can it run equally, hold the Needle how you will, nor the 
GlobulCy V hen run, itick to the Ncedic, but muft unavoidably drop ; and 
wherefoevir it happens to tall, it muft in that almoft liquid State receive 
ImpreiTicns fufficient to fpoil the Figure ot a Sphere.

Mv.Gray has ihewn the Defed of his Method, which he ufed to re
cover by grinding and polifhing his Glafles on a Brafs-Plane, and lo re
duce the n to Hemifpherules •, but how far fhort polilhed Glaffes (I 
fpeak ot fmall ones) come of thofe which are caft, I leave to any one 
to iudge who has feen both. His Water and Quickfilver Microfcopes 
I never faw, fo Can fay little to them.

After what Manner Mr. fVilfon's Glafles are made l know not, but 
fure his greateft Magnifyers are ill placed, they bong lunk to fo great a 
Diftancc from the Eye, the Objed cannot appear to that Advantage it 
otherwife would •, if therefore inftead of a liollow Cap, he would con
trive a plain Plate of any Metal for the Reception of the Glafs, then the 
Eye and the übjeét might come to their due Diftance •, neither ought 
there to be any Calx or Glafs between the Objeét and the Spherule, when 
we ufe the greateft Magnifyers •, becaufe if the Focus o f a Sphere be 
upon the Extremity of its Circumference, any fmall Diftance irom that 
muft fpoil the Truth of the Objeft’s Appearance.

I cannot fay, that the Glafles I have made are without Fault, but I 
think they magnify more than any 1 have yet feen ; and were they pla
ced to the bcft Advantage, they would magnify much more than they 
do : They are made thus.

I take a Piece of fine Window-Glafs, and I rafe it with a Diamond 
into as many Lengths as I think needful, not exceeding an Eighth of 
an Inch in Breadth •, then holding one of thefe Lengths between the 
Fore-finger and Thumb of each Hand, over a very fine Flame, until 
the Glafs begins to foften, I draw it out till it be as fine as a Hair, 
and break : Then inuring each of the Ends into the pureft Part of the 
Flame, I have two Spheres prefently, which I can make larger or lefs 
as I pleafe •, if they ftay long in the Flame, they will have Spots, fo I 
draw them out prefently at'ter they turn round. As for the Stem, Í 
break it ofl̂  as near the Ball as I can, and lodging the Remainder of 
this Stem between the Plates, and by drilling the Hole exaótly round, 
all this Protuberance is buried between the Plates, and the Micro- 
fcope performs to Admiration ; infomuch, that the fame Thread of 
very fine Muflin appeared 3 or 4 Times bigger in one of thefe, than 
it did in the firft or iecond of Mr. Wilfon's. 1 thought I faw A n i m a l s  
in fine old Brandy ; but they were fo nimble in their Motion, that I 
can give no particular Defcription o f them. Human J5W . i s  fo far 
from fliowing any red Globules fwimming in Serum, that i m m e d i a t e l y  
after its Emt t̂on it appears to be a Body o f infinite Branches, run
ning in no certain Order, varioufly coloured ; where it lies thickeft 
on the Glafs, it is of a dull Red ; where thin, inclining to Y e l l o w  j 
but the Whole fo blended, as to feprefent very near the Top of a Yew-
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Tree in a very fine Landskip, having its fuppofed Branches of a Red'and’
Yellow confufedly intermixt. But not latisfied with this Appearance, 
jhouah the fame as to Quality in eleven different Glaffes, and as many 
diffe^nt Sorts of Blood, I refoh^ed to view it another W ay, which was, 
by diluting one Third o f Thick in the Serum of Blood •, and laying it 
upon my Glafs, I could fee the red Branches as before, and theTranf- 
parent filled with Particles of great Variety ot Figures, which I took to 
^  the Salts of the Blood, but feweft globular, and they were pellucid.

If the Fluids moving in an evancfcent Artery appear globular, I fup- 
pofe it is becaufe the Canal is round, which alters the Cale much.

I had at the fame Tim e an Opportunity o f viewing fome Pluritic___ caPleu.
Blood ; and thought that its Branches did fpread in a different M e- Htic Bleod. 
tliod from the Sound, and more ftrongly perplexed with overthwart 
Branches, which appeared black like Blood that had ftood two or three 
Days. Whether the Attraftion of Particles arifing from the Diffe
rence of Figure, may not render the Blood incapable o f pafiing through 
the capillary Arteries of the Pleura in that Cafe, let others judge ; but 
I lliould think, that fince the propellent Force o f the Heart is leaft at 
the capillary Arteries, then there the attraftive Force o f the Particles 
of the Blood ihould be greateft ; and fmce Spherical Bodies are the moil 
attra¿live of any, Refped being had to their Solidities, were the Blood 
fo plentifully flocked with Globules, as fome fay, we Ihould never be 
free from Obílru¿lions, the natural Confequence of this attraélive Force.
If my GlafTes liave deceived me, and if this that I have written be found 
to be a Miflake, no one ihall more readily retraél and acknowledge it.

IX . Account of a Book omitted.
Linear Perfpeiiivey or a ne-iv Method of Reprefenting juftly all Manner 

ofObjedls, ^ c. By Brook Taylor̂  L L .  D. and R. S. Seer. 8''°. Lon- 
don, 1715.

The Author having in his Book obferved, that there might be a very Additun 
goodi Expedient made Ufe of in painting of large Rooms and Churches, P- 3̂ 3. 
which is drawn from the Nature of thofe Rays which produce the Va- 
nijhing Points  ̂ but not having mentioned it in his Book, has thought 
proper to take Notice o f it in the Account,

The Expedient is th is: H aving Ibme W ay or other found the Re- 
prefentation o f one Point o f a Line that is wanted in the" Pidlure, to 
find the whole Line, pafs a Thread ilretched through the Place of the 
Spedbator’s Eye, in a Direélion, parallel to the Diredion the original 
Line ought to be in, and the Shadow of that Thread cail by a Candle, 
fo as to pafs through the given Point on the Piólure, will be the Repre- 
f^tation fought. The Reafon o f this Conilrudlion is, becaufe the Rays 
of Light that pafs from the Candle to the Thread fo ilretched, make 

Plane which generates the Reprefentation fought; {Vid. Prop, i .)  
and there may be other Expedients o f the like Nature gathered froiii' 
we fame Principle,

P H A P .  Ill;
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or  Camni’i I N C  E  the Time that the celebrated Mr. Cajini, in his Trea-
Orhit e f  the tile of the Origin and Progrefs of AJtronomy, has propofed to the
Planets,Z)r.  Aftfonomers a certain Curve for the Orbit of a Planet j there
Gregory, n. Debate among the Learned concerning the Nature of
2<95- P- «704- Curve, and the l.aw of Gravitation required in order to its being 

defcribed. As I have thought again upon the fame Subject, not only 
the different Species of this Curve, but fome of their Properties not 
fufficiently examined, have occur’d to my Enquiries.

; Fig. 86. It is now well known, that the Nature o f this Curve is this. If troni 
two given Points F- and G to any Point of the Curve II  two Lines are 
drawn F//and G //; the Reélangle under F H  and G’ is equal to a 
given Space. The right Line FG , being produced each W ay till it 
meets the Curve, will Ihew the two Vertices yf and B •, and A B  i?, the 
principal Axis. And C the middle Point between the Vertices will be 
the Center of the Figure. And D E  drawn through C perpendicular 
to /IB will be the lefler Axis : And the Points F  and G are the Foci.

In this Figure, if the lelier Axis is greater than the Diftance of the 
Foci, the Curve terminating the Figure is every where concave towards 
the Center, fuch as the Figure is commonly defcribed. But if the Di- 
ilance of the Foci is leifened, while the principal Axis continues the
fame, the leller Axis will be increafed, which yet remains lefs than the
Axis of an Ellipfis, defcribed with the fame principal Axis and the 
fame Foci : Till at lail when the Foci unite, it becomes equal to 
the greater Axis, and the Figure changes into a Circle. But on the 
contrary, if the Diftance of the Foci increafes, the leiTer Axis will be 
leffen’d, and will become equal to the faid Diftance, when this is to 
the principal Axis, as Unity is to a mean Proportional between Unity 
and the Number 3.

I f the Diftance of the Foci be farther encreafed, the lefier Axis will 
be ftill leiTen’d, and the Curve at its Extreams will be no longer con-

• Fig. 87.

Fig. 88.

cave towards die Center, but convex as in Fig. 87. till the Diftance of 
the Foci being fo far increafed, that it is to the greatér Axis, as the 
Side of a Square to its Diameter ; the lefier Axis will become nothing, 
and the Curve will reach on each Side to the Center.

I f  the Diftance of the Foci is greater than the aforeiaid ratio, the 
leiFer Axis becomes impoflible, and the Figure changes into two con
jugate Figures, as in Fig. 88. which will be lelfen’d as the Diftance of the
F'oci increafes, till at laft the Figures pafs into two conjugate Points only.

Th2
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The DIftance of the Foci ftill increafing, the two conjugate Figures 

emerge again, which increafe in the fame Manner as they decreafed be
fore, being different from the former in the Order o f the Foci and Ver
tices’, and go on increafing till they become infinite. And after
wards this Syftem will again approach to the Circle by the fame De
grees as before it receded from it. _

Hence it appears at the firft View, that this Figure cannot be at all 
proper to conftitute the Orbit o f a Planet. For not to mention the Cafe 
^̂ herein it becomes two Figures, and forfakes the Nature o f an Orbit, 
that is, whenever its Excentricity is fo great as the Comets require, (if 
they turn about the Sun like Planets, as is moil probable) to defcribe 
their refpedive Courfes : T o  pafs over thefe Cafes, as faid before, even 
in thofe Cafes in which it returns into itfelf, and compleats its Orbit, 
fome of its Excentricities are fo large, that near D  and E  the Curve Fig. 87I 
becomes convex towards the Sun, and therefore the Planet would have 
Occafion for a Centrifugal Force from the Sun, that it may defcribe this 
Part of its Orbit, whilft at the fame Tim e both in Places that are nearer 
and more remote B and A  there ought to be a Centripetal Force towards 
the Sun.’ That is, it muft be allow’d, that the Circumfolar Bodies may 
move by fuch a Law, that at equal Intervals from the Sun here a Cen
tripetal Force, and there a Centrifugal can obtain, which how contrary 
it is to the known Laws o f Nature is eafy to perceive. And tho’ none 
of the Planets have fo great Excentricity, yet fince it is known to Geo
metricians, that if all the Species of a Blgure beyond a certain Lim it 
are unfit for performing a natural Fundion, the remaining Species of that 
Figure on this Side the Lim it, cannot be admitted as fit for perform
ing the fame Function : This Curve o f CaJJini'% muft o f Necefiity be 
rejeded out of Aftronomy, not only for the Reafons alledged. Prop. 8.
Lib. 3. of the Elements o f Aftronomy, that it neither agrees to the Ob~ 
fervations of the Heavens, hecaufe of the 'Brevity of the fhorfer Axis., nor do 
Pbyjkal Reafons correfpond, fince for the Defcription of this a Centripetal 
Force towards the Sun is required., greatly deviating from that which Na- 
ture makes Ufe o f ; but likewife becaufe of the utter Impoffibility o f it.
For It is impoffible that any Species o f this Figure ihould be dcfcribed 
by a Planet, fo that the Angles at that Focus, which is different from 
the Sun, may be proportional to the Times •, for thus the Area defcriljed 
by the Radius tending to the Sun could not be proportional to thel'im es. 
for the A ngle at one Focus being increafed by equal Increments, the 
contemporary Increments of the Area to the other cannot become equal; 
contrary to the Opinion I lately entertain’d of this Matter.

In Hgures 87, 88. the greateft Breadth of the Figure is found, if with pig 8 7  88 
pnter C a Circle is defcribed thro’ the Foci ; for this v/ill cut the Curve 
in the Points L , Z , which are the Points required. And the greateft Or- 

L Proportional to the right Lines G F , is the
them  ̂ fourth Proportional to G F, GA, A F , in both o f
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Motion
D  E  remaining, the Ordinate F P  from the Focus is equal to the lefíer 

Semiaxis CD , when the lefTer Axis is to the Diftance of the Foci, as the 
Side of a Square is to its Diameter. I f the Diftance of the Foci is greater 
than in tliis ratio, F P  wili exceed CD .

7he Newtoni- H. Kepler was the firft that demonftrated, that the Planets were not 
án Solvthn of carried about in Circular Orbits, but in Elliptical ones ; and that they 
S  "  furrounded the Sun, placed in one of the Foci of the Ellipfis in fuch a
flrated,kc. by Manner, that a Radius extended from the Planet to the Sun’s Center, al-
7>.J.Kcil,n. way defcribes Elliptical Areas, which are proportional to the Times of 
337- P- *• Defcription.

This Divine Difcovery of the moft fagacious Kepler is owing to the very 
exai5t Obfervations of Tycho Brahe \ and is fo much the more to be efteem- 
ed, that by tlie Help of this Newton has moft happily laid open the 
Laws of Motion, and the Philofophy of the Syftem of the Univerfe.

Since therefore the Planets move about the Sun according to this Law, 
that their Places in their own Orbits may be determined to any given 
I ’ime, there is Occafion that the following Problem Ihould be folved.

To find the Pofition of a right Lhie  ̂ which pajfing through either of the
Foci of a given Ellipfis  ̂ may cut o f  an Area dsfcrihed hy its Motion, which
may be t-o the whole Area of the Ellipfis in a ^iven ratio.

Fig. 89. Let the fellipfis be A P B , either of whole Foci is S. The Pofition of 
the right Line S P  is to be found, which may cut off the Trilinear Area 
A S P ,  to w'hich the Area of the whole Ellipfis has the fame ratio, as the 
periodical Time of the Planet defcribing the Ellipfis, has to any other 
given Time. This being found, the Point P  will be given, where the 
Planet will be at that given Time. Or let A ^ B  be a Semicircle cle- 
fcribed upon thc^reater Axis of the Ellipfis ; a Line to be drawn
thro’ S cutting off the Area A S ^  to which the Area of the whole Circle 
is in the fame ratio. For if from ^ a  Perpendicular is let tall upon 
the Axis, meeting the Ellipfis in P  ; drawing the Line S P  it will give 
the Elliptic Area required, and the Point P  will be the Place of the 
Planet at the given Time. For the Semifegment of the Ellipfis A  PH  
is to the Semifegment of the Circle as H P  to that is, as
the Area of the whole Ellipfis is to the Area of the whole Circle. But 
tlie Triangle S P H  is to the Triangle S ^ H  in the fame ratio of P H  to 

. ^ H . Th^erefore the Area A S P  is to the Area of the whole Ellipfis, as 
the Area A S ^  is to the Area of the whole Circle. Therefore if we had 
a Method ol cutting the Area of the Circle in a given ratio, by a Line 
drawn through the given Point S, it would be eafy to cut the Elliptic 
Area in the fame ratio.

Kepler himfelf, who firft propofed the Problem, had no direct Method 
o f computing the Planets Place from the Time being given. H e was tain 
to proceed thro’ the feveral Degrees of the Semicircle A ^ ^ t  from the 
given Arch A§1̂, which they call the Anomaly of the Excentrick, and to 
calculate as well the Time by the Area A S ^  which is proportional to
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the mean Anomaly, as the Angle that is the Place of the Planet,
or the coequated Anomaly correfponding to this Time.

Therefore as the Solution of this Problem was difficult, Aftronomcrs 
betook thenifelves to other Hypothefes, feigning fome other Point to be 
that, about which the Motion was equable or proportional to tl̂ e Time, 
and thence the mean Anomaly being given, they determined the co- 
eqiiated Anomaly. But Computations founded upon thefe Hypothefes 
were found not to agree with the Obfervations. Therefore Geometers 
had Recourfe to various Approximations, by which from the given 
Area which is analogous to the Time, the Angle or the
Place of the Planet may be had very nearly. But the eafieft o f all thefe, ' 
and moft ready for Pradice, feems to me to be that Method which is 
taught by Mr. 'Newton in his Principia  ̂p. 111 , and 112. of the firit Edi
tion, which is very much like that Method, by which Analyfts extrad 
the Roots of aífeóted Equations •, and indeed is fo much the more to be 
efteemed, as that it not only exhibits the Places o f the Planets, whofe Or
bits approach very nearly to the Form of Circles, but almoil with the 
fame Facility may be applied to Comets, which move in Orbits that 
are very excentrick.

Therefore I thought it not amifs to explain that Method here, for the 
Sake of fuch Artifts as are defirous of conftruóling Afhronomical Tables, 
according to the true Laws o f Motion, and not by any fiditious Hypothefes.

Therefore let A ^ B  be a Semicircle defcribcd upon the greater Axis pjcr, 
of an Ellipfis, whofe Center is C, and .S is the Focus in which the Sun is 
placed. Let be drawn, upon which, produced if Need requires, 
et fall the Perpendicular SF. The Area A S ^  is equal to the Sector 

added to the Triangle C S ^ — ^ C ^ x  A ^ ^  4 S F  ; and 
therciore becaufe o f 4- being given, the Area A S ^  will always be 
proportional to the Arch added to the right Line SF,  when the 
Motion is from the Aphclium towards the Perihelium. But when the 
Planet tends from the Perihelium towards the Aphelium, as in Fig. 92. 
the Area 5 5 ^ = S e f t o r  B C ^ — I'riang. C S ^ ,  and therefore it will be 
proportional to the Arch B ^ —  right Line SF.  Hence if there is taken 
the Arch A N , in Fig. 90, 91. and B N  in Fig. g i. proportional to the Fig 90 91 oí 

k m\\ ht A y ¿ -\-S F ^  A N , and B ^ — S F ^  B N . Whence 
SF will be equal to if A N  or B N  are proportional to the Times
in which the Areas yf 6’ or 56" . are defcribed. Now that the Mea- 
lure of the Arch in the Periphery A ^ B ,  which Arch is equal to the 
right Line SF, may be found in Degrees and Parts of a ÍDegtx-e : Let it 
be made as C i^ to  is the Arch o f 57,29578 Degrees, (which is
q̂iial to the Radius Ci^.) to a fourth Arch, v/hkh will be equal to CS.

Let that Arch be B. But it is CS to SF, as Radius to the Sine of the 
Angle SC F o r  A C ^  Therefore let it be made, as Radius to the Sine 
01 the Angle A C ^ o r  the Arch fo is the Arch B to another Z) ; 
inat Arch D  will be equal to the right Line S F \  therefore if, at a given 

ime, the Area were proportional to the Time, the Arch D  would 
Vol. IV, ^   ̂ '  E e  ' be
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be equal to N ^ \  and taking the Arch N P  = D ,  the Point P  would fall 
upon ^  But if the Area /^i^fhould not exaéíly anfwer to the Time, 
the Point P  will fall above or below according as the Area is 
greater or lefs than the true Area which anfwers to the Time. Let it 
be and let 5/ / fall perpendicularly upon C^. By what has be
fore been demonftrated, it will be S H  z=. Nq. But it is iV P ,
whence it will be SH  —  S F, or S F —  SH, that is nearly H E  =  qP 
— ^ P  —  ^ q , or ^ q  —  And if  the Angle  ̂ be a Imall one,
it will be C H . C ^ .: : H E  . —  ^ q  • ^ q . Whence C
C H  . C ^ :  : ^ P  . ^q^ when the Arch is lefs than a Quadrant. But 
when it is greater than a Quadrant, it will be C ^ —  C H . C ^ : :  ^ P  . 
^q.  And in like Manner when the Arch B  ^  is lefs than a Quadrant, 
it will be C C H . C ^ : :  ^ P .  .^q. 

i If the Angle or BC  a fmall one, that is, if  the Planet is near
I the Apfids, it will b eC y/-4- C 5 . C A :  : ^ P  . ^  q.

Let it be made, as C 5 to C ^ ,  fo is Radius i? to a certain Length L ;

* it will be C But it is, as Radius to the Cofme of the
R

Angle A C fo is SC to C F o r  CH-, (for C H  and CFare nearly equal) 

I wherefore it will be C H  =  •, and therefore ^ P  . ^q::

C S x L +  C S x  C o (^ C .t .  cof. A C ^ . L ,  when the
R R

Arch A ^ h  lefs than a Quadrant. But if A  ^ h e  greater than a Qua- 
j drant, it will be ^ P  . ^ q  :: L  —  Cof. A C L .
; And in this Method if an Arch A ^ h e  any how taken, which is fome-

thing lefs or greater than the Truth, thence will be found an Arch ^q to 
be added to it, or taken from it, which will make the Area A S  q very 
nearly proportional to the Time. And ifinftead o f A ^ h e  taken an 

Í ^ Arch A  q̂  and a Procefs be made with this like the former, another ^  q
- ■ will be found, which in like Manner by repeating the fame Procefs, will

I  ̂ . give another yi j  ; and thus we may approach as near the Truth as we
Í pleafe.
I The Angle A C  q being found, we ihall eafily have the Angle ASq^
I fince in the Triangle are given the Sides Cq  and C S, and the An-
I gle qCS.  Thence will be given the Angle CSq,  whofe Tangent is to be
I leiTen’d in the ratio of the lefler Axis of the Ellipfis to the greater, that

at laft may be had the Tangent of the Angle A S P .  Or perhaps the 
Angle A S P  may be thus found more eafily. L et F  be the Number 
which exprelTes the Length CS is fuch Parts as C .^ is  looooo. From 
the Point q to the Axis let  ̂r be a Perpendicular, which will be the Sine 
of the given Arch A  q, and Cr  will be the Cofme of the fame, and Sr 
will be equal to the Sum or Difierence of the right Lines C r and C S ; 
that is, =  F  +  Cofin, A C q ,  Therefore in the right angled Triangle

■ rSq>

210 "The true Motion

it:



fSq, S r i i n d r q  being given, the Angle r Sq  may be found. Hence if  
the Logarithm of the Sine o f the Angle ACq^ and the Arithmetical 
Complement of the Logarithm of S r, and the Logarithm of the Ratio 
of the lefler Axis of the Ellipfis to the greater, be added together into one 
Sum ; the Logarithmical Tangent of the Angle A S P  will be gi^en.

But the Readinefs of this Method is fo great, that it requires rather 
to be illuftrated by Examples, than by any farther Explanation. There
fore we may try it in the Motion of the Planet Mars, in the Orbit of 
which, according to the Caroline Tables, the Excentricity is to the mid
dle Diftance, as 14100 to 152369, and therefore the Logarithm of the 
Arch which is equal to the right Line S C, will be 0.7244451. Alfo 
in this Example i ,  will be 1080631 Parts, fuch as the Radius is 100000:
Let the Angle yi C ^  be found, when the mean Motion, or the Arch 
proportional to the Tim e computed from the Aphelium, is of one De
gree. Becaufe CS is here nearly one tenth Part of C Â  I fuppofe the 
Arch A ^ t o  be 0.9 Degrees, that is, one tenth Part lefs than the mean 
Motion. Let there be added the Logarithmical Sine of the Arch A  ̂  
to the Logarithm o f  5 , and the Sum 8.9205471 is equal to the L o 
garithm o f the Number 0.083281, which Number exprefles an Arch 
equal to the right Line S F  z=. N P .  And if  the Arch A ^  had been 
rightly affumed, it would ht A N —  N P  =  and ^ P  =  o. But 
here it is =  0.016719, from whence if we take away its 11 Part, 
fince A S  exceeds A C  hy about an eleventh Part of itfelf, there will re
main =  0,0152 ; which being added to A ^ ^  gives A  0.9152, 
which does not differ from the true A q h y  s. thoul'andth Part o f  a De
gree. Secondly, let the Arch A N  or the mean Motion be 2 Degrees.
I make yf 1,83 almoft double the former Aq^ and to its Loga
rithmical Sine let added the Logarithm of B. The Sum will be
9,2286997, which is equal to the Logarithm o f the Number 0,16931.
Whence it will be == 0,00063, and A q —  1,83063, which does 
not differ from the true A q h y  the ten thoufandth Part of a Degree. A t- 
ter the fame Manner let the mean Motion, or the Arch proportional to 
the Time, be 3 Degrees. Make the Arch A  ^ 2 ,7 4 5  =  1*83 0,915,
and to its Logarithmical Sine adding the Logarithm of there will be 
had the Logarithm of the Number 0,25392 =  NPy  and A N  —  N P  
2,74608, and therefore ^ P  =  0,00108. Whence ■=■ 0,001 nearly, 
and Aq =  2,746. Thus by one Addition of two Logarithms, the Arch 
Aq will be found, which will be true to the thoufandth Part o f a Degree.

Now if the Angle is to be found, not by proceeding by Degrees
but per faltum, when the mean Motion is 45 Degrees: I make the Arch 
<<i^to be 40 Degrees, and to its Logarithmical Sine adding the L o 
garithm of 5 , the Sum is 0,5325125, which is the Logarithm of the 
Number 3,4081. This Number fubtraéled from 45 leaves A N —  N P  
ir 41.5919» whofe Excefs above the Arch y / ^ is  1,5919. Whence 
if it be made, as L  Cofin, A C ^  to X , fo is 1,5919 to another, 
the Arch will be found to be 1,4865 Degrees! Therefore A q =

E e  a 4134^^5»
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41,4865, which differs from the Truth not much above the thoufandth 
Part of a Degree. But without this Proportion Aq  may be found, by- 
taking a new Arch which is a httle lefs than A N  —  iV P , yet
nearly equal to it. Por Inftance, make A ^ ^  4 >̂5° ’ adding the 
given Logarithm of B to its Logarithmical Sine, there will be had ano
ther N P  =  3,35131, which fubtrafted from A N  gives 41,4869 for a 
new Aq. And this Arch is derived with lefs Trouble, and comes nearer 
the Truth than the former A  q.

After A q IS found correfponding to the mean Motion 45 Degrees, 
proceeding again by Steps, by one Addition oí two Logarithms will be 
i z d Aq  to all the fubfequent Degrees of the mean Motion. For Infhance, 
when the mean Motion is 46 Degrees, I make 42,4249 ; and
adding its Logarithmick Sine to the conftant Logarithm ot B,  it will be 
A N  —  N  P —  42,4249 •, to which Arch if  a new A ^ h a  put equal, 
there will be h a d w h i c h  v/ill not differ from the t m t A q  by the 
thoufandth Part of a Degree. So when the mean Motion is 47 Degrees, 
I make y/i? =  4.^36, equal to the former Aq  added to the Increment 
of that Arch for one Degree of mean Motion, and adding its Logarith
mick Sine to the Logarithm of B, the Sum will be the Logarithm of die 
Number 3,6402, which fubtradled from A N  leaves A N — N P  — 
43, 593 equal to the newy/^, which differs from the true A q  about 
the ten thoufandth Part of a Degree.

If omitting the intermediate Degrees, the Arch A q  is to be found 
when the mean Motion is 100 Degrees ; make and adding
its Logarithmical Sine to the Logarithm of B, the Sum will be equal to 
the Logarithm of the Number 5,273, whence yf iV — N P  — ¿̂̂ ‘̂j i j .  
Therefore, fecondly, make A 94,72, and adding its Sine to Log. B. 
there will arife the Logarithm of 5,285, which ilibtra<5ted from A N  
kavcs A N — N P  =  =z A q  very nearly. In like Manner, if
the mean Motion be 101°. make 95,71, whole Logarithmical
Sine added to the Logarithm of B, gives the Logarithm of the Number 

_ 5,2756, which Numb êr taken from lo i ,  there will remain — N P
— 95,7244, z=. Aq. And in this Manner the mean Motion being given 
by a gradual Procefs the Angle at the Center will be had, by the Addi
tion only of two Logarithms, one of which being conflant may be pre- 
ferved upon the Paper, that the Labour may be fpared of writing it 
down too often.

Now let us proceed to an Orbit of the other Species, fuch as the Di- 
ftance of the Aphelium may be to the Diftance of the Perihelium, as 70 
to I . Such nearly was the Orbit of that Comet, which complcats its 
Period in 75 i  Years ; as was firft found by that fagacious Aftronomer 
and Geometrician Dr. Edmund Hailey. In this Orbit A C  or C i^  will be 
35,5 and C S 34,4, of fuch Parts as SB  is one. And the Arch Bqxsto  
be found, when the mean Motion is one hundredth Part of a Degree. 
Since the middle Diftance exceeds the leaft Diflance about 35 Times, I
make B^z=. 0,35,when the mean Motion is 0,01. In this Orbit the con

ftant
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ftant Logarithm of B  is found 1,7457133. Therefore this Logarithm 
being added to the Logarlthmical Sine of the Arch 0,35, gives the L o 
garithm of the Number 0,34013, which added to the Arch 0,01 will 
make 0,35013- i f  this Sum had been equal to 0,35, the Arch 
would have been rightly aíTumed ; but the Difference is 0,00013. \Yhence 
becaufe CBisio S B  as 35,5 to i ,  let the Difference 0,00013 be mul
tiplied by 35,5? and there will arife — 0,004615 •, whence it will 
be Arch B q  =  0,354615, which hardly differs from the Truth by three 
Parts of ten Thoufand.

Secondly, let the mean Motion be 0,02, and fuppofe B ^  to be 0,71.
To its Logarithmick Sine adding the Logarithm of B, the Sum will be 
the Logarithm of the Number 0,68998 •, whence 57V N P  =. 0,70998, 
and therefore the aiHimed Arch 5 ^ =  0,71 was too much, and the 
Difference is 0,00002. W hich if it be multiplied by 35,5, and the Pro- 
du(5l fubtra£ted from 5 ^ ,  there w'ill remain Bq =. 0,7092, deviating 
from the Truth hardly the ten thoufandth Part of a Degree.

Let the mean Motion be 0,03. Suppofe B ^ t o  be 1,0.6 Degrees, ad
ding its Logarithmick Sine to the Logarithm of B, the Sum will be the 
Logarithm of the Number 7,03008. T o  which if  B N =  0,03 is added, 
the Sum will be 1,06008, which Number is greater than B ^ -, where
fore if the Difference 0,00008 is multiplied by 35,5, and added to i> 
it will be 1,06284. In like Manner, when the mean Motion is
0,04, I fuppofe B ^ =  1,40 Degrees, and find i V P =  1,3604; to 
which Nuriiber adding B N  =  0,04, the Sum is 1,4004, which exceeds 
1,40 by 0,004. Let this Difference be multiplied by 35,5, and the 
Produft 0,01420 will be equal to whence 5  1,41420. In
all thefe Inftances the Errors are very fmall, and feldom go l3eyond the 
thoufandth Part of a Degree.

Now let the Arch 5  j  be to be found, when the mean Motion is equal 
to one Degree. Suppofe B ^ = .  20", and adding its Logarithmick Sine 
to the Logarithm of B, there will be had the Logarithm of the Num
ber 19,045 i to which adding BNz=i 1°, the Sum 20,045 exceeds 20 
by 0,045. fince in this Cafe L  — Cofm. B ^ is, to Z , as i to 1 1,5
nearly, I multiply the Difference 0,045 ^7 i Product 0,5175
added to 5 .^,makes 20,5175. ThereforeÍ fuppofe fecondly B ^ =  20,5], 
and there will arife, in the fame Manner as in the foregoing, TVP —
19,5092 ; to which adding B N ,  the Sum is 20,5092, which is lefs 
than B ^  Wherefore if  the Difference 0,0008 is multiplied by 11,5 , 
and the Produit 0,0092 is fubtraéled from B ^  there will remain 
Bq — 20,5008.

Laftly, let the mean Motion be equal to 2'’. I fuppofe 5 ^ 3 0 ° ,  and 
there is found N P  =  27,84 ; to which adding 2°, the Sum 2^,84 is 
lefs than 30. And if  the Difference 0,16 is multiplied by 6,3 (for L — •
Colin. B  i^is to Z , as i to 6,3 nearly) it will be 1,008 =  There- 

, fore this Arch fubtrafted from B  i^.gives B q=.  28,982. Now that B q  
way be correded, I affume (fecondly) B 0 = i 2 Q  Degrees j and by a 
hke Procefs we ihall find B 28,9672. III. N o
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7he Parallax HI, No Problem feems more difficult tlian that, of determining the 
or the Diilance of the Sun from the Earth near to the Truth; which yet may 
feeing  ̂I'enus perform’d with no great Labour, by haying certain accurate Obfer- 
between the vations, perform’d at chofen and forefeen  Times, This I fliall lay be- 
Sun and the fore this Society in the prefent Difiertation, that I may ihew a Way 

how it may be done to our younger Ailronomers, who may have an Op- 
3. S. p.T-4"’ portunity of obferving this ; fo that they lhall be able to meafure truly 

 ̂ the immenfe Diilance of the Sun, within the five hundredth Part of 
that Diilance.

Now it is known, that by different Authors o f x\ilronomy this Di- 
ftance is varioufly fuppofed  ̂ as it feems probable by Conjedure to every 
one. By Ptoloiny and his Followers, as alfo by Copernicus and Tycho 
Brahe  ̂ it is made a thoufand and two hundred Semidiameters of the 
Earth, and by Kepler nearly three thoufand five hundred. Ricciolus 
doubles the Diilance of Kepler, which Hevelius only enlarges by one 
Half. But when the Planets Venus and Mercury are feen in the Diik of 
tlie Sun by Means of a Telefcope, and fo ilript of their borrow’d Splen
dor, it is at laft found out, that the vifible Diameters of the Planets are 
much lefs than they were tliought to be hitherto ; and that the Semi
diameter of Vmis feen from the Sun does not fubtend above a Quarter 
o f a Minute. That the Semidiameter of Mercury  ̂ at its mean Diilance 
from the Sun, is feen only under an Angle of ten Seconds •, and that 
the Semidiameter of Saturn is feen from the Sun under the fame Angle. 
That the Semidiameter of Jupiter  ̂ the greateil o f the Planets, does not 
fubtend at the Sun an Angle of above a third Part o f a Minute. Whence 
fome of our modern Ailronomers have been of Opinion, that keeping 
to the fame Analogy, the Semidiameter oí the Earth allb, when feen 
from the Sun, llibtends an Angle o f an intermediate Magnitude, or 
greater than that of Jupiter  ̂ and lefs than that of Saturn and Mercury  ̂
being equal to that of Venuŝ  or about 15 Seconds : And therefore the 
Sun is diilant from the Earth near 14000 Semidiameters of the Earth. 
But with the fame Authors another Argument has a little enlarged this 
Diilance. For fmce the Diameter o f the Moon is fomething greater 
than a fourth Part of the Diameter of the Earth, if  the Parallax of the 
Sun is fuppofed to be 15 Seconds, the Body of the Moon would become 
greater than the Body of Mercury. That is, a fecondary Planet would 
be greater than a primary one ; which would feem contrary to that Con- 
cinnity which ihould obtain in the Syilem of the W orld. And on the 
contrary, the fame Concinnity will hardly allow, that Venus an inferior 
Planet, and deftitute of Satellites, ihould be greater than our Earth a 
fuperioi' Planet, and attended with fo remarkable a Companion. There
fore that we may keep a Medium, let the Semidiameter of the Earth 
feen from the Sun, or which is the fame Thing, let the horizontal Pa
rallax o f the Sun be 12 Seconds and an H a lfj whence the Moon will be 
lefs tliiin Mercury, and the Earth greater than Venus, and the Diilance of
the Sun from the Earth will come out 16500 Semidiameters of the Earth

very
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very near. Now at prefent I give my Aflent to this Diftance, till ic 
may appear more certainly how great it is, by the Experiment I flialJ 
now propofe. Nor am I fwayed by the Authority of thofe, who enlarge 
the Diftance of the Sun immenfely beyond thefe Limits, relying upon 
the Obfervations of the Vibrations of a Pendulum, which cannot be 
trufted, fas I think) in determining fuch minute Angles. Surely to any 
one that trys to find the Parallax this W ay, fometimes it will come, out 
nothing, fometimes negative ; that is, the Diftance will be infinite or 
more than infinite, which is abfurd. Moreover, to diftinguiih certain
ly to Seconds, or even to ten Seconds, by Inftruments never fo artifi
cially made, is hardly allow’d to mortal Man. And therefore it is not 
at all to be wonder’d at, if  the great Subtilty of the Thing has hitherto 
eluded all the many and ingenious Attempts of the greateft Aftrifts.

But«now almoft 40 Years ago, when I was in the Ifland of St. He
lenâ  where I was employ’ d in Obfervations o f the fixt Stars which fur- 
round the South Pole •, 1 had an Opportunity of obferving Mercury paf- 
fmg through the Disk of the Sun, which I did with the greateft D ili
gence. I obtain’d moft accurately, with an excellent Tube of 24 Feet, 
the Moment in which Mercury entring the Sun’s Lim b was feen to touch 
it within ; and in like Manner, the Moment in which at going out he 
touch’d the Sun’s Limb, making an Angle of inward Contad. Whence 
I was fure of the Interval of Time, in which the whole Body of Mercury 
appeared at that Tim e within the Disk of the Sun, and that without an 
Error of one Second of Time. For the Thread of the Solar Light, in
tercepted between the obfcure Lim b of the Planet and the bright Lim b 
of the Sun, (lender as it was, appear’ d to ftrike the Eye, and in ftriking 
the Eye, the Denticle made in the Lim b of the Sun by the Entrance 
of Mercurŷ  vanifli’d, as that made by his going out began as it were 
in a Moment. When this was known, I was immediately afilired, that 
the Sun’s Parallax might be truly determin’ d from this Kind ot Obfer
vations, if only Mercury being nearer the Earth fhould have a greater 
Parallax from the Sun. For this Difference of Parallaxes is fo very little, 
that it is always lefs than that of the Sun which we enquire after. 
Wherefore Mercury  ̂ tho’ often to be feen within the Sun, will not be 
thought very proper for this Bufinefs.

There remains therefore the Tranfit of Venus through the Sun^s Disk, 
whofe Parallax, almoft four Times as big as that of the Sun, will make 
very fenfible Differences between the Spaces of Tim e, in which Venus 
will be feen to pafs over the Sun, in the different Regions ot our Earth. 
Now from thefe Differences, if  obferved after a due Manner, I fay the 
Parallax of the Sun may be determin’ d within a fmall Part of a Second. 
Nor are other inftruments required than Telefcopes and c o m m o n  Clocks, 
but good ones; and in the Obfervations nothing is required but Fide
lity and Diligence, with a moderate Skill in Aftronomy. For there is 
no Neceflity that the Latitude of the Place fhould be determin’d with 
much Scrupulofity» or that the Hours, in .refped o f the Meridian,

ihould.
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iliould be accurately determin’d. It will be fufficicnt to have the Clocks
well correfted to the Revolutions of the lieavens, and that the Times 
be reckoned from the total Ingrels ot Venus w’ithin the Sun s Disk, to 
the Beginning of its Egrefs from the fame. 7 hat is, when firil the 
opaque Globe ot Venus begins to rcach the lucid Limb of the Sun ; 
which Moments, as I know by my own Experidnce, may be obferved
to a Sccond of Time.

But becaulc the Laws of Motion are greatly confined, can be
feen but very rarely within the Orb of the Sun ; and for a Series of 
above 120 Years, it will not be feen th re once: That is, from the 
Year 1639, (when our Horrox enjoy’ d this Speélacle, who wn.s the firll 
and only one from the Creation ot the World to this Day) to the Year 
1761, May 26, in the Morning, when the Planet Venus v/ill again pafa 
under the Sun, according to thofe Theories which hitherto we have 
found to agree with the Heavens ; fo that at Londcn  ̂ at about Six in
the Morning, flie may be expeftcd to be found in the Middle of the
Sun’s Disk, nor will ilie be above four Minutes more Southerly than 
the Center of the Sun. And the Duration of this Tranfit will be nearly 
eight Hours, or from Tw o in the Morning to almoft Ten. Theretore 
the Ingrefs will not be vifible in England. And whereas the Sun at that 
Time will be in 16 Degrees of Geminî  declining Notherly almoft 23 
Degrees j it may be feen not to fet through the whole Northern frigid 
Zone. So that they which inhabit the Sea-fhore of Norway., beyond the 
City Nidrofia, which they call Dronthem  ̂ as far as its Northern Pro
montory, may obferve Venus at its entring upon the Sun’s Disk. And 
perhaps that Ingrefs into the rifing Sun may be feen by the Northern 
Scots., and the Inhabitants of the liland of Shetland. Now at the Time 
that Venus will be neareft to the Center of the Sun, the Sun will be 
vertical above the Northern Shores of the Bay of Ganges, or rather of 
the Kingdom of Pegu. And therefore in the adjacent Countries, as the 
Sun at the Ingrefs of Venus will be diilant almoft four Hours to the 
Eaft, and at the Egrefs almoft as much to the W eft ; the apparent 
Motion of Venus viiúxín the Sun will be accelerated by almoft the double 
of the horizontal Parallax of Venus from the Sun j becaufe then Venus 
moves retrograde from Eaft to Weft, and at the fame Time an Eye upon 
tlie Earth’s Surface has a contrary Rotation from W eft to Eaft.

Now if the Sun’s Parallax be fuppofed 124- Seconds, the Parallax of 
Venus will be 43 Seconds. And taking away the Sun’s Parallax, there 
will remain at leaft H alf a Minute for the horizontal Parallax of Venus

• from the Sun, and therefore the Motion of Venus will be advanced by 
that Parallax at leaft three Quarters of a Minute, while it runs over 
the Sun’s D isk ; in thofe Altitudes of the Pole as are near the I'ropick, 
and ftill more near the Equator. Now at that Tim e Venus will move 
four Minutes an Hour within the Sun pretty exaitly, and therefore at 
leaft eleven Minutes of Time belong to the three Quarters of a Minute, 
by which the Duration of this Eclipfe of Vê ius will be contraded be-

caufe

216 O f the Parallax of the he.

n E D



cavife of the Parallax. And from this Contraftion alone we might fafely 
conclude about the Parallax we feek , i f  the Diameter of the Sun and the L a
titude of Venus were given exadtly yet to poftulate thefe for Computation, 
in a Matter fo fubtile as this is, is hardly al owable.

Therefore another Obfervation is to be provided, if  it may be done in thofe 
places where Venus has PoíTeíTion of the Middle of the Sun at Midnightj or 
under the Meridian which is oppofite to the former ; that is, at a Place that 
is about 6 Hours or 90 Degrees more Wefterly than London  ̂ and where Ve- 
nus enters the Sun a little before its Setting, and comes out a little after its 
Rifing. This will be in the faid Meridian under the North Pole’s Altitude 
of about 56 Degrees ; That is, in that called Hudfon*s Bay, at a Place call’d- 
l̂ elfcn's Harbour. For in Places near this, the Parallax of Vems will pro- 
traft the Duration of theTranfit, and will make it at leaft fix Minutes longer; 
becaufe while the Sun feems under the Pole to proceed from Eaft to W eft, 
thofe Places in the Disk of the Earth will feem to move with a contrary 
Motion towards the W eft, that is, by a Motion confpiring with the proper 
Motion o f  Ve?ius. Therefore Venus will feem to move more fiowly within 
the Sun, and to pafs over his Disk with more Delay.

If therefore it lliould happen, that in each Place this Traniit ihouid be 
obferved by proper Obfervers, it is plain that the Mora to be obferved in 
Nelfon*5 Harbour would be full feventeen Minutes longer, than what is to 
be expeded at the Eaji-Indies. Neither is it much Matter whether the Ob
fervation be taken at Fort St. George commonly call’d Maderas  ̂ or at Ben- 
mkn on the Weftern Shore o f the Ifland of Sumatra near the Equator, if 
the Englijh at that Tim e ftiall be inclined to do it. Or if  the trench ihali 
think fit to do it, the Obferver will be conveniently fituated at Poudecherryy 
on the Weftern Shore o f the Sinus Gangeticus  ̂ under the Altitude o f the Pole 
about 12 Degrees. T o  the Dutch  ̂ their famous Emporium of Batavia  ̂ will 
fupply an O&ervatory convenient enough, if they have a Mind to advance 
this Part of Aftronomy. And indeed I could wiih, that Obfervations of 
this Phaenomenon might be made by feveral Obfervers in different Places, as 
well for the greater Confirmation o f the fame by their Agreement, as for 
Fear a fingle Obferver might be prevented by the Interpofition o f Clouds, 
and hinder’d from a Sight which I know not whether the Men of this and 
the following Generation will ever fee agaiq *, and on which depends the 
certain and adequate Solution of a moft noble Problem, which is not other- 
wife to be attain’d. Therefore we recommend again and again, to the cu
rious Enquirers into Sydereal Affairs, to whom thefe Obfervations are refer- 
ved, that being mindful of this our Admonition, they would apply themr 
felves ftrenuoufly and with all their Power, to the due Performing this Ob
fervation ; wifliing them all profperous Succefs, and that the Magnitudes of 
the Celeftial Orbs, being then determin’d within more exad Limits, may 
reward them with perpetual Fame and Glory.

Now we have affirm’d above, that by this Method the Parallax of the Sun 
^ay be difcover’d within a five hundredth Part of its own Magnitude^ 
which, without doubt, to iome will feem wonderful. But if in both the 

VoL IV. F f  Places
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Places here mark’d out, an accurate Obfervation be made, we have al
ready ihew’d, that the Durations of thefe Venereal Eclipfes may diíFer from 
one another by full 17 Minutes, from the Hypothefis that the Parallax o f 
the Sun is 12 Seconds and an half. Now if this Difference be found by Ob
fervation to be either greater or lefs, the Parallax of the Sun will be greater 
or lefs almoft in the fame Proportion. And fince 17 Minutes of Time 
correfpond to 12 *- Seconds of the Solar Parallax, for eveiy Second o f Pa
rallax will arife a Difference of above 80 Seconds of Time. Therefore if 
this Difference is had true and approved within two Seconds, it will appear 
within a fortieth Part of a Second how great the Sun’s Parallax is. And 
therefore his Diftance will be determined within a five hundredth Part of it- 
felf, at leaft o f its Parallax, ihall be found not lefs than we have fuppofed 
i t : For 40 Times 12 i  make 500.

Hitlierto I have explained the Matter enough, or perhaps more than 
enough, to Aftronomers •, whom I would alfo inform, that in this Argu
ment I have took no Account of the Latitude of the Planet, as well to avoid 
the Trouble o f an intricate Calculation, which would make the Conclufions 
lefs evident, as becaufe of the Motion of Venush Nodes not yet found out,, 
nor to be truly determin’d but by fuch corporal Conjunftions of the Planet 
with the Sun. For it is not concluded that Venus will pafs in four Minutes 
under the Sun*s Center, but upon Suppofition, that the Plain of Venus‘s 
Orbit, immoveable in the Sphere of fixt Stars, will have its Nodes in the 
fame Places where they were found in the Year 1639. Now if in the Year 
1761, it ihould pafs in a Path that is more Southerly, it will plainly appear 
that the Nodes go backwards; but i f  in a more Northerly, that they go 
forwards among the fix'd Stars ; and that in the Ratio of 5 1  Minutes in 
ICO Julian Years, for every Minute, in which the Path of Venus fhall be 
diftant at that Time more or lefs from the Sun’s Center, than the faid four 
Minutes. But the Difference between the Durations of thefe Eclipfes will 
be a little lefs than 1 7 Minutes, becaufe of Venus‘ s South Latitude but it 
will be greater, as the Nodes go on,, if  it paffes the Sun to the North of 
its Center.

Now for the Sake of thofe who delight in Celeftial Obfen^ations, and yet 
have not imbibed the whole Doftrine of Parallaxes, I fhall farther explain the 
Matter with a Scheme, and with a Calculation that is fometljiing more ac
curate.

Let us fuppofe therefore, that in the Year 1761, May 25. \ f .  55'. at 
London, the Sun will be in n 15°. 37'. and therefore at its Center the Eclip
tic will tend towards the North in an Angie of 60®. 10'. But at that Time 
the vifible Path of Venus within the Sun’s Disk will'' defcend towards the 
Souths making an Angle with the Ecliptic of 8®. 28 '̂, therefore the Path 
o f Venus will tend a little towards the South in reípeót to the Equator, in- 
terfeaing the Parallels of Declination in an Angle o f 2°. 18'. L et us alfo 
fuppofe, that at the fame Time Venus is neareft to the Center o f the Sun, 
and is diftant from the iame towards the South four Minutes, and that every 
H-our with a retrograd« Mociw it runs four Minutes within the Sun. But

the
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the Sun’ s Semidiameter will be nearly 1 5 ' .  5 1 " ,  and that of Venm o'. 3 7'^ 4 »

And let us fuppofe for Experiment Sake, that the Difference o f the hori
zontal Parallaxes of Venus and the Sun, which we are enquiring for, to be 
o'. as is derived, from fuppofmg the Sun’ s Parallax to be o'. 12"4-.
Therefore with Center C let a little Circle A E B D  be defcribed, wbofe Se- Fig. 93. 
midiameter is o'. 31 '̂- reprefenting the Disk of the Earth, and in it the El- 
lipfes of the Parallels of 22 and 56 Degrees, North Latitude, in a Manner 
jK)W ufed by Aftronomers for the Conftrudlion of Solar E,clipfes, z t Da b E y  
c d e : And let B C A  be the Meridian in which the Sun is, to which let the 
right Line FHGy  denoting the Path o f Fenus  ̂ be inclined in an Angle o f 
2®. 18', whofe Diilance from the Center C  is 240 fuch Parts as is 31 ; 
and from C let fall the right Line C H  perpendicular to F G . And fuppo- 
fing the Planet in //at 55', or 5\ 55' in the Morning, let the right 
Line F H G  be divided into the Horary Spaces III. IV , IV. V , V . V f, 
equal to CH  ̂ that is to four Minutes. Alfo make the right Line K L  equal 
to the Difference of the apparent Semidiameters of the Sun and Vems  ̂ or 
15'- And a Circle defcribed with Radius K L ,  and its Center any
Point witiiin the little Circle of the Earth’s Disk, will meet the right Line 
FG in a Point denoting the Hour which will be reckoned at London, when 
Venus with its Angle of Contact ihall touch the Lim b of the Sun within, in 
that Place of the Earth’s Surface which lies under the Point aíTumed in the 
Disk. But if the Circle defcribed with Center C and Radius K L  fhould 
meet FG  in the Points F  and G, the right Lines F H , H G  =  14', 4 1" , 
which Venus will feem to pafs over in 3 Hours and 40 Minutes. Therefore 
F will fall in 2̂ . 15', -xx. London ; and G in 9''. 3 5', in the Morning. Whence 
it appears, that if the Magnitude of tjie Earth Ibould vanilli as it were into 
a Point, becaufe of its immenfe Diitance, or if deprived of its diurnal M o
tion, it fliould have the Sun always vertical to the fame Point C, the entire 
Mora of this Eclipfe would continue for 7 -f Hours. But as the Earth re
volves in the mean Time with a Motion contrary to that o f Venus through 
110 Degrees of its own Longitude, and therefore the Duration o f the faid 
Mora being contraded, fuppofe 1 2 Minutes, it will come out 7''. 8' near
ly, or 107 Degrees.

Now in the Meridian itfelf Venus will be next the Center o f the Sun, at 
the Eaftern Mouth of the River Ganges, where the Altitude of the Pole is 
about 22 Degrees. Therefore that Place will be equally diftant from the 
Sun on each Side, at the Moments of Ingrefs and Egrefs of the Planet, that 
is at 53° 4, as the Points a and b are in the greater Parallel D a b E .  But

omit that I may not be tedious) I find that the Circle defcribed with Center 
and Radius K L ,  will meet the right Line F H  in the Point M , at 2\ 20'. 
40'"'; but when defcribed with Center b, it will meet H G  in N , at 9\ 29'. 
42": That is, if the Hours are reckon’d 2A London. Therefore úW ejiui 
•'ill be ícen within the Sun upon the Banks o f the Ganges  ̂ for 8'. 42". 
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Therefore we have rightly fiippofed its Duration will be 7'’. 8', fince here 
a Part of a Minute is of no Confideration.

Now the Calculation being adapted to Nelfon*s Harbour, I find that Fe- 
mis will enter the Sun’s Disk when it is ready to fet ; and that it will come 
out of the fame prefently alter its Rifing. In the mean Time that Place will 
be transfer’d from c x.o d through the Hemifphere oppofite to the Sun, with 
a Motion confpiring with the Motion of Venus. Therefore the Mora of 
Venus within the Sun v/Ul be longer becaufe of the Parallax, perhaps by 
four Minutes, that it may be full 7'’. 24', or 111 Degrees o f the Equator. 
And fince the Latitude of the Place is 56 Degrees, it will be as the Square 
X)f the Radius to the ReAangle under the Sines of 55 4- and 34 Degrees, 
■fo in A B  or 1'. o^'' to or i%". 33'''. And when the Calculation is 
rightly perform’d it will appear, that a Circle defcribed with Center c and 
Radius /fL, will meet FH  in 0 , at 2^ iz''. 45'''; but defcribed with Cen
ter i ,  it will meet HG  in P , at 9''. 36  ̂ 37". Whence the Duration of the 
Mora at Nelfon*s Harbour will be 7''. 23  ̂ 52'', that is greater than at the 
Mouth of the Ganges by 15'. 10''', o f Time. Now if Venus fliould pafs 
without Latitude, the faid Difference would be 1 8'. 4 0 '';  and if  it iliould be
4 Minutes more Northerly than the Center of the Sun, the fame Difference 
will be increafed to 21'. 40''' •, and it would be much greater, if  the Planets 
Northern Latitude ihould be greater.

Now it follows from the aforefaid Suppofitions, that at London Venus 
will rife after it has enter’d within the Sun and that at 9'’. 37^ in the Morn
ing it will touch the inv/ard Limb of the Sun at its Egrefs ; and laftly, that 
it will not leave its Orb entirely till 9''. 56'.

From the fame Suppofitions it follows alfo, that in the Year 1769, May 
23, at II*’ . 00'. the Center of Venus muft skim by the utmoft Northern 
Limb of the Sun •, fo that, becaufe of the Parallax, it may wholly appear 
hot to immerge in the Sun, in the Northern Parts of Norway •, whilft upon 
the Shores of Peru and Chili it will be feen as it were riding upon the Disk 
o f the fetting Sun, with a very fmall Segment immerfed ; As in the Mo~ 
lacca lilands and the neighbouring Places, on the Disk o f the rifing Sun. 
Now if the Nodes of Venus are found to go backwards, (as is fufpeded be
caufe offome late Obfervations) then being every where confpicuous with its 
whole Body within the Orb of the Sun, by the very great Difference of thefe 
Eclipfes, it will fupply a much more convincing Argument o f the Sun’s 

. jParallax.
But how from Obfervations made fomewhere in úit Eajl-Indies, An. 17^1» 

of the Ingrcfs and Egrefs of Venus, and compared with Obfervations of the 
Exit made here, the fame Parallax may be fettled, by adapting the Angles 
of a Triangle given in Species to the Circumferences o f three equal Circles, 

f í a i S -  another Occafion.
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The Theory we now receive is owing to Kepler  ̂ that the Hea- 
dies, ty—  venly Bodies furround the Sun, placed in the common Focus of the 

Elliptical Orbits, on this Condition, that by Lines drawn to the Sun, they
- - defcnbe
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defcribe Areas which are proportional to the Times o f Defcription. But it 
requires the moil fublime Geometry to ihew, b y what Caufe this is per
form’ d, and that it could not be otherwife. This was referred to be tlie
Glory of the famous Newton.

T r e a d i n g  in his Steps, that excellent Mathematician Mr. A. de Moivre  ̂ / V .  fu- 
F. R. S. has deliver’d certain Corollaries mentioned before, which are ready 
T h e o r e m s  by which the Velocities or Moments both o f real and apparent 
Motion about the Sun are determin’d, as alfo o f the Approach or Recefs 
to or from the Sun,’ in any given Points o f given Orbits. Then farther to 
improve the Theory o f the Planetary Syftem, he has enquired after the 
Moments o f the faid Moments by Means o f the fame Theorems, and Ihews 
in what Points of the Orbits are the g r e a t e f t  Changes o f  thefe Velocities, and 
this by Solutions that excel in Neatnefs and Facility.

Let A B P  be the Elliptical Orbit o f a Planet, A P  the Tranfverfe Axis, F»g* 94- 
CB the Conjugate Semiaxis, S the Sun, ^ th e  other Focus o f the Ellipfis.
Through S draw S M  parallel to C B  \ and the Point M  will be that in which 
the Diftance from the Sun is increafed or diminiihed with the greateft V e

locity, S M z = i A C — ^-^.
A  C

But if 5 L  is taken a mean Proportional between the Semiaxes AC^ C  5 , 
the Point L  will be that in which there will be the greateft Equation o f the 
Center, as they call it, or where the Angular Motion is equal to the mean 
Motion. Now if the Eccentricity does not exceed that which moft o f the 
Planets obtain, it will be B L  =   ̂ B M  very nearly. For it is 5 L  =:

— A C q  S C q7
If the Point N  be required in which is the greateft Change o f Velocity o f  *

the real Motion in the Curve, the Problem will be folid. For it is 2 iV 5 
=  ^ A C —  2 N ^ , t o  s N ^ — A C , s i s A C q  —  C S q = C B q t o N ^ q .  And !
therefore if we make A C  =  a, BC=zc,  and we ftiall have the Equa
tion —  2 ay'  ~ c c y  —  -^acc = 0 ,  which being refolvedy or N i^w ill 
be the Diftance of the Point fought N  from the other Focus o f the Ellipfis.

'But in Orbits that are but little excentric, fuch as thofe o f the Planets, if  it 
be made C D  =  and joining A D  it' A K  be made equal to it, the re
maining Part o f the Axis K P  =  N S  will be the Diftance o f the Point N  
from the Sun very nearly. But if the Orbit be parabolical, S N  will be to 

■SP, as 5 to 4, and the Angle N S P  v/iW be 53«̂ . 8', nearly, wholb Sine 
is ~ of the Radius.

But the Point O, in which is the greateft Acceleration o f the apparent or 
angular Motion of the defcending Planet, or the greateft Retardation o f the 
^cending, will be had in this Manner. In A C  let there be taken G C i=
•y ^C,'and let C S F  be made an Angle o f 30 Degrees, and drawing 5 F le t  

be made equal to it, and let G H h t  made equal to GE.  ‘I fay, that 
ir the Diftance S O  he made equal to PH^ that in the Point 0  will be the 
greateft Change o f the Angular Motion o f the Planet moving in the El-

- Orbit A B O P  for in that Place o f the Orbit the fecond Differences 
ot the Equations of'the'Center of the Planet will be found the greateft. 'But

it



it is 5 0  =  j  A C  —  i/ V s - ^  C'  ̂ +  4 <9 Now if the Orbit is Para
bolical, as in the Comets, it will be 5 0 .  5 P  1: 8 . 7, and the Angle 
0 5 P  will be 41®. 24' 4» or whofe Sine is to Radius as i/  7 to 4.

Laftly\ The Diredion of the Tangcnt of the Orbit will be changed with 
the leaft Velocity in R ^ ' ú S R  be made equal to two third Parts of the 
greater Axis A  B. jBut if the Eccentricity S C is lefs than ^ P  Q  this 
Minimum does not take Place, but this Velocity with which the Tangent 
revolves is always decreafing, as far as the Aphelium itfelf, as it is in 
the Motions of all the Planets, But it does not obtain in a Parabolical 

I  Orbit, becaufe of its Axis continued in infinitum.
J; A ll thefe Things are demonftrated from the foregoing Theorems of Mr,
jii Abr. Demoivre, according to the Precepts o f  the Doftrlne de MaxÍ7nis et

Minimis.

f
2  2 2  A  new Star

• ^  V . Though many Varieties and Changes happen in the Heavens, among
r  Swan’s  ̂  ̂ apparent Magnitude, yet among all the mutable
I  Neck, by Appearances of the fixt Stars none is more wonderful^ than that which

M r. G. Fabricius firft obfei-ved Ann. 1596, in the Whale's Neck. For though at
Kirch, jj. ^^5 accounted as luch a new Star as had no Exiftence before, and

after it had diiappear’d that it would return no m ore; yet now Experi- 
£tro/. ence has fufficiently proved that it conftantly exifts,*and that without all
p. 208. doubt it has always, exifted from the Beginning of the World in that Place,

which it ftill pofiefles. This only is wonder!ul in it, that it fhews itfelf 
yearly of a different Magnitude, and generally at ccrtain Times it is not 
at all to be feen by the naked Eye. For this Reafon it is call’d by He- 
velius the wonderful Star.

Like to this I hav£ alfo found another in the Swan's Neck, but much 
lefs, and which may be feen yearly for a ihorter Space of Time. Therefore 
it is no wonder that it has fo long continued unknown. Nay, it is to 
be confider’d as a fmgular Felicity, that it was vifible at that very Time, 
and appear’d in its greateft Magnitude, when Bayer contemplated and de- 

% . 95. lineated the Stars in the Sivan, where he denoted it by the Charaóler x*
and reckon’d it among the Stars of the fifth Magnitude which conftantly 

ji appear. As alfo the above-mention’d Star in the Whale's Neck  ̂ when he
[■ confider’d and delineated this Conftellation, he found it of the fourth Mag-
H nitude, and mark’d it with the Letter and look’d upon it as a Star that
Í] always appears.

T o  find out the mutable Appearance oí the Star % in the Swan's Neck, 
Occafion was given by a neighbouring Star in the S'wan’s Head, which 

P Hevebus ohkrw'á Ann. 1670, and 1671. For when I had entertained fome
j, Hope, that the fame Star would often appear again, not otherwife than the
I Star in the Whale's Neck  ̂ which after its firft Difappearance would foon
;' appear again, as was evident t o  Hevelius ; I fought for it on the and

6/¿ o f  July (or 11® and 16®) in.the Year 1686 in clear Nights, but c o u l d
not find it. I rather took Notice, that that Star of the fifth M a g n i t u d e  
in the Neck of the Swan was wanting, which Bayer marks with the Greek

' ' Letter
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in the Swan s Neck. 223
Better But on the (19) Day o í October  ̂ I found It very plainly 
vrith my naked Eye. And becaufe I was eafily perfuaded to think, that it 
jnight again difappear to my naked Eye, I delineated fome Stars that 
ftood round it, by the Help of a two Foot Telefcope of large Capacity, 
that by a Comparifon of thefe with it I might examine its Magnitude 
when it decreafed, as is reprefented in the Figure A.

I alfo found, that that Star decreafed by little and little, till I could 
no longer perceive it with a Tube o f eight Feet ; whereas I could always 
diftinguiih another in the Whale's Neck, through a Tube of four Feet, 
when it could no longer be perceived with the naked Eye. Fig. 96.

From that Time I fought in vain for that Star feveral Nights together, 
yet at laft I found it again, Jugujl 6, (16) 1687, by Help o f an eight Foot 
Tube, though it was very fmall. From thence I obferved it to increafe 
daily ; and it happen’d that 0¿í. 23, {Nov. 2,) it firft prefented itfelf to my 
naked Eye, though ftill very fmall. On the Day of November, {12°)  
it was very confpiciroiis, and even after Nov. 26, (Dec. 6,) though on this 
laft Day it was again in a State o f Decreafe. Afterwards it could not be 
diftinguifh’d but by the Tubes, and foon became fo fmall, that I could 
not find it again with the eight Foot Tube. And thus it was obferved, 
that from one Difappearance to another, there pals’d about one Year, one 
Month, and one W eek. Alfo the following Obfervations have inform’d 
me, that this Star kept a pretty conftant Time in its Appearance, yet at 
every Period it did not arrive at an equal Magnitude. Nay it hap
pen’d fometimes, that it continued altogether invifible to the naked Eye, 
whilil through the Tube it was confpicuous, and increafed to its greateft 
Magnitude. As at the End of the Year 1688, and the Beginning of 1689.
On the contrary, in the Year i6gOi this Star could be feen better, and was |
notubly greater than its Neighbour, which has placed near without J
the Swan's Neck, but has mark’d it with no Letter ; but only for the Help- i
ot my Memory I have mark’d it with the Hebrew I.etter 3. And after I 
had often obferved the Appearance of this Star, I found it to be very re
gular, and to obferve the Revolution of 4044- Days. ‘

N. B. Whereas Berlin Mifcellanies come late to our Hands, we did not 
chferve this new Star, which Mr. Kirch has inform’d us of, before the Tear 
kji pajl, and that near the Ides of July, Ji. vet. when it appear'd much 
brighter than the neighbouring Star J, and almofl equal to the middle Star irr 
the Swan*s Neck, mark'd by Bayer n. But becoming inconfpicuous to the naked- 
Eye, at lafii it vanijh'd alfo in the 'Telefcope. According to the Period in 
'which it is faid to revolve, it mufi have arriv'd at its greatq/h Brightnefs at 

in the Month 0/Auguft of the current Tear 1715. 
iVow that it may be found more eafily in the Heaven, we have added two Tig. 95j 

Schemes, one of which fhews Swan’s Neck, with the^tars adjoining to this 9 *̂ 
one, and with two other new ones that have appear'd near it within this 

Mft Jge of which that before the Swan’s Brea ft is Jiill to be feen as it were 
the fifth Magnitude. But that which is under the Head was feen only for 

^0 T sars, and now difappears, Ths other Figure, which is M r. Kirch’s
A^fhews.
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A , Jhews the Telefcuplck Stars which are near the new one, that it may be 
knoim in what Place exailly it may he look'd for, and where the diligent Obfer^. 
vers cf the Heavens, affifted by their ^ubes, may expert itsjirjl Ray at its Return.

AHiñm IV- Although it be faid that Hipparchus, on Occafion of a new Star that 
«; /¿ínew appeared in his Time, was induced to number the Stars, and make the firft 
Stars f i r  Catalogue of them, which was, in the Opinion of Pliny, a rafij ^hing to be 
thelajix̂ o a God i yet neither he nor any of the Ancients have left us
.Zn.iie. the Place of that new Star, to compare with thofe lately feen, one of which 
¿>•*354. might perhaps be the fame with it, re-appearing after a long Period of Years. 

Now though feveral Authors have feverally defcribcd thofe that have been 
feen nearer to our Times, it may not be amifs to give a ihort R^apitula- 
tion of what was principally remarkable in each of them, with the lim es of 
their firft Appearance, as far as can be collefted.

And firft. That in the Chair of Cajftopeia was not feen by Cornelius Gemma 
on the Uh OÍ 0Í November who fays, he that Night confidered that
Part of Heaven in a very ferene Sky, and faw it not •, but that the next

! Night, November 9°, it appeared with a Splendour exceeding all the fixt
Í Stars, and fcarce lefs bright than Venus. This was not feen by Tycho Brahe

before the iith  of the fame Month, but from thence he aíTures us, that 
it gradually decreafcd and died away, fo as in March 1574, after fixteen 
Months, to be no longer vifible j and at this Day not the leaft Signs of it 
remain. The Place thereof, in the Sphere of fixt Stars, by the accurate 
Obfervations of the fame i:ycho, was o\ 9°. 17''. a *  v'®, with 53°. 
45'. North Latitude.

Such another Star was feen and obferved by the Scholars of Kepler, to 
begin to appear on Sept. 30°. vet. anno 1640, which was not to be feen the 
Day before ; but it broke out at once with a Luftre greater than that of 
piter and like the former it died away gradually, and in much about the 
fame Time difappear’d totally, there remaining no Footfteps thereof in Ja
nuary 1604. This was near the Ecliptick, following the Right L eg of Ser~ 
pentarius ; and by the Obfervations of Kepler and others, was in 7’. 20°. 00' 
á i"** sfs. «r, with North Latitude i°. 56^ Thefe two feem to be of a diftinft 

' Species from the reft, and nothing like them has appear’d fmce.
In the Year 1596, we have the firft Account of the wonderful Star in Collo 

j Ceti, feen by David Fabricius on the 3d of Auguft, Ji. vet. as bright as a Star
j of the third Magnitude, which has been fmce found to appear and difappear
' periodically ; its Period being precifely enough 7 Revolutions in fix Years,
’ though it return not always with the fame Luftre. Nor is it ever entirely

* extinguiihed, but may at all Times be feen with a Six-foot Tube. This was
fingular in its Kind, till that in Collo Cygfti was difcovered. It precedes the 
firft Star of Aries 40', with 15°. 57' South Latitude.

Another new Star was firft obferved by fVill. Janfonius in 1600, in PeBore 
or rather in eduSiione Colli Cygni, which exceeded not the third Magnitude. 
This Star having continued iome Years, became at length fo fmall, as to be 
thought by fome to difappear entirely i but in the Ye^s 1657, 58, and 59,
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f o r  the lajl 1^0 Tears. 225
it again arofe to the third Magnitude, though foon after it decayed by De
crees to the fifth or fixth Magnitude, and at this Day is to be feen as fuch 
in 9'. 18®. 38'. i " '  * .  ‘V’ , with 55^. 29'. North Latitude.

A fifth new Star was firil obferved by Hevelius in 1670, on July i /5,/. -oet. 
as a Star of the third Magnitude, but by the Beginning of OEtober was fcarce 
to be perceived by the naked Eye. In April following it was again as bright 
as before, or rather greater than of the third Magnitude, yet wholly dif- 
appeared about the Middle ot The next Year, in Mzrc;?» 1672, it
was feen again, not exceeding the fixth Magnitude ; fince when it has 
been no farther vifible, though we have frequently fought for its Return •, 
its Place is 9’. 3°. 1 / .  a i"''‘ * .  and has Lat. North 47°. 28'.

The fixth and laft is that we defcribed before from the A£ta Berolinenfia  ̂ a  Return 
difcQvered by Mr. G. Kirch in the Year 1686, and its Period determined to new 
be of 404^ D a p  •, and though it rarely exceed the fifth Magnitude, yet is 
it very regular in its Returns, as we have found in the Year 1714. Since Cygni 
then we have endeavoured, as the Abfence of the Moon and the Clearnefs ..  ̂ ’ 
of Weather would permit, to catch the firit Beginning of its Appearance § y / ' 
in a fix-foot Tube, that bearing a very great Aperture difcovers moil mi- ' I
nute Stars. And on June 15, laft, it was firfl: perceived hke one o f the J
very leaft Telefcopical Stars •, but in the reft o f that Month and July it gra
dually increafed, fo as to bccome in Augufi vifible to the naked Eye •, and 
fo it continued all the Month of September. After that it again died away 
gradually, and on the %th ot December at Night was fcarce difcernible by 
the I'ubc, and as near as could be guefied, equal to what it was at its firft 
Appearance on June the i^th ; fo that this Year it has been feen in all near 
fix Months, which is but little lefs dian half its Period ; and the Middle, 
and conkquently the greateft Brightnefs, falls about the 10th of September. - 
Thole that pleafe to leek for it, may exped its firft Appearance in July 
next, and find it in 9’. 6 ‘\ jo''. circiter a 1̂  ̂ r ,  with Lat. Bor. 52®. 40'.

VII. Wonderful are certain luminous Spots or Patches, which diCcover LudJSp,ts 
themfclves only by the I'elefcope, and appear to the naked Eye like fmall r̂NebuI®, 
fixt Stars-, but in Reality are nothing elfe but the Light coming from an 
extraordinary great Space in the ^ th er ; through which a lucTd M edkm \l! 
is diffufed, that fliines with its own proper Luftre. This feems fully to 347. p. ’ 
reconcile that Difficulty which fome have raifed againft the Defcription 39°*
Mofes gives or the Creation, alledging that Light could not be created 
without the Sun. But in the following Inftances the contrary is manifeft ; 
lor fome of thefe bright Spots difcover no Sign of a Star in the Middle of 
them ; and the irregular Form of thofe that have, iliews them not to pro- 
n the illumination of a central Body. Thefe are fix in Number,

all which we will delcribe in the Order of Time, as they were diicovered, 
giving alfo their Places in the Sphere of fixt Stars.

1 he firft and moft confiderable is that in the Middle o f Orion'  ̂ Sword; 
arked with 6 by Bayer in his Uranometria, as a fingle Star of the third 

^̂ agnitude ; and is fo accounted by Ptolemy  ̂ Tycho Brahe and Hé ĵelius ;■
IS in Reality two very contiguous Stars environed with a very laro-ê
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traniparcnt bright Spot, through which they appear with fcvcral others. 
Thefe are curioufly defcribed by Hugenius in his Syftema Saturnium  ̂ P ĝ- 8. 
who there calls this Brightnefs, a monilrous 1 hing, the like of which be could 
no where obferve among the other fixt Stars; affirming that he found it 
accidentally in the Year 1656. The Middle of this is at prefent in n
00', with South Lat. 28̂  ̂4-  ̂ ,

About the Year 1661, another of this Sort was dilcovered (it f miltake 
not) by Bullialdus, in Andromeda  ̂ Girdle. This is neither in nor

having beeh omitted, as are many others, becaufe of its Smallnefs : 
But it is inferted into the Catalogue of Hevelius, who has improperly called 
it Nebulofa inftead of Nebula •, it has no Sign of a Star in it, but appears 
like a pale Cloud, and feems to fend forth a radiant Beam into the North 
Eaft, as that in Orion does into the South Eail. It proceeds in Right Af- 
cenfion the Northern in the Girdle, or v Bayero, about a Degree and three 
Qiiarters, and has Longitude at this Time 24°. 00' with Lat. North 33‘>4.

The third is near the Ecliptick between the Head and Bow of Sagittarŷ  
not far from the Point of the Winter Solilice. This was found in the Year 

, 1665, by a German Gentleman M. J. Abraham Ihle, while he attended the
I Motion of Saturn then near his Aphelion. This is fmall but very luminous,

and emits a Ray like the former. Its Place at this Time is 4^4 with 
I about half a Degree South Lat.
i A  fourth was difcover’d by M . Edmund Hailey in the Year 1677, when
I he was making the Catalogue of the Southern Stars. It is in the Centaur.,
i that which Ptolemy calls the Star in the Excrefcence on the Back, which he

names the Cloud on the Horfe’ s Back, and is Bayern's a It is in Appear- 
|| ance between the fourth and fifth Magnitude, and emits but a fmall Light

for its Breadth, and is without a radiant Beam •, this never rifes in England̂  
but at this Time its Place is m with 35°^ South Latitude.

A  fifth was difcovered by Mr. G. Kirch in 1681, preceding the Right 
Foot of Antinous: It is of itfelf but a finall obfcure Spot, but has a Star 
that ihines through it, which makes it more bright. The Longitude of this 
is at prefent vf. 9°. circiter  ̂ with 17°-̂ . North Latitude.

The fixth and laft was accidentally hit upon by M. Edmund Hailey in the 
Conftellation of Herculeŝ  in the Year 1714. It is nearly in a Right Line 
with and » of Bayer.) fomewhat nearer to  ̂ than « : and by comparing its 
Situation among the Stars, its Place is fufficiently near in 26°4- with 57**.
00. North Lat. This is but a little Patch, but it ihews Itfelf to the naked 
Eye, when the Sky is clear, and the Moon abfent.

There are undoubtedly more of thefe, which have not yet come to our 
Knowledge, and fome perhaps bigger, but though all thefe Spots are in 
Appearance but fmall,» and moil of them but of few Minutes in Diameter j 
yet fince they are among the fixt Stars, that is, fince they have no annual 
Parallax, they cannot fail to occupy Spaces immenfely great, and perhaps 
not iefs than our whole Solar Syftem. In all thefe fo vait Spaces it fhould 
feem, that there is a perpetual uninterrupted Day, which may furniih  

Matter of Speculation, as weil to the curious Naturalift as to the A itr o n o m e r .
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Changes o f  the Latitude^ 6cc. 227
VIII. I have compared the Declinations o f the fixt Stars delivered by Change o f  

Ytoien ,̂ in the 3“ Chapter o f the Book o f his Almag. as obferved by 
<[mocharis má Ariftyllus near 300 Years before and ^  Hipparchus
about 1 70 Years after them, that is about 130 Years h é o x t  Chrift, with fixt siars, 
what we now find, and by the Refult of many Calculations, I concluded h  Dr. E. 
that the fixt Stars in i8 o o  Years were advanced fomewhat more than 25 
Degrees in Longitude, or that the PrecefTion is fomewhat more than 50" 
per annum. But that with fo much Uncertainty, becaufe o f the imperfeft 
Obfervations of the A n cien ts, that I have chofen in my Tables to adhere 
to the even Proportion of five Minutes in fix  Years, which from other 
Principles we are aifured is very near the Truth. But while I  was upon this 
Enquiry, I was furprized to find the Latitudes of three o f the principal 
Stars in the Heaven diredly to contradid: the fuppofed greater Obliquity o f 
the Ecliptick, which feems confirmed by the Latitudes of moft of the reft ; 
they being fet down in the old Catalogue, as if the Plane of the Earth’s 
Orb had changed its Situation, among the fixt Stars, about 20' fince the 
Time of Hipparchus. Particularly all the Stars in Gemini are put down, 
thofe to the Northward of the Ecliptick with fo much lefs Latitude than 
we find, and thofe to the Southward with fo much more Southerly Latitude.
And yet the three Stars Falilicium or the BuWs> Eye, Sirius and ArSlums do 
contradidi this Rule ; for by it, Palilicium  ̂ being in the Days o f Hippar
chus \n about 10 gr. o f Taurus  ̂ ought to be about 15 Min. more Southerly 
than at prefent •, and Sirius being then in about 15 of Gemini ought to be 
20 Min. more Southerly than now ; yet Ptolemy places the firft 20 Min. and 
the other 22 mort Northerly in Latitude than we now find them. Nor are 
thefe the Erors o f 7 'ranfcribers, but are proved to be right by the Decli
nations of them iet down by Ptolemy., as obferved by Timocharis, Hippar
chus and himfelf, which fliew that thofe Latitudes are the fame as thofs 
Authors intended. A s to Arcturus., he is too near the Equinoétial'Colure, 
to argue irom him concerning the Change of the Obliquity of the Ecliptick, 
hni Ptolemy gives him 33'' more North Latitude than he now is found to 
have; and that greater Latitude is likewife confirmed by the Declinations 
delivered by the abovefaid Obfervers. So then thefe three Stars are found 
to be above half a Degree more Southerly at this Time, than the Ancients 
reckoned them. When on the contrary at the fame Time the bright Shoul
der of Orion has in Ptolemy almoft a Degree more Southerly Latitude than ¡ I
at prefent. What ihall we fay then ? It is fcarce to be believed, that the 
Ancients could be deceived in fo plain a Matter, three Obfervers confirming !|
tach other. Again, thefe Stars being the molt confpicuous in Heaven, are |
Vr • '̂ he neareft to the Earth \ and if  they have any particular ||
Motion of their own, it is moft likely to be perceived in them, which in
0 long a Time as 1800 Years may lliew itfelf by the Alteration o f their 

aces, though it be intirely imperceptible in the Space o f one fingle Cen- 
ry of Years. Y et as to Sirius it may be obferved, that I'ycho Brahe makes 

^  2 Min. more Northerly than we now find him, whereas he ought to be 
ove as much more Southerly from his Ecliptick, (whofe Obliquity he
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makes 2-‘- greater than we efteem it at prefent) differing in 4-I.
Min. One half of this Difference may perhaps be exculed, it Ketradtion
were not allowed in this Cafe by Tycho •, yet two Minutes, m Inch a Star 
as Siriust is fomewhat too much for him to be miftaken.

But a more evident Proof of this Change is drawn from the Obfervation 
of the Application of the Moon to Falilicium  ̂ Amo Chrifii §og. M.art. 11°. 
when in the Beginning of the Night the Moon was feen to tollow that Star 
very near, and feemed to have ecHpfed it, |7rg,SaAAg ° 
n t v  á ^ i x ^ í o f j L Í c í v  f y . é p e i  ' t v s  y . v p i j ;  7 r e e ^ < p e p e / o t s  t 5 7r e ( p ( S I i i r u g r i i  y . é j > a ; ,

i. f.the Star was apply’d to that Parr, by which the illuminated Lunb of the 
Moon was bifefted. Now, from the undoubted Principles ot Aftronomy, 
this could never be true at Athens, near it, unlefs the Latitude ot Palilicium
were much lefs than we at this Time find it. Vide Bullialdi J jh . Phi-
lolaica, pag. 172. r j

This Argument feems not unworthy of the F.cyal Society s Conlidcration,
to whom I offer the plain Fadt as I find it, and would be glad to have their 
Opinion.

But whether it were really true, that the Obliquity of the Ecliptick was, 
in the Time of Hipparchus zná Ptolemy, really 22 Min. greater than now, 
may well be queftioned j fince Pappus Alexandrinus, who lived but about 
200 Years after Ptolemy, makes it the very fame that we do. Vide Pappi 
CoUeSl. Lib. VI. Prop. 35.

Mock- IX. On the %th of April 1702, walking in London Streets about Ten in
Morning, the Air being clear, I obferved the Sun to iliine faintly, or

Jrches, as we Call it waterifh *, whereupon catling up my Eye, I perceived feveral
/«« of Circles about him. I made what Elafte I could to get on the
£.Ha»ey, of a Houfe, which I did at Mr. Mordens by the Roy cd-Ex change, and 
p. 1127. found the Appearance as is defcribed Figure 97, wherein 
fig. 97. S is the true Sun, Z  the Zenith.

S T P  P  a great wide Circle paiTmg through the Sun, and as .well as I 
could judge, parallel to the Horizon. It was very diilinft and entire, about 
two Degrees broad in the Northern Part about T  •, and held much the fame 
Breadth in the Eaji and Weft, but grew narrower towards the Sun •, its 
Edges were not very well defined, the whole appearing like a faint white 
Cloud, and a Part of it would have been taken for fuch, but the whole 
Circle feen in the pure Azure Sky was a very furprizing Sight,

V  N  X  T  a. Halo, or rather Iris, that was likewife an entire Circle, hav
ing the Sun for its Center. I meafured the Semidiameter of this to be 
much about 22 Degrees; the Breadth of this Arch, which was well defined, 
was by Eftimate equal to the Sun’s Diameter, and it was coloured with the 
Colours of the Iris, but nothing near fo vivid as in the common Rainbow. 
The Reds were next the Sun, and the Blews in the outward Limb. With
in this Circle the Sky appeared fomewhat obfcure, efpecially near the Arch; 
and I take it, that the Caufe of that Obfcurity was likewife the Caufe that 
the Sun ihone fo faint and wateriih. I expedted two Parhelia at X  and



t k  I n t e r f e i l i o n s  o f  t h i s  w i t h  t h e  w h i t e  C i r c l e ,  h a v i n g  o f t e n  f e e n  t h e m  a t  

t h a t  D i f t a n c e  a n d  P o f i t i o n  f r o m  t h e  t r u e  S u n ,  b u t  a t  t h i s  T i m e  n o n e  f u c h .
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l e a r e d .onpi_
f V ? - ,  a n  A r c h  o f  a n o t h e r  C i r c l e ,  o f  w h i c h  o n l y  t h e  u p p e r  P a r t  a p p e a r 

e d ,  i t  w a s  i n  a l l  R e f p e d s ,  b o t h  f o r  B r e a d t h  a n d  C o l o u r s ,  l i k e  t h e  C i r c l e  

VN XT,  w h i c h  i t  t o u c h e d  i n  t h e  v e r t i c a l  P o i n t  V, b u t  i t s  C e n t e r  w a s  b e l o w  

a t  N-> o r  n e a r  i t .  I n  t h e  I n t e r f e f t i o n s  o f  t h i s  A r c h  w i t h  t h e  w h i t e  C i r c l e  

o n  b o t h  S i d e s ,  w e r e  t w o  v e r y  b r i g h t  Parhelia, f o  l u m i n o u s ,  t h a t  I  d o  n o t  

r e m e m b e r  t o  h a v e  f e e n  t h e  l i k e ,  w h i c h  w e r e  a l f o  t i n g e d  w i t h  C o l o u r s ,  e f -  

p e c i a l l y  o n  t h e  S i d e  n e x t  t h e  S u n ,  w h e r e  t h e y  w e r e  v e r y  r e d .  I  m e a f u r e d  

t h e i r  D i f t a n c e  f r o m  t h e  t r u e  S u n ,  a n d  f o u n d  i t  D e g r e e s .  A b o u t  ^  

w h e r e  t h e  t w o  A r c h e s  w e r e  c o i n c i d e n t ,  i t  w a s  v e r y  b r i g h t  l i k e w i f e ,  a n d  t h e  

red o n  t h e  I n f i d e  v e r y  f t r o n g ,  t h a t  f o m e  m i g h t  h a v e  i m a g i n e d  a n o t h e r  S u n  

t h e r e  a l f o ,  b u t  t h e  Species t h e r e o f  w a s  d r a w n  o u t  f o  i n  L e n g t h ,  t h a t  i t  c o u l d  

n o t  p r o p e r l y  b e  c a l l e d  Parhelion:  T h i s  A r c h  b r o k e  o f f  o n  b o t h

S i d e s ,  a b o u t  f i v e  o r  f i x  D e g r e e s  b e l o w  t h e  Parhelia P. P.
A t  N  o r  t h e  l o w e r  P a r t  o f  t h e  C i r c l e  V N  X  T, t h e r e  a p p e a r e d  l i k e w i f e  a  

f m a l l  P i e c e  o f  a n  A r c h ,  w h i c h  t o u c h e d  i t  t h e r e ,  a f t e r  t h e  f a m e  M a n n e r  a s  

P VP  t o u c h e d  i n  ^ ;  i t  f e e m e d  t o  h a v e  i t s  C e n t e r  i n  a n d  a b o u t  N  t h e r e  

a p p e a r e d  a n o t h e r  l o n g i f h  r e d  Species, f u c h  a s  a t  V, b u t  n o t  a l t o g e t h e r  f o -  

b r i g h t .

T h e  H e i g h t  o f  t h e  S u n , ,  d u r i n g  t h e  O b f e r v a t i o n ,  w a s  f r o m  4 0  t o  4 5 ,  

D e g r e e s ,  w h e n  C l o u d s  i n t e r p o f i n g ,  n o  m o r e  w a s  t o  b e  f e e n  ;  t h e  W e a t h e r  

w a s  c o o l e r  t h a n  o r d i n a r y ,  w i t h  a  g e n t l e  N. W .  W i n d .  A n d  i t  w a s  p l a i n , ,  

t h a t  t h e  V a p o u r  w h i c h  c a u f e d  t h i s  A p p e a r a n c e ,  w a s  h i g h e r  t h a n  t h e  C l o u d s , ,  

f o r  t h e y  w e r e  f e e n  t o  d r i v e  u n d e r  t h e  C i r c l e s .

X .  June  1 5 ,  1 7 0 3 ,  b e t w e e n  F o u r  a n d  F i v e  o f  t h e  C l o c k  i n  t h e  Aix.tr- Spots oh- 
n o o n ,  I  f a w  a  S p o t  i n  t h e  S u n ,  b y  p l a c i n g  a  w h i t e  P a p e r  f o  f a r  b e h i n d  t h e / ^ ^ - W  in 
T e l e f c o p e  o f  f i x  F o o t ,  a s  t o  g i v e  t h e  I m a g e  o f  t h e  S u n  n i n e  I n c h e s  D i a -  ^ ^  

m e t e r ;  t h e  S p o t  w a s  i n  t h e  l o w e r  R i g h t - h a n d  Q u a d r a n t  o f  t h e  S u n ’ s  D i f k ;  

i t s  F o r m  w a s  a l m o f t  r o u n d ,  i n c l i n i n g  t o  a n .  E l l i p l i s  i t  w a s  d i f t a n t  f r o m  t h e  Gray, 
L i m b  o f  t h e  S u n  a b o u t  f i x  o r  f e v e n  M i n u t e s , ,  a n d  i t s  D i a m e t e r  I  j u d g e d  t o  " -  2 8 8 .  

b e  a b o u t  1 0  o r  1 2  S e c o n d s  :  A  l i t t l e  b e f o r e  t h e  S u n  f e t  I  f a w  t h e  S p o t  w i t h ^ '  

a  1 6  F o o t  T e l e f c o p e ,  a n d  c o u l d  p e r c e i v e  t h a t  i t  w a s  e n v i r o n e d  w i t h  a  

M i f t i n e f s .  O n  t h e  i6 th  I  f a w  t h e  S p o t  a g a i n  a b o u t  T w ' o  i n  t h e  A f t e r 

n o o n ,  a n d  f o u n d  i t  a d v a n c e d  n e a r  t o  t h e  W e i l e r n  L i m b  o f  t h e  S u n  ;  t h e  

w a s  c l o u d y ,  a n d  f o  w a s  t h e  N i g h t ,  w h i c h  h i n d e r e d  m e  f r o m  o b f e r v -  

i n g  t h e  E c l i p f e  o f  t h e  M o o n  •, t h e  I'Sitb i n  t h e  A f t e r n o o n  i t  c l e a r e d  u p ,  a n d  

a  l i t t l e  b e f o r e  F i v e ,  I  f a w  t h e  S p o t  w i t h  t h e  1 6  F o o t  G l a f s  t h r o u g h  t h i n *

C l o u d s ,  a n d  f o u n d  i t  w a s  n o w  v e r y  n e a r  t h e  L i m b  o f  t h e  S u n ,  l i t t l e  m o r e  

t h a n  h a l f  a  M i n u t e  ;  i t  w a s  m u c h  c o n t r a c t e d  i n  i t s  B r e a d t h ,  f o  a s  t o  b e  

j o u r  o r  f i v e  T i m e s  l o n g e r  t h a n  b r o a d  :  O n  t h e  igth  i n  t h e  M o r n i n g ,  1 
i o o k e d  f o r  i t  a g a i n ,  b u t  c o u l d  n o t  f e e  i t  ;  f a  I  c o n c l u d e d ,  i t  w a s  t h e n  

^ t h e r  g o n e  o f f  t h e  D i f k  o f  t h e  S u n ,  o r  i f  i t  ? j d h e p e d  t o  t h e  L i m b ,  the g r e a t  

A r e m u l a t i o n  o f  the A t m o f p h e r e  h i n d e r e d  me f r o m  f e e i n g  i t . .
A ftro-



2 ^ 0  Spots ifi th& Sun.
Aftronomers have by thefe Spots found, that the Sun revolves on its Axis,’ 

fo as that in 27 Days the fame Point in the Sun*s Difk, returns to the 
fame Place fecn from the Earth ; hence its Semi-revolution in 13  ̂Days» 
and confequently the Spot going off the Sun’s D ift the 19^ or Junê  may 
be expeóled to return the id  of July next to the Eailern Lmib ot the Sun’s 
vifible Hemifphere, if it be not diffolved before that Time. I have in the 

Fig. 104, Figure endeavoured to exprefs the Appearance, but had not the Conveni- 
ency of meafuring the Angle of the Spot s \Vay, with the Vertical, which
is only guefled at. ,  . , , r , 1 1

Jiinexht 26th 1703. In the Evening I looked to fee, whether there were
generated any new Spots in the Sun, but found none; but on the 27/ ,̂ 
about half an Hour after Eight in the Morning, by receiving the Sun’s 
Image on white Paper trom the fix Foot Glafs, I faw a Spot near the Ver
tical of the Sun towards the lower Limb ; betwixt Nine and Ten I elevated 
the 16 Foot Tube, the Clouds now being of a convenient Thicknefs to let 
me fee the Sun without Prejudice to my Eyes, and found that this Spot 
was of a triangular Form, and that it was accompanied with two other 

Fig. 98. leffer ones, as is expreil in the Figure \ the Sides of the great Spot were 
curvilinear, this with two leiTer ones, made an Equicrural Triangle ; at Four 
in the Afternoon the triangular Spot had a fmall Fragment feparated from 
it, and itfelf was now bccome Elliptical, the Spot b was much augment- 

Fig. 99.  ̂ diminifhed, and become longifh, as in Figure 99 •, at
half an Hour after Five the Fragment from the great Spot was itfelf di
vided into two, and the Spot Í was fo narrow as icarce to be feen •, as at 

Fig. 100. Fig. ICO. at Six a Clock, and 30 Minutes, there was a fmall Fragment fe- 
Fig. l oi .  parated from the lower End of the great Spot, as dX Fig. l o i  •, at Seven 

a Clock the Spot b was much encreafed, but c was vaniihed ; the Obferva- 
tions made this Afternoon with the 16 Foot Glafs, were when the A ir was 
clear, and fo to fecure my Eye, the Eyc-Glafs was fmoaked with a Wax- 
Candle.

The 28/ ,̂ about Seven in the Morning, I faw that the great Spot was 
much augmented, but the leffer ones that Yeilerday attended it, were va- 
nifhed, and that there were two new ones generated at about i Minutes 
Diilance from the great one below, and towards the L^ft-hand of it the 

Fig. 102. one was a Paralellogram, with a black Diagonal croffing it Fig. 102 ; 
Fig. 103. at Ten a Clock there was another Diagonal crolTmg the former, Fig. 103. 

and the two lelTer Spots which before were longifh, had now taken a 
round Form, the Spot c being much larger than the other at b.

I am not yet turniihed with proper Inftruments to find the Pofition of 
the Sun’s Spots, with refpeft to Longitude and Latitude on the Sun’s 

On the  ̂ contented myfelf with obferving the Pofition and Variation of
íáme by Spots among themfelves, which afforded me a moil ftrange and won- 
Mr. W. derfu Variety.
Derham. 2.] The two Circles Fig. 105, 106. reprefent the Sun’s Disk, and N. the 
D Northern Part thereof, S. the Southern, E. the Eaftern, and W . the 

W d lem  Part.
106. The

Bil£D_



Spois in th& Sun.
The Place of the Spots, and the Manner of their Appearance every Day, 

¡S reprefented with the Day of the Month on the Sun’s Disk.
But I defire it may be obferved, that altho’ the Figures of the Spots are 

done pretty exaftly, yet their Places on the Sun are not fo, for being unpro
vided with convenient Inftruments for the Purpofe, I could not exaftly fet 
off t h e i r  Delineations, nor their Diilances from the Sun’s Limb, but was forced 
to reprefent them only as well as I could, by taking the Species of the Sun 
u p o n  paper, through aTelefcope, and fo marking out their Places.

But fince the laft Appearance of the Spots, I have invented, and have provi
ded myfelf with an exceeding nice Micrometer, and a Watch that beateth half 
Seconds, hoping to have been able to have feen another Revolution of them.

My Micrometer is not, as ufually, to be put into a Tube, but is to mea- 
fure the Species ot the Sun on Paper, (of any Radius) or to meafure any 
Part of it, which I am inclined to think is more exact than the common 
Way. By this Means I can eafily, and very cxaftly, with the Help of a 
tineThread, take the Declination of a Spot, at any Time of the D a y ; and 
by my half Second’s Watch, and a fine crofs Hair, (which latter W ay I 
learnt from my Friend Mr. Flamfiead) I can meafure theDiftance of the Spot 
from the Sun’s Eailern orWeftern Limb,

This crofs fine Hair, I advife, from my own Experience, ihould be fet, 
not at the exaót focal Diftance from* the Eye-Glafs, (as ufually) but a little 
out of that Dillance, nearer towards the Objeft-Glafs, becaufe the Shadow 
of the Hair will be thereby much narrower, and more ftrongly appear crois 
the Species of the Sun received on the Paper, which I take this Occafion to 
note, not only becaufe I believe it hath fcarcely ever been before obferved, 
but becaufe it may be of good Ufe in taking the Sun’s Altitude, meafuring 
his Diameter, ^ c. this being a more eafy, and perhaps a more exaft Way,, 
than by looking through the Tube.

Being dius provided, if I could have feen another Revolution of the Sun’s 
Spots, I ihould have been able to have given a more accurate Account o f  
their Pofition and Motion. They feemed ftrong enough to have lailed ano
ther, or more Revolutions, but none have been vifible fince the fixth o f this 
Month, on which Day I think I had a Glimpfe of a Spot on the Sun*̂ s W ef- 
tern Limb, about Seven of the Clock in the Morning.

The Appearances of the Spots, being in the Figures above, fet with every 
Day of the Month, I need fay but little, only take Notice of a few Things, 
that the Figures do not fo well exprefs.

The Spot in Fig. 105, was as reprefented, vi%. ift round and ftrong, after
wards long, and with a Nucleus. The very fame Spot (I doubt not) I faw 
again on the Sun’s Eaftern Side on July 5, but very faint, fmall and long, 
(asinJi|-. 106.) fo as to be but juft difcernabl’e. On July 6̂  it quite difap- 
peared, both through my Tubes, and on Paper, which is better.

The Spots in Fig. 106, had thefe remarkable Appearances and Variations. 
On June 28, viewing the Sun towards Evening, I efpied a large, ftrong 
aark Spot, with two or more glaring Nubecula behind it , fomewhat like the 
Reprefentation in the F ig u re , Thefe the next D ay were become four ftrong

dark

2 3 1



dark Spots, the foremoft with a Tail to it, conjoining the little Spot next 
it, as in the Figure. On June 30, I iaw Spots; but it bemg a cloudy 
Morning, and I abfent from my Tubes in the Afternoon, the Reprelenta- 
tion of them in the Figure is not exadly as they were. July 4, between 
two long Spots appeared fomething like a round 'Nubeculâ  as in the rigure.
The reft as in the Figures. , ,  r , 1 c 1 c

Thus I have given the beft Account I could of the late Solai Spots. The
fmo-le Spot in June may be feen to have pafied above half oyer the Disk, be
fore a Friend of mine gave me Notice of it: And that and ionie others were, 
I hear, feen in May ; but it was not my Fortune to fee them fooner j which 
if I had, I mould have been able to have made my Account better.

2^2 Spots in the Sun.

tpotjolftr- Saturday, May the 15 ^  1703, As I was obferving the Setting of the 
Sun Sun, in order to examine my Clocks, there appeared two Suns, the Mock- 
170’+. by fun feemed above the Real one, which was then only five Degrees above the 
Capt. Stan- J-Jorizon. Whereupon I took a good feven-t oot Teiefcope,witn a Imall Aper- 

ture, and foon difcover’d a Solar Spot near the Sun’s Center, which I defign’d 
P?Í7;6. -to obferve more exaélly the Day following, but it proved cloudy.

May Sunday no Sun-fhine.
Mondaŷ  May the 17th, At Six a Clock in the Morning I took the Hime 

Telefcope, armed with a clouded Eye-Glafs, and immediately percciyed that 
the Spot was advanced confiderably towards the Sun’s Weftern Limb j it 
feemed of a ilrong Confiftence, very compad, refcmbling a Face, and was 
diftant by Noon from the anterior Limb of the Sun’s Disk 61 Seconds of 

Fig. 107. Time. See Fig. 107.
T’uefday, May the i8th. A t Noon I found the Spot diilant from the pre- 

Fig. 107. ceding Limb 4 6  Seconds of Time. Fig. 107.
Wednefday., May the 19th, A t Noon I obferved the Solar Spot to be nio- 

Fig. 107. ved within 33 Seconds of Time o f his Wefbern Limb. Fig. 107.
T̂hurfday., May the 20th, A t Noon the Spot was arrived within 21 Seconds 

of Time of the preceding Limb, and moving nearly in a ftrait, Line •, inter- 
Fig. 107. feeing the Parallel of Declination paiTing thro’ the Sun’s Center. Fig. 107.

/ r / i / i z j , t h e  21 ft. W e had no Sun-fliine.
Saturday., May the 22d, A t Seven o’Clock in the Morning I obferved the 

Fig. 107. Solar Spot was advanced very near the Limb of the Sun’s Disk. Fig. 107.
, Sunday., May the 23d, At Six in the Morning I faw the Spot, which by that 
Time was got to the very Edge of the Sun’s l5isk, refembling a Barley Corn, 
lean and Hender, and of a duskiih Colour, wanting only its own Ihorteft 
Diameter of the Sun’s Limb. At Eight a-Clock 1 obferved it again : Alfo 
at Ten, and at Twelve. A t Tw o I perceived it was Aid into the very Cir̂ - 
cumference, and hardly vifible, had I not had an Eye upon it all the Day 
long. A t Four I examined the Sun’s Body with my eighteen Foot Glafs, 
which is a good one, but could not perceive the leaft Glimpfe of i t ; fo that 

Fig. 107. about Three in the Afternoon it totally difappeared. Fig. 107. .
June On 'Thurfdaŷ  June the 3d, About Six in the Evening I obferved with my 

eighteen Foot Glafs four Spots in the Sun’s Disk, environed with a Miftineis,
■ . thicker

■DfJl



Spots in the Sun, 233
thicker on the Right-hand than on the Left, fituated In the upper Left-hand 
Qiiadrant, about the 12th Part o f the Sun’s Diameter diftant from his neareil 
Limb. From the Cloud about them proceeded both Ways five long curve 
jiays, of a yellower Colour than the Sun’s Body. Thefe Spots I could never 
fee more, though I watched them for feveral Days together. io8. Fig, 108.

On Monday, June the ytli, 1703, A t Three a-Clock in the Afternoon, I 
difcovered the fame Spot (to my thinking) that I faw go off the Sun’s Disk 
on May the 23d, re-entring the Sun’s Face juft at the Time and Place that 
I e?ipe¿ted it.

At Four of the Clock, the Sun being extremely clear, I mounted my 
eighteen FootTelefcope, tlirough which the Spot appe:ired diílinót, but flen- 
der like a Spider, with an Eüiptical fpeckly Mift about it, and 5 or 6 light 
colour’d Sti'eaks. It feemed to me to be as it were divided near the Top, 
as in Fig. lOQ. Kig. icg.'

‘iuefdaŷ  June the 8th, A t Six in this Morning the Spot was very vifible, 
and I faw it trace again its former Path, coming in exadly where I expect
ed ; it kept its Shape, but thofe L-imon coloured Streaks difappeared, 
though itfelf and the M ill about it grew bolder and broader vifibly, as it 
re-entred the Sun’s Disk.

IVednefday, June the 9th, A t Five o f the Clock this Evening I obferved the 
Spot with the eighteen Foot Glafs, but could not pcrccive it liad altered its 
Shape, but advanced gradually over the Sun’s Disk, as it had formerly done.

fhurfday, June the loth, A t Noon die Sun iliining very bright, I had an 
Opportunity of being aíTured it was the fame Spot •, I plainly faw it move 
over its former Path, and was then difcant from its neareic Lim b 29 Seconds 
of Time. A t Five in the Evening I obferved its Shape (with my eighteen Foot 
Tube) to be altered, appearing b îgger and blacker chan ever, as in Fig. n o .  Fig. no.

Friday., June the i ith, was an ill Day for Obfervations, but I had a Sight 
on’t with the eighteen Foot Glafs ; it continued black and bold, as before.

Saturday., June xht A t Seven a-Clock in the Morning, the Sun’s 
Body being very clear, I lav/ the Spot through the eighteen Foot Glafs, re
taining its former Shape.

îday., June the 13th, By this Day Noon the Spot was arrived at the fame 
Point of the Sun’s Disk, that I found it in on Monday at Noon, May the 17th, 
which makes me inclinable to believe it was the very fame Spot.

Mondaŷ  June the 14th, according to Rules received Yeilerday from Mr.
Flamfiead, Í meafured the Diftance of the Spot from the next Lim b of the 
Sun’s Disk, which I found to be 45 Seconds of Time from the anterior Edge 
of the Sun’s Body : And upon Tuefday, May the i8th, it was obferved to be 
in the very fame Place of its Path, within a fingle Second of Time. A t Four 

obferved it with my 18 F'oot Glals,and perceived that it had alter’d its Shape, 
ypearing as at Fig. j i i .  1 received it on the Scheme, and it was difiiant from Fig. u  i . 

preceding Limb 612 fuch Parts, as the Sun’s Semidiameter is 900. 
p̂ efday., June the 15th, A t Noon the Solar Spot was diftant 32 Seconds o f 
|me, from the leading Lim b of theSun’s Disk, and covered die very Place, 
ere the fame Spot had been obferved on JVedncfday the loth of May.

IV. H  h - mdnefday.
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Fiir. II

JVednefdaŷ  June the 16th, No Sun-fliine.
the 17th, No Sun-ihine. „ i

Friday, June the i8th. A t Noon I obferved the Solar Spot waxing very 
ilender, but notwithftanding that, it was black and bold to Appearance, the 
Miftinefs about it on the Right-hand perceiveable, and that on the Left 
grown flender, in Proportion with the Spot iti'elt, and found it diftant
5 Seconds of Time. . ixr ,

Saturday, June the 19th, A t Five this Morning, it being clear Weather,
I faw the Spot diftindtly with my feven Foot Tube : A t Nine a-Clock I 
mounted my eighteen Foot Glafs, obferving once in half an Hour all the 
Morning ; A t Twelve I perceived, that all the Cloud or mifty Matter, that 
ufed to furround the Spot, was invifible, and the Spot itfelf reduced to little 
or no Breadth, in Comparifon to what it had been towards the Sun’s Center, 
and io clofe to the Limb of the Disk, that I could only perceive a fmall 
Streak of the Sun’s Light between it, and the Limb of the Sun’s Body ; At 
Tw o a-Clock I could juft perceive it, but grown extremely flender.

The firft Revolution, I law the Spot halt in the Circumfcrence of the 
Sun’s Limb at Two a-Clock on Sunday, May the 23d : And the lecOnd Re
volution, I juft perceived it With the eighteen Foot Glafs, at halt an Hour 
after Two a-Clock on Saturday the 19th Day of June.

On Sunday, June the 27th, About Six a-Clock in the Evening, I obferved 
feveral Spots in the Sun’s Disk, but had not the Conveniency to ufe my 
longeft Telefcope, becaufe of fome Trees that were in my W ay toW eil- 
ward, fo that I made no Obfervation úW'Tuefday following.

Tuefday, June the 29th, About Seven in the Morning I counted 16 remark
able Spots in the Sun’s Body, and near his Center they appeared as in Fig.

■ 112, through the eighteen Foot Glafs; then I took my feven Foot Telefcope 
and Frame, and obferved, that the foremoft Center of fix, that looked on 
the Paper as one Spot, was diftant from the Sun’s anterior Limb 8i Seconds 
of Time, and the laft Clufter 87.

This Day the foremoft Spot was diftant from tlie following Limb, ac
cording to the Path of the Spot, juft 55 Seconds of Time. The Sun’s Dia
meter was always 1 3 6  Seconds in the Tranfit, and the Spot was 1 2 6 : So that 
the Spots Path was 10 Seconds ftiorter than the Sun’s Diameter.

fVednefday, June the 30th, A t Eight a-Clock this Morning, obferving the 
Solar Spots with my eighteen Foot Telefcope, I perceived very plain, that 

‘they had wonderfully increafed in Number, and ftrangely changed their 
Places. The Clufter of feven Spots feemed to me to move gradually, as the 
fingle Solar Spot did in May, but the Clufter 4 went too faft forward, the

■ 12 Spots without a Mift about them, ftraggled all Manner of Ways, and the
9 Spots and the 5 black little ones went backward and unbent itfelf at the 
fame Time as it were into a ftreight Line. I am apt to believe it went back
ward, as that the other went too faft, or fafter than ordinary forward ; for ia 
24 Hours, the foremoft Clufter advanced 21 Seconds of Time, which is 
more by 6 Seconds than ever the fingle Spot moved in that Time, even when

neareib
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neareíl the Sun’s Center *, and the Diftance in Time between the iirfl: and the 
laft Clufter this Day was greater by three Seconds than the Day before.

The foremoft Clufter of 4 Spots was diftant from the advancing Limb of 
the Sun 60 Seconds of Time.

At half an Hour paft Four the advancing Clufter paiTed the Interfedion in 
rr Seconds of Time, after the Sun’s foremoft Lim b had paiTed conformable 
w the Spots Path ; and the laft Spot pafled in 63 Seconds of Time, the laft 
L i m b  paffing the Interfedion, according to the Path of the Spot, in 126 
S e c o n d s  of Time, the Sun’s largeft Diameter paiTmg in 136 Seconds; the 
Spots by this Time appeared ftrangely black, and of very odd Shapes, as in 
the upper Part of the Circle.

ĥurfdaŷ  July the ift, A t Eight a-Clock in the Morning, I obfcrved the Ju!y.
Solar Spots with my eighteen Foot Telefcope, the Weather being good, and 
faw that they had ranged themfelves in refped of one another, as is repre- 
lented in the upper Part of the Scheme: The leading and largeft Spot being Fig. 114.. 
diftant from the anterior Lim b 44 Seconds of Time, the laft Clufter lying a 
little awry, paiTed in 53 Seconds : After the anterior Limb had fo done, the 
following Limb alfo paffed the Interiedtion, according to the Path o f the 
Spot, in 125 Seconds of Time.

Friday and Saturdaŷ  No Sun-ftiine.
Sundaŷ  July the 4th, This Morning at Eight a-Clock the leading Spot was 

diftant from the advancing Lim b 10 Seconds of Time, the Spots and Clui- 
ters retaining nearly the fame Shape, but beginning to contrad themfelves, 
the foremoft methought looked ftrong enough to make another Revolu
tion, and pafled in 127 Seconds.

Monday, July the 5th, A t Seven a-Clock I found the Spots had quite al
tered their Shape, appearing dull and flender, as in the lower Part o f the 
Scheme, and diftant about 4 Seconds, being all included in a Cloud,

Tuefdaŷ  July the 6th, A t Ten a-Clock the Sun’s D isk y  viewed with my 
eighteen Foot Telefcope, was found clear of all Spots.

On the 17th Day o f July, about Four a-Clock in the Afternoon I obferved 
feme Spots in the Sun’s Body, refembling thofe I faw on Thurfday the 3d of 
June, only with this Difference, that thefe appeared to me as if  they had 
been heated red hot ; they feemed to be in the fame Part of the Sun*s Disk.
I obferved them above an Hour together that Day, but could never afterwards 
fetEye on them, nor difcover whether they were coming in, or going oft’ his 
vifible Disk. I continued to obferve the Sun as often as was poiTible, with my 
eighteen Foot Glafs, till the End of the Month, but without farther Succefs.

4-] I have endeavoured to render this Account of the Spots o f the Sun Spots 
more complete than m.y former •, few of thofe Appearances liaving eicapecl 
my Sight; and being alfo better provided with competently good ínftrumenr5-{7 T-.oí ̂  
to take their Places on the Sun, viz, a Micrometer (after Mr. Gafcaign'&M.'dn  ̂by 
"T") ^heir Diftance from the Sun’s Northern or Southern Lim b, üerham,
'̂ ’hich is parallel with the Pole o f the Earth ; and a Half-Secojid’i  Movement  ̂
to meafure their Diftance from the Sun’s Eaftern or Wefirern Limb»
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2 1 6 Spots in the Sun*

A  Table of all tks Spots and Faculas on the. Sun, vyibls at Upminaer
Since July 1703. i

OSloh.

1703. Jun. 23. none 
Some 24 

9 Vanijhed 2 5
10
11

Nov. 19
22

July

1704.

Sept.
nothing

Jan. 16

Feb.

Mar.

May

17 
iS
19
21
22
23

Dec.

Jan. 30

10
11 
i^

April 11
12
I

I 
11

2 'iJan.
25

18
20
21
23

10
14
18
21

17
18 
21

■*

8
10
22

* 2 3  Vanijhed 3

June

July

22
23
24
26
27
28
3«> it j

3

30

April

June
March

July 24
25

24

Sept.
OSioh.

1705.

1
2
3 
5

25

19

March 14
16

7

30
2
3
5 0¿?. * 29

Nov.

25
26
30
31

21

1706.

7

1 1
Extin^ 12

14
15
16
18
24

6

9
11
12

Nov.

4
8

10N . B. 77̂ » j 
Nov. 1 5 . a- 5

Spot  ̂
arofe on the Í J 
Eajlern Side i g 
o f the Disk jQ 
<ivhiljl this ^  
on the WfJ- 20  
Jern. 2  2

14
18
21

8 June * 
\oExtin£i

29

30

7 Ai'c'-y. 
Faint

4

28
29

30
I

Languid 
Scarce  ̂

ifihlé̂  5 
7

viftble >
Extin5i
Appears

5
6;

8
10

*
31

3 ■*

4
&  *

*
*

22
31

5 M ir .  7
iV(?

■ «or *

1707-

}

12

17
19
21
27

28

05loh.

linED

In



Spots in the Sun,
In this Table the Facula are noted with an Afterisk,; and the Dura

tion of every Appearance o f the fame Spots or FacuU^ or the Time they 
tiifappeared, with a Line.

Out of many Things that I took Notice of in viewing the Spots and 
facuU  ̂ I ícleót only fome few Obfervations, which are the moft
remarkable.

And firft, as to the Figure of the Spots, They are well known to 
change frequently ; and therefore I think it of little Ufe to give their . 
Figures every Tim e I obferved them. But it is fomewhat remarkable, 
that the Spots generally appear longifli near the extreme Parts of the 
pisk. If they are never fo round near the Middle of the Disk, they be
come longer and longer towards the Extremes, till (at going off) they 
feem to be nearly a ilrait Line, nearly parallel to the Sun’s Limb. 
Which is a manfelt Argument, that the Sun is a Globe, and that thefe 
Spots are on, or very near its Surface.

Another Thing remarkable is, the Miitahility o f the Shape of the 
Spots. I have more than once manifeftly perceived them to change ia 
the very Time I have been looking upon them. Thus Nov. 19, 1703,
I faw three or more Spots not far off the Middle of the Disk ; and 
whilft I was looking upon them, they feemed to vary, both as to their 
Shape and Strength ; fometimes feeming longer, fometimes fliorter ;, 
fometimes fpifs, Ibmetimes languid. And this they feemed to do, not 
only through my fixteen Feet Tube, (wliich I thought at firit was from 
the different Difpofition of my Eye) but alfo when I received the Sun’s 
Image through a fix Eeet 'I'elefcope, on a white Paper, in a darkened 
Room. Thefe mutable Spots the \Veather hindred me from feeing 
again till November the 2 2d following; and then they were become only 
like a thin Smoak, or Nebula.

So a g a i n 11,  1704, there were divers Spots with ^ u t
them. Thefe Umbrae., or Nebula^ I could plainly perceive, whilft I 
was looking on them, to be fometimes very taint and thin, and fome
times much darker and thicker. Thd't Maculie ^náUmbra l ohkxvQá 
I'jddenly brake out in the Sun : For on April 9, the Disk was free. But 
this 4 i>n7 II. laft mentioned, I perceived them advanced near a quarter 
Part on the Disk : And confequently they brake out in the Sun within 
48 Hours betore. On April 13, the Spots were become Urnbr̂  ̂ in the ' 
Morning ; and at Four of the Clock in the Aitei'noon, there were no 
Remains of either MacuL-e or Unibr^.

From this JJjort Continuance of thefe Spots on the Sun, it is more than 
probable, they were in a perpetual Flux and Change *, and that thofe 
Mutations, which I perceived in them, whilil I was looking on them, 
were real, not imaginary.

Alfo it may be farther remarked, (which I have frequently obferved, 
and which as I remember Scbeimr obferved long ago) That thofe Spots 

Umbra, which Juddsnly aiife, do as fiiddenly decay, and are ioon
cxtintf.
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And fuch Spots, I have farther obfervéd, do ieldorli turn to 
h'acuU  ̂ as they commonly do when longer on the Sun.

Again, Mny 5, 1705, I could perceive two Spurs or Branches (run
ning from a Spot) to change, and be fometimes 'darker, fometimes
thinner. . .

So March 30, 1706, I obferved fuch another Variation. This Day, 
or but a little before  ̂ Spots with FaciiU arofe in the Sun, which remain
ed not above three Days on him. One of thefe Spots I could manircilly 
perceive to be fometimes quite extindl, and then again immediately to 
appear : And the Faculte alfo, in half an Hour’s Time, had plainly al
tered their Shapes.

Oi^okr 29, the fame Year, I could plainly perceive the Maculae and 
FacuU both to change : And whilft I was carefully viewing them, I 
law a Spot arife in one of the brighteft FacuU  ̂ and again nearly dif- 
appear •, and then again appear ftrong and fpifs. I fhould have been 
glad to have feen how they appeared next Day j but the Weather was 
ftormy, cloudy, and wet for feveral Days after.

Another Thing I have obferved (and not having the Book by me, I 
forget whether Scheiner obferved the fame or not) is, That the Aia- 
cula do generally, if not always, become Nebulae or Umbra  ̂ before 
they quite vaniih ; and after that, very frequently turn to FaciiU, or 
bright golden Spots, more illuftrious and fulgid than the other Parts 
of that glorious Globe. I f the Spots are of a ihort Duration, Faeida 
feldom enfue : Or if they do, they are commonly the Remains of 
fome Spots that had been on the Sun, and vaniihed perhaps on the Side 
oppofite to us. But Spots that long continuê  if they vanifli, before that 
Part of the Sun revolveth out of our Sight, do very often become Fa
cula : O f which the Table afFordeth feveral Inilances, particularly July^y 
1705.

From thefe preceding Particulars, and their Congruity to what we 
perceive in our own Globe, I cannot forbear to gather, ‘That the Spots 
on the Sun are caufed by the Eruption of fome new Vulcano therein ; which 
at firft, pouring out a prodigious Quantity of Smoak, and other opa- 
cous Matter, caufeth the Spots : And as that fuliginous Matter de- 
cayeth and fpendeth itfelf, and the Vulcano at laft becofnes more tor
rid and flaming, fo the Spots decay and grow to Umbr¿ê  and at laft to 
Faculte; which FacuU I take to be no other than more flaming brighter 
Parts than any other Parts of the Sun. Thefe Faculic I have obferved 
never continue long on the Sun : And the Reafon I conceive is, becaufe 
the Vulcanô  after its Smoak is over, doth not long emit its Flames, by 
reafon the fiery Pabulum is then near fpent, when once it begins to 
flame : After which the torrid Vulcano foon returneth to the natural 
Temperature of the Sun, fo nearly at leaft, as to efcape our Sight, at 
fo vaft a Diftance as the Sun is from us.

Another Thing, that may be accounted for, and indeed doth in fome 
Meafure confirm alfo what I have faid, is the Nuclei, or darker Part

of
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of the Spots ; generally in moft Spots, and towards the Middle of 
them. Now it is very uiual in culinary Fires in this our Globe, 
when they emit Smoak, that the Middle is the darkeft Part. If, for 
Inftance, we were from aloft in the Air, to fee a thick Smoak come 
tumbling out of a Chimneŷ  or the Mouth of a Vulcano juft kindled, 
we ihould find the middle Part, juft over the Mouth of the Chimneŷ  
or Vulcano, to be the more fpifs and dark, and towards the Extremes 
clearer and thinner. And fo I take it to be in the Eruptions of the 
Sun; that the Nucleus is juft over the Mouth of the ignivomous Ca
vern, and that the mifty Parts of the Spot are the thinner Parts of the 
Smoak, fwimming about in that Fluid, or Atmofphere, which I fuppofe 
doth furround the Sun, as well as our Globe, and the Moon manifeftly •, 
yea, and in all Probability, every Planet of this our Solar Syftem.

From what hath been faid, we may give a Reafon, why there are 
fometimes Spots frequently on the Sun, and fometimes none in many 
Years. One Thing I believe there is in this. That there may be 
Spots, but not always feen. But there are doubtlefs great Intervals 
fometimes, when the Sun is free ; as between the Years 1660, and 
1671, 1676, and 1684. In which Time Spots could hardly efcape the 
Sight of lb many curious Obfervers of the Sun, as were then perpe
t u a l l y  viewing him with their Telefcopes in England, France, Germanŷ
Italy, and all the World over •, whatever might be before, from Schei- 
mr'% Time. The Reafon of this long Difappearance of the Spots, I 
take to be from the Want of extraordinary Eruptions in that fiery 
Globe. The fulphureous, or other Matter, or Pabulum of thole Erup
tions, is fpent or diffipated, and that Globe continues in its natural 
ordinary burning State, till there happens to be a freih Colledion of 
fmoaking, difplofive, and extraordinary Matter, that caufeth a new 
Eruption : Which Eruptions generally happen between- what we may 
call the Sun'sTropicks, or in his Torrid Zone : For I never obfcrved any 
Spots to be near the Sun’s Poles. And if I mifremember not, the Spots 
iwScheiner's Cuts are all about the middle Zone of the Disk. Tlie '  
greateft Evagation I ever ôbl'erved of them was March 8, lyol.  On 
which Day, befides the dark Spots in the ufual Zone, I perceiv’ed fome 
faint Spots, fcarce vifible, mitch nearer the Southern Pole, than I ever 
had feen them. But this was, no doubt, in fome Meafure owing to the 
Pofition of the Earth in refped of the Sun, as w'ell as to the Souther
ly Place of the Spots on him : For, about the Equinoxes, the Spots 
fetm to march pretty far towards the Poles ot the Sun, as may be feen > 
hy Schemes. Fig. 115,116.

Having thus obfcrved,. what Part of the Sun the Spots commonly 
pofiefs, 1 ihall next take Notice of their Stages and Path over the 
Sun. That the Sun moveth round his own yfx/j, is manifeft, beyond 
Doubt, from the Motion of the Spots. And that the Spots féem to 
traverfe the Sun, fometimes in ftrait Lines, fometimes in Curve Lines,

‘ ' curved
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curved tills Way, sfid that^Vay, is as itiaffiiicft alfo, and well known-, 
and is fet forth in the Figures: Which Figures fheV the Stages of tht 
Spots, every Day that I obfervetl them, and the L.ines they defcribe in 
fevetal Months of the Year. The daily Stages* in both Figures are ex- 
aft ; or if they fecm othenvife, it is by reafon the Obfervations were 
made at different Times of the Day •, as One in the Morning, the other 
fome following Day in the Evening, or Afternoon. But tiic Declinations 
of the Spots, or their Diftances fronh the Sun’s Northern or Southern 
Limb, are lefs exaft in the i i6th Figure than the 115th, in which kttcr 
they are very ne.-rr the Truth.

And the Caiifes of the Defeils in the 1 i[6th Figure Í fliall mention, to 
prevent the fame Errors in others -I myfelf ran into.

1. The Diminution of the Siim’ s vertical Diameter by the Refrafcions 
Avas the principal Caufe of my Errors. 1 his, although I was fufficient- 
ly aware of, yet I did not think had been fo confiderable, for Want of 
experimenting, or well confidering the Matter For I have fometimes 
found the perpendicular or vertical Diameter of the Sun diminifhed, 
from 32', 21̂ '' on the Meridian, to 26', f  at the Horizon, io one and the 
fame Day.

2. For the fame Reafon I was not aware of the Time being fo long, 
before the Sun goes round, as I found it.

3. Another Error was meafuring the Sun’s Image on the Scene of 
white Paper, with the Shade of the Micrometer ; and not by looking 
through the Tube, and fo clafping the Lim b of the Disk with the pa
rallel Edges of the Micrometer. The former, although praftifed by 
fome eminent Aftronomcrs, is a far more eaiy and indulgent, tlian ac
curate Way.

-Spots-from 5.] I have fince feen other Spots on the Sun, whofe Times are expref- 
1707.̂ « *7 ' '» fed in following’Table.

278’ From my Obfervation of thefe Spots, I am farther confirmed in the 
Opinion I expreíTed in the foregoing taper : Particularly in viewing

Fig. Í17. the Spots of Auguft i ,  170 8 , (reprefented Fig. 1 1 7 .)  where fome were
large and dark, others lefs and thinner, and all encompalTed with Ne- 
hulte. in viewing thefe, I obferved great Alterations at the very Time I 
was looking on them. Sometimes the Nuclei were very dark and black, 
fometimes lefs fo ; and the fame Thing I obferved alfo in the NebuU en- 

■fig. 117. compaillng them. One of the lefler Spots ¿ in 2̂̂ . 1 1 7 ,  which the
Day before was fufficiently vifible and ftrong, was, this Day now thick
and ftrong, and Anon languid, and lefs vifible. And from the two Spots 
a and d I could plainly fee a Smoak iOliing out to c and /, fometimes 
vifible for 5 or 6 Minutes, and then difappearing for a Quarter of an 
Hour, or móre and then again fmoaking out, and again difappearing, 
as before. A ll which Particulars I faw over and over again repeated, 
for a good While together, till I was weary of the Obiervation.

Thefe

Sfóts in the Sim,



Spots in the Sun* 2 4 Í

1707. 1709.

Decemb. 4 
10

Jan. 15
21
22

* 29
* 30 Juguji 13 

* 17

1708. 
July 31 
Auguji 1

5
6

Oilob. 8

Novemb. 1 
2
4
5
622

23
24 
28

Septemb. 1

1710.

Jan. 22

Novemb. 5 April * 6

Dec. 14
26

Oilob. 14 
* 18

Thefe Spots I was hindred from view
ing until Auguft 5, following : And then I Fig. 117. 
found the Spot b quite extinct, (as I expeét- 
ed) as alfo fome of the other Spots ; to
gether with the NebuU grown Icfs. But 
tlie great Spot a continued dark and ftrong, 
only fometimes fainter, and then again 
ftronger •, and fometimes like a half, or horn
ed Moon ; fometimes roundiih, or rather of 
an oval Figure ; of which latter Figure they 
commonly are, when they are near the Sun’s 
Limb, which this Spot was not far off at this 
Time.

Thefe Particulars are Confirmations of 
what I faid, “That the Solar Spots are no 
other than a Smoak rifwg out of the Body of 
the Sun. O f which Opinion I have been, 
almoft ever fmce I iiril obferved them, 
and find that I am not fingular in this Opi
nion, as I ihall ihew from Part of a Let
ter (which with fome others is lately fallen 
into my Hands) from Mr. Crabtrie to Mr. 
Gafcoigne, the Inventor of the Microme
ter.

‘ I writ to Mr. Townley my Opinion in Brief of the Sun’s Spots, ■Wr.Crabtrlé’i 
(which you conceive to be Stars) and it feems he, or Mr, Kay, writ 
to the fame Purpofe to you, defiring your Opinion : Which you free- a  Letter ** 
ly deliver: Yet give me Leave to fpeak my Mind likewife freely con- Mr. Gaf- 
cerning thefe Appearances. I do not value the Authority of G aiiU uSy  soigne, o/Au.‘ 

or Kepler, further than either demonilrative, or the moil probable 
Reafons confirm their Opinions. I acknowledge you fay more for 
the Stellifying of thefe Solar Obfcurities, than I have heard before ; 
yet I conceive not fufficient, either demonftratively or probably to 
countermand thofe, which Galilaus, Kepler, and others have produced 
to the contrary ; nor yet fuch as can be cleared from fuch Objedions, 
as Reafon, Demonftration, and Obfervation may lay againft them.
My Occafions will not admit a full Difquifition hereof at this Time j 
yet fomething I would fay for the prefent, the better to furniih'you 
where to objed, when I fee you.

Vol. IV. I i I have



* I have often obferved thefe Spots •, yet from all my Obfervatlons
* cannot find one Argument to prove them other than fading Bodies. 
‘  But that they are no Stars, but unconilant (in regard of their Gene- 
‘ ration) and irregular Excrefcences arifing out of, or proceeding from

the Sun’s Body, many Things feem to me to make it more than 
‘ probable.

‘ For firil, for their Form; they are feldom round, but of irregu- 
‘  lar Shapes, and, as I have often feen, one Side, or End of the Spot 
« more thin than the reft, like to a certain mifty Darknefs, and by De- 
‘ grees thicker, grofler, and darker, nearer to the main Body of the 
« Spot •, juft as the Smoak of fome pitchy Fire, which is in one Part 
‘ very grofs, and in another more rare and thin, turning át laft into
* mere A ir: Or like a Cloud, Fog, or Mift, more thick, dark, and 
‘ grofs in the Midft •, and more thin, fluid, penetrable, and tranfparent 
« towards the Sides; which I fuppofe is not compatible with any of the 
‘ Stars.

‘ Secondly, for their Colour : The Lightnefs thereof differenceth them 
‘  from Stars, or Planets •, they being never of fuch abfolute Darknefs, 
‘  as I obferved Venus the 24th of November laft : Though I have feen 
-* Spots fometimes little lefs than ihe, yet always of a far paler and 
■* whiter Colour, looking (at leaft in fome Parts) like fome thin diffipa- 
‘ ted Subftance.

‘ Thirdly, for the Manner of their ĵ fpearance. I have feen many
* Spots, which in the Middle of the Sun appear of a round Body, but 
‘ coming towards the Side of the Sun, appear long. Which is a de- 
‘ monftrative Argument, that they are not Globes, as all the Planets
* and Stars are : For Globes always appear of one Form (round) in 
‘ every Pofition but Exhalations, or fuch like fluid Subftances, ex-
* tended to a broad flat Form, like our Clouds, which being over our 
‘ Heads, and fo in their full Breadth, appear large and broad •, but 
‘ driven with the Wind, till they turn one Edge upon us, feem ot a 
‘ long Shape, So thefe Solar Clouds, being turned about the Sun, may 
‘ in the Middle Ihew their full Breadth to us, and about both Et̂ ges 
‘ of the Sun, turn their Edges to us ; Which anfweretli to the Appear- 
‘ ance.

‘‘Fourthly, for their Continuance. Some of thefe Spots, ariHng at the
* Eaft-fide of the Sun, vanifli before they come to the Midft of the Sun.
* Others appear firft in the Middle of the Sun, and vanilh before they 
‘ come to the Weftern Limb ; and for the moft Part they vaniih, be-

fore they have made a full Revolution about the Sun. Which argues
‘ them to be but thin, vaniihing, fading Subftances, not like the per-
‘ manent Bodies of the .̂tars.

‘ But to take off thefe Rcafons, you anfwer. That you conceive
‘ thele Spots to be Stars moving regularly in their own Orbs, which

* ‘ are
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t are many, though none of greater Extent than about -rV of the O 3e- 
‘ midiameter from its Circumference ; and that the fwifter Movers ia 
‘ the lower Orbs, overtaking the flower in the higher Orbs, caufe aa 
« Appearance. You feem therefore to think, that they being fo thin 
‘ Bodies, the Sun’s Rays pafs through them, and fo one cannot be feen 
‘ alone, till more being together, one heaped behind another, they ilop 
Í the Light of the Sun’s Rays, and fo caufe an Appearance. This I 
‘ conceive is your Meaning : Or elfe (as you feem to infinuate after- 
‘  wards) that the higher reflefts the Sun’s Rays ftrongly enough upon 
( the lower, (when they come within the Angle of ReHedion) to make 
‘ the interjacent Planet indifcernible.

‘ But to thefe I anfwer, that
I .  ‘ If it be by their coming within the Angle of Refle£lion, that 

‘ the Light of the Sun reñeded from the outer Planet upon the inner,
< doth make it ( as you fpeak ) indifcernible, then that Light fo re- 
‘ fleftcd, is refledled either upon all Places, as the Moon and Plaiiets
‘ Light i or but upon one, as is the Refledion of a plain Looking-
‘ Glafs. If the Firjt̂  there would never be many feen, (feldom above 
‘ one or two) becaufe the outermoft would continually make the inner 
‘ undifcernible. But Gajfendus affirms, there are feen fometimes 40 at 
‘ once in the Sun’s Body. If the fecond, there would always be many 
‘ feen, becaufe the reflefted Light would but occupy a little Room,
‘ and that but for a imall Time, till the fwifter were paft the Place of 
‘ Refleótion : Whereas many Days there are none at all feen in the
* Sun’s Hemifphere ; And in both thefe Cafes, the outermoft Planet
‘ of all would always in the Space of 27 Days, be feen in the fame
‘ Place, being never obfcured, none of the Inferior being able to re- 
‘ fleft Light upon it. Add hereunto, if any Kind of Reflexion ihould 
‘ make them to appear bright like the Sun, and fo not diftinguifliable 
‘ from the Light of the Sun, what ihould * hinder, but we ihould fee 
‘ them alfo bright Bodies by the Side of the Sun, when they are paf- 
‘ fing either by the Weft or Eaft-fide of the Sun’s Body ? The Light 
‘ being then reñeéled upon them by the inferior Planets, as well as at 
‘ other Times, and that alfo upon much of that Side of them which wc 
‘ Ihould behold.
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‘ N. B. Mr. Gafcolgne having, againjt thefe JVords, inferted a rough- 
drawn Figure in the Margin of Mr. Crabtrie’j Letter, I  have alfo repre- 
fented it in Fig. 1 18. imagining it may fomewhat explain Mr* Gafcoigne’j  F¡g. n8. 
Hypothe/tSj and what Mr. Crabtrie faith againjt it.
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* But If you wave this Conceit, as infufficient, and fly to your for-
* mer. That the fwifter Movers in the lower Orbs, overtaking the 
‘  flower in the higher Orbs, caufe an Appearance. To this I anfwer: 
‘  1. The Thing you fuppofe feems to me neither neceflary nor probable, 
‘  nor do I conceive, why they Ihould not be feen, being themfelves 
‘  alone, as well as conjoined, feeing all other Stars and Planets are fo. 
‘  2. I f it be, becaufe they are of a thin, tranfparent Subftance, tili 
‘  many, being one behind another, make them to Teem groíTer ; then 
‘  they are not of the Nature of other Planets, as is proved in 5 and ?, 
‘  who of themfelves appear dark Bodies, when they come between us 
‘  and the Sun ; nay, they muil be more thin than our Clouds, which 
‘  w ill eafily be feen between us and the Sun, and hide it from us. 3. If 
‘  it be, becaufe they are fo little, that the Imperfection of our Glafies
* cannot difcover one alone, there muit be, without doubt, many M il-
* lions of them ; which how they can be included within the Compafs
* of of the O Semidiameter, we ihall confider anon. I have feen one 
‘  of an ordinary Darknefs, (yea darker than many greater) yet not 
‘  above 5" Diameter. If this confiil of two, or many, of themfelves 
‘  invifible, how many were in thofe which GaJJendus faw of i'' 4- Dia- 
‘  meter ? 4. The Figure of thefe great ones (being neceíTarily compofcd 
‘  of Stars of fuch different Orbs and Motions) would quickly varyi 
‘  by reafon of the Diverfity of their Motions •, like as we fee in a Mock
* of fmall Birds. But 5thly, You fay tlie furtheil of thefe Orbs is not 
‘ above -rV of the Sun’s Semidiameter from its Circumference. But 
‘  there would not, in that fmall Space, be Room enough for fo many
* Orbs of Planets, as have been feen at once. Which I prove thus: 
‘  I .  Gaffendas affirms, there are fometimes fome of about the -rV Part 
‘  of the G  Semidiameter; which is the whole Space al rowed by you 
‘  for them all. And myfelf have feen of the V t of the o  Semidiameter ’: 
‘  And yet you muft confefs, thefe great ones could only be Conjunftions 
‘ ot fOme, not all. 2. There are many Times feen in the Sun’s Super- 
‘  ficies, a great Number of Spots, whofe Diameters added togetier, 
‘ would do more than twice fill the Space you fpeak of. I myfelf have 
‘  feen it, and fo I believe have you. Gajfendus affirms, there are lame- 
‘  times 40 feen at once : If this was by Conjunélion of Planets, in every 
‘ Appearance, there were at leaft 80 Bodies at once on this Side the O i
* it may be as many on the other Side, befides thofe unfeen, (by your
* Refledion or otherwife) which doubtlefs muft be far more than feen. 
‘ For it is a moil rare, and I think unheard of Thing, to fee but three 
‘ (which is lefs than the H a lf) of our Planets, conjoir/ed iri vifible ¿ at 
‘ once : So that without Queftion, it they be Planets, they are many 
‘ Hundreds; which muft have fo many ieveral Orbs, and which cer- 
‘  tainly cannot be done in fo narrow a Compafs, as the of the G  Se-
* inidiameter. And that tloey cannot have any larger (I fuppofe not fo

‘  large
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« large an) Extent from the G Superficies, may be proved by their Mo- .
< t i o n  t h r o u g h  t h e  v i f i b l e  H e m i f p h e r e  o f  t h e  S u n ’ s  f p h e r i c a l  B o d y ,  b y  
‘  c o m p a r i n g  t h e  S w i f t n e f s  o f  t h e i r  M o t i o n  t o w a r d s  t h e  M i d d l e  a n d  S i d e s  

‘  t o g e t h e r .  6 .  I f  o n e  o f  t h e f e  ( i m a g i n e d )  P l a n e t s  b e  f w i f t e r  t h a n  a n -  
‘  o t h e r ,  a s  t h e y  m u f t  n e e d s  b e ,  t h e n  t h e  6  o f  2  o r  3  f w i f t e r  o n e s  w o u l d  
‘  m a k e  a  S p o t  o f  f p e e d i e r  M o t i o n  t h a n  t h e  <5 o f  2  f l o w e r  o n e s :  B u t  
‘  t h e  M o t i o n  o f  a l l  a b o u t  t h e  O  C e n t e r ,  i s  a l w a y s  e q u a l ;  y e a ,  a n d  t h e  

‘  S p o t s  r e t a i n  t h e  f a m e  P o f i t i o n  o n e  t o  a n o t h e r ,  ( c o n ñ d e r i n g  t h e  S u n ’ s  
‘  S p h e r i c i t y ,  a n d  t h e  A n g l e  o f  t h e i r  A p p e a r a n c e  t o  u s )  j u i t  l i k e  t h e  

‘  f i x e d  S t a r s .  S o  a f f i r m s  Gajfenduŝ  T h e y  a ü  m o v e  w i t h  t h e  f a m e  u n i -  
‘  f o r m  M o t i o n ,  f o  t h a t  w h e n  t h e r e  a r e  f e v e r a l  o f  t h e m ,  n o  o n e  o v e r -  
‘  t a k e s  a n o t h e r ,  b u t  t h e y  a l l  p r e f e r v e  t h e  f a m e  D i f t a n c e s  i n  t h e  S u n ’ s  

‘  D i l k ,  a s  t h e  f i x t  S t a r s  d o  i n  t h e  F i r m a m e n t .
‘  A s  f o r  t h a t  o t h e r  annual Motion o f  t h e  S p o t s ,  y o u  f p e a k  o f ,  f r o m  

‘  W e i l  t o  E a f t ,  u p o n  t h e i r  A x i s  i n c l i n e d  a b o v e  8  D e g r e e s  t o  t h e  
‘  E c l i p t i c k ;  I  f u p p o f e  i t  i s  n o t  a n y  r e a l  M o t i o n  o f  t h e  O r b s  o f  t h o f e  

‘  f o l a r  P l a n e t s  o r  S p o t s ,  b u t  o n l y  a  v i f i b l e  M o t i o n  f o  a p p e a r i n g ,
‘  c a u f e d  ( i n  Kepler's S y f t e m )  b y  t h e  S u n ’ s  r o l l i n g  u p o n  i t s  o w n  C e n t e r  
‘  i n  t h e  M i d f t  o f  a l l  t h e  O r b s ,  a n d  n o t  e x a é l l y  i n  t h e  W a y  o f  t h e  Tem- 
‘  forary E c l i p t i c k ,  b u t  i n  t h e  Via regia ( a s  Kepler c a l l s  i t )  i n c l i n e d  c e r -  
‘  t a i n  D e g r e e s  t o  t h e  T̂ emporary;  t h e r e b y  t u r n i n g  a b o u t  w i t h  h i m ,  t h e  

‘  f a m e  W  a y ,  h i s  a d v e n t i t i o u s ,  o r  e x c r e m e n t i t i o u s  P a r t s ,  t h e  S p o t s ,  b y  
‘  h i s  magnetical o r  fympathetical Rays. A n d  h e n c e  m a y  b e  d e m o n f t r a t e d  

‘  t h e  A p p e a r a n c e  o f  t h a t  a n n u a l  M o t i o n  i n  t h e  S u n ’ s  S p o t s  y o u  f p e a k  
‘  o f .  SeeGalilí^ís, Syjl. Cofm.p. 3 3 9 ,  feq. S o  a l f o  i n  Ptolemy's a n d  

‘  fycho’s S y f t e m ,  t h e  f a m e  A p p e a r a n c e  m a y  b e  d e m o n f t r a t e d ,  f u p p o f i n g
* the 0  fixed in the Middle of the Univerle, and the O rolling round 
‘ upon the fame Poles of that Via regia (or way of the Spots) and keep-
* i n g  h i s  A x i s  i n  P a r a l l e l i f m  c o n t i n u a l l y  t o w a r d s  o n e  a n d  t h e  f a m e  P a r t
*  o f  t h e  U n i v e r f e .  T h i s  m a y  b e  c e r t a i n l y  d e m o n f t r a t e d ,  a l t h o u g h  Get-
* liUus t h e r e  a f f i r m s  t h e  c o n t r a r y .  O t h e r  Hypothefes o f  t h a t  M o t i o n  
‘  m a y  b e  f e i g n e d ,  a s  b y  t h e  a n n u a l  C o n v e r f i o n  o f  t h e  P o l e s  o f  t h e  Via 
‘  regia a b o u t  t h e  P o l e s  o f  t h e  E c l i p t i c k  i n  t h e  S u n ’ s  B o d y  :  B u t  n o n e  I  
‘  c o n c e i v e  f o  c o m p e  n d i o u s ,  a s  t h e  o n e  o f  d i e  f o r m e r .  F o r  m y  P a r t ,

‘  I  i n c l i n e  t o  t h e  l i r f t ' .

‘  T h u s  y o u  h a v e ,  w h a t  f o r  t h e  p r e í é n t ,  I  c o n c e i v e  o f  t h e f e  Macul<e 
‘  Solares. Frommdus m e n t i o n s  o n e  Jo. Tarde Gallus, w h o  t h i n k s  t h e m  
‘  t o  b e  f e c o n d a r y  P l a n e t s  ;  w h o  h a t h  w r i t t e n  a  B o o k  o f  t h a t  S u b j e d t ,

‘  a n d  c a l l s  t h e m  Aftm Borhonia : B u t  I  c o u l d  n e v e r  y e t  f e e  i t .  W h > > c  
‘  y o u ,  o r  h e ,  o r  o t h e r s  m a y  a l l e d g e  f o r  t h a t  O p i n i o n ,  I  k n o w  n o t .  I n
*  t h e  m e a n  T i m e  1  c a n n o t  a c k n o w l e d g e  t h e m  S t a r s ,  u n l e f s  I  f e e  a t  l e a f t

* f e m e  P o l T i b i l i t y  b o w  t h e y  m a y  b e  f o ,  o r  f o m e  P r o b a b i l i t y  w h y  t h e y  

‘  i h o u k l  n o t  r a t h e r  b e  S p o t s .  W h i c h  w h e n  y o u »  o r  t h e y  d o  p r o o u c e  

‘  f r o m  b e t t e r  g r o u n d e d  R e a f o n s ,  O p t i c a l  E x p e r i m e n t s ,  o r  D e m o n f t r a -

t i o n s ,  I  i h a l l  w i l l i n s f l y  r e c a n t  m y  O p i n i o n » .
It.
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Of iht Dia- ‘ It is true which you fay, That I found Venus*̂  Diameter much lefg 
meter efVc- t Theory extant made it. Kepler came neareft, yet makes her

‘  Diameter five Times too much, ^ycho, Lansberge, and the Ancients,
* about lo  Times greater than it was. So alfo they diñer in the Time
‘ of the ó as far from the Truth. By Lansherge the 6 ihouid have
‘ been 16'' 3' before we obferved i t ; By ̂ ycho and Longomontanc 8“
* 25̂  before. By Kepler (who is ftill neareil the I'ruth) 9*.' 40' before.
* So that had not our own Obfervations, and Study, taught us a better
‘ Theory than any oí thefe, we had never attended at that Time for 
‘ that rare Speñacle. You iliall have the Obfervation of it, when we 
‘ fee you. I'iie Clouds deprived me of Part of the Obfervation, but
‘ my Friend Mr. ‘Jeremiah Horrox  ̂ being near PreJio7i, obferved it
‘ clearly from the Time of its coming into the Sun, till the Sun’s fet-
* ting ; and both our Obfervations agreed, both in the I'ime and Dia- 
‘ meter, moil preciieiy.

‘ in Eclipfes,'efpecially of the 5 , comes often nearer the
‘ Truth than Kepler  ̂ yet it is by packing together Errors ; his Diame- 
‘ ter of the G and D being falle, and his Variation of the Shadow be- 
‘  ing quite repugnant to Geometrical Demonftration. H is  circular 
‘  Hypothefis Mr. Horrox (before I could perfuade him) afifayed a long 
‘  Time with indefatigable Pains and Study to correft, and amend ; 
‘  changing and turning them every way (ftill amazed and amufed with
* thofe lofty Titles of Perpetuity and Perfeftion, io impudently im- 
‘  pofed upon them) until we found, by comparing Obfervations in fe-
* vcral Places of the Orbs, that his Hypothefes would never agree with
* the Heavens for all Times, as he confideiitly boafts •, no, nor fcarce 
‘  for any one whole Year together, alter the equal Motion, Proilha-
* phierefes, and Excentricity howfoever you will.

‘ Kepler's Elliptick is undoubtedly the Way which the Planets defcribe 
‘  in their Motions: And if  you have read his Comment, de motu Í «, and
* his Epit. AJlron. Copern. I doubt not you will fay his Theory is the 
‘  moft rational, demonftrative, harmonious, fimple, and natural, that 
‘  is yet thought of, (or I fpppofe can be;) all thofe fuperfluous Fiftions 
‘  being reje¿ted by him, which others are forced fo abfurdly to intro- 
‘  duce. And although in fome Refpeéls his Tables be deficient, yet be* 
‘  ing once corredted by due Obfervations, they hold true in the reft: 
‘  Which Lansberge’s and all others want.

‘ Your Conceit of turning the Circle into 100,000,000 Parts, were 
‘  an excellent one, if  it had been fet on foot, when Aftronomy was 
‘  firft invented. M r. Horrox and I have often conferred about it. But 
‘  in refped that all Aftronomy is already in a quite different Form, and 
‘  the Tedioufnefs of reducing the Tables of Sines, Tangents, and ail 
‘  other Things we ihouid have occafion to ufe, into that Form *, as alfo 
‘  fome Inconveniences, which we forefaw would follow in the compofing 
t  the Tables of Celeftial Motions, together with the Greatnefs of the

‘ Innova-
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( Innovation, deterred us from the Conceit. Only we intend to ufe 
‘ the Centefmes or Millefmes of. Degrees, .becaufe of the Eafe in Calcu- 
‘ lation. I have turned the Rudolpbine Tables into Degrees and Mil- 
{ lefmes, and altered them into a far more concife, ready, and eafy 
‘ Form, than they are done by Kepler.

Forafm uch as every Thing of Mr. Crabtrie’s. is valuable, I have 
taken this Occafion from my own Obfervations of the folar Spots (for 
the moft Part drawn up near four Years ago) to give Mr. Crahtru'^
Letter at large (which I faw not till about a Month ago) containing as 
well fome Things of another Nature, as what relates to the Spots; I have 
two other of his Letters concerning the Spots (with Mr. Gafcoigne’s An- 
fwers.) One contains his Theory of their Motion and Appearances ; 
the other his Way of obferving them. But being long, 1 ihali omit 
them for the prefent.

Fig. 115. Shows the Stages and Lines described by Spots upon theV\ .̂ nj;- 
Sun Sept. flWi/Novemb. 1706, and f;/Feb. March, 170-®» and in 
Sept. Novemb. 1707.

Fig. 116. Shoivs the Stages find Lines defcribed by /¿1? Spots upon the'Pig. u6.
Sun in Jan. 170I, and in May, June, and 06 i:ob. 1705.

XI. On the izth of June 1694, in the Morning, I went to the Col- 
\tot2ii Cambridge., about four Miles irom Bojton̂  and obferved with the 
Brafs Quadrant there, with Telefcopiclc Sights, the Rays of the Sun Eng and, ¿j» 
being tranfmitted through one of the faid Sights, on a clean Paper, Mr.T.Brattle,, 
pafted on a plain Piece of Board, and faftned at right Angles at about 
a Foot diilance from the faid Sight, on which Paper I had drawn a Cir- 
cle between 2 and 3 Inches Diameter, equal to the Sun's Diik, and 
within that feveral Concentric Circles dividing the Diameter into 24 
equal Parts, whereby 1 could obferve to 4- a D igit: I'he Room in which 
the Obfervation was made, was darkened with Blankets, and in order 
to render the Obfervation more exacl (Mr. Henry Newman aíTiíling me 
all the while) I took the Altitude of the Sun with the forelaid Qiiadraijt, 
as folioweth.

Obfervations made of the Sun’s Altitude before the Eclipfe began, in. 
order to redtify the Watdi.

B y  t h e  W a t c h .

h '
8 26

Comp. Altit. Time by CalcuL Differ

at 1 37.
27
26

------- 49
M a n e  4 . 8  

------------------  4 7

31
26
20

1 6  4 0  

2I_ 40
3228 1=

9
9
9

57
47
54-

T h e  E c l i p f e  w a s  f i r f l  p e r c e i v e d  a t  9 ' ’ 2 5 '  h y _  t h e  W a t c h ,  a t  w h i c l i  

T i m e  úiQ S u n  h a d  f c a r c e l y - b e e a .  e c l i p i c d  i  M i n u t e ,  f a  t h ^

By:
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True Time.
/ h / .

9 2 4 -------- 9 14 It began
9 3 2 9 22 about I digit eclipfed
9 4 8 -------- —  9 3 8 full 3 digits
9 57l  . 9 48 about 4

1 0 0 6 -------- 9 5 6 near 5
10 1 5 -------- —— 10 0 5 full 6
ID 3 3 -------- —  1 0 2 3 about 8  • 'f'
1 0 4 3 ---------- —  1 0 33 full 9  

full 9 41 0 47 ---------- ■—  1 0 37
ID 5 3 ---------- —  1 0 43 full 10
1 0 5 9 ---------- —  10 49 about 104-
11 0 3 ---------—  10 53 better than 104-
I I 0 6 -------- —  1 0 5^ much the fame
I I 0 9  --------

io4----------
---- ID 59

oo4-
rather decreafing

I I —— I I fenfibly decreafed near of a digit
1 1 14̂ ---------- ----  I I 044 neareft to 10 digits
I I 25 15 full 9  digits, i. e. full 3 digits

reftored, or the Shadow rather 
within 9  digits

I I 2 9 ---------
344----------

19 84- compleat
I I —  I I 244- full 8 digits
I I 44 --------- ---  I I 34 iull 7
I I 4 8  --------- ---  I I 3 8 full 6 4- digits
I I 524---------

024- p. M.
---  I I 424 juft 6

0 —  II 3 2 4  juf t  5

0 1 3 --------- ---  0 03 P. M. full 4
0 2 6 --------- —  0 16 full 24
0 32 --------- ---  0 22 better than 2
0 4 1 --------- —  0 31 better than i
0 4 8 --------- —  0 38 ended.

Obfervations made after the Eclipfe was done, of the Sun*s Altitude,’ 
in order to reélify the Watch.

Time by the Watch Comp. Altit. 
h

True time. Differ.’

Kti

/ It

3' 30
36 *5
38 10
46 50
48 10

45 5 2 '
46 231 
46 45 ¡ 
48 19̂
48 30-

Hence



Hence it appears, that the Watch went about lo Minutes too faft 
during the whole Eclipfe, as we have all the,Way allowed.

So that the Eclipfc 

h '

Began at 9 *4 Mane.
Ended o 3^
Lafting in all 3 24.

iVo/i, That in the Calculation, the Latitude of Bofton was allowed to 
be 42 . 25'.

XII. At half an Hour paft Eight in the Morning, I fet my Clock Echpfe of tit
cxañly by my Ring-Dial, and at half an Hour paft Nine they nicely 23.

ar
h the fame, ibid,
10 00 The Sun was not touch d. p. 1634.

06 The Moon enter’d on the S. S. W . Point as near as I could 
judge.

15 The Eclipfe was confiderably advanc’d;
20 Seem’d to be about half a Digit eclipfed, rather more than lefs,

and the Se6lion to be a fmall Matter more Weftwardly.
10 25 Much the fame, and near the fame Point.

30 Seem’d to be lefs.
33TThe Middle of the Sedion nearer the S. W i and the Diame

ter of the Sedion lefs every way.
371 Much lefs and hearer the Weft.
44|It ended, and was juft over, going off near the S. W. fo that 

all the while it was within a Point or two of the Place where 
it firft came on, or between the S. Si W. and the S. W .

I judg’d, when it was at the Height, that the Chord of the eclipfed 
Part was neareft equal to the Side of an infcrib’d Decagon, or fub- 
tended about t'-o of the Periphery of the Sun’s Disk.

I obferv’d this Eclipfe with a Telefcope of one Joint, 4 Foot and a 
half in Length, and had only two GlaiTes, fo that it inverted the Objeft ;
^d I had a red Glafs, which fuited it, ib that I could fcrew it in juft 
Wore the Eye-Glafs, and was not fafn to hold it in my Handj as when 

obferv’d the Sun̂ s Altitude with the Brafs Quadrant, which was a 
great Convenience.

Xni. I.] The Morning was cloudy and moift, till about Eight of iht
íKk, when the Clouds began to break, and we had fometimes a Sun, May --j. 

fcft Spaces betwixt them. A  feven-foot Tele- cieenJkh
caif̂   ̂ Scene to receive the Species of the Sun by Mr. Flain-

through it, and on which it was about feven Inches Diameter, 306.
ÍV. K  k divided P‘ “ 37.
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2 ¿ó Eclif/es'o f the Sun.
divided into Digits by fix coneentrick Circles. ' But Clouds covering 
the Sun frequently réhdred this way' ef obferving inconvenient, and 
therefore laying afide the Apparatus of the Scene, J viewed him through 
the Telefcope with fmoaked'GlaíTes, to fave my Eyes, and noted

Correft Time - I .
by the Pend. Clock. ’ ,

h ' "  "
8 2 1  3 0  A  v e r y  fm a li P a r t  o f  th e  O  D ia m e te r  w a s  e c lip fc d .

28 00 ¡The Chord of the Arch of the g  Periphery eclipfed
was 14'. ^o". then followed frequent Clouds through 
the Spaces , betwixt; then fome Zenith Diftances of 
the Sun were taken for correding the Clock, and af
terwards near the Middle of the Eciipfe

009 21 46
26 20

10 31 50

Ip 3.3 50

--------------------------------------------------------------------------------------------- ;------------------------------------------ 4  3 0
Frequent large Clouds again, till the Sun appeared 

through the Breaks, and we faw the Eclipfe was
not ended. , Clouds a âin till •

;When the Sun ilione out again, we law his Limb intire, 
ajid the Eclipfe certainly over.

—  at Canter- 2.] Mr. S. Gray had prepared a Scene placed behind his feven Foot 
h\iry, hy Mr. Glafs, fo that the Species of the Sun projefted on it was feven inches
S. Gray, ibid, }̂ aving the fame Sort of Weather that was at Greemvich, he

faw not the Beginning, by reafon of Clouds,, but other Phafes v/ith the 
End he noted, as follows.

j n P D

Correft Time 
by the Pend. Clock.

h
8
9

10

10

53
08
31
36

55
57
02
04
14
16
20
30
31 
3̂

digits 5 4 darlijied
------- 7 '
-r----- 10 or more
------- The Sun ihining for a fhort Time, the Eclipfe feem’H'

to (Jeciieafe.
-----7  ̂ 7 4- a little clearer*

3i
2t-
I

o4
4 The End'accurately with a.Tube of i6  Foot.



j.T Mr. Ahr. Shai'p caft the Species of the Sun on a Scene-plate, — Horton 
beénd his feven Foot Glafs, lb as it appeared feven Inches over. By 
leafon of cloudy Weather, he fuw neither the Beginning nor End : ButZ 
other Phafes near the Middle, as follows. Sharp,' ibid. ‘

Time correft by the

g 35 0 0  digits dark 3 7 b y  Ocular Eftimation.
g oi o o ----- -----------7 *

4 54 --------------- 8 A  Eclipfed on the Scene.

EcUpfes of the Sun. • 2 5 IE I

6 33 ---------------8
7 5 3 ---------------S

12 5 P --------------------- 9
i6  o8 ------------ 9
18 8̂ --g 4 exactly the O ihining out clear.
20 45 ---- --9 4- O ftill fhining clearly. Greateil

Obfcurity.
21 48 ■■■ ■■ ----------- 9 r ftill clear.
28 4 6 ---------------- 9
44 4 5 ---------------7
54 4 2 ---------------5 1-

10 06 1 0 ---------------- 3 4-
19 5 5 -----------------I precifely.
24 00 The O feen thro’ Clouds, the Ecllpfe not ended.
30 00 The O feen again perfeftly round and intirc.

4.] Captain Stannyan̂  from 'Bern in Switzerland  ̂ writes ‘ That the__at Bern in
‘ Sun was totally darkned there for 4 4 Minutes of Time *, that a fixed Switzerland,
‘ Star and a Planet appeared very bright ‘, and that his getting out of̂ y Stan* 
‘ the Eclipfe was preceded by a Blood-red Streak of Lights from its Left * * ‘
‘ Limb j which continued not longer than 6 or y Seconds of Time ; then
‘ Part of the Sun’s Disk appear’d, all on a Sudden, bright as Venus
‘ was ever feen in the Night ; nay, brighter •, and in that very Inftant
‘ gave a Light and Shadow to things, as ftrtng as Moon-light ufes
‘ to do.

The Captain is the firft Man I ever heard of, that took Notice of a 
fed Streak ot Light preceding the Emerfion of the Sun’s Body from 
a total Eclipfe: And I take Notice of it» becaufe it infers that the 
l̂ ocn has an Atmofphere *, and its ihort Continuance of only 6 or 7 Se- 
wnds of Time, tell us, that its Height is not tnore than the  ̂ or 6 hun-̂  
aredtb Part of her Diameter.



— at Genev*, A  littlc after d ie Sun’ s rifing, the S k y  did feem clear ; tho’ the
th ick  already w ith  fom e Vapours. M an y little C louds did

ibid.* ** afterwards arife here and there, and the V apours did m uch increafe.
F o r  w ant o f  a Pendulum  C lo c k ,, in a convenient P lace, the M om ent 
o f  the total Im m erfion, the M om ent of the fir ji E m erfion , and that o f 
the E nd  o f  the E clip fe , could not be accurately obferved. T h o ’ the 
S k y  was fom ew hat overead, the H eat o f  the Sun was already felt, 
when the E clip fe did begin : B u t a very  fenfible C oldncfs to o k  Place, 
as the M o o n  did by  degrees co ver a greater and greater P art o f  the 
Sun, and the L ig h t  decreafe. T h e  E clip fe  was obferved on ly  with 
fom e G lafles, either darkned w ith  S m oak , or but little tranfparent ; 
and b y  receiving the Sun’ s Im age through a fix  F o o t I'e lefcope, 
w hich  reprefented the O bjeéls inverted, upon a w hite P aper, placed 
at fom e D iftance, from  the E ye-G lafs. W h en  the Sun was near being 
totally  dark, the bright Crefcent, w hich did  remain, was feen to  di- 
m iniih m ore and m ore, upon the Paper, where its Im age was recei
ved. A n d  when that Crefcent was reduced to  a ve ry  narrow  Breadth, 
and to  a very  little L e n g th , it was feen on a Sudden to dilappear : A n d  
in that M om ent the w hole Sun was eclipfed. A t  the fame Inftant o f 
T im e , the D arknefs, w hich was already v e ry  confiderable, d id  be
com e m uch greater. T h e  C louds did change on a Sudden their C o 
lour, and became red, and then a pale V io let. T h e re  w as feen, dur
in g  the w hole T im e  o f  the total Immerfion,^ a W h iten efs, w hich  did 
feem to  break out, from  behind the M o on , and to encom pafs it on 
all Sides equally. T h e  fame V/hitenefs was but little  determ ined, in 
its outw ard Side, and was not broad the tw elfth  Part o f  the Diam e
ter o f  the M o on . T h is  Planet did  appear ve ry  b la ck , and her D isk  
ve ry  w ell defined, w ithin the W hitenefs, w hich encom pafled it about, 
and whofe C olou r was the fame w ith  that o f  a w hite C ro w n , or Halo  ̂
o f  about four or five D egrees in D iam eter, w hich  accom panied it, 
and had the M o o n  for its Center. T h e  Star o f  Venus was feen, at the 
fam e T im e , at fom e D iftance, w ith ou t that C row n , between the E ait 
and N . E . in reference to the Sun. T h e  Planets o f  Saturn  and Mercury 
were feen alfo b y  m any, E aftw ard  from  the Sun’ s P lace. A n d  i f  the 
S k y  had been clear, m any m ore Stars m igh t have been feen, and with 
them the Planets o f  Jupiter  and M ars  •, that tow ards the E a ft, and 
this tow ards the W e ft  : A n d  fo the feven Planets m ig h t have been 
feen, alm oft all at once. A cco rd in g ly  fom e G entlew om en bein g  in the 
C ou n try , did tell, as it is faid, m ore than fixteen Stars. A n d  many 
P eop le, w hich were on the N eig h b o u rin g  M ountains, did  fee the Sky 
ftarry , in fom e Places, w here it was not overcaft, as d u rin g  the 
N ig h t, in the T im e  o f  the fu ll M o on . T h e  total E m erfio n  did  begin 
about three Q uarters paft N ine. T h e  D uration o f  the total D ark
nefs was precifely three M inutes, or 180 Seconds, to  the M o m en t that 
the fir il R a y  o f  the Sun d id  b fg in  to  appear again? w ith  mvich

Brightnefs.

2̂ 2 Ecliffes of the Sun.



B r i g h t n e f s .  A n d  t h i s  T i m e  w a s  o b f e r v e d »  w i t h  a  f i m p l e  P e n d u l u m  ;  
w h i c h  w a s  a f t e r w a r d s  c o m p a r e d  w i t h  a  P e n d u l u m  C l o c k ,  ( h e w i n g  t h e  
S e c o n d s ,  a n d  r e g u l a t e d  u p o n  t h e  m e a n  M o t i o n  o f  t h e  S u n .  A  l i t t l e  
a f t e r  t h e  S u n  h a d  b e g u n  t o  a p p e a r  a g a i n ,  t h e  W h i t e n e f s  a n d  t h e  C r o w n ^  
w h i c h  d i d  e n c o m p a f s  t h e  M o o n ,  d i d  e n t i r e l y  v a n i f l i .  T h e  S u n  d i d  
t h e n  i h e w  i t f e l f  m o r e  a n d  m o r e  ;  a p p e a r i n g  a t  f i r f l :  a s  a  l i t t l e  C r e f c e n t ,  
w h i c h  d i d  f t i l l  e n c r e a f e  •, a n d  w h o f e  c o n c a v e  S i d e  d i d  l e e m  t e r m i n a t e d ,  
a s  b y  a n  A r c h  d e f c r i b e d  w i t h  t h e  C o m p a f s .  A  l i t t l e  b e f o r e  t h e  t o t a l  
O b f c u r a t i o n ,  t h e  C o u n t r y ,  o n  t h e  W e f t - f i d e ,  d i d  a l r e a d y  f e e m  o v e r 

e a d  w i t h  D a r k n e f s  ;  a n d  a f t e r  t h e  t o t a l  O b f c u r a t i o n ,  t h e  D a r k n e f s  w a s  
f e e n  t o  l e a v e  u s  m o r e  a n d  m o r e ,  a n d  t o  f l y  E a f t w a r d .  A c c o r d i n g  t o  
M r .  P r o f e f l b r  Gautier*% O b f e r v a t i o n s ,  f r o m  t h e  f i r f t  E m e r f i o n  o f  t h e  S u n ,  
t o  t h e  E n d  o f  t h e  E c l i p f e ,  t h e r e  w a s  i ' *  9 '  3 0 ' ' ' .  A s  t o  t h e  a c c u r a t e  
T i m e s  t h e y  a r e  u n c e r t a i n ,  t h e  P e n d u l u m  C l o c k  h a v i n g  b e e n  f e t  o n l y  b y  
a  i ' m a l l  S u n - D i a l .  I  f e n d  y o u  a l f o  t h e  f o l l o w i n g  A c c o u n t ,  w h i c h  t h e ^  

f a m e  G e n t l e m a n  d i d  c o m m u n i c a t e  t o  m e .
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6 , ]  ‘  A t  Marfetlles t h e  E c l i p f e  d i d  b e g i n  a t
‘  I t  d i d  r e a c h  t h e  S u n ’ s  C e n t e r  a t -----------------------

‘  I t  w a s  t o t a l  a t
T h e  S u n  d i d  b e g i n  t o  a p p e a r  a g a i n  a t  -----------------

‘  T h e  E c l i p f e  d i d  c o m e  a g a i n  t o  t h e  C e n t e r  a t  

I t  d i d  e n t i r e l y  e n d  a t

h 
8

■ 9 
9
9 

10
1 0  4 7

/
2 8
6

34.
37
1 2

‘  T h r e e  S t a r s  w e r e  d i f t i n i f t l y  f e e n  ;  a n d  d u r i n g  t h r e e  M i n u t e s  i t  w a s  

n o t  p o i T i b l e  t o  r e a d .  A n d  t h e r e  d i d  r e m a i n  o n e  b r i g h t  D i g i t ,  a l l  

a b o u t  t h e  G l o b e  o f  t h e  M o o n .

//
40 —  at Mar- 
j  T feilles by M r.

C hazelles.W ' 
* 5 Father Laval,

9  ibid.

50

T h e  M a n o r - H o u f e  o f  Buillier i s  i n  t h e  L a t i t u d e  o f  4 6 *  2 4 ' .  I n  
L o n g i t u d e  i t  i s  4 °  1 3 '  4 5 ' '  t o  t h e  E a f t w a r d  o f  t h e  Royal Ohfervatory 
a t  Paris. A n d  S t .  Peter's C h u r c h  a t  Geneva i s ,  i n  L a t i t u d e ,  o ®  1 2 '  t o  

t h e  S o u t h w a r d ,  a n d  i n  L o n g i t u d e ,  0° 5 '  2 "  t o  t h e  W e f t w a r d  o f  Bu
illier.

B e f o r e  I  m a k e  a n  E n d ,  I  m u f t  t a k e  N o t i c e ,  t h a t ,  a c c o r d i n g  t o  t h e f e
O b f e r v a t i o n s ,  t h e  A l t i t u d e  o f  t h e  M o o n ’ s  A t m o f p h e r e  c a n n o t  w e l l  b e
f u p p o f e d  l e f s  t h a n  o f  1 3 0  M i l e s  i n  p e r p e n d i c u l a r  H e i g h t :  O f  w h i c h
M i l e s  6 0  g o  t o  o n e  D e g r e e  o f  E a r t h .  N e i t h e r  c o u l d  t h a t  A t m o f p h e r e

b e  d i f c o v e r e d  b e f o r e  t h e  T i m e  o f  t h i s  E c l i p f e ,  b y  a n y  R e f r a i l i o n  o f
t h e  S t a r s  ;  p r o b a b l y  b e c a u f e  o f  t h i s  R e f r a d i o n ’ s  S m a l l n e i s ,  a n d  f o r

W a n t  o f  p r o p e r  O b f e r v a t i o n s .  A n d  t h o u g h  i t  w a s  v e r y  p l a i n  t h a t  t h e
A t m o f p h e r e  o f  t h e  M o o n  m u f t  n e e d s  i h e w  i t f e l f  i n  t h e  T i m e  o f  a  t o t a l
E c l i p f e  o f  t h e  S u n  •, y e t  I  d o  n o t  k n o w  t h a t  a n y  B o d y  d i d  t h i n k  o f

this, till, in the laft Month of Maŷ  many Perfons did aélually fee 
K* ‘

S o m e



Some particular Obfervations, which are intended to be made pub- 
lick, do evince that our Atmofphere is fometimes vifible, all along, 
from the Surface of the Earth to the perpendicular Height of one Se
midiameter of the Terreftrial Globe. And the continued Appearance 
of a Crown, of only four or five Degrees Diameter, about the Sim, 
during the whole Time of the total Obfcuration, does fhew, that the 
Ethereal Matter, in which that Crown was produced, nuiit be at a 
very great Height above the Surface of the Earth. But if that Crown 
was to be feen, fo far as the Weather did permit, in all the Placcs 
where the Eclipfe was total, it muft-be concluded, that the Caufe of 
it was not in our Air, but in fome Vapours encompaffing the Sun : 
And probably, in thofe very Vapours, which produce that pointed 
Light, that has been obferved lying in a Manner along the Ecliptick, 
and that has the Sun for Center. Now either of thefe Conclufions, 
viz. concerning the great Height of the Parts of our Atmofphere, ca
pable 0Í producing that Crown, or elfe concerning a Meteor obferved, 
not in our Air, but in the Vapours that encompafs the Sun, is very fin- 
gular, and deferves a great deal of Attention. If ever fuch another 
Appearance iliould be feen, in the Time of a total EcUpfe, it would be 
proper to obferve accurately the leaft Diameter of the Crown, from 
Infide to Inftde: And to take Norice, whether, during the whole Time 
of the total Immerfion, the inward Circle be every where continued, 
and of an uniform Figure. The lefs the laid Diameter, and the great
er the Excefs ot the Moon’s apparent Diameter above that of the Sun •, 
as alfo the greater the apparent Ahitude of the Sun is above the Ho
rizon, the higher the Caufe, which produces the Crown, muft be above 
the Surface of the Earth, And the Pofition upon ,thc Moon’s Disk, 
in Reference to the Zenith, of the Points of Contact, where the Sun 
dilappears, or begins to iliew itfelf again, is here alio of fome Ccn- 
fideration.

j-fl/Zunch, 7.] We have had here. May 12. both a total and Annular Eclipfe of 
y. J- J- the Sun •, total, becaufe the whole Sun wâ  cover’d by the Moon ; An

nular, though not properly fo called, but by Refraólion, for a ruddy 
Bnghtnefs appear’d about the Moon, arifmg from the Rays refradled by 
the Moon’s Atmofphere.

The Beginning of die Eclipfe was in the Morning
The Middle

w  .  The End
The Mora of the mean and full Obfcuration 4̂
Both the fixt Stars and Planets might be feen. The Birds betook 

th^felves to their Nefts. The Bats came out of their Holes, and the 
riihes^ am  upon the Water. We ourfelves perceived a fenfible De
gree of Cold, and the Dew fell down upon the Plants.
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Eclipfes of the Sun. 2 5 5

XIV. The Beginning of the Eclipfe wc could not { t t ’EcUpfe of the
for Clouds. S'J"’ S,pt I

1 7 0 8 .  at U p. 
m i n i i e r ,  by

The Sun peeped cut of the Clouds, and I judged, by my Mr. Derham, 
Eye, that about one Tenth of a Digit was eclipfed. "• 320.P.312. 

Then Clouds nearly all the Time of the Eclipfe. But 
at

A lirtle Obfcuration appeared through the Telefcope.
A  very little Obfcuration through the Telefcope.
Then Clouds. And at
We could difcern no Remains of the Eclipfe through the 

Telefcope.
From thcfe Obferv'ations I imagine the End of this Solar Eclipfe was 

much about 8 h. 33' 'in the Morning.

XV. I .  Though it be certain from the the Principles of Ailronomy, 
that there happens neceíTariiy a Central Eclipfe of the Sun, in 
Part or other of the Terraqueous Globe, about twenty-eight Times in S u n ,  2 2 .  
each Period of eighteen Years-, and that ot thefe, no lefs than Eight 1715, a/Lon- 
do pafs over die Parallel of London̂  three of which eight are ^̂ tal 
with Continuance ; Yet, from the great Variety of the Elements, where- 
ef the Calculus of Eclipfes confills, it has fo happened, that fince the ^
20th of Aiarcb, Anno Chrijli 1140, I cannot find that there has been 
a total Eclipfe of the Sun feen at Loudon, though in the mean Time 
the Shade of the Moon has often paft over other Parts of Great Bri- 
ta:n.

Having found, by comparing what had been formerly obferved of 
Solar Eclipfes, that the v/hole Shadow would fall upon England, I 
thought it a very proper Opportunity to get the Dimenfions of the Shade 
afcertained by Obfervation ■, and accordingly I caufed a fmall Map of 
England, defcribing the Track and Bounds thereof, to be difperfed all 
over the Kingdom, with a Kequeit to the Curious to obierve what they 
could about it, but more efpecially to note the Time of Continuance of 
total Darknefs, as requiring no other Inftrument than a Pendulutn Clock, 
and as being determinable with the utmoil Exaflnefs, by reafon of the 
momentanous Occultation and Emerfion of the luminous Edge of thé 
Sun, whofe leaft Part makes Day. Nor did this fail of the defired Ef- 

for the Heavens having proved generally favourable, wc have re
ceived from fo many Places fo good Accounts, that they fully anfwer 

our Expeélations, and are fufficient to eftabliih feveral of die Ele
ments of the Calculus of Eclipfes, fo as for the Future we may more 
ftcurely rely on our Prediftions : Though it muft be granted, that in 

our Aftronomy lias loft no Credit.

Having



a56 EcUpfeS o f the Sün.
Having received the Orders of the Society to provide for the Obiel*- 

vation to be made at their Houfe in Crane-Court, I procured a ^adrant 
of near 30 Inches Radius, exceedingly well fixt with Telefcope Sights, 
and moved with Screws, fo as to follow the Sun with great Nicety ; as 
alfo a very good Pendulum Clock well adjufted to the mean Tirtie, and 
feveral Telefcopes to accommodate the other Obfervers.

In order to examine both Clock and Quadrant, I, on the 20th <áApril, 
obferved the Diftance of the upper Lim b of the Sun from the Zenith 36* 
16', and the next Day 35®. 58 '; by which it appeared, that the Di- 
ftances from the Zenith, taken by this Quadrant, ought to be increafed 
by about one Minute : And that Allowance being made, by many Ob- 
fervations taken before and after Noon on the faid 21ft Day, the Clock 
was found to anfwer the apparent Time or Hour of the Sun with fuffi* 
cient Exaftnefs, as not going above lo". too fail. The next Day, April 
20°, juft before the Eclipfe began, we took the Diftances of the Sun, 
from the Zenith, viz. at 7\ 42  ̂ 52" A . M . the corred Diftance of the 
Sun’s Center d vertice was 62“ . \q” . at 45'. 48". it was 61°.  34'.
40''. And again at 48', 55" it was 61®. S'. 40": Which, with the 
given Declination of the Sun and Latitude of the Place, ihew the true 
Times refpedively to have been 42'. 38'', 45'. 35". and 48'.
2<)" ; all agreeing, that the Clock was only 14 Seconds too faft, and had 
gained fcarce any Thing fenfible in a Day’s Time : So that it might be 
entirely depended upou during the Continuance of the Eclipfe.

Having computed that the Eclipfe would begin at S'*. I attended 
foon after Eight, with a very good Telefcope of about fix Foot, with
out ftirring my Eye from that Part of the Sun whereat the Eclipfe was 
to begin: And at 8\ 6'. 20". by the Clock, I began to perceive a fmall 
DeprelTicn made in the Sun’s Weftern Limb, which immediately became 
more confpicuous ; fo that I concluded the juft Beginning not to have 
been above five Seconds before, that is, exadlly at 8\ 6 . 00̂ '. correit 
Time.

From this Time the Eclipfe advanced, and by Nine of the Clock was 
about ten Digits, when the Face and Colour of the Sky began to be 
changed from perfeél ferene azure Blue, to a more dusky livid Colour, 
having an Eye of Purple intermixt, and grew darker and darker till the 
total Immerfion, which happen’d at 9̂ . 9' i y" by the Clock, or 9''. 9̂  
3'' true Time. This Moment was determinable with great Nicety, the 
Sun s Light being extinguiih’d at once 5 and yet more fo was that of 
the Emeriion, for the Sun came out in an Inftant with fo much Splen
dor, that it furprized the Beholders, and in a Moment reftored the 
D z y ,v iz . at 12'. 26". true Time, after he had been totally obfcured 
for 3 23 '  ot Time. And as near as I could eftimate the Points on the
Moon’s Limb, where the laft Particle of the Sun vanilhed was about 
the Middle of the South Eaji Quadrant of her Limb, or about 45 
Degrees from her Nadir to the Lrft-hand : *And the firft Emerfion was 
about ten Degrees below the Horizontal Line through the Moorv’s

Center

niXlED



Center on the Weft-fide and at 14 Minutes pail Nine, correél Time,
I judged the Horns o f the EcHpfe to have been exaftly perpendicular, 
and by Confequence, the Centers o f the Sun and Moon to be in equal 
Altitude.

It was univerfally obferved, that when the laft Part of the Sun remain
ed on his Eaft-fide, it grew very faint, and was eafily fupportable to 
the naked Eye, even through the Telefcope, for above a Minute of 
Time before the total Darknefs; whereas on the contrary, my Eye 
could not endure the Splendour of the emerging Beams in the Telefcope 
from the firft Moment. To this perhaps two Caufes concurred •, the 
one, that the Pupil of the Eye did necelTarily dilate itfeli during the 
Darknefs, which before had been much contracted by looking on the 
Sun. The other, that the Eaftern Parts of the Moon, having been 
heated with a Day near as long as thirty of ours, mult of NeceiTity 
have that Part of its Atmofphere replete with Vapours, raifed by the 
fo long continued Aólion of the Sun •, and by confequence, it was more 
denfe near the Moon’s Surface, and more capable of obílruóling the 
Luftre of the Sun’s Beams. Whereas at the fame Time the Weftern 
Edge of the Moon had fuffered as long a Night, during which there 
might fall in Dews all the Vapours that were raifed in the preceding 
long Day \ and for that reafon, that Part of its Atmofphere might be 
feen much more pure and tranfparent.

About two Minutes before the total Immcrfion, the remaining Part 
of the Sun was reduced to a very fine Horn, whofe Extremities feemed 
to lofe their Acutenefs, and to become round like Stars. And for the 
Space of about a Qiiarter of a Minute, a fmall Piece of the Southern 
Horn of the Eclipfe feemed to be cut off from the reft by a good In
terval, and appeared like an oblong Star rounded at both Ends, in this 
Form CZZZÍZ3 ) • Which Appearance could proceed from no other 
Caufe, but the Inequalities of the Moon’s Surface, there being fome 
elevated Parts thereof near the Moon’s Southern Pole, by whofe inter- 
pofition, Part of that exceedingly fine Filament of Light was inter
cepted.

A few Seconds before the Sun was totally hid, there difcovered itfelf 
round the Moon a lummous Ring, about a Digit or perhaps a tenth 
Part of the Moon’s Diameter in Breadth. It was of a pale Whitenefs, 
or rather Pearl Colour, feeming to me a little tinged with the Colours 
of the Iris, and to be concentrick with the Moon ; whence I conclude 
It the Moon’s Atmofphere. But the great Height of it, far exceeding 
t̂ hat of our Earth’s Atmofphere ; and the Obfervations of fome who 
fcund the Breadth of the Ring to increafe on the Weft-fide of the 
Moon, as the Emerfion approached ; together with the contrary Sen
timents of thofe, whofe Judgment I fliall always revere, makes me 
Iffs confident, elpecially in a Matter whereto I gave not all the A t
tention requifite.

V ol. IV. L  i What
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Whatever it was, this Ring appeared much brighter and whiter near 

the Body of* the Moon, than at a Diftance from i t ; and its outward 
Circumference, which was ill defined, feemed terminated only by the 
extreme Rarity of the Matter it was compofed of •, and in all Refpeéts 
refemblcd t!ie Appearance of an enlightned Atmofphere viewed from 
far: But whether it belonged to the Sun or Moon, I íhall not at pre- 

' fent undertake to decide.
During the whole Time of the total Eclipfe, I kept my Telefcope 

conftantly fixt on the Mcon, in order to obferve, what might occur in 
this uncommon Appearance, and 1 faw perpetual Flaihes or Corufca- 
tlons of Light, which feemed for a Moment to dart out from behind 
the Moon, now here, now there, on all Sides, but more efpecially on 
the Weltern Side, a little before the Emerfion ; And about two or three 
Seconds before it, on the fame Weftern Side, where the Sun was juft 
coming out, a long and very narrow Streak of a dusky, but ftrong red 
Light, feemed to colour the dark Edge of the Moon, though nothing 
like it had been feen immediately after Immerfion. But this inftandy 
vaniilied upon the firft Appearance of the Sun, as did alfo the aforefaid 
luminous Ring.

As to the Degree of Darknefs, it was fuch, that one might have ex- 
pcéted to have feen many more Stars than were feen at London: The three 
Planets, Jupiter̂  Mercury and Venus were all that were feen by the Gen
tlemen of the Society from the Top of their Houfe, where they had a 
free Horizon : And I do not hear thit any one in Town faw more than 
Capella and Aldebaran of the fixed Stars. Nor was the Light of the Ring 
round the Moon capable of efî acing the Luftre of the Stars, for it was 
vailly inferior to that of the full Moon, and fo weak, that I did not obferve 
it cart a Shade. But the under Parts of the Hemifphere, particularly 
in the South Eaji under the Sun, had a crepufcular Brightnefs *, and all 
round us, fo much ot the Segment of our Atmofphere as was above the 
Horizon, and was without the Cone of the Moon’s Shadow, was more 
or lefs enlightned by the Sun’s Beams; and its Refleition gave a diffufed 
Light, which made the Air feem hazy, and hindred the Appearance of 
the Stars. And that this was the real Caufe thereof, is manifeft by the 
Darknefs being more perfeil; in thofe Places, near which the Center of 
the Shade part, where many more Stars were feen, and in fome, not 
lefs than twenty, though the Light of the Ring was to all alike.

During the Time whilft the Sun recovered his Light, feveral Altitudes 
were taken to examine the Regularity of the Clock’s Motion, and tho’ 
the Sun now rofe much flower than at the Beginning, yet they all con- 
fpired within a very few Seconds, that the Clock went ilill one Quarter 
ot a Mmute too fail. And the End of the Eclipfe approaching, I at- 
tended the Moment thereof, with all the Accuracy I could, and con
cluded the complete Separation of the Sun and Moon at io\  20'. 15'' 
by the Clock, or exaftly io\ 20' correct Time,

H itherto



Hitherto I exhibit only what myfelf faw, but there were with us a 
great many Members of the Society and the Right Honourable the 
Earl of Juftice Parker were of the Num
ber : The latter of which fhewed an uncommon Curiofity and Defire 
of Exaftnefs, his Lordihip doing us the Honour to aíTift at moil of the 
Obfervations made for determining the Error of the Clock, and did 
himfelf, at the Moment of the Emerfion from total Darknefs, obferVe 
theDiftanceof the Planet from the Zenith 48*’ . 29'. by which
the Time thereof is verified.

There were alfo prefent feveral Gentlemen of other Nations, and 
among them Monfieur le Chevalier de Louville and Mr. Monmort̂  both 
of them Members of the Royal Academy of Sciences at Paris : The firft 
whereof came purpofely to obferve this Eclipfe with us, and having 
feen the Beginning applied, himfelf to take Digits with his Micrometer, 
and to obferve the Occultations of three Spots at that Time feen in the 
Sun} and communicated the following Notes, viz.

h '  "

At 8 28 20 Four Digits were eclipfed.
8 32 57 The firft and bigger Spot touched the Moon.
8 33 18 The fame was wholly hid.
8 34 08 The firft of the two lefler Spots was hid.
8 34 58 The fecond of them was hid.
9 36 01 Emerfion of the greater Spot.
9 38 06 Emerfion of the firft lefler Spot.
9 40 25 Emerfion of the fecond lefier Spot.

10 20 04 The End of the Eclipfe.

And he determined the Time of the total Darknefs 3'. 22'', or one 
Second lefs than by my Account.

The Heavens were all the while very favourable to us, and there 
was very little or no Wind, and not fo much as one Cloud interrupt
ed our View from the Beginning to the End ; but no fooner was the 
Eclipfe over, but a great Body of Clouds hid the Sun for many Hours 
after.

Thefe Obfervations having been made with all the Care we could, 
are not, ’ tis hoped, far from the Truth.

What we have received from other Places is as follows: , .
The Reverend Mr. James Pounds Reftor of ¡Vanjled in EJfex, gives 

the following Account of the principal Phsenomena obferved there *, he
being furniihed with very curious Inftruments, and well skilled in the
Matter of Obfervation, and having reftified his Clock by feveral Alti
tudes of the Sun taken both before and after, viz.

Í
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h. ,

At 8 6 37 The Eclipfe firft perceived.
9 9 28 The total Immerfion. T
9 12 48 The Emerfion.

10 20 32 T h e ju ilE n d o f the Eclipfe.
o 3 20 The Continuance of total Darknefs.

The near Agreement of this Obfervation with our own (the Differ
ence being only what is due to the Difference of the Meridians) makes 
us the lefs folicitous for what was noted at the Royal Obfervatory at Green
wich ; from whence we can only learn, that the Duration of total Dark
nefs was 3'. 11",

The Reverend Mr. William Derham  ̂ Reélor of Upminfter in Effex  ̂
aflilled by Samuel MolineuXy Efq; Secretary to his Royal Higbnefs the 
Prince, and other Perfons of Qii^ity, made the following Oblervations 
there, viz.

At 8 741  The Eclipfe began.
8 33 46 The Moon touched the greater Spot.
8 34 36 She touched the middle Spot.
8 35 41 She touched the third Spot.
9 10 58 The total Darknefs began on a fudden, and Aldeharan

appeared.
9 14 6 The Emerfion, or the End of total Darknefs.
0 3 8  Continuance of total Darknefs.
9 42 41 Tlie third and lail Spot difcovered.

10 21 45 The End of the Eclipfe, by a 134- Foot Glafs.

And a little before the Beginning of the Eclipfe, he found the greater 
and preceding Spot to be more Northerly than the Sun’s Center 3734 
luch Parts as the Sun’s Diameter was 1647, and that it followed his 
Weirern Limb o'. 43''' of Time : By which Data the Situation of that 
Spot is well determined.

The Profeifors of Aftronomy in both Univerfities were not fo fortu
nate : Dr. Keill, by reafon of Clouds, faw nothing diftinólly at Oxford, 
^it the End, which he obferved at 10*'. 10". As to the total
Darknels, he could only eftimate it by the fudden Change of the 
L-ight of the Sky ; and reckoned its Continuance but 3'. 30'' ; which 
was certainly too little, the Center of the Shadow having without 
doubt paft very near Oxford. And the Reverend M r. Cotes at Cam- 
bndge, had the Misfortune to be oppreft by too much Company ; fo 
that though the Heavens were favourable, yet he mifs’d both the Time 
CÍ the Beginning of the Eclipfe, and that of total Darknefs. But he 
«Díexved the Occultations of the three Spots, viz. of the firft and

' greateft
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createft at 8“. 34''- n "-  of fecond at 8\ 35'. 15''. and of the laft at 
|h 06'. 55". He noted alio the Elnd of total Darknefs at 9\ 14  ̂ 37'', 
and the exa¿t End of the Fclipfe at 10''. 2 1'. s f -

We have received fcveral Accounts from fome Places, which lay near 
the Track of the Center of the Shade, and which might have been very 
proper to determine the greateil Continuance ot the Darknefs •, as from 
Plymouth, Exeter, IVeymouth, Daventry, Northam-pton and Lynn-regis, all 
agreeing that the whole Sun was obfcured at thofe Places full four 
Minutes, and fome of them rather more. But as thefe Obftrvers 
give us no Account how they meafured this Time, it may well be 
hippofed they took it in a round Number, and perhaps from Pocket 
Minute-Watches. What I think may beil be re ied on for this Pur- 
pofe, are two correfponding Obfervations made, the one at Barton near 
Kettering in Northamptonjhircy where by the Obfervation of John Bridges,
Efq-, Treafurer of his Majcfty’s Revenue of Excife, with a good Pen
dulum Clock and all due Care, the whole Sun was hid no more than 
3'. 53̂ '. The other was by Mr. John Whitejide, A. M. Keeper of the 
Jjbniolean Mufeum at Oxford, and a skilful Mathematician, who obfer- 
ved after the fame Manner, at King’s IFalden in Hertfordjhire near Hitcher:, 
that the total Eclipfe continued but 3'. Hence it follows, that
the Center of the Shade paft near the Middle between thefe two Places, 
which are but 30 Geographical Miles diftant from one another, and 
fituate near at right Angles to the Way of the Shade, and therefore 
that the total Obfcurity, where longed, could lail but about 3''. 57'', 
or perhaps a Second or two more at Lynn, and lefs at Plyynoutb, the 
Velocity of the Progrefs of the Shade gradually decreafmg, and its Di
ameter increafing as it pail on to the Eaftward. And this Situation ot 
the middle Line is confirmed by an Obfervation made at the Seat of the 
Right Honourable the Lord Foley at IVitley, eight Miles beyond PFjr- 
cefter, by his Order, and communicated by his Lordfliip to the Society ; 
whereby it appears, that the total Darknefs lafted there 3'. Hence
it follows that IVitley was about three or four Miles farther trom the 
Center of the Shade on the North-fide than London on the South : And 
IVitley being, by Ogilby\ Menfuration, 118 Meafured Miles from Lon
don, it is plain that the Center pail over IJlip, which is, by the fame 
Admeafurement, /̂ 7 fuch Miles on that Road, and about five Miles al- 
moft due North from Oxford ; fo that the Center of the Shade left Ox
ford but very little upon the Right-Hand. This Situation agrees per- 
feftly well with the former between Barton and King's IValden, and as far 
as the Geography of our Country may be depended on, I conclude the 
Center to have entred upon England about Plymouth, and to have pail 
over Exeter, the Devizes, IJlip, Buckingham, and Huntington, leaving 
Oxford and Bedford on the Right, and Lynn on the Left, and to have 
<iuitted the Coail of Norfolk about JVells and Blakeney.

As
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As to the Southern L im it or Term, where the Eclipfe ceafed to be 

total on the South-fide of the Sun, we have received an Account of an 
Obfervation made ztNorton-court  ̂ about Ten Miles on this Siát Canter
burŷ  by the Reverend Dr. Harriŝ  afiiiled by that accurate Obferver 
Mr. Stephen Graŷ  by which we learn that the Eclipfe began there at 
8*'. 8'. 55̂  ̂ and ended at lo*’.’ 24' 47" ; and that the total Darknefs 
continued but about one Minute or rather lefs, the Middle thereof being 
at gh. i^'. From this Duration it will follow, that Norton-court

- was but about three or four Miles within the Shade. And that it was 
really fo, is confirmed by the Relation of the Inhabitants of Bo£lon̂  
about Midway between Norton-court and Canterburŷ  who aíTured Mr. 
Graŷ  that the Eclipfe was not total there, but, as one of them expreft 
it, before the Sun had quite loft his Light on the Eaft-fide, he reco
vered it on the W e ft: And that there was a fmall L ight left on the 
lower Part of the Sun that appeared like a Star. And from Cranbrook 
in Kent we are informed, by the Relation of William ‘Tempefty'EÁc{\ that 
he obferved there the Sun to be extinguiftied but for a Moment, and in- 
ftantly to emerge again ; So that the L im it paft exaélly over this Town, 
which is about 38 Geographical Miles from London, and very near the 
right Angle, where the Perpendicular from London falls on the Line of 
the Lim it, being 00'''' of Time to the Eaftward of London, in the 
Latitude of 51®. as near as I can gather.

How it paft over Sujfex we have no authentick Relations, but have 
learnt that it was total at Wadhurft beyond Tunbridge-wells, as alfo for 
fome fhort Time at Lewis but that it was not fo at Brightling, which 
Place being fituated on an Eminence, all the Country to the Northward 
was fcen in Darknefs, whilft they there had fome Benefit of a fmall Re
mainder of the Sun.

From thefe Oblervations we may conclude, that this L im it came 
upon the Coaft of England, about the Middle between Newhaven and 
Brighthelmfton in Sujfex, and pailing by Cranbrook and Bo5iott, about 
four Miles on the Right-hand, quitted the Coaft of Kent not far from 
Hern toward the ancient Regulbium, now called Reculver. So that fcarce 
one third Part of Kent, and not fo much of Sujjex, out of all the 
South Coaft of Great-Britain, efcaped being involved in this Dark
nefs.

The Northern Lim it, having paft over a much greater Space, has 
had more Obfervers, and is not lefs curioufly determined than the 
other. By the Account given by the Reverend Mr. Roger Proffer, Reftor 
o f Haverford-Wefi, the Eclipfe was total there a Minute and a half; 
whence it follows, that Haverford was but about 6 Miles within the 
Shade, and therefore that it entred on Pemhrokejhire about the Middle 
o f St. Bride's, Bay, leaving St. David's, and Cardigan on the left Hand ; 
and having traverfed thofe two Counties and Montgomeryjhire, it entred

Shropjhire,



Sbropjhire, leaving the Town of Shrewsbury 1'. 40" in the Sliadow, as was 
obferved there by Dr. llollings whereby it appears that Shrewsbury was 
about 8 Miles within the Limit. Thence it proceeded by the Eait-fide 
of CheJhirCy leaving Whitchurch and Nantwich a very little without, and 
palTing by Congieton, went over the Peak of Derbyfoire into Yorkfloirê  and 
crofs’d the great Northern Road between Pontefract and Boncafter̂  fome- 
what neanr the former than the latter. For by the übfervations of 
‘I'beophilus Shelton, Efq-, at Barrington, about two Miles on this Side Pon- 
tefraíl-, (in Lat. 53°. 40' and Long. Weft from London 4̂  40''. of Time, 
as may be concluded from Norwood's Meafure of a Degree) the Sun at 

11'. was reduced almoft to a Point, which both in Colour and Size 
refembled the Planet Mars; but while he watched for the total Eclipfe, 
that Point grew bigger, and the Darknefs diminifhed ; whence he ar
gued the Limit to have been very little more Southerly. And fince has 
been informed, that it was juft total in BarnfdcJe, three Miles South 
from thence. And that it was fo at Bad/worth, about the fame Diftance 
from Darrington, we are told by a Letter of the Reverend Mr. Daii- 
buz, that he has a certain Account from that Place, that the luminous 
Ring round the Moon was feen there, which was no where viiible but 
while the Eclipfe was total. From thefe Data we may fecurely deter
mine the Remainder of this Track, and that the Edge of the Shadow, 
having paft over the reft of Torkjhire, paiTed off to Sea about Flayn- 
borough Head.

So that of the forty Counties, into which England is fubdivided, only 
the five moft Northerly have not had the Sun wholly hid from them •, 
and fix others have efcaped but in Part, viz. Shropihire, Chejhire and 
Torkjhire-, and the extreme Part of Derbyjhire on the North, and Kent 
and Sujfex on the South \ all the reft of the Kingdom having tnore or 
lefs fuíFered an Interval of total Darknefs.

I lhall not at prefent confider this Eclipfe as univerfal, but only as it 
related to England; and it ftiall fufike to fay, that the Shadow came out 
of the Atlantick Ocean, having paft over the Iflands Azores ; and that 
the Southern Limit of it reach’d the Ifle of Ujhant, and the North-weft 
Coafts of Britanny between Breft and Morlaix •, and dividing our lilands 
of Guernfey and Jerfey, juft touched upon the Promontory of Normandy 
called Cape de Hague. And that after it had quitted England, and tra- 
verfed the German Ocean, it fell on Jutland on the South-fide, and Nor- 
'̂ ay on the North ■, and thence proceeded to the Eaftward over Sweden̂
Finland, 6cc.

It remains now to confider the Figure, Pofition, Direftion, Velocity 
and Magnitude of the Shadow as it paiTed over us. As to the Figure, 
tis obvious that the Shadow of the Moon being a Cone, and the Earth’s 

^rface fufficiently Spherical, the apparent Shadow on the Earth will 
^  the common Interfeftion of a Cone and Sphere, which is a Figure 
wtherto little confidered by Geometers *, and not being in Plano, is not

t o
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to be exa6lly defcribed but in the fpherical or conical Surface. How 
to find the Points of this Curve, in all Cafes, is fliewn by P . Coufier, in 
a very fcarce Latin Book printed at Dijon in Burgundy  ̂ and publifhed at 
Paris in the Year 1663 ; Nor do I know of any other Author, that has 
handled the fame Subjeél fince, though capable and worthy of further 
Improvement. By what he there delivers. Prop. 11, 12. Ltb. I. it will 
be eafily underftood, that the Convexity of fo fmall a Part of the Earth’s 
Surface, as the Shadow commonly occupies, can produce only an in- 
confiderable Effeft fo that without fenfible Error we may take it for 
a Plane, and the SeéHon for a true Apollonian Ellipfts, whofe tranfverfe 
Axis, by reafon of the Smallnefs of the Angle of the^Cone, will be to 
its Conjugate nearly as Radius to the bine of the Sun s Altitude at its 
Center, efpecially if  he be confiderably elevated. But when he is near 
the Horizon, it will be neceflary to have Regard to the true Figure, by 
reafon of the great Length, to which the tranfverfe Axe is extended, 
and particularly when the Shade is entring upon, or leaving the Earth’s 
Disk.

As to the Pofition of the Axis of the Shadow, it is manifeit, that it 
muft alwavs lie in the Plane of a great Circle of the Earth, paffing 
through the Axis of the Cone of the Shade •, and therefore all that is 
required, is, to obtain the Azimuth and Altitude of the Sun, at the 
Place where the Center of the Shade at any I'ime is found, to deter
mine the Situation of the Axe and Species of the Ellipfe required. 
Thus the Middle of the Eciipfe at Lofdnn having been obferved at 9\ 
10'. 45'', by the given Latitude and Declination, we find his Azimuth 
about 59*’ . 00'. and Altitude 4 0 4 6 ' .  that is ju il 40 Degrees high, at 
the Center of the Shadow. Wherefore the tranfverfe Axe of the E l
lipfe was to its Conjugate very near as Rad. to the Sine of 40'', or as 
1000 to 643 proxiviie ; and did make an Angle of 59®, or very little 
more, with the Meridian pafiing at that Time through the Center of the 
Shade.

The Diredion and the Velocity of the Motion, wherewith the Cen
ter of the Shade paft over England., is next to be confidered, wherein it 
is to be obferved, that the Shadow paiTes in a very compound Curve, 
which as the former is not in Plano  ̂ and only defcnbable on the Surface 
of the Sphere : Nor is its Motion equable, but compounded of very 
many Elements, producing a great Variety. By what Method its Points, 
and its Tangents in thofe Points, are to be obtained, I referve to ano
ther Opportunity ; only I obferve, that for fo fmall a Part of the Curve, 
as went over England., it may be eileemed a right Line, with more Ex- 
aftnefs than we ufually find in moft of our Geographical Charts. And 
the fame may be faid for the Velocity, which, though in our prefent In- 
ftance, it was continually decreafing, may, for fo ihort a Time, be fup- 
pofed to have been the fame without fenfible Error.

By
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By a careful Calculation, I have determined the Velocity of the M o 
tion, at the Time of the Middle of the Eclipfe at London  ̂ to have been 
«9 Geographical Miles in a Minute of Time qmm proxime: And that 
¿W ay made an Angle of 52°. 45'. with the Meridian towards the Eaft- 
wards of the North •, wherefore the faid Way made an Angle with the 
Axis of the Ellipfis o f 68®. 15'. And the greateit Duration of total 
Darknefs having been 3'. 57'', it will follow, that that Diameter of the 
Elliptick Figure, according to which the Shade pail, was no lefs than 
H4|Geogr. Miles. And from the Elements of the Conicks ’ tis eafy 
to be proved, that fuppofing the Figure of the Shade a true Ellipfe, 
whoie Axes are as Radius to the Sine of 40 Degrees, the greater Axis 
would be 171 Geographical Miles, and the lefler 110 •, and the neareft 
Diftance between the Lim its fuppofed Parallel 164 fuch Miles.

And this Length of the Axis of the Shade, derived purely from the 
Duration of total Darknefs, is fully confirmed by the obferved Diftance 
of the parallel Lim its •, the one paffing by Badfworth in Torkjhire, the 
QÚiiixhY Cranbrook 'm Kent. For by the two Latitudes 53*̂ . 37' and 

6', with the Difference of Longitude 7'. 40''''. of Time, or i 55', 
the Diftance of thefe two Places is given i66 rGeogr. Miles ; with the 
mean Angle of Pofition 25 Degrees from the N̂ orth Weftwards •, where
fore this Arch makes an Angle with the Track of the Shade of 77® A, 
and hence the neareil Diftance of the Parallels becomes 163 fuch Miles, 
which by the other Way was found 164.

If then we conclude the Jxis of the Shadow, when the Sun Was ju il
40 Degrees high, to have extended over 1 ° . 50' of a great Circle, we 
may fecurely determine the Difference of the Sun and Moon’s Diameters 
at diis Time. For the Difference of the Horizontal Parallaxes of the 
Sun and Moon being found to be 60'. 38'  ̂ (as fliall be hereafter Ihewn, 
but is not required with extreme Exaólnefs for this Purpofe) the Differ
ence ot the Parallaxes in Altitude at both Ends of the Axis, will be found 
tobe i'. 56''̂  and by fo much did the Diameter of the Moon, when 
forty Degrees high, exceed that of the Sun : Hence the Horizontal D i
ameter ot the Moon, in this Anomaly is found 33'. 27", which may 
ferve for a Rule in all other Cafes,

I forbear to mention the Chill and Damp  ̂with which the Darknefs of 
this Eclipfe was attended, of which moft Spedators were fenfible, and 
equally Judges; or the Concern that appear’d in all Sorts of Animals,

Beajls and Fijhes upon the Extinction of the Sun, fmce ourfelves 
eould not behold it without fome Senfe of Horror.

Laftly, I have added the following Synopfis of fuch Obfervations as 
"ave hitherto come to my Hands.
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Place. Obfervers. Beginn.

/ //
Immerf.

/ A
Em'erf.

/ //
Tot. 
/ //

End. 
h- , „

Barton
Bell-bar
Broadway
Carmarth. J
Cambridge
Canterbury

M. Bridges 
M. Jones

M. Cotes 
M. Gray

S. 6 . 2f¡

r

8. 10. GO

:g. 9. 45 

8. 47. oc

9. 13. 27 

S. 49. 30

9 ' H- 37

3 - 53 
3*42

2. 30 10.21.5; 

10. 24. 30

Cbefier
Crew
Dublin
Dublin
Exon

M. Ward 
M. Wright 
L. Archbijh. 
M. Hawkins 
L. Bijhop

7. 57. 40

7. 42. I I

7. 41. 30

9. 2. 8

8. 55. 0 8. 59. 0

z. 00

4. GO

I G .  6.35
10. 9.00 
9. 49. 40 
9. 48. 45 

10. 0. oa

Exon
Greenwich 
King’s Wald  ̂
Llanidan 
Anglefey j  
London

M. Hudfon 
M. Flamjleed
M. Whitfidc 

M. Rowland 

R. Society

7- 4 7 - 30

7. 52. 30

8. 6. 00 9 - 9 - 3 9. 12. 26

3 - 30 
3 - II
3 - 52

3 - 23

I G .  G.  30 

I G .  20. oa

Northampt.
Norton-court
Oxon
Paris
Plymouth

M. Hawkins 
D. Harris 
D. Keill 
R. Academy 
M. Heines

8. S. 55

8. 11. 00 
7. 41. 00

9. 5. 22 
9 - lo- 23

8. 45. 30

9. 9. 24 
9. 14. 22

8. 50. G O

4. 2 
0 .  59
3 - 30

4 - 30

lo- 15- 35
I G .  24. 47 
I G .  15. 10 
I G .  28. 00. 
9. 54. 30

Portchefier
Salop
Uprninfter ] 
iranjhd ] 
Weymouth '

C. Chandler
D. Hollings 
VI. Derkam Í 
M. Pound \ 
VI. Hobbs

7. 58. G O  

S. 7. 41; 
i. 6. 37.

9. 2. 25

9. I G .  58 
9. 9. 28 
8. 53. 00

9. 6. 15

9. 14. 6 
9. 12. 48
S. 58. oc

3 - 50 
I .  40
3- 8
3. 2C

4. OC

I G .  6 .  oo- 
I G . 2 I .  45 
I G .  2 0 . 3 2

Witky M. Baxter I7, 59. oi 3- 15 10. 13. 00

Accounts o f  2. Since the Publication of the former Account of what was obferved
abroad n ^7-̂  and particularly at London, of this Eclipfe, we have received
p. 314.’ Foreign Parts the following Obíérvations.
—  near the Mr. J .  Edens, being on his Voyage to the Pike of Tenerife obferved
IJlandYorxe the Eclipfe at Sea, in Latitude by Obfervation 34% 20", and Longitude
Mr. J. Edens, S** from London, as he concluded by their Diftance and Pofi-

tion from the Ifland Forte Ventura, which they foon after fell in with. He 
writes, that it began at vi'*. 49', and ended at v i i i \  47'. this latter very 
cxadlly, though not quite fo nice as to the Beginning,

Had

t u u m



. Haii this Gentleman fignified, what Difference o f Meridians there was 
found between the Place of Obfei-vation, and the W eil End of Forte 
Ventura, we might, without fenfible Error, have concluded the true 
L o n g i t u d e ,  not only of that Iñand, but alfo of the Pike of ‘Tenerif\ 
where our Geographers and the Biitch have fixed their firit Meridian. He 
adds, that the greateft Darknefs was about  ̂of the Sun’s Diameter, or 
nine Digits on the North Side.

From Germajiy we have received the following i^ccounts.
At Nurenburg, The Beginning and greateil Obfcurity could not be _  at N u r e n -  

fcen for Clouds, but the End happen’d at x i \  lo'. -f.
At Hamburg, The Beginning was obferved at viii'* 57'. the greateil — at Ham- 

Obfcurity at 5'. 30'''. when x i \  Bigg, were darknal. The End burgh, 
could not be obferved for Clouds.

At Keil 'mHolJlein, The Beginning ix \  14 '. The greateft Obfcurity — «^Kiel in 

x\ 19'. 2o", and the Quantity then eclipfed x i Digg. 20'. I'he End
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wasatxr\ 29'
At Berlin, The Beginning could not be obferved for Clouds, but the — 

greateil Obfcurity was at 22 min. pail Ten, when x i Digg. were eelipfed*
The juft End was at x i \  34^

At Frankfort on t\\c Meine, The Fclipfe began at v i i i \  50'. The — «/Francb- 
greateft Darknefs at x**. 11', but perhaps Jhould be x̂ . 01 jnin. the Digits 
being X. and 34 min. The End was obferved at 10 min. paft Eleven.

By whom thefe Obfcrvations were made, and with what Inilruments, 
we are not as yet informed, but hope they may be exaft enough to 
confirm the Longitudes of thofe feveral Places, which are at prefent rea- 
fonably well known.

In a Book entituiedi Noiivelles Literaires, publiflied at the Hague, pag. __ at Upfal 
404, 405, there is an Account of the Obfervation of this Eclipfe atSweden.

in Sweden, made by M . Jü. Waller, Profelfor of Mathematicks 
in that Univerfity, who was very careful to obferve it exaélly ; the 
Times being verified by three Clocks perfeftly agreeing with one 
another and with the Sun : But more efpecially by a Quadrant of 
five Foot Radius for taking the Sun’s Altitude. By this Inftrument 
he determined the Fieight of the Pole at Upfal 59°. 51'. 54''''. And by 
the fame, a little before the Beginning of the Eclipfe, he found the 
Height of the Sun 39°. 36  ̂42̂  ̂his Clocks then fliewing the Flour ix '’.
47 -̂ 5 '̂̂ t which proves that they were very near the true Time. Ac 
X’’. 58'. 15". the Altitude of the Sun being 44°. 17'. 29", was the Begin
ning of the total Darknefs, and at xi*'. 2'. 24'''. was the End thereof, 
olto foie 44°. 29'. 13". fo that here the Duration of the total Eclipfe 
was'4'. and the Middle thereof but one Third of a Minute after 
Eleven. And laftly, the F.nd is faid to have happen’d about 4 Minutes 
Wore Noon, the Sun being 45®. 42'. 6". high : But in this is a ma- 
nneft Error, for it makes the Time of Emerfion, or from the M id- 
cte to the End, but 55'. 20''' ; whereas being fo near the Meridian, ’ tis 
<̂ frtam that this Emerfion was the greater Part of the Duration of the

M  m 2 whole
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whole Eclipfe, and eonfequently more than an Hour. Perhaps the 
Times might be deduced from the Altitudes ojily, and then the Miftake 
might be in fuppofing the End lb much betore Noon, as it was really 
after it. However, to prevent all Doubts, we have compared this Ob- 
ftrvation with what we obferved of this Eclipfe at Loudon  ̂ and find, that 
in the Latitude of 59°. 50', the Place where the Middle of total I3urk- 
nefs was at x i\  o'. 20", was near 19 Degrees more Ealterly thanLWo», 
(that is exaftly in the Meridian of Dantzick) and that the Eclipfe began 
there at xi**. 52̂ 4, and ended at xii**. wherefore the Duration could 
not be 7'. 50", as the Editor of the faid Nouvellss has publiflied •, not 
confidering, that the Beginning could not be feen for Clouds, as in the 
very next Words he affures us.

As to the Darknefs, it was fuch, that they could fcarce diilinguiih 
one another; zx\á.htí\át^ Jupiter, Mercury 2iX\á Venus, of the fix’d Stars, 
Cajfiopeay Capella, Oculus Tauri and Orion (Sirius not being yet rifen) were 
vifible.

Sunf?t{. ig" XV I, From the Literary News of Berlin we luve obtainM two Ob- 
i7 i’8. O. S. fervations of a fmall Solar Eclipfe, Feb. 19, St. Vet. 1718. One at No- 
^Nonm- rimberg, by Mr. JVirtzelbau the other obferved at BerUn by Mr. Kirch. 
Wuftz¿lbau? Norimberg the Sun rofe fomething deficient in his upper Limb, 
and at B e r k n ,  which Defeél increafed to 3 full Digits. The Eclipfe ended at 8 \  8 ' .  

hy Mr.G. 48", about 60 Degrees from the Vertex of the Sun to the left Hand.
*̂822 Berlin the Sun begaa to be eclipfed prefently after his Rifmg, or

*’■ at 6\ 49' or 49' .̂ About th« Middle of the Eclipfe, or at f .  35', the
lucid Parts remaining in the Sun were 24  ̂ 40''. Whence the Digits 
obfcured were 2̂  5c/. The End happea’d at 8  ̂28'. lo^'.

Eclipfe o f the XVII. On Feb. I I , the Moon rofe eclipfed, and the Horizon was fo
£ b r i e  I defpaired of having any Obfervations; but at 4 an Hour
in N e w . E n g - ^ a m e  from under the Cloud, and at ó**. 2^'. I had ju il a 
land, Feb. 11, Sight of her, and judged her eclipfed about 5 Digits ; at 
1700, hy Mr. h. ^
202̂ p“¡6íÍ.'  ̂ ^9 The Seftion equidiftant from M . jEtna and Horminius.

32 Palus Maraotis begins to be feen.
34r Palus Mar<eotis and Mans Apollonius 4 out.
37 Palus Maraotis quite tree, and Palus Mar<sotiS' and PalusMte~ 

Otis in the Perpendicular.
424 The Shadow near an Inch from Patus MaraotiSy Mons Hor- 

minius, and Mons Hercules.
46  ̂ Palus Maraotis in the Nadir, and that Part o f Palus Maotis 

to my Right-hand in the Prime Vertical.
57 The upper Part of the Sedlion is now, and has been for a

long Time, in Injula Major in Mare Cafpioy (and the Sec
tion now perpendicular,) and the lower Part wheeling about 
irom Palus Maraotis,

L m E D
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h / 
7

20 Mount Sinai firft appears at 22' wholly free.
2 c ' Palus Maraotis and Mans Horminius near perpendicular.
42  ̂ The Eclipi'e over in the Telefcope, and at 49 to the naked 

Eye.
My Clock was fet by my Ring-Dial about Nine of the Clock in the 

M or ni n g ,  as exailly as I  could judge •, and the Obfervation was made 
with my 4t  Foot Telefcope, with all four Glaílés in it.

X V I I I .  I . }  Eclipfe 9f  the
Time by the Clock. M..».Dec, 12.

 ̂ I703.«/Cam-

11 45 In the Morning, that Part of the Moon’s D iik  nczt Jlabajhinus, Neŵ Eiig.
look’d fomewhat duskiih, and the Eclipfe beginning to land, by Mr.
enter between Palus Mer̂ eotis and M . Porphyritis. 

j i  The true Shadow was well entred. n.zgz.p.i 56.
58 M . Pi>r/>hri/is jv ñ  cover’d.

12 03t Near 3 Digits darkened.
7Í- Mount jEtna  begins.

Qiiite cover’d.
14Í Lacus Niger Major and M. Sinai almoil equidiftant from the 

Seétion of the Sliadow, Lacus Niger Major being fome
what the nf-arer of the two.

184 Lacus Niger Major begins 19Í- quite cover’d.
21- Mount Sinai begins.
21J Quite cover’d, and the Moon about 6 Digits eclipfcd,

1 2  2 4 ^  Besbicus
26 Quite cover’d.
2 8 4  Byfantium b e g i n s .
29̂ - Cover’d, and Mount Horminius begins.
32 Apollonia begins.
33 Cover’d.
37 The Shadow equidiftant from M . Cor ax and Mount Par opa- 

m i f u S y  or fomewhat nearer to M. Cor ax.
394: Between 9 and 10 Digits eclipfed.
43 M. Corax begins.

Í2 444' Palus Maotts begins, and at 45^ the Inner of M : Paropa- 
mifus begins.

50 Palui M/eotis quite cover’d. 3
51Í The Moon not quite eclipfed. , . •/
52 Nor yet.
53 N or yet.
5 4  S c a r c e .

54t Quite immerged and the Mora begins.  ̂ ‘
H  39 i^rccifely, ihe emerged between Palm  MaT<£Otis and Mons ■

Porphyritis^
- 42



42 Palus M a r .
43 . Quije clear.
47. M . Porphyritís quite clear.
55 About 3 Digits reílored.
59, . Mount jEtna begins.

15 02 Tliat and Z.̂ í-«j Major at the fame Time deaf.
8x Mount Sinai about half free.
94- Quite free, and about 6 Digits reílored.

15 Beshicus ittt. ■ r -
V, I9 t Byfantium ivtt.
‘ ■ • 294: About 9 Digits feem’d to be reílored.

’ 304 Mons Herculis free.
32  ̂ Talus Mteotis begins.
384̂  Quite free,
414- Infula Major in Mare Cafpio free, and in the Middle of the 

Seftion,
42Í- Not yet wholly clear.
45 Fully over in the Telefcope, tho’ a Kind of a Smoak remain

ed fome little after to the naked Eye.

In order to the Adjuiling of the Time, I fet my Clock with the 
greateft Exaftnefs I could the Morning preceding, both from my 
Ring-Dial and the Riling of the Sun, which I very narrowly watch’d 
and obferved, and found it to agree with the Sun’s fctting the follow
ing Evening fo that it went all the Time the Eclipfe was, very ilea- 
dily and regularly ; but for the greater Certainty and Satisfadion, I 
took the Altitudes of the following Stars with the Brals Quadrant with 
Telefcope Sights out of my Chamber Window, the Lownefs whereof
would not permit me to take them, when they were at all hieher ele
vated. ^
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*. in dextro humero Orionis.
By the Watch. Comp. Alt. Differ.

h
6

/
15 78 18

h
6

/
13

//
40

/
I

6 214: 77 03 6 20 28 I
26^ 76 11 6 25 08 I

rrocyon
8 9i 77 20 8 08 04 I

H i 76 20. 8 13 32 0
21 75 13 8 19 36 I

Re- 10 77 46 10 07 18 I
gulus i 7i 76, II 10 15 58 I

//
20 So that my Clock
02 went by thefe.
07 Obfervations 

nearejl i '  too
11 faji.
58
24 .

\
12 
17

2.] I

mm.



2.] I had the good Fortune at London near the Exchange to make — the fame 
fome few Obfervations o f the Eclipfe o f xhtMoon o f December the i ith, obferv'd at 
1703. (of which I gave an Account to the Society fome Time fince)
OS follows t fon, n. 201.

The Heavens being cloudy moft Part of the Night, it was 35' after p. 1594, n.'
Four in the Morning following, before I could perceive that the Moon 292- P- >637.
was eclipfed •, and then as near as I could judge, fhe had been fo about 
three or four Minutes at moil, from whence we may conclude it began 
at London about 31 or 32 Minutes after Four the fame Morning.

Mr. Brattle found, that at 44 Minutes after Eleven at Night, Part of 
the Moon’s Disk look’d fomewhat duskiih, and that at 52 Minutes, the 
Shadow was well enter’d, fo that from hencê  as well as from a Comparifon Difftrence of 
of the Ingrefs andEgrefs of the principal Spots, it probably began there about 
49 Minutes after Eleven, whence it follows, that Cambridge in New-Eng- d o n ^ w C a m - 

land lies 4'' 42̂  4 » 7’o z Y  Wefiward of the Meridian of London, bridge in
I happen’d to fee the Moon the fame Morning at 35 Minutes after 

Five, when fhe wanted at moft but three Minutes of being totally 
eclipfed; fo that at London ihe immerged at 38 Minutes pail Five.

Mr. Brattle faw her immerge exactly at 54 Minutes after Twelve,, 
whence it follows, that the Difference of the Meridians found by com- 
)>aring thefe Obfervations, is 4'’ 43'' 4, or 70® 52  ̂ agreeing very well 
with the former •, fo that by taking a Mean between them, the Diffe
rence of Longitude of the tv/o Places 4̂  43', or 70® 45'..

1 faw no more of the Eclipfe that Morning, by reafon of the Clouds, 
and ihould be very glad to meet with fome other Obfervations to con
firm thefe i but their mutual Agreement gives great Reafon to believe 
that the Deduftions are good, and may be rely’d upon ; for during the 
Eclipfe I had a View of the Moon at lead twenty Times, tho’ Clouds 
frequently intervening have made this Account of mine lefs accurate 
and certain than otlierwile it would have been.

Time corredled
XIX. hnmerfions.

h '  EcUpJi of the
A very notable Pm/wZ-m, (Evening) 6 /52. Apr j,

is cover’d 6 58 20¿^°^;New“*
mons Perphyrites begins

Is cover’d . ^
Mount Mtna begins 7 16  ̂‘
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Is quite covered 7 17
Mount Sinai begins 

Quite cover’d 
The iHe of Corfica is cover’d 
The greater black Lake is cover’d'
THe Wand Besbicus

by Altitude.
h / //
6 52
6 58 20
7 8 15
7 9 20
7 16
7 17 15
7 21 40
7 22 40
7 24
7 3 Í 40
7 33
7 3 6 30

Immer-
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Immerftons.

I Mount Hormmius
Mount of Apollo 
Mount Hercules 

':y Mount Corax
Palus Maotis begins 

.  ̂ The great Iflantl in the begins
Is cover’d 

Palus M,eotis is quite cover’d 
The Moon quite immerfed

Enter/tons.
The Complement of the Altitude of Ar£lurus

The Complement of the Altitude of tlie Star thi 
the bright Star in the Northern Crown 

Latitude 44® 33'

The Moon plainly began to emerge 
Mount M ina was wholly illuilrated 
Mount Sinai wholly appear’d 
I'he lile Besbicus 
Bizantium
The Mount of Apollo
Mount Hercules
Palus Maotis begins
The greater Ifle in the Cafpian is reilor’d
Palus M^otis wholly uncover’d
The Moon is fully illuminated

5 3 '
51

60®
56 57

h / //
7 37 20
7 40 30
7 4 4 30
7 51 30
7 52 45
7 54 45
7 56
7 57 30

I Í5

/  8 28
8

I
39 15

i
' 9 0 30
' 9 17 15

9 46 30
10 9 30
10 10 15
10 25
10 28 30
10 33
lO 36 30
10 4 4
10 47
10 4 9
10 5 4

1

Eclipfe o f the 
MooUf April 
II, \ ^o ,̂at 
Zurich, hy tht 
tnvo Doilors 
ScheuchzerV, 
n. 310. 
p. 2394,

X X . “ / //
12 9 ad 18 The Penumbra on the Side of M ar m is .

18 40 The true Shadow within the Disk.
15 Palus Maraotis in the Shadow.

The Beginning of Mare Eoum.
20 T h tM ou n i oiAlabafter, Mare Eoum.
40 The Beginning of the Bay of Sirbon.

The Middle of the Bay of Sirbon  ̂ and Mare JE^p-
tiacum.

20 The Beginning of the Ifland Cercinna.
30 The Southern Lake.
30 The Middle of Cercinna.
40 The End of Cercinna.

The utmoil Promontory of Mount Sopher.
The IQandŝ  between Sicily and Cercinna.
The Beginning of Mauritania.^ and of Situs Hyper  ̂

boreus.
36 40 The Middle of Sinus Hyperboreus, ^7

20
23
25
27
29

29
29
30
31
33
3 4
3 5



37 20 Mare Pamphilium.
37 * 3  ̂ Cfite.

40 The Beginning of JEtna.
38 40 The Middle of /Etna. Melos. Carpathos,
39 30 The End of
41 Rhodes.
43 40 The Beginning of 5/«̂ /.
45 I'he Middle of Mare Adriatkum and Sinai.
45 20 The End of Sinai.
46 30 The Middle of Adriaticum.
48 40 The Beginning of Propontis., and of Mare Hyperlmuni.
51 30 The Middle of Propontis^ and the End of Adriaticum.
52 40 The Beginning of the Greater Black Lake.

12 53 lo  Laciis Thrafumenus.
53 30 The M iddle of the Greater Black Lake.
54 30 The Beginning of the liland Besbycus.
55 10 The Beginning of Pontus Eumnus in the Salmydejfits.
56 The End of Propontis.
57 30 The Beginning of the Lower Euxine Sea.
58 The Beginning of Byzantium.
59 10 ----- ^  The End, '
59 40 T h t  Acherufian Vromon^orf. ■>

I I I'he Beginning of Boryfthenes. Apolloma.
I 30 The Mkldle o f the Éuxine Sea. • ' '
3 20 The M iddle of the Bay;
4 40 The Marfli of Byce. • ------------
5 40 T h tV ro m o n to iy  'o í  Heracleum. • .....  •
7 40 The Middle of Cochlisi The End of thc-farther Bay oiP&ntus.
8 30 The Middle of the Lake Goroconda. -
9 20 The Beginning of the Promontorjrof Hercules^ and of

the Cafpian Sea, • •
II 40 The Begiiming of Palus Amadoca.
16 20 The Middle.
18 IÍ) The End. ’
20 The bitter Marihes and the Lefler Lake.
20 40 The Greater Lake. ' ; '
22 10 A  very flender lucid Margin.
23 20 The whole Body of the Moon in the Shadow.
24 40 The Moon’s D isk was almoft entire, except the Mediter

ranean Sea. It ihin’d with a Kind of dilute Brightnefs* 
fo that the Seas might be diftinguifli’d thro’ the Tube.

40 No other Spot but Palus Maotis could be diitinguiih’d
through the Tube.

45 The middle D isk o f the Moon is obfcured more and
V more, the Circumference continuing brighter.

N n  1 12
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12 The Disk of the Moon fliined to the naked Eye with a 
reddilh Colour, nor could any Spot be diftinguilhed 
through the Telefcope. 

ig  The whole Disk grew more and more obfcure, the Cir
cumference remaining a little brightiih.

2 8  The Disk was brighter over againit Palus Maraotis  ̂ and
there was a very denfe Shadow towards Palus M<eotis.

2  5  B y  D e g r e e s  t h e  w h o l e  D i s k  b e c a m e  b r i g h t e r ;  b u t  a  g r e a t e r
O b f c u r i t y  c o v e r ’ d  Talus Maotis, a n d  t h e  n e i g h b o u r i n g  

P l a c e s .
51 40 By Degrees the Images of the Seas return.
56 3 0  The Euxine Sea and the Cafpian continue in the Middle

of Obfcurity, as it were cover’d by a thick Cloud.
3 5 MareEoum and the neighbouring Places might be diflin-

guiih’ d, tho’ the Moon had not yet emerged out of 
the Shadow.

9 40 The true Beginning of the Emerfion.
I I  3 0  Palus Maraotis b e g i n s  t o  e m e r g e .
1 3  I t  i s  e m e r g e d .
1 5  4 0  Mare Eoum b e g i n s .
2 1  3 0  Sinus Sirbonius a n d  t h e  Egyptian Sea e m e r g e d .
2 6  Cajfioiis Reggio c o m e s  o u t ,  a n d  t h e  WitCircinna f o m e  M i 

n u t e s  b e f o r e .
2 7  4 0  Mount Atbos a n d  t h e  I f l a n d  Malta c o m e  o u t .

3 1  Mauritama e m e r g e s .
3 8  —  -  -  ■ Corfica a n d  Sicily.
4 4  ■ . T h e  Adriatick Sea.
4 5  2 0  ---------------------- T h e  M i d d l e  o f  Propontis.
4 9  ■■ ■ Besbycus.
5 2  "  ■ "  Byzantium.
57 3 0  ----------------------P r o m o n t .  Acberuf

4 5 2 0  T h e  Euxine Sea, a n d  t h e  M i d d l e  o f  t h e  Cafpian c a m e  o u t .

6  Palus Maoñi b e g i n s .
2  T h e  Cafpian e m e r g e d ,  a n d  t h e  M i d d l e  o f  Ma»tis.

1 1  2 0  Maotis e m e r g e d .  ’
1 3  4 0  T h e  Penumbra.
1 4  2 0  A l l  t h e  M o o n  e n t i r e .

T h e  S h a d o w  f e e m M  t o  m e  m o r e  d i f t i n i l  i n  t h e  E m e r 

f i o n  t h a n  i t  w a s  i n  t h e  I m m e r f i o n .
1 2  1 8  4 0  T h e  B e g i n n i n g  o f  t h e  E c l i p f e  i n  t h e  t r u e  S h a d o w .

I  2 3  2 0  T h e  g r e a t e f t  O b f c u r a t i o n .
3  9  4 0  T h e  B e g i n n i n g  o f  E m e r f i o n .

I  4 6  3 0  T h e  D u r a t i o n  o f  t o t a l  O b f c u r a t i o n .
4  1 4  2 0  T h e  E n d  o f  t h e  E m e r f i o n .

3  55 5<> T h e  w h o l e  D u r a t i o n .  .

i n E D



Eclipfes of the Moon. ^15
//

 ̂ 40 From the Beginning to the total Immerfion of the Moon.
5 40 From the Emerfion of the total Eclipfe to the End.

XX I. As I was coming from London  ̂ Sept. 18 ,  in the Evening, I Eclipfe o f tht 
ob ferved , for H a lf  an H our or more, a thin Shade to pofiefs that Part of Moon, Sept. 
the Disk where the Eclipfe began, which remain’d a good W hile after the {f ’ f  
'The Lorr. Eclipfe was over. After I got Hom e, I got all Things Ur. W.Der^ 
A p p . Time, in Readinefs before the Eclipfe began. The principal ham, n. 320.

Obfervations were as follow : p. 312.
h / //
7 56 30
7 57 40

7 59 G O

8 00 00

9 01 GO

»

9 16 40
10 23 I 1
10 25 oc
10 26 oc
10 28 15

A  thin Penumbra.
A  darker Penumbra.
Yet darker, which may pafs for the Beginning of the 

Eclipfe.
The Eclipfe no Doubt begun.
The lucid Parts of the Moon, not long before the M id 

dle o f the Eclipfe, were 925 Parts of my Micrometer. 
Diameter of the Moon 1634 Parts of the Micrometer. 
The End of the Eclipe draws nigh.
A  little Obfcuration.
Lefs.
A  very little, excepting the Duskiilinefs before men

tioned.

XXII. In the laft Lunar Eclipfe on Feb. 2, 1709-10, the Time of the Account of
End, (which was what alone the Want of a proper Apparatus^ and a fa- the M oon’ i 

vourable Sky would give me Leave exactly to determine) I found to be 
the fame (with but a very inconfiderable Difference) which the Calculation^ Comp êd°’ 
according to Sir Ifaac Newton's admirable Theory, promifed me to nvith the Cal- 
expeft. culation, ¿y

I have added the Calculation from M r. Flamftead\ Tables according 
to Mr. Horroic’ s Theory, as I find them publilh’d in M r. Aftro- p ,5̂
nomical Leftures, with the Radix's or the mean Motions, correfted ac
cording to their firft Author’ s later Obfervations,which are the fame with 
thofe aflumed in Sir Ifaac Newton's Theory.

By comparing thefe two Calculations, we may obferve, that tho’ moil of 
the additional Equations in Sir Ifaac Newton's Theory be very fmall in this 
Situation of the Moon, yet they all confpire fo as to make its Place con- 
fiderably more agreeable to Obfervation, than thofe of /7orrí?;f’ sSyílem.

The Obfervation was made at Streathaniy about fix Miles near direft 
South of London., with a very good eight P'oot Telefcope. To  correft 
the Clock, (for Want of an Inftrument) I carried with me next Day 
two Watches, that were before adjufted to the Clock, and compared 
them with M r. Flamftead's at the Royal Obfervatory, having firft noted 
Its Error by an Obfervation of the Sun’ s Tranfit of the Meridian his A f-

N  n 2 fiftant



fiftant communicated to me. Upon my Return I found my Watches, 
ftill to agree together, and to my. Clock, which pfoved them to have 
gone true, and. gave me the exad Error of my Clock, and the true 
Time at Obfervation.

M r. Flamfiead has' fince been pleafed to acquaint-me, ,• that by his Ob
fervation of the, meridional Tranfit of the Lyon's Heart during the 
Eclipfe, his Clock needed a yet farther Correftion of one Minute, which 
I have here accounted for. \^^% ¥eb. B . IL  ,M. Secx
The mean Time of the mean Oppofition i
The mean Time of the true Oppofition 
A t  which the true Place of the Sun is . ^
And its ^Equation to be added.

Eclipfes of the Moon*̂

ft ̂  Mean Motion of the' Moon
5/>IfaacNev̂  Annual Equation Subrr. 
ton’; theory. Xhe correft mean Motion 

Mean Motion of Apog.
Annual JEquation of Apog. Ad.
Corred mean Motion of Apog.
Second JEq. from the Dift. of Ap. from Sun Ad.
Place of the Moon the 2“* Time iEquat.
Mean Motion of Node 
Equation of Node Subt.
Correól mean Motion of Node
The 3'̂  -¿Equation of the Moon from Node’ ŝ Afped w id i) 

the Sun Subt. j
Place of the Moon the 3“̂ Time ^Equated 
Second Equation of Apog. Subtr.
True Place of Apog.
Mean Anomaly 
^Equation of Center Sub.
Moon’s Place the 4th Time asquated 
The Variatioi^ Ad.
Moon’s Place the 5th Time equated 
.The 6th Equation from the Diftance of Luminaries and"> 

Apog. Ad J
Moon’s Place 6th Time asquated 
The 7th -(Equation. Ad.

' True Place of the Moon in its Orbit 
True Place of the Sun
Moon beyond the Oppofition
Which divided by the Horary.Motion of Moon from7 

Sun, gives J
The mean Time therefore of Oppofit. F ek
And the true Time

2 4 9 42
2 10'‘ 54  48
10 24 55 50

.9. B . /
4 26 57 37

8 34
4 26 49 03
II 18 Í 3 54

14 31
11 18 28 25

2 57
4 26 52 00
I I 01 34 25

06 54
11 01 27 31

10

4 26 51 50
7 4 5  41

11 10 42 44
05 16 09 06

I 53 31
4 24 58 19

11
4 24 58 30

I 20

4 24 59 50
34

4 25 00 24
10 24 55  5»

4 34

7 42
D . H.
2 10 47 06
2 10 32 20

Mean

unm



- ' 1
.Eclipfes of the Moon.

4 26 49 16
11 18 13 5 4

7 25 00
5 16 00 22

I 53 53
4 24 55 23

27
454:

D . H.
2 10 55 33
2 10 40 41
4 24 5 7 27

2 4 7
D . H.
2 10 43 3 4

2 55 o6-
9 5 5

2 9 16 01
12 11 07

12 02 00
12 01 30-
12 11 08

Horrox’

. M e a n  Motion of the Moon _ 4  26 57 o j n c  Place of
phyrical* P a r t s - S u b . - g '  the Moan ac-

_____cording to M r,

Co rr e f t  mean Motion ‘ ’ . ' .
Mean Motion of AfX)g. - .
jilqaation of Apog. Sub.
Mean Anomaly _ . \ '
Equation of the Center Sub.
Place of Moon in its Orbit ' - '
Diftance from the Gppofition 
I'hat is in Time to be added
I'he meim Time therefore of true Oppofition is ex-'j 

aiilly j
The apparent Time - ,
Place of Moon in Ecliptick

Reduélion between the true Oppofition and Middle of >
Eclipfe. Ad.. - I

Middle of Eclipfe 
Continuance of Eclipfe 
Digits eclipfed 
Beginning of Eclipfe 
End of Eclipfe.
End of Eclipfe by the Moon’s Place from Sxrifane New-'i 

ton's Theory j
End by Obfervation
End by Calculation from Horrox’s Theojy

The Error therefore of Sir Ifaac Newton's Thereory is by this Obfer
vation but half a Minute, or none'; of Horrox'% Syftem, nine Minutes 
and a Half.

>

XXIII. The Evening being clear,, gave me a good Opportunity o í  Eclipfe of t h  
obferving the Lunar Eclipfe. The Times are very nice, and the Obfer- "2.
vations made with an excellent Six-foot Telefcope, as folioweth, Upminñé/¿^

Mr. W . Der-
“  f ham, n. 336.

6 15 A  Duskifhnefs upon the N. Eaft-fide of the Moon. P’ S'
6 36 A  thick Penumbra on the Moon.
6 37 * The Penumbra fo denfc, that it may be taken for the Begin

ning of the Eclipfe.
6 39 The Eelipfe undoubtedly is begun.
6 41 The Shadow fo dark, that it nearly hid the Moon’s N . Eaiter-

ly Lim b.

- . . .  y ' l a

0 *

C22.



275
h.
7

/
21

8
8
8
8

3.*
32
32
36

Moon’s Diameter by the Micrometer 1612 equal Parts, equal 
to 31' 25".

The Diftance of the Shadow from the oppofite luminous 
Lim b of the Moon, reprefented by the Line /. u. was 1025 
Parts of the Micrometer, equal to 20 Minutes.

End of the Eclipfe is very near.
End of the Eclipfe.
45" Eclipfe is undoubtedly ended.
A  Penumbra is left.

Eclipfes of the Moon,

f i g .  I *0.

It unluckily fell out, that I difordered my Micrometer at the Betrin- 
ning of the Eclipfe ; fo that I could not take with any Exaólnefs the 
Inclination of the Cufps, and fome other Matters I had a M ind to have 
obferved ; to fupply which Defeft in fome Meafure, I have fent a ‘Type 
of the Eclipfe, as well as I could, by Guefs. And from the fame De- 
feét I cannot warrant the Micrometrical Meafures of the Moon’s Diame
ter, and her eclipfed Parts to be otherwife, than fomewhat near the 
Truth ; perhaps not exaélly true.

A  "Typi of the Lunar Eclipfe^ Jan. 12, 1711-12.
m. i. c. r. reprefents the two Clafpers of the Micrometer, parallel to 

the Equator.
N . The Northern, S. the Southern Part of the Moon’s Disk, running 

between the Clafpers of the Micrometer.
l.u . The enlightened Part of the Moon, being 1025 Micrometrical 

Parts, or 20'.
I am forry I had not HeveJius*s Map of the Moon, to have noted the 

Spots the Shadow paiTed over.

X X IV .
Eclipfe of thi Moon, Od. 
30, 1715, at 
Wanlled, by 
i / r .  J .  Pound.

0rr A p p .  T i m e .
■ .2; h / //

I 15 09 00 T h e  E c l i p f e  h a d  b e e n  f o r  f o m e  T i m e  b e -
ftnn / //

2 Í 7 00
0

T h e  M o o n ’ s D i a m e t e r  m e a fu r e d  b y  a  M i c r o 
m e t e r  w a s 3 4 04

3 22 25 T h e  C h o r d  c o n n e d i n g  t h e  H o r n s 30 28
4 3 5 4 5 T h e  e n l ig h t e n e d  P a r t  o f  t h e  D i a m e t e r  c o n t i 

n u e d  t o  t h e  C h o r d  b e t w e e n  t h e  H o r n s 19 58
5 4 3 24 T h e  e n l ig h t e n e d  P a r t  o f  th e  D i a m e t e r 13 52
6 49 50 T h e  fa m e  r e p e a t e d 12 02
7 52 4 3 T h e  fa m e  r e p e a t e d 11 4 4
8 56 51 T h e  e n l ig h t e n e d  P a r t  o f  th e  D i a m e t e r  c o n t i 

n u e d  t o  t h e  C h o r d  b e t w e e n  t h e  H o r n s 15 22
9 5 9 27 T h e  e n l ig h t e n e d  P a r t  o f  t h e  D i a m e t e r 10 3 5

10 16 04 04 T h e  fa m e  r e p e a t e d 9 4^

U i m



Rclipfes of the Moon. 279
h /

11 18
12 23
13 26

M 16 31

15 37

16 40

«7 43

18 46
19 4 7
20 52
21 55

22 56

23 17 02
24 8
25 10
26 13
27 15
28 17
29 19
30 21
31 23
32 24
33 26
34 27
35 29
36 30
37 31
38 32
39 32
40 3 4

H ‘ 7 35

At:i?'- 39'-

//
34

30
1

The fame again repeated 
45 The Chord between the Horns 
oThe fame repeated 
6 The fame again 

A t which Time alfo the Shade pafled thro’ the 
Middle o f Schikardus 

The Chord between the Horns, agreeing with 
the D’ s Diameter 

The inlightned Part of the Diameter 
40 The fame produced to the Chord between the 

Horns 
The fame repeated
The inlightned Part of the Diameter 
The fame

2 7 The Edge of the Shadow pafled through the 
Middle o f Gajfendus 

The inlightned Part produced to the Chord 
between the Horns 

45 The Chord between the Horns 
20 The fame repeated
39
00
29jThe fame again
37  
35
47 The fame again
24
5 4
2 7 The fame again
57  
08

55
57
57

12

I The fame again20 
07 
04
50 The fame again 
12
20 The fame again repeated

/ // 
09 07
32 35
33 07 
33  IQ

33  57  
II 56

16 13
17 2Í
13 38 
15 30

19 58 
2̂ 12 

30 28
29 56
28 31 
27 3? 
26 35 
25 36
24 38
23 39
22 40
21 41
20 42
19 43 
18 44
17 45 
16 46
15 47 3 48
11 42

17-41'
the Eclipfe was thought to be ended ; and was vifibly 

But by comparing the lail Obfervations of the Chords 
between the Horns, it follows, that the true End of the Eclipfe was 

¡ 7 ’' -  38'. 20". A t  17^43'. t h e  M o o n ’ s  D i a m e t e r  w a s  33' 40̂ ''.

The



280 EcUpfes o f the''Moon.
The nllddle cannot be fuppofed to be very accurately determined 

by thefc Obfervations, which are not fufficiently diftant from the Time 
of the greateft Obfcuration. However by comparing feveral o f them 
together, the Middle will be obtained, viz,

h
By Obf. 3. compared v/ith Obf. 24. at 16
By Obf. 4. compared with Obf, 22. at 16
By Obf, 5. compared with 19. and 20. at 16
By Obf. 6. and 7. compared with 16. at 16

15
15
16
15

//
21
58
00
4 8 '

By reafon of Clouds I could not fee the Beginning of the Eclipfe, ■ 
nor m^ke fuch Obfervations of the Moon’s immerging into the Sha-' 
dovv, as I did of her emerging out of it.

By Obfervation 11. compared with Obfervation 15. the Digits eclipftd 
were 8|.

The Angles were meafured by a Micrometer in a 15 Foot Telefcope :
I have npt confidered how far they are confiftent with one another; 
they being fet down here exactly, as they were firit taken.

This, Eclipfe is the more confiderable, as happening very near the 
Mopn’s Perigee, and therefore ufeful to verify her Anor/ialy \ as alfo to 
limit tl?e greateft Diameter o f the Shadow of the Earth, and confequent- 
ly the parallax of the Moon. This may very properly be compared 
with tl̂ at of the \<̂ th ot O£loher, 1697, whole middle was at 7!'. 41'. 
P. M , Londofty and Quantity the fame as now.

The Times by the Clock were 17''. 45'  ̂ fooner than the apparent 
Time, as were found by the following Obfervations of Cor Leonis aad ’ 
Ar£luriis^ which through ihe Clouds were but juft difcernible.

Apparent
Zenith

Diilanpe

Time by 
the Clock

Apparent 
Time by 
Calculat,

The D if
ference

// h / // / //

'1

Mean
43 1 3 5 0 35 17 5 2 DifF.
5 0 5 4 4 4 ^7 5 4 / //06 57 51 17 4 5 17 50
09 1 4 G O 59 7̂ 5 0

37 04 26 17 59

24
48
29

17
17
17

55
56
59

05 7:17 37 
C l c c k  t o o  f l o w

4 4
36
40 17 40

17 4 5
The

JHED



The Latitude of JVanfted is 51°. 4̂/. Its Longrtude ij  8" in Time 
E a ftw a rd  from the Obfervatory at Greenwich.

N. B. ^he Account given of this Eclipfe by the Reverend M r, WiViSzm 
Derham, who observ'd it at Upminfter, is agreeable to thisy as fa r  as 
Clouds would permit him to obferve.

Ohfervatkns on the Heavent, 281

Time by 
the Clock.

Time
correded.

10 14 26 10 14 41
II II 38 II II 53

12 4 45 12 5 00

Ohfervations o f S K T V K i^ . 1711. 1712.

Friday, Jan. 5, 1711.

Diftance
from

theZenith

The Heel of Caflor (/. n pafs’d over 
In the Groin o f Pollux the Star <A pafs’d

over --------
Saturn pafs’d over --------
Saturn's Right Afcenfion 119.01.00 
Diftance from the North Pole 68.55.20

28 50 10 
28 59 00

30 23 20

II 2 53
I I  50 36
11 55 22
12 15 41

12 26 18

11 
11

Sunday, Jan. 7. 
o 31'«̂  in Gemini pafs’d over —

48 in the Northern Foot of 25 pafs’d over
11 53-eo
12 13 19

12 23 56

Saturn pafs’d over 
in Cancer (according to Bayer) pafs’d

over ---------
y in Cancer,úic Northern Afs pafs’d over 
Saturn's Right Afcenfion 118.52.00 
Diftance from theNorthPole 68.53.50

28 59 20
29 5 20
30 21 5a 
30 4

28 59 50

10 58 35
11 50 46
12 II 2Í

10 57  49
11 50 00 

10 3012

Monday, Jan. 8. 
in Gemini pa&’d over

Saturn pafs’d over --------
, » in Cancer pafs’d over ----------
\Saturn\ Right Afcenfion 118.46.30 
Diftance from the North Pole 68.52.35

28 59 15 
30 20 35 
30 4  25

9 45  53
10 32 27
11 10 54

9 46
10 33 00
11 11 27

Thurfday, Jan. 25. 
26 i/' in Gemini pafs’d over 

Saturn pafs’d over
28 59 10 
30 4 00

X X V .

Obfervations 
on /¿«H ea
vens at 
Greenwich, 
1711, 1712« 
by Mr. J . 
Flamftead, 
n. 337. p. 65.
— ^Saturni

/  in Cancer, the Southern Afs pafs’d over 32 17 50 
Saturn's Right Afcenfion 117.23.00 
Diftance from theNorthPole 68.36.00

* V ol. IV.

ID

O o Saturday^



f 282 Ohfervations on the Heavens,
Time by 

the Clock.

9  37 
10 13
10 23
10 40
10 50

25
11
23
59
16

Time 
correéled.

9
10
10
10
10

38 
13 48
24 00
41 36
50 53

Saturdayt Jan. 25, 1711.

in Gemini pafs’d over ---------
/ under the Side of Pollux pafs’d over
Saturn pafs’d over ---------
d behind the Tail of s  pafs’d over
n in Cancer pafs’d over —-------
Saturn's Right Afcenfion 117.14.90
Diftance from the North Pole 68.3-4.30

Diilance 
from the 
Zenith.

28
30
30
32
30

59
51
2

H
4

20
50
30
10
35

9  29 
10 14 
10 33 
10 42

45
50
20
35

9
10
10
10

26
12 00
30 30
39 45

T̂ hurfdaŷ  Jan. 30.
in Gemini pafs’d over ---------

Saturn pafs’d over ---------  —
d in Cancer pafs’d over --------
„ in Cancer pafs’d over ----  -----
Saturn'% Right Afcenfion 117.00.30 
Diilance from theNorthPole 68.32.00

28 59 40 
30 o 00

14
4

32
30

10
45

8 18
8 27

9 2 

10 39

32 
11

50

59

8
8

8

I D

Wednefday., Feb. 28.
15 00 Saturn pafs’d over  --------  29 43 bo
23 39^ pafs’d over in the Northern Foot of 29 5 40

I the Crab --------- ------
59 T he Northern Afs, y  of the Crab, pafs’d 29 o 20

over -------  ------ -
36 277 the bright Star of the Lion's Neck^o 12 05 

pafs’d over •
Saturn's Right Afcenfion 115.31.30 
Diilance from theNorthPole 68.15.00

8 14 
8 22 
8 58 

10 25

5
47
28
36

8
8
8

10

Tuefday, March 
11 00 Saturn pafs’d over

I .

19 42 in pafs’d over
55 23|The Northern Afs pafs’d55
32

over
31 the Lion's NeckThe bright Star of 

pafs’d over —
Saturn's Right Afcenfion 115.30.30 
Diilance from theNorthPole 68.14.50

29 42 50
29 5 35
29 o 15
30 12 00

i j  21 12

17 29
18 13

49
25

17

17
18

Friday, Nov. 9.
21 23 The Star following -r in the Crab pafs’d'35 21 10 

over ---------  ---------
30 00
13 36

Saturn pafs’d over — —  ■
The South Star » in the Lion's Neck

pafs’d over —  ■. . ------
5a/ttr«’s Right Afcenfion 136.58.00 
Diftance from theNorthPole 72.42.00

3 4  9  50 
3 3  1 8  5 0

Monday^



Ohjervátiont on the Heave?iŝ

T i m e  b y  
the C l o c k .

i6 46 20
16 59 3 *
17 29 5 9

T i m e
correfted.

16
16
n

41 00 
5 4  I I  
24 3 3

Mondayy Nov. 19, 1711.

Saturn pafs’d over ---------  —
A  Telefcopic Star a pals’d over 
The South Star « in the Lion's 

pafs’d over
Neck

Diftance 
from the 
Zenith.

Saturn's Right Afcenfion 136.58.30 
Diftance from the North Pole 72.40.05

34-
3 3
3 3

8 00 
4 5  30 
18 30

16 24 36

33 06 
46 27

17 16 51

16 19 30
‘Tbtirfdayy Nov. 22.

The Star following in Cancer pafs’d 35 21 30 
over

6 50 
4 5  10 
i8  30

16 28 00 pafs’ d over ------- 34
1641 21 iThe aforcfaid Telefcopic Star pafs’d over 3 3
17 II 45'The South Star in the Lion's Neck pafs’d 33

over ---------  ■■
5rt/«r«’s Right Afcenfion I36-55-45 
Diftance from the North Pole 72.39.00

I I  9  4 3

13 29 25
13 49 01
14 3 9  50

Sunday, Dec. 30.
10 52 42> in the Right Foot of Gemini pafs’d

I over ---------  ------
13 12 24 The Star before 0 in pafs’ d over
13 32 00 Saturn pafs’d over -------- —
14 22 49 The bright Star in t\vt Lion*s Neck pafs’d

over ---------
Saturn'5 R ight Afcenfion 134.10.00 
Diftance from the North Pole 72. 2. 5

3 4  51  30

3 5
3 3
3 3

4  GO 
3(? 00 
18 40

11 Í 9 52
12 40 46
12 43 16

13 36 4 4

11 
12 
12

Saturday, Jan. 12, 1712.
33 06C at the Tail of Cancer pafs’d over — '32
34 00
36 30

13 29 58

5 9  10 
12 00 
22 2d

'i at urn pafs’d over -------- 133
The Star following ^\n Cancer pafs’d 35

over -------- —
Lion's Heart pafs’d over —  38 6 55

5rt/«r«’ s Right Afcenfion 134.12.00 
Diftance from the North Pole 71.44.00]

‘ I 4 5  31
11 58 14

12 II 36 
12 20 00

11

12

36 5 5  
4 9  38

3 00 
11 24

• Saturday, Jan. 19.
The Southern A[s pafs’d over —  —  32
The Southern Star at 0 in Cancer pafs’d 

over
Saturn pafs’d over
The Telefcopical Star b pafs’d over —  
5fi/ar«’ s Right Afcenfion 133.37.00 
Diftance from the North Pole 71.34,10

3 5

3 3
32

17 10
3 50

2 5 
33 201

Oo 2 Sunday,

283



f 284 Obfervatiom on the Heavem:
Time by 

the Clock.

— Jupiter.

Time 
correfted.

10 57 50
11 10 54

II 21 19
I I  32 20

11 
11

12

4  31 
17 35

28 00 
39  0 '

Sunday, Jan. 27, 1712.

The Southern A ft pafs’d over —  
The Northern Star at 0 of Cancer pafs’d

over *• ------  —-
Saturn pafs’d over
The Telefcope Star b pafs’d over —  
Saturn's Right Afcenfion 132.58.00 
Diftance from the North Pole 71.22.20

Diftance
from the
Zenith.

3 2  1 7  Í O

34  48 10

32 50 20
32 33 25

7 8 46
7 20 35 
7 36 50

7 39 36
8 31 51

7 41
19 30
35 45 

38 3 ^
3 0  4 6

Monday, March 31.
The Southern Afs pafs’d over 
Saturn pafs’d over
The preceding Star at t  in Cancer 

pafs’d over
The Subfeqiient at t  pafs’d over —  
The Southern Star in the Lion's Neck

pafs’d over -------
Saturn'?, Right Afcenfion 130.02.00 
Diftance from the North Pole 70.35.30

32 16 50 
32 03 30 
35 19 10

35 21 20 
.33 18 40

18 17 13 
18 26 13

i8 28 35

Friday, Nov. 7.
18 22 0 0 ' pafs’d over ------
18 31 00 Star in the Lion mark’d 40 in Britijh

Catal. pafs’d over ----
18 33 -2 '̂Star mark’d 41 in the fame, pafs’d over 

Right Afcenfion 150.15.30 
Diftance from the North Pole 76.29.40

37 57  30 
41 14 10

40 15 20

17 33 19 
17 42 20
17 57  48
18 14 19

17
17
17
18

3 4  59 
44 00
59 28
15 59

Monday, Nov. i j .
The Lion's Heart pafs’d over 
Saturn pafs’d over
P near the Uon's Breajl pafs’d over
I in the Lion's Belly pafs’d over — 
Saturn's Right Afcenfion 150.31.00 
Diftance from the North Pole 76.33.00

38' 7 20
38 00 50
40 41 45
39  24 50

Obfervations of 1711.

12 44 2812 

52 40

13 8 4413
15 43

Saturday, May 26.
39 44[The Star mark’d 58 in Serpentarius of 

the Britijh Catalogue pafs’d over 
47 56 The Nebulous Stars mark’ d a in Sagit

tarius pafs’d over -------
4 oojupiter pafs’d over -------

10 59 Star mark’d 11 of Sagittarius pafs’d over 
Right Afcenfion 270.19.00 

_____ Diftance from theNorthPole 113.11.50

76 12 00

75 39 20

74  37  00 
72 5 20

im £i]
Sundaŷ



Obfervatíons on the He¿wém.

Time bv 
tlie Clockj

Time
corrected.

SundayM ay 1711. '
Diilance 
frorrt the 
Zenith.

It) 47  ^4

12 57 4 ^

13 4 22 
II 53

10-43—2 

53  24

13 fc)o 00 
7 31

1  he mtdéle Star of* the ForeKead of »n,
pafs’d over -------

The Tclefcopial Star c preceding
pafs’d over --------

Jupiter pafs’d over —
The Star mark’d 11 of Sagit. pafs’d over 
Jupiter’ s Right Afcenfion 2 70.11.00 
Diftance from the North Pole 113.11.40

73 12 00 

75  7 50

7 4  3  ̂ '5^ 
72 5 20

\

10 15 41

12
12
12 28 56 12 24 00
13 8 36 ^3 03 40

1 4  I I
17 09

10 10 45

12 9 
12 12

15
13

......y ..........  3 '
The middle Star in the Front of Scorpio

pafs’d over ------
The Nebulous Stars b of Sagit. pafs’ d over 
The Nebulous Stars a of Sagit. pafs’d over
Jupiter pafs’d over -------
The preceding Star in the Eye of Sagit.

pafs’d over —
Jupiter's Right Afceníion 269.15.00 
Diilance from theNorthPoIe 113.12,50

73 12- 5

75 10 20 
75 39  30
74  38 00 
74 29 15

10 II 51

12 10 18
12 24 32 
■13 4  45
13 5 41

Id 7 19

12
12

3
3

5 46 
20 00

Monday., June 4.
The middle Star in the Front of Scorpio

pafs’d over -------
T  he Nebulous Stars b of Sagit. pafs’d over 
Jupiter pafs’d over. V  ^  j  - ^

0 13 The preced. Star at v in Sagit. pafs’d over
1 09 The fubfequent Star at 'v pafs’d over —

Jupiter's Right Afcenfion 269.07.00 
Diftance from the North Pole 113.13.00

73 12 'OO

75 10 20
74  38 10 
74 29 10 
7 4  24 50

9 52 16

11 50 44
12 211
12 45 8

9 4 9  5

Saturday  ̂ June 9,
The middle Star in the Front of Scorpio^g  ̂ 1 1 55 

pafs’d over
11 
11 
I

4 7  33 The Nebulous Stars b pafs’d over — ,
. 59 00 Jupiter pafs’d over — ^
2 41 57 The preced. Star at V in pafs’d over 

Jupiter's R ight Afcenfion • 268.25.0c 
Diilance from the North Pok  113.13 -15

75  10 J5 
74^38 25 
74 29 10

9 48 22

46 51
5 7 '4 4  

12 41 14

Sunday., June 10.
9 44 38 The middle Star in the Front of Scorpw 

pafs’d over —  —
The Nebulous Stars b pafs’d over —  
Jupiter pafs’d over

II 43.07
11 54 o
12 37 30

73 12 00

The preced. Star at v i n p a f s ’d over 
Ju.pile/% R ight Afcenfion ‘ 268.16.45
Diflranccffonii theN«rthPole 113.13.25Í-»

75 10 15 
74 ,38' '3  ̂
7 4  29. l i

I

2 8 5
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Ohfervations on the Heavens,

Time by Time
the Clock. correded.

8 58 10 8 50 4
9 10 32 9 2 26
9 2 1  6 9 13 00
9 40 49 9  32 43

Saturday  ̂ July 14, 1711.

48 of Serpentariust or C  pafs’d over —
54 of the fame, or D  pafs’d over —  
Jupiter pafs’d over 
\K in the Bow of Sagittary pafs’d over

Diftance 
from the 
Zenith.

75 7 20 
72 56 00
74  37  50
72 31 30

8 54

9  ®9 10 
9 36

8
28
4 4  9 
46 9

Sunday, July 15.
46 2 (ÁSerpentarius pafs’d over 
58 44D  of Serpentarius pafs’d over 
9 oo'Jupiter pafs’d over —

29 2*/z of Sagittarius pafs’d over
Júpiteres Right Afcenfion 264.07.45 
Diftance from the North Pole 113.12.40

75
72
74
72

7 20 
56 00 
37  50 
31 35

11 36
12 44 
12 45
12 57
13 16

6
42
49
24

12
12
12
12
13

Tuefday  ̂ July 3, 1712.
25 14k under the Eye oiCapricorn pafs’d over
35 l y ’r m Capricorn's'biok pafs’d over ----

p in Capricorn pafs’d over --------
Jupiter pafs’d over

3 4  53 
4 7  00 

5 35 20 inCapricorn by the BritiJfj Catalogue 
pafs’d over — —

Jupiter's Right Afcenfion 306.09.20 
Diftance from the North Pole n o . 0.30

71
70
70
71 
71

24 40
33 00 
09 50 
26 20 
33 10

11

12

39
55
19
24

34
I

53
38

11 
11 
12 
12

Thurfday, July 15.
39 3 3 |*̂ Capricorn pafs’d over ---------
55 06Jupiter pafs’d over -------
19 52¡2o in Capricorn pafs’d over ---------
24 57» in the Body of Capricorn over 

Jupiter's Right Afcenfion . 304.34.35 
_____ Diftance from theNorthPole 110.23.30

71
71
71
72

24 45 
49 20 
33 10
23 25

7 32 37

7 38 41 
7 42 28

7 31 56

38 00 
41 37

Wednefday, Sept. 17.
The Telefcopic Star preceding Jupiter 

pafs’d over 
Jupiter pafs’d over 
The Telefcopic Star following 

pafs’d over —
Jupiter's Right Afcenfion 299.43.00 
Diftancftfrom the NorthPole 111.25.30

72 40 40

72 51 10
73 14 40

7
8

30 55 
19 4 7

Friday, Sept. 19.
7 32 00 pafs’d over —
8 20 52 » in Capricorn pafs’d over

Jupiter's Right Afcenfion 299.45.00 
Diftance from theNorthPole 111.25.05

72 50 45 
72 23 40

Monday



Ohfervations on the Heavens;

Time by 
the Clock.

6 25 35 
6 36 22
6 46 36

Time
correfted.

6 3* 30
6 42 17
6 52 31

Monday  ̂ OBob. 6, 1712.
Diftance
from the
Zenith.

Jupiter pafs’d over ---------
0 in Capricorn'% Nofe pafs’d over —
Ü in Capricorn*s Neck pafs’d over — 
Jupiter's, Right Afcenfion 300.39.00 
Diftance from the North Pole 111. j 4. i o

72 39 50 
'70 56 25 
70 33 30

Ohfervations c /M A R S , 1711.

12 40 35

12 40 56

12 58 45

13 27 15
13 50 52

14 00 39 
14 30 14

12 38 56 

12 39 17

12 57 6

13 25 36
13 4 9  13

13 59 00
14 28 35

Sunday  ̂ Jan. 7.
The Southern Star at in Cancer pafs’d 

over ------  -------
The Northern Star at 0 in Cancer pals’d 

over
The fubfequent Star at t  in Cancer 

pafs’d over 
nJ. in the Lyon pafs’d over
The Southern Star at » in the Lion's 

Neck pafs’d over 
Mars pafs’d over 
k the Northern Star in the Lion's Belly 

pafs’d over
Mars's R ight Afcenfion 150.20.00 
Diftance from the North Pole 73.23.35

35 04 00

34 48 00

35 21 20

3^ 8 50
33 19 00

3 4 51 30
35 45 4 0

Saturday  ̂ Jan. 27.
10 40 59*10 41 30*20 of Cancer., or the firft at d pafs’d over
10 50 1610 50 Cancer pafs’d over -  .......-
12 8 29 12 9 cx^^Mars pafs’d over ■■
12 25 2712 25 58» the Southern Star in the Lion's Neck

pafs’d over ------  ------
12 37 59 12 38 305̂  the bright Star in the U on's Neck

pafs’d over ----------------------- —
Mars's. Right Afcenfion 143.37.00
Diftance from the North Pole 70.30.00

32 14 10
30 4  35
32 14 00
33 19 00

30 II 50

12 1 5 0 II 59 00
12 21 5812 19 08 
Í2 34  31 12 31 41

Mondayi Jan. 29.
Mars pafs’d over -----
n in the Lion pafs’d over 
y  the bright Star in the Lion's Neck 

pafs’d over
Mars*s R ight Afcenfion 142.49.30 
Diftance from the North Pole 70.30.50

31 58 50
33  19 05 
30 II 50

^uefday.

287



288 Obfervátions on the Heavens,

Time by 
the Clock.

Time 
correded. I^uefday, Jan. 30, 1711,

12
12

10 33 30 10 go 2520 of Cancerf or fir il at d pafs’d over
10 42 35 10 39 30» of Cancer pafs’d over — —
11 56 5 n  53 00 Mars pafs’d over ——

17 49 12 14 441, in the Lion pafs’d over *—
30 2oji2 27 i5>-in the pafs’d over

Marses Right Afcenfion 142.25.00 
Diftance from the North Pole 70.23.35

Diftarice
from the
Zenith.

32
30
31
33
30

14 10
4  45

51 
19
II

35
5

50

. 8 27 j  I

9 2 50 8 
9 31 13 9 

10 27 28 10 
10 39 39'io

8 23 58

59  37 
28 00
24 15
36 26

Wednefdayy Feb. 28. 
in the Northern Foot of Cancer pafs’d
over ---------

y  the Northern Afs pafs’d over 
Mars pafs’d over
» in the Lion pafs’d over ----
y  in the Lion pafs’d over - -  
Right Afcenfion of Mars 133.45.00 
Diltance from the North Pole 68.37.10

8 22 47
8 58 2S
9 26 2Q 

10 23 04 
10 35 3^

8
8
9
o

10

Tburfday  ̂ March i.
19 zy\(i in Cancer pafs’d over —
55 8 The Northern Afs pafs’d over
23 00 Mars pafs’d over ■■ - ' .■
19 44 « in the Lion pafs’d over 
32 16 The, bright Star in the Lion's 

pafs’d over 
Right Afcenfion of i33-37-30

_____ Diftance from the North Pole 68.38.20

29 5 40

29
30
33
30

00 20 
5 10 

19 55 
12 5

Neck

29
29
30
33
30

5 35 
00 15

6 20 
19 50 
12 00

18 '21 7 18 19 52

18 25 53 
18 '30 14 
18 43 I

18
18
18

24 38 
28 59 
42 00

Monday, Nov. 17, 1712.
55 in the Lion {BritiJhC?íX.úogu€) pafs’d 43

over —  __
c under the Lion*s Belly pafs’d over —  43
X in the Lion pafs’d over ----  42
Mars pafs’d over ----  —  43
Right Afcenfion of Mzrj- 165.48.00
Diftance from the North Pole 81.; 9̂.45

18
iS
18
i8
18

13
17
22
38
40

8
5 3
14
18
28

i8
18
18
18
18

6 40 
I I  25

^burfday., Nov. 20. 
55 in the Lion pafs’d over 
58 or £■ in the Lion pafs’d over, 

^5 46 3J;; in the Lion pafs’d overj
7 in the Lion's, Ham pafs’d over 
Mars pafs’d over

4 5  4a

49 40
35  10 

7 25

31 5Q 
34 00

M«r/s Right Afcenfion i6y.  6.^0 
Diftance from the4>Jorth Pole -9.15

43
43
42
43 
43

4 5  40 
4 9  50
35  15 
52 10
36 55

Obfer-

J n g p



Ohfervations on the Heavens,

Obfervations 0/ S  U  N ,  1 7 1 1 .

Saturday  ̂ Jan. 6.
The Sun’ s Center paiTing through the Plain of the Meri-' 

dian, his remote and fouthern L im b was diftant from
tiae Zenith ---------  --------

Fridayj Jan. 26.
The neareft L im b of the Sun in the Meridian from the^

Zenith -------- ---------  — y
^uefday, Jan. 3 0 .

The neareft L im b of the Sun from the Zenith ----- -
Monday, June 4 .

The remote Lim b of the Sun from the Zenith —— -
Saturday., July 14 .

The remote Lim b of the Sun -------  ----
Tuefday, Nov. 20.

The remote Lim b of the Sun ----  ---------
Tuefdayy Dec. 4 .

The remote Lim b of the Sun fro/n the Zenith ------
Wednefday  ̂ Jan. 2, 1712.

The Sun’s remote L im b from the Zenith -------
Saturday, Jan. 12.

The Sun’s remote L im b ---------  --------
Friday, March 7.

The Sun’s remote L im b —— —

Diftance 
from the 
Zenith.

Friday, May 9 .
The Sun’s remote L im b ----

Tuefday, OSiober 7. 
The Sun’s remote L im b from the Zenith

72 31 10

66 35 10

65 38 40 

28 24 x8 

31 55  20

73 30 40

7 4  59  30 

73 17 30 

71 18 00 

52 31 00 

31 40 50 

61 29 50
Obfervations of M  O O N , 1711.

289

Time by 
the Clock.

Time
correded. Saturday, May 19, 1 7 1 1 .

10 22 12 

‘ 0 50 55

10 52 lO

n  8 30
11 II 10

¡10 18 32

10 47 15

10 48 30

11 4  50 
I I  7 30

y in Scorpio or 15 of Libra pafs’d over 
The Moon's L im b pafs’d over, the 

Center being from the Zenith —  
The Moon’s Center pafs’d over, the

neareft Lim b being diftant -----
b in Scorpie pafs’d over — •
A  in Scorpio pafs'd over ---------
The Right Afcenfion 229.18.30 
Diftance from the North Pole 1 14.13.40

Diftance 
from the 
Zenith.

tht
Moon.

yoL. IV.

75 32 BO.

75 22 00

76 15 20 
7$ 50 55

Monday^
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Obfervations on the Heavens,

Time by 
the Clock.

16 41 28

17 42 16

16 46 20
16 5 9  31
17 29 5 3

Time 
corre£ted,

16

16

6
6

17

36

36 56

41 00 
5 4  I I  
24 3 3

Monday, Nov. 19, 1711.

The Center of the Moon pals’d over,
the remote Lim b being -------

The Lim b of the Moon pafs’d over,
the Center being diilant ---------

Saturn pafs’d over
A  Telefcopic Star a pafs’d over -----
»in the South.Neck of the Lion pafs’d over 
Moon’s Right Afcenfion 135,41.40 
Diftance from the North Pole 75.23.20

Diftance
from the
Zenith.

3 7

36

3 4
3 3
3 3

6 30

52 30

8 00 
4 5  30 
18 20

7  4 0  5 0  7  3 4  GO

1 1  3 9  52
12 13 46

11 
12

40 4612 
43 I^jI2

13 36 4413

Saturday, Jan. 12, 1712 
The Middle of the Lunar Eclipfe, at 

what Time the Chord of the eclipfeci 
Part of the Moon was 24. 30: but tht 
greateil Defeft on the Northern Sidt 
was 8.30. The Moon’s Diameter3o.48 

Chancer (accord, to Bayer) pafs’d over 
G O  The Center of the Moon pafs'd over

I the remote Lim b being -------
34 00 Saturn pafs’d over

3 3
7

7 39 8 
7  4 9  42 
7  5 4  4 5

7  5 5  48

8 I 41

36 30 TheSubfequent tot in pafs’d over 
29 58 The Lion's Heart pafs’d over

,Moon’s Right Afcenfion 127.25.30 
Diftance from the North Pole 71,31.00 

‘fhurfday, March 6.

32 5 9 10
3 4 14 10

3 3 12 00
3 5 22 20
38 6 5 5

38
48
5 3

8
42
4 5

5 4  48

o 41

80 in Gemini {Brit. Cata!,) pafs’d over 
86 or / in Gemini pafs’d over
The Lim b of the Moon pafs’d over,

the Center being diftant ---------
The Moon’s Center pafs’d over, the

neareft Lim b being ----
ft or 9 of Cancer pafs’d over —
Moon’s Right Afcenfion 116,14.40 
Diftance from the North Pole 69.22.50

9  46 
9  4 7

. 9  51
10 9 3610 8

9  4 7  38
9 48 48
9  52 51

10 10 43 10 9

JVednefday, May 7.
'70 o f Virgo {Brit. Cat.) pafs’d over
71 of Virgo pafs’d over ----  ----

: 75 of the fame pafs’d over ----
oOjThe Moon’s L im b pafs l̂ over, the 

Center being

30
30
30

30

29

29 30 
51 4 5  
50 40

3 5  30 ̂

4  5 5

2
12
15

'66
6568
69

7 The Center of the Moon pafs’d over, 69
the remote Lim b being • ---------

Moon’s Right Afcenfion 208. 4.30 
Diftance from the North Pole 107.45.50

9  50 
4 5  30 

7  40 
12 30

28 35



Ohfervaúons on the Heavens.

Time by 
the Clock.

10
II
II

52
I
8

I I  0 9

50
5 7

2

35
2

16

3 3
34

Time 
correfted.

1 0
1 0

11

5 0  0 0

5 9  3 3  
6 00

I I  7  1 4

11 
11

48 31 
5 5  32

^hurfday  ̂ May 8, 1712.

8 in (£nV. Cat.) pafs’d over 
y  in Scorpioy or 15 in Ubra^ pafs’d over 
The Moon’s L im b pafs’d over,  ̂ the 

Center being
The Moon’s Center pafs’d over, the re

mote Lim b being diftant -------
A  in Scorpio pafs’d over --------
j\ or the middle Star in the Front of

Scorpio pafs’d over ---------
Moon’s Right Afcenfion 223.45.00 
Diftance from the North Pole 112.16.10

Diftance 
from the 
Zenith.

7 4
7 5  
7 3

51
32
42

50
30
30

73 58 20

7 5
7 3

51
12

10
10

12 18 05 12 16 30
13 3 48 13 2 Í 3
13 18 ^3 13 16 38

13 19 30 ‘ 3 17 5 5

13 3 5 25 13 33 50
Í4 16 8 14 14 3 3

Saturday, May 10.
Ant ares or the Scorpion's Heart over
A  in Serpentarius pafs’d over 
The Moon’ s Center pafs’d over, the

L im b being diftant -------
The L im b of the Moon pafs’d over, the 

Center being diftant 
p the firft in Sagittary pafs’d over —  
A in Sagittaty pafs’d over
The Moon’s Right Afcenfion 258.03.20 
Diftance from theNorth Pole 116.20.15

7 7
7 7
78

10
32

00
50
30

7 7  4 6  0 5

7 9
76

4
5 7

20
G O

N. B. In the Copy of the Ohfeivations, Aim. Jent ly M r. i*lamlteed /J tke
■ Royal Society, the Same of the Obferver Jtm 'd  to beerajed out o f the Title \ ani 

by his cvjn Order thefe IFords were fubfcrihed at the 'Bottom oj the Page.
- Obferved and tranfcrihed by Jof. Crofthaite.

Obfervations g/ S A  T  U  R N , 1713-

Time by 
the Clock.

Time 
corre¿lcd

h.
8

/ // 
30 15

8 41 7
8 49 8

12 10 49 
12 25 24 
12 34 21 
2̂ 35 44

h.
‘ 8

8
12

12

/ // 
28 5
38 5 7
46 58

8 3 9

11
34

23
32
3 3

Sundayi Jan. 25.
Diltance 

!from the 
Zenith.

The Star before Gemini pafs’d over 
CaJlor*s Foot or n pafs’d over — 
His Heel or // pais’ d over

i o / //
28 13 20
28 54 50
28 50 40

4intheL/e«(accord.to5 <i;rr)pafs’dover3,6 5 30
V in the pafs’d over ------- 37 40 30
The Center of Saturn pafs'd over ---- - 36 51 '45
The L;c;?’ s p a f s ’d over --------- 38 7 0 0

Right Afcenfion i 4 7 -5 5 -iO(
Diftance from thcNorthPole 75.23.55j
Longitude of a  -------- 25. 8.i5j
Latitude North ........... *‘3 * - '2 7 i_ _ '

2 9 1

X X V L

Obfervations 
on the Hea
vens, 1713. at 
Greenwich, 
n. 344. p.285.
_of Saturn,



292 Obfervations on the Heavens, '

Time by 
the Clock.

Time 
correfted.

n.
I I

11 
12

12

/
20

3°
35
47
52
57
o
5

10

//
52

9
i8
8

42
25
35
40
50

h.
11

‘Tburfday  ̂ Feb. 5, 1713.

/4 101 in the Lion {Bayer) pafs’d over

11
12

23
28
40
46
50
53
58

4

27
36
2Ó
00
43
53
58
8

0 in the Lion pafs’ d over 
16 of the Lion (Cat. Brit.) pafs’d 
t' in the Lion pafs’d over —
The Center of Saturn pafs’d ovtr 
The Lion's Heart pafs’d over —
31 in the Lion pafs’d o v e r ------
34 in the Lion pafs’d over 
38 in the Lion pafs’d over 
Saturn's Right Afcenfion 147, 
Diltance from the North Pole 75. 
Longitude of SI 24.
Latitude North i.

over

4-45
K.OO 

14. 8 
32.16

Uiitancc' 
from the 
Zenith.

38
40
38
37  
36
38 
36 
36 
35

/ // 
55 20
17 30
21 20
40 30
32 50 

7
42 50 
19 30 
3 50

8 22 53
Friday  ̂ Feb. 6.

8 14 43'>' in Gemini., or the bright Foot of Pol
lux pafs’d over

II 29 22 
II 43 58|i i  
II 49 1011

10 21 12 4  in xht Lion pafs’d over
.  , T ____________

34  52 00

35 48 »' in the Lion pafs’d over 
41 o'The Center of Saturn pafs’d over

36
37

Saturn's Right Afcenfion 146.59. o
Diilance from the Pole 75. 3.10
Longitude of 51 24. 8.17
Latitude North 1.32. 8'

36

9 15 
40 30 
31 00

II 0 1 5
”  8 53 
II 17 
II 22 16

I D  

11 
I I  

11

53
I
9

15

0
38
52

1

Wednefday., Feb. 18.
The Center of pafs’d over — 36
T h t Lion's Heart avtv —  38
The 34 in th.tLion (^rrV.Cat.)pafs’d over 36
38 of the fame pafs’d over ----  ----  35
Saturn's Right Afcenfion 
Diftance from the Pole 
Longitude of SI 
¡Latitude North

10 6 20
19 27 
31 21 
3 4  31 

10 39  35

9
10

10

Mondayy March 2.
4  in the Lion pafs’d over 
Center of Saturn pafs’d over 

16 Lion's Heart pafs’d over 
20 4I31 of the pafs’d over 
25 8 34 of the Lion pafs’d over 

Saturn's Right Afcenfion 
Diftance from the Pole 
Longitude of si,
Latitude North

146. 5.00 
74.44.10 
23.12.47
1-32 41

12 00 
7

19 35 
3 55

52 3 
5 00

145.16.00
74.27.30
22.22.40

1.23.52

3^
35 
38
36
3^

9 30 
55 20

7 5 
42 50
19 40

UnED



Obfervations on the Heavens,

Time by 
the Clock.

Time 
correfted.

h* / //
7 43  I 

50 46
5 7  36

8 6 39 
16 7

8 21 17

h.
7
7

/ // 
41 15
49 00 
55  50 

4  53 , 
14 21
19 31

Taefday, April 7, 1713.

4. of the pafsM over ---------
The Center of Saturn pafs’d over —
V of the Lion {Bayer) pafs’d over —
N in the Lion's Neck pafs’d over ------
34 of the fame {Brit. Cat.) pafs’d over
38 of the fame pafs’d over ---------
Saturn's Right Afcenfion I4 3 -57 -45
Diftance from the Pole 74. 3.15
Longitude of 21. 3.32
Latitude 1.21.20

Uiitance 
from the 
Zenith.

o
36
3 5
3 7  
3 3
36
3 5

/
-9

40
19
19

3

//

10
20
25
30
50

7 4 7  4 3  
5 4  3 4

8 3 3 7  
13 4

8 18 14

Wednefday., April 8.
46 00 The Center of Saturn pafs’d over

8
52 51

I 5 4
I I  21 
16 31

y in the Lion pafs’d over 
V in the Lion pafs’d over 
34 of the Livn pafs’d over 
38 of the Lion pafs’d over 
Saturnas, Right Afcenfion 
Diftance from the Pole 
Longitude of ^’ s SI 
Latitude

14 3 -57 -30  
74. 3.20 
21. 3.20 

1.31.10

3 5  31 15 
37 40 20 

19 20 
19 3 5  

3 4 5

3 3
36
3 5

Saturn was almoft Stationary.

18 22 00 18 15 3 7

30 8 23 4 5
5 4 '3 5 48 12

19 II 5 19 4 42
19 26 23 19 20 00

Thurjday, Nov. 5 
'»■ in the fubfequent Knee of the Lion 

pafs’d over 
The Lion's Heart pafs’d over

42 4 00

f in the Lion's Shoulder pafs’d over 
I in the Lion's Belly pafs’d over —  
The Center of Saturn pafs’d 
'̂ aturn'% Right Afcenfion 
Diftance from the Pole 
Lontitude, Virgo 
North Latitude

over 
162.23.20 
80.43.00 
10.13.40 

1-39

o
38 7 
40 42.
3 9  25 15 
42 10 40

Obfer-



*94 Obfervatíoñs on the Heavens.
Jupiter. Obfervations of ] I J F I T E R ^  lyi^.

«

Time by 
the Clock

Time
correfted. Sunday, Aug. 9.

Diftance 
from the 
Zenith.

/ // 
12 40 4

12 48 37 
12 52 36 
Í3" 4  21

/ // 
12 37 27 

*

12 46 0
12 49 59
13 I 44

A in the Running Water o f Aquarim. 
pais’d over — —

° f // 
60 32 50

60 48 35 
60 46 20 
60 49 10■

73 of Aq. {Brit. Cat.) i  at pafs’d oyer 
X in the Water of Aquarius pais’d over 
Jupiter's Right Afcenfion 341.33. 5 
Diftance from the North Pole 99.21.40 
Longitude x  '9.26.00 
Southern Latitude 1.25.08

i . * *' ■ 
12 36 2 1 
l2  44 26 
12 48 53

1

12 33 55
13 42 00 
12 46 27

Monday, Aug. 10.
K in Aquarius pafs’d over ------
The Center of Jupiter pafs’d over------
73 of Aquary pal's’d over ■ ■ 
ya^/Vir’s Right Afcenfion 341.26. 5 
Diftance from the Pole 99-25. 5 
jK/Z/tr’s Longitude x  9.18.17 
Southern Latitude 1.25.40

'60 32 50 
00 52 00

7̂ 29 16
7 36 34
8 14 34 
8 17 45

7 28 42 
7 36 0 
8 1 4  0 
8 1 7 1 1

Monday  ̂ 0 ¿l. 26. 
j  in the Buttock of Aquary pais’d over 63 34  40

§3 .9 °  i  
62 5 20
62 37 5

80 of Aquary, at 4, pa'is’d over —  
84of Aquary fubfeqiient at 4 , pafs’d over 
Júpiteres Right Afcenfion .335.41.30 
Diftance from the Pole 101.33.20 
U Longitude x  3.16.00 
South Latitude i . 19. 8

7 25 40
7 33  6
8 11 00

7 23 34
7 31 00
8 8 54. 
8 1 2  4;

i
:

Tuefday, 0£i. 27. 
in the Buttock of Aquary pafs’d over 

Jupiter\ Center pafs’d over -------
^3 34  35 
62 59 15 
62 5 15: 
62 37 108 14 10 Subfequent at 4  pafs’d over 

Jupiter's Right Afcenfion 335.43.20 
Diftance from the Pole 101.32.30 
Jupiter's Longitude H 3-17-58 
>outhern Latitude 1.19.00

T'hur/dajft

ilO ilL
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Time by 
the Clock.

/
18 
26

i? 47 6 55

//
2 9

10

Time
correéled.

h.
7
7
8
8

/
15
23
o
3

//
I

Thurfday  ̂ 051. 29, 1713.

piT in Aquarius pafs’d over ■
00 Jupiter's Center pafs’d over ------
3 7 The firft at -4, pafs’d over ---------
45 The Subfequent a t p a f s ’d over ------

J%ipiter\ Right Afcenfion 335-47.45
Diilance from the Pole 101.30.35
Jupiter'^s Longitude X  3-22.41
Southern Latitude 1.18.49

Diilance 
from the 
Zenith.

03 34 40 
62 57 20 
62 5 20
62 37 10

Obfervations of M A R S , 1713.

28
51
10
13
21

3S
6

21
1 8

8

12
12
13 
13 
13

21
433
6

13

We dmfday, Feb. 18.
2 o ' t  in the Lion's Ham pafsM over
48

3
00
50

S in the Bending of Wing pafs’d over 
10 of Virgo {Brit. Cat.) r pafs’d over
The Center of Mars pafs’d over-------
c in the Virgin's Neck pafs’d over-------
Mars's Right Afcenfion 179.29.20 
Diilance from the Pole 
Longitude, Virgo 
Northern Latitude

47
48
47
47
46

85-34-35
27.46.00 

3.51.Id

2

5
57

2

33

15
40
4 0

5
3^

II 55 52 11 53 2
12 A-50 12 2 G O

i o '54 8 4 '
20 8 7̂ 18

12 30 25 27 35
12 32 37 12 29 47

Tuefday, March 3.

2'»' in the Virginh Neck pafs’d over-

11 of the Virgin s pafs’d o v e r ---------
16 of Virgo c in the Neck pafs’d over
17 of Virgo (Brit. Cat.) pafs’d over —
Right Afcenfion of M arj 175. 1.15 
Diilance from the North Pole 83.46.45 
Longitude, Virgo 22.57.33
Northern Latitude 3-43-37

43 20 00
45 H 20

43 15 2544 3 30
46 33 2544 33 45

—  of Mars.

íTuefdayy
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Time by 
the Clock.

h- / // 
9 4  47  
9 I? 37 
9 38 10

9 45 00

Time 
correfted.

h. / // 
9 3 10
9 16 00 
9 36 33

9 43  23

‘Tuefday  ̂ April jy i7 i3 -

^ under the Lion'% Belly pafs’d over 
The Center of Mars pafs’d over
The firft of Virgo {Brit. Cat.) » pafs’d

over ---------  -------
The Northern Star in the Head of

Virgo  ̂pafs’d over ---------
The Right Afcenfion of 7^^^165.45.40 
Diftance from the Pole 81.15.10
Longitude of M rrj, 13.30.40
Northern Latitude 2.26.31

Diftance
from the
Zenith.

/ // 
42 35  25 
42 42 50 

41 4 4  50

41 37 15

I

14
35
41

44
15
7

58

9
9
9
9

13
33
40

29
00
52
43

Wednefday, April 8.
X of the Lion pafles over ----
The Center of Mars pafles over-------
a of the Virgin pafles over -------
 ̂of the Virgin paflTes over -----
The Right Afcenfion of Mars 165.41.00 
Diftance from the Pole 81.16.00
The Longitude of Mars^Virgo 13.26.45 
Northern Latitude 2.23.58

42 35 30 
42 43 40 
41 4 4  55 

41 37 15

55
18

33

9
12
14

7
8
8

50 00 
13 3 
28 5

• Friday, May i.
jThe Center of Mars pafles over-------
V in the Virgin's Head pafles over —
T in the Virgin's Face paflTes over — 
The Right Afcenfion of Mars 166.59.40 
Diftance from the Pole 82.49.50
Longitude, Virgo 15.15.00
Northern Latitude i . 2 7.40

44
43
43

17 30 
20 00
15 30

7 52 45 7 47 00
8 15 
8 30

8 9 22
8 24 23

Saturday, May 2.
The Center of Mars pafles over —  
V in Virgo* s Head paflTes over —  
T in Virgo‘ s Face pafles over 
Mars’ s Right Afcenfion 
Diftance from the Pole 
Longitude, Virgo 
North Latitude

167.10.00 
82.56.40 
15.27. 5 
1.25.20

44 24 20 
43 20 5 

43  15 25

Ob-

am
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Obfervations c/ M  O O N , 1713.

Time by 
the Clock.

h. / // h. /
8 9 33 8 7
8 15 5 8 12
8 20 20 8 18

8 21 23 8 Í9

8 22 52 8 20

8 30 15 8 28
8 41 7 8 38
8 49 8 8 46

Time 
correfted. Sunday, Jan. 25, 1713.

"Eiftañce 
from the 
Zenith.

23 The Telefcopic Star a paiTes over------28
5 5  2̂3 of Taurus {xnBrit. Cat.) pafles over.27 
10 The preceding Lim b of the Moon pafles|2 7 

over, the Center being diftant from' 
the Zenith

//
26 20 
2 30 

32 40

27

13 The Center of the Moon pafles over, the 27 
I L im b being diftant from the Zenith 

42 The Northern Cufp of the Moon from
j the Zenith ---------  ---

5 The Star before Gemini pafl*es over
57 „ the Foot of Caftor pafles over----
58  ̂the Heel o f the fame pafles over

28
I28
28

8 26 41J 
8 37 31 
8 45 31 
9. 9 43

9 10 50

9 12 30

9 27 50' 
9 42 4 4

8 24 
8 35
8 43

9 7

9 8 

9 16

9 25 
9  40

The Right Afcenfion of the Moon’s 
Center 84.26.55

The vifibleDift. from the Pole 66. 4.40 
But taking in the Parallax 65.39.50 
The Longitude of the Moon, n 24.56.30
North Latitude ____________ o.sy.oo

Mondayy Jan. 26.
36 The Star before Gemini pafl"es over —  28
26 „ the Foot of Caftor pafles over---------- 28
26 /̂  the Heel of Caftor pafles over ------- 28
38 The preceding L im b of the Moon pafles 28 

over, the Center being from the
Vertex ---------  ----

¡The Center of the Moon paflfes over, the 29 
remote L im b being from the Vertex 

The Northern Cufp of the Moon is 28
from the Vertex ---------  —

The 46 ot Gemini (5 r//.Cat.) pafl~es over 28 
«A in the Groin ol Gemini pafles over —  28 
The Right Afcenfion of the Moon’s 

Center
D iil. from the Pole obferved 
Taking in the Parallax 
Longitude of the Moon, 35 
South Latitude

4 7  40 

17 40

13 20
4 5  50 
50 40

4 5

^5

45
39

Í 3 30
5 4  50 
50 40 
4 5  00

30 10

26 10
59  30

9 7 -4 3 -5 ‘  ̂
67.17. 5 
66.51. J 5 
7. 6.18 
o< 8.48

Vol. IV.

-

Q .q

^ 9 7

— of the 
Moon.
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—  o f  Jupi- 
ter’j Saitlliiei.

Ohfervations of J U P I T E R V  Satellites,

V,d. Infr.
s .x x x r .

6 56 30

7 4  00

7 36 31

7 13 2

9 5 ^̂

6 52 35

7 00 o

7 32 30

7 5 00

8 57 00

Friday  ̂ 051. 30.
The fourth Satellite is feen emerging out of the 

Shadow, being diftant from the Third near it 
on the Right Hand, by a Diameter of Jufi- 
ter ; with a Tube of eight Foot.

It ihined bright, and drawing a Line from that 
nearell one through the Center of Jupiter^ it 
left the emerging one to the South ; but in an 
inverted Situation.

The Star in |w, in Pegafus pafs’d over the Arch 
of the Meridian.

Saturday, Nov. 7.
The fecond Satellite emerged, or rather began 

to emerge ; in a Tube of eight Feet.
J' of the Conftellation Pifces in the Southern 

String pafs’d over.

N. B. That T'elefcopic Star z, which 25. went before the Moon, 
then had its Right Afcenfion 81°. 28̂ 4» o.nd was diftant from the Pole 
66“. 58'. 20”  whence its Longitude was n 22°. Southern Lati
tude 9°. 1 '̂- .̂ Now this is the very Star to which Jupiter applied in his 
fecond Station, Feb. 6, 1634, and left it to the South not more than three 
Diameters of his own Body, according to the Obfervation of GalTendus; as 
is deliver’ d in his Book, p. 174. And Mars was obferved near the fame, 
Sept. 6, 1644, in the Mornings as may he feen in the Prolegomena of He
ve ius before his Selenographia, p. 65. Fig. i. Now it w ill much conduce
to the accurate Determination of ]wpitefs Node, and his Motion, i f  the
Plain of his Orbit among the fixt Stars does not remain immoveable. For 
after the íTerm of Tears, in which Jupiter compleats feven Periods enough 
exa5l, that is. An. 1717, Jan. 10, in the Morning, the Planet w ill either 
cover that Star with his Body, or at leafi will pafs very near it a Sight 
very rare, nor yet granted, as I  know on, to any Jflronomer in regard to 
Jupiter.

Now the Star itfelf, tho* called a Telefcopic Star, in a clear Sky and in 
Obfervations Abfence of the Moon, may be feen by the naked Eye, and has a Companion 
efthe Occul- following it to the South, and diftant about the Sun's Diameter •, near which 
tztions of the Jupiter W/7/ feen clofely joined, ^\úy 20, in the Morning, the preceding 
fix’d Stars by X e a r  1 7 16. 
the Moon,

fifding The X X V II . O f all the Methods hitherto propofed for finding the Longi-
L o n g x tü á e , hy tudes of Places for Geographical Ufes, none feerns more adapted to
—  "• 3J4- the Purpofe, than that by the Occultations of the fixed Stars by the 
P-693-  ̂Moon



Moon obferved in diftant Places : For thofe Immerfions of the Stars, 
which happen on the dark Semicircle of the Moon, and their Einer- 
fions from the fame, are perfeftly momentaneous, without that A m 
biguity, to which the Obfervations o f the Eclipfes of the Moon, and 
thofe of Jupiter's Satellites are fubjeét. Befides, whilil the Moon is 
horned,  and her weaker Light lefs dazzling, an ordinary ihort Telefcope, 
fuch as is found to be manageable on Ship-board, fuffices to obferve 
thofe Moments, even in the Occultations of very minute Stars; On 
which Account, this Way feems to bid faireft for finding the Longitude 
at Sea. But fince it would be needlefs to enquire exadly what Longi
tude a Ship is in, when that of the Port to which ihe is bound is.-itill 
u n k n o w n  it were to be w iili’ d, that the Princes of the Earth would 
caufe fuch Obfervations to be made in the Ports, and on the principal 
H e a d - L a n d s  of their Dominions, as might once for all fettle truly the 
Limits of the Land and Sea. This W ork however, being likely to be 
left to the Care of private Perfons, it may not be amifs to give Notice 
of the prefent Opportunity of performing it in this our Northern He- 
mifphere, by Means of the frequent Appulfes of the Moon, to the more 
Southerly of the HyadeSy many of which ilie eclipfes in each monthly 
Revolution, and w ill continue fo to do, during tixe Years 1718, 1719 
and 1 7 2 0 .

Thefe Stars are but three or four in all former Catalogues, but the 
Britip of M r. Flamjteed encreafes them to Sixteen ; to them we have 
added three others fomewhat fmaller, viz. f, /, and n in the Figure of 
the Hyades hereto annexed. In it the principal Stars are mark’d with 
Bayer'% Marks, and the reft with the Letters of the Italick Alphabet •, 
their Longitudes are fitted to the Beginning of the Year 1718, and being 
truly laid down, may ferve to inftruél the Obferver, when and where 
to look for them, when the Moon is among them.

It appears by this Scheme, that the Diftance between a and « or P0- 
lilicimn, is about nine Hours Motion of the Moon, in which Time, fup- 
pcfmg her to pafs one to the other, fhe muft eciipfe y  and  ̂ and four 
or five of thofe about 9, and muft apply very clpfe, with her Southern 
Limb, to all thofe, which have about fix Degrees South Latitude 1 
which would be a very entertaining Sight, But if  the I'imes of the Oc
cultations of any one of thefe Stars, or even of any two of them in the 
lame Night, be accurately obferved under diftant Meridians, the D if
ference of thofe Meridians may be truly obtained thereby j efpeclally 
fince the Moon's Parallax^ and all other Parts of her Theory thereto re
quired, ai-e at prefent fufficiently ftated and known.

For the Sake of fuch, as are willing to make ufe of this Method, we 
have added the Places o f all the Hyades fitted to the j r̂efent Time, and 
chiefly taken from the Britijh Catalogue, which being faulty in the Stars 
we call k and /, we have here reéiiñed them,

Q^q 2 Cm h^tie
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A  Catalogue of the Hyades, for the Beginning of the Tear 1718.

Names of the Stars.

Bayer
Whicli goes before y  in the Bull
in the Bull’s Nüílrils, -------
That under y ---------- -----------------
In the End of the Bull’s Nofe ---------
Between the Noilrils and the North‘d 

Eye of the Bull --------- 3

Joyning this to the South ----- ^
The Northern one of thofe before 9 ----
The bright Southern one of the fame —
That which follows, Z ------ -------
The Northern of the near ones between") 

the Noftrils and the Bull’s E ye ------3

The more Southern one of the fame 
'I'he Northern of the two above 9 —  
The Southern one of the fame
The firft of the 3 in a right Line under 9 
The Middlemoft of the fame ---------

The Northern one of the two following 0 m
The Northern Eye of the Bull -------  i
The Southern of thofe following 9 ------ n
The Subfequent of the 3 under fl ------ 0
Palilicium, or the Bull’s Eye, or a. ac-) 

cording to Bayer. -------  5

The next following this --------- -
The Southern of the contiguous ones 7

following
The Northern one the brighter of the two c 6

Long.

51 3 
5 0  54 
56 3 ’ 
54  2 5

2  54  47

17 21
25 32
35 2 

59  45

o
2
7

Í9
26

11
32
44
27
55

30 26
30 31
32
45

35
55

5 50 20

17 35 

30 34  

33 12

SouthLat. Mag,

50 14
46 22 
1 9  57
47

o  34

9 4
41 50 

2  44 
43  2 7

47 16

5 2  55 
2 3  43
36 40

9 45 
7 35

7
3 
7 
7
4

6
8
6
5

4
7
8 
4T
4

T

37  4 9  

35  5 8  

41 00 
o 35

5 2  ̂ 50

3 20 

19 19 

1 2  35

An Account o f X X V III. The late Appearance of Venus in the Day-time, for many 
Venurtw  together, was generally taken Notice of about London, and elfe-
feen in the where; and by fome reckoned to be prodigious. This put me upon 
Day-time, by the Enquiry, how it came to pafs, that at that Time the Planet ihould 
Dr.E. Hailey, be fo plainly feen by Day ; whereas ihe rarely ihews herfelf fo, unlefs 
•349 P400. to i n̂ow exadly where to look for her. T o  refolve this,

the following Problem arofe, «y/z. To  find the Situation, of the Planet in 
refpeél of the Earthy when the Area of the illuminated Part of her Disk 
i s  a Mammm.

T a



To inveftigate this Maximum, I found it requifite to afilime the fol
lowing Lemmata. I. That the vifible Areas of the Disk of the fame 
Ylanet, at differing Diftances, arc always reciprocally as the Squares 
of thole Diftances j which is evident from the firft Principles of Op- 
ticks. I I .  That the Area of the whole D isk of the Planet is to the 
Area of the enlightned Part thereof, as the Diameter of a Circle to 
the Verfed-Sine of the exteriour Angle at the Planet, in the Triangle, 
at whofe Angles are the Sun, Earth, and Planet. III. That in all plain 
Triangles, four Times the Redangle of the Sides containing any Angle, 
is to be the Excefs of the Square of the Sum of the Sides above the 
Square of the Bafe, as the Diameter is to the Verfed-Sine of the Com
plement of the contained Angle to a Semicircle, which I call the 
exteriour Angle ; This is a nt-^ Theorem of good Ufe in Trigonometry, 
and is eafily to be proved from the 12th and i^th of the II. Elem.
Euclid.

This premifed,, putting m for the Diftance of the Sun, and Earth, 
and n for that of the Sun and Venus, and x for the Diftance of the Earth 
and Venus, or the third Side of the Triangle which we feek ; by the 
third Lemma, 4 « x, w ill be to the Excefs of the Square of n-\-x above 
the Square of m, as the Area of the whole D isk of Venus to the Area of 
the Part enlightned •, and by the firft Lemma, the Area's of her whole 
Disk, are at all times as the Squares of x reciprocally ; whence the Quan

tity will in all Cafes be proportional to the

Area of the enlightned ParL

Now that this ihould be a Maximum, it is required that the Fluxion 
thereof be equal to 0, or that the negative Parts thereof be equal-

to the Affirmative; that is, that m x - \ - i x x  % \  nx'  ̂ =. i z n x ' - x y .

Obfervations on the Heavens. 301

nn-\-2nx-\-xx— mm',  and dividing all by ^nx^ x, the Equation 
becomes 2 nx -\-2x x z=-2,nn -^6 nx '^xx —  3 mm. Confequently
'i,nn-\-¿\.nx-\-xxz=i2,mm, and therefore x = a / 3 -------- 2«.

From hence a ready and not inelegant Geometrical Conftru£lion-be
comes obvious ; for with the Center S, and Radius S T  =  m,' defcribe 
the Semicircle T D A  and with the fame Center and Radius S E  — it, pig. 121. 
the Semicircle E V B - ,  which two Semicircles ihall - reprefent the 
Orbs of the Earth, and Venus. Then make the Chord A  D —  x.o the 
Radius S T , and from D  towards A , lay off D  F  =z S E  ; draw T  F , 
and thereon place FG z=.BE— 2n, and with the Center T  and Radius

d e f c r i b e  t h e  A r c h  GV^ c u t t i n g  t h e  S e m i c i r c l e  B V E  i n  ^ ;
and
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and draw the Lines 5 ,̂ fay, the Triangle 5  íT F is fimllar to
that, at whofe Angles arc* the Sun̂  Earth, and V inus; at the Timé 
when the Area of the inlighted 'Pait of that Planet’s Disk, as feen 
from the Earth, is greateft. How  this Geometrical EíFe¿lion follows 
from the Equation is too evident to need repetition.

In confequence then of this Solution, I find this Maximum always 
to happen, when the Planet is about 40 Degrees diftant from the Sun\ 
and tl\b Times thereof, about the Middle between her greateft Elongations 
on both Sides from him, and her retrograde Conjunaions with him ; 
when little more than a Qiiarter of her vifible Disk is luminous, and 
refeinbling the Moon of about 5 Days old ; and tho’ iier Diameter is at 
that Time buis,5o Seconds, yet Ihe lliines with fo ftrong a Beam, as to 
furpafs. the united Light of all the fixt Stars that appear with her, and 
calls a very ilrong Shade on the Horizontal Plain, .whereon they ail 
ihine ; an irrefragable Argument to prove, that the Disks of the fixt 
Stars are inconceivably fmall, and next to nothing ; fince fliining with 
a -native Light, fo many of them do not equal xht reflex L ight ot one 
quarter of a Disk of lefs than a Minute Diameter.

In this Situation Venus was found in July laft, on the tenth Day •, 
about which Time, when the-5zm grew low, flie was very plainly feen 
in the Day Time, for feveral Days together •, as ihe might have been in 
the Mornings, about the latter End of Septembei\ But this, arifing 
from the Caufes we have now fhewn, is nothing uncommon •, for every
eighth Year it returns again, fo that the Planet may be feen on the
fame Day of the Month and Hour, very nearly in the fame Place.

Laftly, It may not be amifs to note, that the Equation x =  
i /  '^mm-^nn —  2« has a L im it •, for if  n be equal to the Point
V  will fall on B ; and the v/hole Disk of a Planet at that Diftance from 
the Sun would be the Maximum, viz. when in its fuperior Conjundion 
with the Sun. And the like if  n were lefs than m ; the Arch G V  in 
fuch Cafe not interfeding the Semicircle B E .

X X IX .
"Tie Occultati- 
on o f a Star iy 
the M oon ; and 
c»Eclipfe o f  
the Moon Jol- 
Inving it. 
Nov. 2 i,O .S . 
i 7«3- h  Mr. 
F. Blanchin, 
n. 340. p. 88.

UnED

Hours after 
Noon, 

h.
12

12

/
53

//
34

A  Star in Taurus, by Bayer, mark’d r, nearly apply’d it 
felf to the Lim b of the IMoon \ obferv’d by a Telefcope ot 
twelve Palms.

It was now hid by that Part of the Moon’s Limb, which 
5 *̂ 34 is almoft in the Middle between the Spots of Ariftarchus and 

Galileus. The diurnal Parallel defcrib’d by the Moon’s Cen
ter appears more to the South than the Star t  by Paris 
of the Micrometer, fuch as the Diameter of the Moon lub- 
tends 37. Therefore the DecHnation of the Star t  is more 
to the North than the apparent Declination of the Moon’s 
Center, by about 5 i  Minutes of a great Circle.

Sirius came to the Meridian, by which the Times were 
verified.

The

14 o 14



h. ; 
i 4 ‘ 32

K15
15 31
16 12 
16 17 
16 50 
16 54
16 56

17 13
17 27

n
57

14 42

14 50

15 o

15 2

15 4

15 5

50

37

o

20

20

21

7 20

20
20

o
20
20

35
9

30
45
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The Star t ,  which had emerged feme Minutes out oF the 

Moon’s Lim b, in its diurnal Revolution precedes the Wef- 
tern L im b of the Moon by 33 Seconds of Time, and it 
precedes the Center of the Moon by 103 Seconds, or i '. 43".

The fame precedes the L im b  of the Moon by 48'', and 
the Center by i'. 58'''.

The Difference of Right Afcenfion of the Star and of the 
L im b is 1'. 03''. But of the Center o f the Moon and the 
fame Star is 2''. i

The Penumbra in the L im b of the Moon, which before 
was pretty dilute, is now become fenfibly denfer.

The Penumbra is more apparent, but the true Shadow 
does not yet appear.

The Beginning of the Incidence of the Moon into the true 
Shadow, on that Part of the L im b which is next to the Spot 
Schickard.

The true Shadow now covers one Part, fuch as the Dia
meter of the Moon in the Micrometer makes 37.

Now two fuch Parts of the Moon’s Diameter are cover’d 
as make 37.

Now -tV  Parts of the Moon’s Diameter are cover’d.
Now of the Moon’s Diameter are hid.
Now 4 4  Parts are conceal’d.
The latent Parts are 15 as before.
Now the latent Parts are 
The firft L im b  of Tycho begins to emerge.
Now all Tycho emerges.
Five Parts o f 37 of the Moon’s Diameter lye hid.
The true Shadow comes out of the L im b of the Moon, 

in a Place mark’d out by drawing a Diameter between Arlf- 
tarchus and Plato.

N. B. This Ohfervation is fo  much the more to he valued, becatife the 
Occultation of the Star t happens fo near to the Sun^s oppofit^ Pointy that 
his Place among the fixt Stars may from hence be truly examin'd.

X X X . Having after M idnight carefully correfted the Clock by no "
lefs than ten Obfervations of the Altitude of the bright Star in Aries, the 
Error thereof was found 5'. 13'' too faft, the Extremes not differing July 14. ;« 
above 6": And in the Morning about 7 \ by as many Altitudes of the^ '̂ Morning, 

with a like Agreement, the fame Error was found 5'. 14'' to be 
Qedu(fled from the Times ihewn by the Clock. j. Pound,

n.347,p.4oi.



■ Obfervations on the Heavens,

July 13. P. M .N . .  (

The third Satellite of Jupiter was hid by the Moon 
'I’he firft Satellite was hid 
'The fecond Satellite was hid 
I'he firil Contaft of the Limbs of V and i  
Jupiter wholly hid

Time by 
the Clock.

h.
13

Í 3
13
13

/
27
32
3 4
3 4
36

//
3 3
3 5
25
5 4
23

The third Satellite came oiit from behind the  ̂
dark Side of the Moon J

The firft Satellite 
The fecond Satellite 
The firft Limb of Jupiter came out 
I'he following Lim b of V- or laft Contact 
The fourth Satellite emerged

14 7  25

14 12 25 
14 14 38 
14 14 45 
14 16 15 
1 4 1 8 4 9

Time 
correfted.

13 22 20 
13 27 22 
13 29 11 
13 29 41
13 31 10

14 2 12

14
14
14
14
H

7
9
9  

11

12
25

32
2

13 36

TZy Occultati 
on rt 
Star G e
mini ¿1' Jupi
ter, 'Jan. 11, 
O. S. 1717.
Í V C .  by------
r.35i,p .546 
* Vid. Supr. 
p. 2q8.

Jupiter and the Satellites were to the Northward of the vifible wav 
of the Moon’s Center.

This Occultation was oblerved through a Telefcope, in which the 
focal Length of the Objeét-Glafs was 14^ Feet, and of the Eye-Glais
2 V Inches. And the Aperture of the Objeft-Glafs was i ^  Inch.

I could perceive no Colours on Jupiter'% Limb, either at his Immer- 
fion or Emerfion, when the Axis of the Tube was diredted to him.

' X X X I .  Two Years * ago we gave Notice that Jupiter would cover a 
certain fixt Star with his Body, mentioning the tenth Day of January 
of this Year. But as Jupiter was almoft Stationary, and fomething far
ther adv;mced towards the Eaft than by our Tables, the forefaid Occul
tation did not happen till the eleventh Day ; which becaufe of Clouds 
we could not obferve at London as we wifh’d.

Our Aftrcrnomers did not watch for it in vain. Martin Folkes, Efq; 
at London, with fome others of the Royal Society, on Jan. 11, at Eight 
at Night, flaw the Center of Jupiter to follow the fixt Star at the Dif- 
tance of one Diameter of his Body, which Star was more to the North 
of the faid Center by about 4 of Jupiter'% Semidiameter. Afterwards 
Clouds intercepted Jupiter. Now taking an Account of Jupiter's Mo
tion he concluded, that the Star was in Conjunftion with Jitpiter after 
Midnight, and was cover’d by the Northern Fart of his Disk.

I'he Reverend J . Theoph. Befaguliers, and M r. Stephen Grey, at 
minfler, faw the fixt Star at Six in the Evening, when it was diftant 
from Jupiter’ % Limb his whole Diameter, towards the North Weft. 
Whencc, and from the Obfervations of the following Days, it appears 
that the Conjundion happen’d about Midnight.

U M O



Obfervations on the fleavens, 305
. Al^o U^anftead made the following very ac

curate Obfervations, which were taken by a very long Tube with a 
Micrometer.

Jan. 5. at 5''. 6', equal Time, the Center of Jupiter was diftant from 
the faid fixt Star 31'. 49" : which at 5 \ 38' it follow’d with 34'. 12" of 
Right Afcenfion. And at the fame Time the Southern Lim b of Jupiter 
had the fame Declination with the Star.

On the ninth Day following at 6 \ 6' the Center of Jupiter was diftant 
from the Star 10'. 49" ; and after 8 Minutes the Diffi;rence of Right 
Afcenfions was 11'. 32". And then the Center of the Planet was fo 
little more Southerly than the Star, that the Difference could hardly be 
perceived.

On the eleventh Day at 5  ̂ 30', equal Time, the Diftance of their 
Centers was 1'. 24", and at the fame Time the Star was feen to be about a 
Quarter of Jupiter's Diameter more to the North than his Center. Now 
the leaft Diameter of Jupiter is found to be o'. 43''. Then Cloud? 
came on.

But upon the twelfth Day at 5h. 17'. the Diftance of the Centers was 
3'. 7''. And at 5 \ 50'. Jupiter preceded the Star by 3' 30'' of Right 
Afcenfion. And at the iame Time the Northern Lim b of Jupiter had 
the fame Declination as the fixt Star exadly.

Now by comparing thefe Obfervations it appears, that this fixt Star 
was in Conjundion with Jupiter on Jan. 11, at 13'' nearly, and was not 
more Northerly than his Center than 17" or and therefore under
went an Occultation by him. ....

This fixt Star, tho’ yet enter’d in no Catalogue, had its Place then in > 
n 22' .̂ 13', with South Latitude o®. I 3 ''4 » and has a Companion more  ̂
Northerly by 7 Minutes, which precedes him by 17 Minutes, or is in 
H 21^, 56', with South Latitude o® to which Jupiter was feen to 
be joined Jan. 16, at 6̂ . 30', in the Evening.

Thus in a Space of lefs than two Months Jupiter has corporally 
eclipfed two fixt Stars, of which Thing we have not one Inftance finer 
the Invention of the Telefcope, Wherefore thefe Obfervations are to 
be laid up for the Ufe o f Pofterity, among the moft precious Curi. 
ofities of Urania.

Now our Star in the Year 1634, Feb. 6, was in Conjundion withj//- 
, '>iter then ftationary, and was more to the South than him by three ot 
lis Diameters i as Gajfendus obferved. Whence it will appear, by a due 
Calculation, that the Nodes Jupiter as to Senfe have continued im
moveable for the 83 Years laft paft \ and that at two Signs, 8®. 35  ̂
from the firft Star of Aries,

The fame Aftronomers have been watchful of another Obfcrvation of ̂  Tranfic 

a Tranfit of A íz r í near the Northern Star of the Forehead of 
which was not lefs remarkable, Vav M a n  on Feb. 5, in the Morning, 5/3̂  
or the 4"’, was feen fo near the fame Scar, that it could not be per* Forehead »/ 
ccived with the naked Eye j but by the Telefcope it was found above Scorpia, f Á

Vol. IV. R r  towards S*
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towards the Eaft, and therefore Mars was not yet join’d with It. A t  
16’'. 10', apparent Time, Mars was in a right Line with the Northern 
Star in the Forehead, and the Telefcopic Star which follows it to the 
North, at the Diftance of about 8 Minutes. A t id'*. Mars was in
termediate in the right Line with the Northern Star, and that in the 
Middle of the Forehead ; and after a Quarter ot an Hour, with that m 
the Southern Part of the Forehead ; fo that at i6 \  54', apparent Time, 
it was eftimated to be the very Conjunélion as to Longitude, at what 
Time Mars with fuificient Exaélnefs was only two Minutes more to the 
South than the Star. Alfo Dr. Pound obferved the Conjundtion in re- 
fpeél of Right Afcenfion to be 25', apparent Time, with the Dii- 
tance of the Centers . It was a pleafant Sight to fee Mars gra
dually approaching the Star, and manifeitly to difcover his Motion, 
tho’ a very flow one.

W id i this let the Obfervatiorv of our Horrox be compared, Ati. 1638, 
Feb. 7, in the Morning, as may be feen in his Letters, p. 304. For 
then Mars had an Appulfe to the fame Star, and came much nearer it, 
but the Conjunftion was over before his rifing.

To thefe add the Obfervation of Saturn, Jan. 25. 12'*. 25  ̂equal Time, 
made by Dr. Pound. Then the Planet was diftant from the Star, which 
is the 58 of Virgo in the BritiJJj Catalogue, 13'. 16" towards the South, 
and follow’d it, with 'if. <̂ o". Right Afcenfion. The Star was in ^ 
19®. 2 i'. 52'  ̂with North Latitude 2°. 47'. 25'^

Afternoon 8'’. 38'. 20̂ ', the mmoft Satellite of Ju- 
began to emerge over-againil the Space which is extended between 

ter, « /R om e, the two Belts of Jupiter. The Obfervation was made with a Telefcope 
Andrew Chiarelli, of the Length of 40 Roman Palms. After- 

chiti ñ 3 4 0 '  4 4  ̂ third Satellite appeared to be fo united with the
p. 89, fourth, that both feem’d to be but one Satellite. They were diftant 

from the Center of Jupiter about 5^'of his Diameters. But at 4̂  they 
were again disjoined.. The Fourth in an inverfe Situation appear’d fome- 
thing more deprefs’d than the Third, and fomething more diilant from 
Jupiter. Therefore it was more Northerly than the Third.

Sept. 4 4 >at io \  36'. 23", the firil or the in moil Satellite began to emerge 
from the Shadow, in a Tube of 25 Palms, of Mr. Campani.

Nov. at 7'*. 32'. 22'', the fir il Satellite began ¡ro emerge, when 
feen thro*" a Tube of Mr. Chiarelli of 40 Palms. Afterwards the fame 
Night at 7''. 46' the F irlt and Second are very near, and at 53'' the fame 
were fo near, that they could fcarce be diilinguiihed from one little Point.

Dec. 9, n.ft. ox Nov. 28, old it. at 5'’. 45  ̂ the fir il Satellite be
gan to emerge from the Shadow of Jupiter.

Dec. 21, old il. at 50'. 22'', the firil Satellite was again feen as 
beginning to emerge out of the Shadow.

N. B. brcm thefe Obfervations reduced to an accurate Calculation, it is 
very plain, that the fecond Equation, which we fuppofe to arife from thepro- 

grejfive Motion of Lights muft ne 'ceffarily be admitted. For after '¿ fR h o -
lutiorj

306 Obfervations of



Jupiter’s Satellites. 307
lutiom of the inmoft Satellite, in Jupiter has withdrawn from the Earth
wore than by a Radius of the Orbis Magnus, the laft Eclipfe is feen almojl 
a Minutes later than it ought, according to the Tenor of the firjl Obfervation:
Which agrees with the Hypothefes of M r. Caflini

From the fame it is alfo confirm'd, ( which we alfo have ohferved before} 
that the Motion of the inmcfl Satellite of Jupiter is a little quicker than in 
the mofl elaborate Tables of M r. Caflini, communicated to the Publick now 20 
Tears ago. Now that little Error feems hardly to exceed two Alinutes of 
Time in each Revolution 0 /Jupiter, or in 12 I'ears •, by which the Ileavetis 
anticipate the Calculation of M r. Cailini. But when this CorreSlion is ta
ken in, the Agreement will be fufficiently accurate.

X X X III . On the i6th of February 1719, at 6’’-̂ , thro’ a iliort Tube, Tranfit of dt 
we faw all the 4 Satellites, the 3 outermoil on the Eafl Side of Jupiter, .
and the innermoil near the IVeJiern L im b approaching to an Eclipfe. The 
Fourth at that Time was about half a Semidiameter of Jupiter from the Satellite ever 
Eailern Limb. Then it proved cloudy till about S'*, at which Time «f
(thro’ the Hugenian Telefcope) we could fee only the i^cond and third 
Satellites, the firft being behind Jupiter in the Shadow, and the fourth ‘hy^Mr']. 
entred upon the Disk. We faw at this Time a dark Spot, a Ym\t North- Pound, n .359. 
•■juard of the great Northern Zone, and near the Eaflern Limb, where the P- 
Satellite was to enter on the D isk j which Spot we took for the Shade of 
the Satellite. The Clouds then again intercepted our View, till S**. 53''.
.^q. T. at which Time the firft Satellite was lately emerged out of the 
Shadow, and the Spot advanced fo fiir, that we perceived it would ar
rive at the Middle of Jupiter, near two Hours fooner than the Shade ought 
to have done by our Computation; but not imagining, that this dark 
Spot could be any Thing elfe but the Shade, we concluded there had been 
feme Error in the Calculation, which we thought to re-examine after̂  
wards. On this Prefumption we left oiF obferving till 35'. at which 
Time we were furprized to fee a Notch in the L im b of Jupiter, near the 
Place where the former Spot entred. This lail Appearance agreeing well 
with the Time, that the Shade of the Satellite ought to have entred the 
Disk, foon made us alter our former Opinion, and conjeélure, tliat this, 
and not the other Spot, was the faid Shade. A t 9'’. JE q.T . the 
Notch vanifhihg, a round black Spot appeared within the Limb, but in 
Contad with it. A t 9 \ 45'. we judged the firft Spot, and at 11 \  45'. 
the fecond, to be in the Middle of Jupiter.

At 11 h. ^of, the firft Spot touched the Limb, being within the Disk ; 
foon after which the L im b in that Place feemed a little protuberant. A t  

5'. appeared the fourth Satellite juft come out of the Disk, and 
touching the Lim b in the Place where the Protuberancy was. A t i2 \  7''. 
we could perceive the Satellite feparated from the Limb. A t  13\ 56'. the 
iecond black Spot, ftill within tie  Disk, juft touched úitlVeflernUxmh', 
foon after which there appear’d a Notch in this Part of the Limb, as it 
did on the other at the coming on of this Spot. A t  14*'. 6'. the Spot

R  r 2 was



308 Eclipfes í^Jupiter’j firfi Satellite,
was all gone off, and the Lim b appear’d clear and entire. The firft Spot, 
when in the Middle of Jupiter^ was almoft as black as the fecond when 
near the Limb, but fomewhat lefs and a little more Northerly.

A t the Time that the firft Spot was in the Middle of the Disk, the 
three innermoft Satellites appear’d to the Eajl of Jupiter ; the firft (as 
aforeiiiid) having lately emerged out of the Shadow; the fecond being 
almoft at its greateft Diftance and the third having paiTed the Axis of 
the Shade about twelve Hours before, and appearing at this Time about 
three Diameters of Jupiter from his Limb. The Times that thefe Spots 
arrived at the Middle of the Disk are agreeable to the Times found by 
Calculation, in which the fourth Satellite and its Shade ought to have 
appeared there. From all which ’ tis very plain, that the firft of thefe 
Spots was the fourth Satellite itfelf, and the fecond its Shadow.

We have feen the firft and fecond Satellites appearing not as dark 
Spots, but as bright ones (fomewhat different from the Light of Jupiter) 
for fome little I'ime after they entred his Disk, but as they approached' 
nearer the Middle we loft Sight of them. And we have frequently ob-
ferved, that the fame Satellites appear brighter at fome Times than at
others •, and that when one of the"m hath ftiined with its utmoft Splen- 
douK, the Light of another hath been confiderably diminiihed. From 
whence ’ tis very probable at leaft, not only that the Satellites revolve 
wpon their proper Axes, but allb that fome Parts of their Surfaces do 
very faintly (if at all) refleél the Solar Rays to us.

' A ll which hath for fome Time fince been obferved and taken Notice
’ of by MeiT. Cajfini and Miraldiy as may be feen in the Memoirs of the

Academie Royale for the Years 1707 and 1714.

j Tables/iir X X X IV .  It being novy 26 Years fince Mr. Caffini\ Tables were pub-
f YxY k̂s ôfthe Length of Time hath difcovered, that the Motion of the firft Satel-
■ firVsaTeííite ‘  lite is a fmall Matter fwifter than M . Cajfi7ii hath fuppofed i t ; and

»f Jupiter, hy Mr. Pound has o f late applied himfelf to re£tify by frequent Obferva- 
A/r.j. Pound, found amils in his Calculus ; and has put it into a Form
p niore eafy and compendious, by bringing what M . CaJfini had given us

in odd Numbers, to the Millefimals of a Circle, both as to Numb. I.
Í which he calls Numb, A , being the mean Anomalie of Jupiter in fuch
 ̂ Parts; as alfo to Numb. II. or our Numb. B. which is the Diftance of
i the mean Place of Jupitery from the true Place of the Sun  ̂ and which,

with the Addition of the Equation of Numb. B. gives the true Angle 
of Commutation in the fame Millefimals of a Circle. And having de
duced from the Epoches the greateft Equations both of Numb. A . and B. 
he reftores them again by adding as much to the Equations themfelves, 
by which Means they all become affirmative, fo that the whole Compu
tation is performed by Addition only.

* Vid. fupr. In N® 214. of the Phil. Tranf. * there is an Epitome of M . Caffini's 
 ̂XCn where the Method of his Calculus is explained at large, for which

Reafon this ihorter Defcription may at prcfent fuffice. ^  ^
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¿fochs of the QonjunElim of thefirft SakllUe with Jupiter.
Cur
rent

Jidim
Yen.

1719

CanjuniUon. 
D. H. , „

N u m
A.

I 6 II 13872

IJ2 0 O 2 0  2 2  4 0  
21
220  19
230

1724

17250
26
27
28 O 

1729

1.7300 
310 
2 2 0  

330 
1734

»735

17400
41 o
42
43 

174

*745
46
47
4

'Ü 2

9 5 ^ 3
2

14
4 4  
11

9
18

25 38
5  42

8 17 
16 57
7 8 

21 20 
6

Num.
B.

396

40
125
209
293

10377 
I  2 462 
41 546

[lO
229
143

57
971

889
808
722

o 12
8 630636 

7^5

20 II 39 
10 22 7
o 3 4  34  
9  *4  38

I 17 54 41

8
260 22 
371 6
38

17390
21 
11

6
17 36
57  40 

9
20

5 5 4

799468
883
967 296
52

136

220
305
389
4 7 3

3 5  557

o

o

I
10
o
9

23

32
12
23

3
15

642 
6 726

33
37

382

215
133

961
880
7 9 4
708

622 
540 

810454
895

4 9 7 9

87 55  
o 22 6 35
o 12 18 3
o 2 29 30
o n  9 34400^866

63
148
232
31

373
287

205
119

33
6947

Cur
rent

Julian
Year.

17490 I I  9 34

17500
51
52
53 

17540

17550 *3 15 32
o 3 2756

570 12 7 3
2 i8  30 

10 58 34
58 

1759

1760

62 
62 o 

1764

1765
660
67
68 

1769

1770
7 *
72 o
73 

177

1775
76
77
78

1779

Conjunñion. 
0. H. . -

Num.
A.

400

I
10
O
8

23

21
I

12
52

4

I 485
5569 

336536
37 

4
738
l22

906359
990273

75,191
159 n o  
243I 24

9
o

14
4

10
50

I
13
24

328 
412 
496 

05S0

35
2

27

13 4  13749517
3 »5 58833431 

II 56 2918349
2 7 29 2 263

10 47 33 86 182

o
o 59  

15 10 28 
5 21 

14 2
4  13

12
3 

11 
I 

16

53
4

45

31
58

Num.
B.

866
780
698
"12
531
4 4 5

665

938
856
770
684
598

171
257 

56339 
042.3 

27 508

96
10

924
842
761

592
676
761

56 28[845 
7  ^69291:335

675
589
507
421

309

a



3 1 0 .
Revolutions of the Jixt SateÜité ^  'Jufiter in Months of

January.
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28 14 4 3 19 49 523
31 9 11 55 4 9 528

Auguft.
0 9 11 55 4 9 528
2 3 40 31 49 532
3 22 9 7 50 536
5 16 37 43 50 541
7 11 6 19 5 i 54 5
9 5 34 55 51 549

II 0 3 31 51 5 5 4
12 18 32 7 52558
14 13 0 43 52562
16 7 29 19 53567
18 I 55 5 3 '5 7 i
»9 20. 26 3 5̂4|575



Revolutions ofthefixt SatelUte o / J u p i t e f  in Months if
Auguft.

D .  h . //

21

23
2 5
2 6  

28

3 0

14 55 
9  23

N . Nu.
A .

3 
22 
1 6  

1 1

5 2
2 0

49
18

43

54
30

7154 
54

3
4
6
8

10

September.
5  4 6  ' 4 2  5 6

1 5

55
55
5 6

ÍL
c8o
5S4
588

593
597

6  5 6  60 2

1 1

13
1 5

1 7
18 
20

22

24
2 6

2 7
2 9

o
18

1 3

7
2

18

43
12

4 1

9

57
54  57

' 6
4 2

58
58

20

1 5

9
4

22

1 7

1

35
4

3 2
I

5 4
3 c

f e ^ 3 2

637
6 4 1

6 6 0

4 2 60

1 1

5
o

1 8

1 3

2 9

5 8
2 7

55
24

5 4

30
6

42
I

OEloher. 
7 5 2

3
4  
6 
8

2
20

1 5

2 1

5 0
18

4 7

5 4

30

4 1
I

10
1 1  

1 3  
1 5  

1 7

19_
20

22

2 4
26

2 7

Í 2 L

4
22

1 7
I I
6

1 5
4 4
1 3
4 1
10

38

6 1 0  

6 1 5  

6 1 9  
6 2 4  

58  62 8

6 0

6 4 6

6 5 0
1 8 6 1  ^

6 1  6 5 9

6 2  6 6 3  
6 2 j 6 6 8  

62|672
8 6 3 6 7 7

63681
.64|686 
61641590

65595

5 3 6 5 I 7 0 4  
296670Í

71366 
4167

53

1 9
*3
8
2

21

J i .

7
3 6

4
33

1

3 0

2 9

7 6 7
6 7

68
5 6 8

19

4 1  ___
1 7 6 9  7 4 4  

6 9  7 4 9

7 0

717
7 2 1  
7 2 6

730
735

69739

753

D. h.
Oiiober. t t :

//

3 Í “ 9  59

November.
o
2

9 '
4

22

1 7
I I
6

59

5 6
2 4

53
2 2

5
4 1

1 7
53
2 9

1 1
12
1 4
16
18
1 9 .

1 9
1 3
8
2

21

5 0

1 9

4 2

1 3

4 1

A .

79

b:

758

7 0

7 1  

7 1
71
72 

5 H

758
762
767
772
776
781

73
1773
53
2 9

74 794

40
574804 

2 5

2 1

2 3
2 5
2 6  
28

3 0

1 5
I D

4
2 3

1 7
12

4 2
1 0

39
8

3 6

5

1 6

5 2
28

4 0
1677836

December.
o
2

4
5 

7
_9_

1 2  
6 
I

1 9
1 3  
8

5
33

2

3 1

59
28

1 1

1 3
1 4
1 6

18

* 9

2

2 1

1 5
1 0

4
2 3

5 6

2 5
5 4
22

51

i 9 _

5 2
2 8

4
4 0

1 6

M l

21
2 3
25
27
28
30

17
12
6
I

19
14

4 8

17
4 5
H
42
I I

28

4
4 0

1
5 2
28

74

77

5 2
2 8 7 8  

478 
40 79 
i 6 | : ^  

80
80
80

81

81

82
82

83 
6 8 3

785
790

799

808

75813
76817

822
8 2 7

831

677836 
78 840

845
849
85

86 868 
873 
877
882

891 
897 
goo
9°5 
9058 4  

849̂ ^

m i u



ptrft Equations of the Conjun5lions c f  the firft Satellite with Jupiter.
3 1 3

i E q u a t . / E q y £ q u a t . i « q y K q u a t . / E q
C o n j u n c t . N u . N u m . C o n j u n A . Nu. N u m . C o n j u n f l , N u . N u m . C o n j u n f l . N u .

A . A d d e . B . A . A d d e . U . A . A d d e . B . A . A d d e . B .

/ II / / / / / / / / /

0 39 8 1 5 1 2 8 12 7 2 6 2 5 6 0 I 3 Í 3 8 4 I I 5 2 2 6

4 3 8 1 2 1 6 1 3 2 I  I 2 7 2 6 2 6 0
«

0 0 3 1 3 8 8 1 2 37 2 6

8 37 1 6 1 6 1 3 6 1 0 47 2 6 2 6 4 0 1 3 1 3 9 2 1 3 2 3 2 5

1 2 3 6 2 1 I Ó 1 4 0 l O 9 2 7 2 6 8 0 3 3 Í 3 9 6 H 1 1 2 5

1 6 3 5  2 Ó n 1 4 4 . 9 3 1 2 7 2 7 2 0 7 3 1 4 0 0 1 4  59 2 5

2 0 34 . 3 0 n 1 4 8 8 45 2 7 2 7 6 0 1 2 3 1 4 0 4 1 5  4 8 2 4

2 4 33 35 Í 7 1 5 2 8 1 9 2 7 2 8 0 0 1 9 3 1 4 0 8 1 6 ,  3 8 2 4

2 8 3 2 4 0 1 8 1 5 6 7 44 2 8 2 8 4 0 2 8 3 0 4 1 2 1 7 3 0 2 4

3 2 3 1 45 1 8 1 6 0 7 1 0 2 8
1

2 8 8 0 3 8 3 0 4 1 6 1 8 2 2 2 3

c { 6 3 0  5 0 1 9 1 6 4 6  3 8 2 8 2 9 2 0 5 0 3 0 4 2 0 '9 1 5 2 3

4 0 2 9  5 6 Í 9 1 6 8 6 7 2 8 2 9 6 I 3 3 0 4 2 4 2 0 9 2 3

44 2 9 3 1 9 1 7 2 5 37 2 8 3 0 0 '  I 1 7 3 0 4 2 8 2 1 4 2 2

. 4 8 2 8 1 0 2 0 1 7 6 .5 8 2 9 3 0 4 I 33 3 0 1 4 3 2 2 2 59 2 2

5 2 2 7 1 6 2 0 1 8 0 4  4 1 2 9 3 0 8 I 5 0 30 4 3 6 2 2 55 2 2

5 6 1 2 6 2 3 2 0 1 S 4 -.4 1 5 2 9 3 1 2 2 8 30 4 4 0 2 3 53 2 1

6 0 2 5  3 0 2 1 1 8 8 3 4 9 2 9 3 1 6 '  2 2 8 30 444 2 4  5 1 2 1

6 4 2 4  3 8 2 1 1 9 2 3 2 4 2 9
»

3 2 0 2 5 1 3 0 4 4 8 2 5 49 2 1

6 8 2 3  47 2 1 1 9 6 3 l | 2 9 3 2 4 3 1 5 2 9 452 2 6  4 8 2 0

7 2 2 2 5 6 2 2 2 0 0 ,  2 4 0 3 0 3 2 8 3 4 0 2 9 > 4 5 6 2 7 ,  4 8 2 0

7 6 2 2 5 2 2 2 0 4 2 2 o ' 3 0 3 3 2 4 6 2 9 4 6 0 2 8  4 8 1 9

8 0 2 1 15 2 2 2 0 8 2
1

1 30 336 4 34 2 9 4 6 4 2 9  49 *9

8 4 2 0 2 6 23 2 1 2 I 4 2 30 340 5 3 29 4 6 8 30 50 19
. 8 8 19 37 23 i

1 2 1 6 I 25 30 344 5  34 2 9 472 31 51 1 8

9 2 1 8  4 8 23
I

2 2 0 I 1 0 3 0 3 4 8 6 5 2 8 4 7 6 3 2 53 1 8

9 6 1 8 0 2 4 2 2 4 0 5 8 30 3 5 2 6  3 8 2 8 4 8 0 33 55 17

1 0 0 7̂ 14 2 4 2 2 8 0 47 30 3 5 6 7 13 2 8 4 8 4 34  57 17
1 0 4 1 6 2 8 2 4 2 3 2 0 3 6 30 3 6 0 7 50 2 8 ' 4 8 8 35 59 17
1 0 8 1 5  4 2 2 4 2 3 6 0 2 6 30 364 8 2 7 2 7 4 9 2 37 I 1 6

1 1 2 H  57 25 2 4 0 0 1 8 3 0 3 6 8 9 6 2 7 4 9 6
13 8
f

5 1 6

J 1 6 H 1 1 2 5 2 4 4 0 1 2 3 1 372 9  4 6 2 7 5 0 0 39 8 1 5
1 2 0 Í 3 3 0 2 5 2 4 8 0 7 3 1 376 1 0 2 7 2 7 5 0 4 4 0 1 1 1 5
1 2 4 1 2  4 8 2 6 2 5 2 0 4 3 1 3 8 0 1 1 9 2 6 5 0 8 4 Í 1 5 1 4
1 2 8

V
1 2

r\r
7

iT 7
2 6 2 5 6 0 1 3 1 ' 3 8 4 1 1 5 2 26 5 1 2 42 17 1 4

S i Firji'
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N n m .  C  
A .

i ± , q u J t .  /  
o n j u n i t .  N 
A d d c .

t q l
f u .
B .

'  Í

I

i u m .  '
A -

/ E q u a t .
3o n j u n f t <

A d d e .

/  / /  

7 0  2 6

A q
N ' u .

B .

3

3
3
2

2

I
— n

N u m J  
A .  1

/ ® q u a t .  ■ 
C o n j u n i f t .  

A d d c .
N <r .

B .
- 1

N u m .
A . ,

/ E q u a l .  I, 
C o n j u n f t t  

A d d e .
N u .

B .

/  / / /  / / ■
¡

/  n

5 1 2  .i : Z  1 7 1 4

1 4
1 3

1 3

1 3

5 4 0 7 6 8 77 4 0 G 8 9 6 6 1  4 8 6

5 í 6
5 2 0

5 2 4
5 2 8

43 1 9

44  2 1

45 2 3
4 6  2 5

6 4 4
6 4 8

Ó 5 2

( 5 5 6

7 '  3
7 1  3 8
7 2  I I

7 2  ' 4 2

7 7 2

7 7 6

7 8 b

7 8 4

77 2 9  

77
7 7  6

7 6  5 1

0

0  

0

1

9 0 0 ' 6 i  2  

9 0 4 * 6 0  1 5  

9 0 8 : 5 9  2 8

9 1 2 ' 5 8  3 9
i-

7
7
7
8

4 7  2 6 1 2 6 6 0 73 1 3
2 7 8 8 7 6  34 I

t
9 1 6 5 7  5 0 8

5 3 6 4 8  2 7 1 2 6 6 4 73 4 2 2 7 9 2 7^  1 5 I 9 2 0 5 7  I 8

54-0 4 9  2 8 I  I 6 6 8 7 4  1 0 2 7 9 6 75 5 6 I 924'56  I I 9
544 5 0  2 8 1 1 6 7 2 7 4  3 6 I 8 0 0 75 3 6 I 9 2 8 5 5  2 0

1
9

5 4 S 5 1  2 8 I I 6 7 6 75 I 1 8 0 4 75  Í 5 I 9 3 2 54  2 9 9
5 2  2 7 1 0 6 8 0 75 2 5 I 8 0 8 74  5 2 I 9 3 6 53 3 8 1 0

5 5 6 53 2 5 1 0 $ 8 4 75  4 8 I 8 1 2 74  2 7 I 9 4 0 5 2 .  4 6 1 0

5 6 0 54  ' 2 3 9 i 6 8 8 7 6  8 I 8 1 6 7 4  I 2 944 5 1  53 1 0

5 6 4 5 5  2 1 9 6 9 2 7 6  2 6 I 8 2 0 73 35 2 9 4 8 5 1  0 I I

5 6 8 5 6  1 7 9 6 9 6 7 6  43 0 8 2 4 7 3  8 2 9 5 2 5 0  6 I I

5 7 2 5 7  1 2 8 7 0 0 7 6  59 0 8 2 8 7 2  39 2 9 5 6 49  1 3 1 1

5 7 6 5 «  7 8 7 0 4 77 1 3 0 8 3 2 7 2  9 2 9 6 0 4 8  2 0 1 2

5 8 0 59  I 8 7 0 8 7 7  2 6 0 8 3 6 7 1  3 8 3 9 6 4 4 7  2 6 1 2

5^4 59 54 7 7 1 2 77 3 S 0 8 4 0 7 1  6 3 9 6 8 4 6  3 1 1 2

5 8 8 6 0  4 6 7 7 1 6 77 4 8 G 8 4 4 7 0  3 2 3 9 7 2 45  3 6 1 3

5 9 2 6 1  3 8 6 7 2 0 77 57 0 8 4 8 %  57 3 9 7 6 44  4 1 1 3

5 9 6 6 2  2 8 6 7 2 4 78 4 0 8 5 2 6 9  2 1 3 9 8 0 43  4 6 1 3

6 0 c 6 3  1 7 • 6 7 2 8 7 8  9 0 8 5 6 6 8  4 5 4 9 8 4 4 2  5 0 1 4

6 0 4 6 4  £ ; 5 7 3 2 7 8  1 3 0 8 6 0 6 8  7 4 9 8 8 4 1  55 1 4

6 0 8 6 4  55! £ 7 3 6 7 8  1 5 0 8 6 4 6 7  2 9 4 9 9 2 4 1  0 1 4

6 1 2 6 5  3S ) £ 7 4 c 7 8  1 6 c 8 6 8 6 6  4 9 4 9 9 6 4 0  4 1 5

6 1 6 Í 6 6  2 ^  ̂ 5 744 7 8  1 5 c 8 7 2 6 6  9 5 1 0 0 0 ? 9  8 1 5

6 2 c > 6 7  ; '  4 7 4 8 7 8  1 2 c 8 7 6 6 5  2 8 5 1 0 0 ^ 3 8  1 2 1 6

6 2 4 - 6 7  4 S) 4 7 5 2 7 8  5 c 8 8 c > 6 4  4 6 5 1 0 0 8 37 1 6

6 2 8 ; 6 8  3 c )  4 7 5 6 7 8  4 .  c 8 8 4 - 6 4  31 5 1 0 1 2 , 2 6  2 1 T ó

6 3 2 6 9  I C )  4 7 6 c »77 5 ^i c 8 8 8 : 6 s  1C) Í 1 0 1 6 ■ 3 5  2 6 1 7

6 3 6 6 9  4 c )  Í 7 6 4 ■77 5 c ) c 8 9 2 . 6 2  3 4 .  É I 02C >34 3 0 1 7T M
6 4 c 7 0  2 Í 5 c 7 6 8 i 77  4 c ) c 8 9 É > 6 1  4 6 1 6 1 0 2 4 '3 3 35 11

[ñ£II



Second Equations of the Conjunctions of tbefirjl Satellitt mth  Jupiter.

Addenda.

3 1 5

(Ium'
B.

iEfU.

n

100

JEqu,

//

14 012 529 45

^14 
S13 

13 
1 3  
1 3

o
i i

12
16
2 0

2413 56
13 54 
15 53

2 8

3 2
3 6

44
48
5 2
5 6
60

64

12 46 9 36 5 20 
265 9

12 35 9 174 59 
12 299 74 48 
12 238 584 38

5912 409
59 
5 8

57

13 51
4013 49

12 I 
12 II 
12 
1 1  
1 1

13 47  
13 4 4
13 41 
13 38 
13 36

1 3
68 13

1 372
76
80

84
88

92
96

1 0 0

13
13

33
29
25
20
16

13
13
13
12
12

21
7
2

58
52

78 48

48

427 
3 4  7

11 
11 
11 
11 20
II 12

11 
10 
10 
10 
10 31

10 21
10 I
10

9 5 
9

200

//

4 28 
4 18 
4

568 173 58 
498 7 3 58

38
28

300

//

5 30

57  3 38 
47  3 29

277 363 
7 263 
7 16

5 7
576 
4 9  ^
40 6

5
55
4 4
33 

6 22

6 II
2 6

5 51 
5 40

4515

19
Q

2 59

400

/ /

I 37

I 30 
I 23 
I 16
I 9 
1 3

o 57 
o 52 
o 46 
o 40 
O 35

o 31 
o 27 
o 23 
o 19 
o 16

500 
o 
o 
o 
o

2

2 41 
2 32 
2 24 
2 15

2 7
I 59 
I 52 
I 44

301 37

1 3
10

7
5

500

/ /

O

o o
O I
O 2
o 3
o 4

1 9
2 3
27

600 700

/ /

I 3 7 5  30

I 
I
1
2
2 I

4 4  5

596
76

4 0

5 1
I 

1 1
t) 22

o 52 24 e> 33 
O 72 326 44 
o 10 2 41 6 55 
o 132 507 5
o 162 59 7 16

9 7
197

31 3 
35 3

o 403 
o 46 4 
o 52 
O 57

|o
o
lo 1 
o o 
o o

9
16
2 3

3 0

588 
8 8  

188 
28 

4 388

4  48
4  5 9
5  

20

/ /

26
3 6

3 2 9 7  4 7  
5 7387

488 7

800

/ /

9  4 5

9  5 4  
10 3 
10 12 
10 21 
10 31

10 40 
10 49
10 5 7
1 1  5  
II 13

II 20 
II 27 
I I  3 4  
II 42 
I I  4 9

1 7
28
3 8
48
5 8

9 7 
9 17 
9 26 
9 36

I 375 309 4 5  12 52

1 1  
12 
12 
12 
12

5 6
A4

D ?

900

JSqu.

/ /

12 52

12 58
1 3  
1 3
13 II
•13 16

1 2  20 

13 25
13 29 
13 3 3
13 36

13 38 
13 41
13 4 4  
13 4 7  
13 4 9

1 3  
1 3  
1 3  
1 3

01I3

12 29 
12 3 5  
12 40 
12 46

5 1
5 3
5 4
5 6

5 7

13 58
13 5 9
13 5 9
14 o 
14 o
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Third Equaticns 
to be added.

H alf Durations of the Eclipfes of the firfl Satellite . 
of Jupiter.

N ii. Ecua- A'a. Nu. H a lf Du Nu. H a lf D u Nu. H a lfD a - H a lf D u

A . tions. A . A . rations. A . ration). A. rations. A . rations.

Ii h. h/ // / // ’ / // / // ■ / //

c 3 30 1000 0 I 5 9 250 I 7 0 500 I 5 9 750 I 7 46

20 29 980 10 I 4 56 z6o I 7 15 5io |i 4 53 760 I 7 57
40 28 960 20 I 4 44 270 I 7 3* 520 I 4 39 770 I 8 7
60 25 940 3^ I 4 33 280 1 7 45 530 I 4 26 780 I 8 15
8c 19 920 40 1 4 23 290 I 7 57 540 I 4 15 790 I 8 22

100 3 12 900 50 I 4 13 300 I 8 7 550 I 4 7 800 I 8 26

120 3 4 880 60 I 4 7 310 I 8 15 560 I 4 3 810 I 8 28
140 2 5 6 860 70 I 4 4 320 I 8 22 570 I 4 I 820 I 8 30
160 2 46 840 80 I 4 2 330 I 8 27 580 I 4 0 830 I 8 28
180 2 34 820 90 I 4 0 340 I 8 28 590 I 4  3 840 I 8 26
200 2 2? 800 roo I 4 350 I 8 29 600 I 4 7 850 I 8 22

220 2 10 780 1 10 I 4 3 360 I 8 27 610 I 4 13 860 I 8 16
240 I 57 760 120 I 4 6 370 I 8 24 620 I 4 23 870 I 8 8
260 I 44 740 130 I 4 12 380 I 8 17 630 I 4 35 880 I 8 0
280 I 30 720 140 I 4 21 390 I 8 9 640 I 4  49 890 I 7 50
300 I 17 700 150 I 4 31 400 I 7 58 650 1 5 4 900 I 7 37
320 I 5 680 160 I 4 42 410 I 7 46 660 I 5 19 910 I 7 22
340 0 53 660 170 I 4 55 420 I 7 31 670 I 5 36 920 I 7 8
360 0 41 640 1-80 I 5 9 430 I 7 14 680 I 5 54 930 I 6 55
380 0 31 620 I 5 23 440 I 6 58 690 I 6 10 940 I 6 40
400 0 22 600 200 I 5 39 450 I 6 40 700 I 6 28 950 I 6 23

[420 0 14 580 210 I 5 55 460 f 6 2"0 710 I 6 46 960 I 6 8
440 0 8 560 220 I 6 11 470 I 6 2 720 I 7 2 970 I 5 54
460 0 4 5 40 2 3c I 6 26 480 I 5 45 730 I 7 17 980 I 5 37
480 0 2 520240 I 6 43 490 I 5 26 740 I 7 33 990 I 5 22
500 D 0 500250 I 7 0 500 I 5 9 750 I  7 46 1 0 0 0 I 5 9

The

j n E D



4 ^
7 %e Ufe of the Tables. • 317

The Ecllpres of the JirJi Satellite o f Jupiter afford the beft Means o f ^  
determining the Longitude of Places on the Land, where Telefcopes Tables. í
o f  a convenient Length may be ufed •, thirteen of thefe Eclipfes happen
ing every 23 Days; and that the Obferver may know near the Matter, 
when thefe Opportunities offer themfelves, he may readily compute 
the Times of the Immerfions or Emerfions of this Satellite with great 
Exaótnefs,  by following very ihort Precepts, which admit of no E x 
ception or Caution, viz.

Out of the firft Table take the Epoche for the Year, with its corre- 
fponding Numb. A  and Numb. B •, and to them add out of the Tables 
of Months, the Day, Hour, Minute and Second, neareft lefs than the 
Time of the Eclipfe you íéek for, together with its Numb. A  and B j 
die Sum of the Times is the mean Time of the Middle of the Eclipfe.
2. With Numb. A  thus collefted take out the firil Equation of the 
C o n j u n f l i o n s  •, as alfo the Equation of Numb. B always to be added 
to Numb. B before found. 3. W ith Numb. B fo equated, take out the 
fecond Equation of the Conjundions; and in the laft Table, the third 
^Equation, as alfo the Semi-duration of the Eclipfe anfwering to Numb.
A. 4. To  the mean Time of the Middle of the Eclipfe, add all thofe 
diree Equations; the Sum ihall be the true equated Time of the 
Middle of the Eclipfe fought. 5. If Numb. B equated be lefs than 
500, fubtraft the Semiduration, and you will have the Time of the 
immerfion, or if  it be more than 500, adding the fame, it w ill give 
die Time of the Emerfion.

But Note, the Times thus found are equal Time, ili l l to be reduced j
to the Apparent: And that in the Biffextile Year, after February, one 
Day is to be dedudled from the Day of the Month.

Let it be required to find the Time of the Immerfion of this Satellite 
into Shadow, November the 9/  ̂ 1719» in the Morning. The
Work (lands thus, ‘ .

D. h. j „  N u .A . Nu.B. |
1719. I . 6 . 1 1 . 1 3  872 396 ' .

Novem. 7 • 11 • 53 • 29 72 7 7 .̂. ' " j

Conj. Med. 8 . 1 8 .  4 . 42 944 172 !j
^quat. L  51 • 53 lo ^ q .  B. *
^quat. II. 10 . 26 ------  • I
■iiquat.III. 3 • 26 182 B. ^quat.

8 . 19 . I D  . 27 5
I . 6 . 33 Semidur. Subfl. •  ̂ ¡

Noveyn. 8 . 18 ; 3 • 54

S o



318 Obfervatlons on fome o f the primary Planets.
So that by this Calculus, on the ^tb of November, at four Minutes 

after Six in the Morning, equal Time, may be feen the Immerfton of 
this Satellite into Jupiter*^ Shadow.

Another Example ihall be of t\vz Emerfion on tlie ¿th of April 1720,1;«:. 
D. h. , „  N u .A . Nu.B.

1720, o . 20  ̂ 22 . 40 956 310
Jpril 4 . 13 . 44 . 22 Bifs. 22 244

Con). Med. 5 . 10 . 07 . 02 978 554
iEquat. L  44 . 13 13 -/Eq. Bi
Equat. II. o . 45 ——̂
^quat. III. 3 . 29 567 B.^quat,

40 Semidiir. AdcL5
April 5 . 12 . 01 . 09

Hence it appears, that at one Minute after Midnight following tlie 
5th of Aprily equal Time,, will happen the Emerfion required.

It may not be amifs to inform the Reader, that we have learnt, by 
the Experience of many Years Obfervation,. that the fecond Inequality 
of this Satellite proceeds from the progrefliye Propagation of Light, 
and is common to all the reft of the Satellites: Light being found to 
proceed, in about feven Minutes of Time, as far as from the Sun to 
the Earth,, whether with an equable Motion or otherwife is Itill a 
Queftion. For this Reafon we have added a third Equation, 1 whereby 
to account for the greater Diftance of Jupiter from the Earth m Aphelio 
than in Perihelia, as the fecond ^Equation anfwers to the greater Diftance 
of the Planet, when near the Conjunélion of the Sun, than when near 
his Oppofition.

Obfemtions X X X V .  The Reverend Dr. Pound, fecond to none in A rt or Indnf- 
»n/ome of the try,, has offered the following Obfervations to be communicated to the 
netT-^W Publick,. made by him at Wanftead with great Accuracy, with very long, 
OcLitadoi^r Tubes and a Micrometer.
« lix tS tar, by Anno 1 7 1 5 ,  Aug. 2 1 ,  s'*. 2 5 '4- equal Time, Mars preceded in Right 
Jupiter; by Afcenfion the middle Star in the Forehead of Scorpio {Bayer ^) hy  6'. 
Mr. J. Pound, being more to the North than the Star by 9 '. 4 7 '^

“■350-p-50 • preceded the bright Star in the Foot of Ser-
pentarius,. {Bayer 9) by 17'. 48'  ̂ and had the fame Declination exaélly.

November 30, i8 \  8', Saturn preceded or the Second in the Wing 
o f Virgo, by 23'. 19", and was more South than the fixt Star by 25'.
'Rnt December 4,. 17I1. 25'. it preceded it by 10'. ao", and was more 
South by 29' 00''.

Anno \yi6,  Feb. 22, 23', equal Time, Mars preceded C in Pifces,
or the fubfequent of the three bright Stars in the Southern String of Pifĉ >̂

by
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O h fe r v a t io n s  on  f o m e  o f  th e  p r i m a r y

b y  3' 25"» and was more to the South than the fame by 23"» which
(herefore he ought to cover before two Hours, perhaps corporally.

îme 7.1-, S'*- 52'» equal Time, Venus follow’ d the Lion's Heart at 
/  50", and was more South than the fixt Star by 23".
Aug. 14> 15 '̂ preceded Propus by only one Minute, with

No rthern  D e c l i n a t i o n  lefs t h a n  14'. 26".
Jug. 19, 13̂ - 2', preceded the Telefcopic fixt Star which is

call’d b, by 50'. 08 , having the fame Declination exaftly.
in the Micrometer was diftant from the 

aforefaid J, 5'. 54'^ and at the fame Time from another brigliter fixt 
Star a, 7'. The Diftance of the fixt Stars was 12'. 31''''. Then
the lefler Diameter of Jupiter was o'. 38''.

Venus newly come from her fecond Station fol-Sept. 12, 17 o'.
low’d a Telefcopic Star at 17''. 40", and was more Southerly than it 
L.. ./ This fixt Star was then in SI, 27°. 4 4 ' with South La-by5'.• - / titude 5®. 39

15 ’0 £lcb. 15, 17*'. Venus in the Micrometer was diftant 27'. 55", 
from a fixt Star t  in the Leg of the Lion.

Nov. 20, 6*'. 18' 4-, Jupiter went back to the Stars a and at which 
he was obferv’d Jug. 24, and was diftant from b 6'. 21", from a 11'. 36''.

iVcT7. 21, 7’’. 38', Jupiter was diftant from b 9'. 19", and from a 3'. 
48'''. The Stars were diftant from one another 12'. 30". Jupiter's Axis 
or lefier Diameter was o'. 44". Afterwards at i 50'. the Star a fcem’d 
to adhere as it were to Jupiier\ Limb, and was about 4 of his Semidi* 
ameter, or o'. 15", more to' the North than the Center of Jupiter. Now 
according to thefe Obfervations it appears, that the Middle of the Oc- 
cultation of the fixt Star, by the Body of Jupiter interpofing, happen’d 
Nov. 21, i9h. 55"» very nearly. Afterwards

Nov. 30. 5'’. 41' preceded Propus
Bee. 4. 6. o U follow’d it ------
Bee. 5. 6. o Repeated ---------
Bee. 6. 6. o Again ---------
Bee. 7. 6 . o Again ---------

12'.
22.
31-
40.
49,

36" more Southerly 7'. 36''
49 -------- ----------  7 - 47
3 5 -------------------7 - 50
3 0 ------------------ 7. 52

--------------------- 7 . 5 415
From thefe laft Obfervations it appears, that Jupiter and Propus had 

the fame Longitude Dec. i, 15̂ . 29', at what Time Jupiter w;is more 
to the South than the Star by 7'. 40". From the fame it will alfo ap
pear, that Jupiter was in Oppofition to the Sun, as to Right Aicenfion, 
Bee. 6, 12*'. 46' \ but as to Longitude Dee. 6, 12*’. 34'4-.

N. B. Thofe Telefcopic Stars, call’d a and are had in '¡sAx.Flam- 
Jieed's Britijh Catalogue of the fixt Stars, wherein, at the Beginning of 
the Year 1690, the Place affign’ d to d is u 27°. 54'. 29", with South 
Latitude 0°. 21'. 55", The Place of the other is n 28'̂ . 5'. 24", 
with South Latitude 28'. 5". Neither do we know any other fixt Star 
iiid by the Body of Jupiter., and obferved fince the Invention of the 
Telefcope, except the aforefaid Star a j to wlúch heretofoi e Jupiter ap- 
ply’d himfelf very clofely 83 Years ago, Dec, 9, ft. n. in the Year 1633,

3 1 9
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in the Evening. Then at Dinia  ̂ Gajfendus faw Jiipiier In Conjunftioii 
with this fixt Star, and not above five Semidiameters of his Body above 
it. Whence a Calculation being duly made, it will appear that the 
Nodes of this Planet, and the Plain of its Orbit, keep their Situation 
immoveable in the Sphere of fixt Stars, or at leail are moved with a 
very flow Motion. See Gajfendus's Obfervations, Tom. IV. p. 162,

Refiification X X X V L  M. Cajfini above 30 Years communicated to the World 
Motions his Dilcovcry of the two new Satellites of Saturn  ̂ which made their 

of the f.’ve Sa- lsiumb;.T Five. Much about the fame Time Mr. Huygens made the So- 
tarn̂ -*  ̂Prcfent of the Glaffes of a Telc/cope of 12 5 Foot Length, with the
ObfervaTions Jpparatus for ufing them without a Tube ; by Help whereof we might 
h  îr. J. have fatisfied ourfelves of the Reality of thefe Difcoveries. But thpfe 
1‘ound, n.355. i-jgre,. that firfl; tried to make ufe of this Glafs, finding, for want of 

Praitice, fome DifRculcies in the Management thereof, were the Occa- 
fion of its being laid afide for fome Time.

In the mean Time the French Aftronomers^ giving us in their yearly 
Memoirs no 'Obfervations of theic Satellites till very lately, nor having 
feem’d willing to fliew them in their Glafles to fuch as requefted it, oc- 
cafioned in fome Perfons a Sufpicion of the Reality of this Difcovery : 
And Mr. Berham having borrowed of the Society their long Glafs, could 
not thereby afilire himfelf, that the fmall Stars he fometimes found about 
Saturn  ̂ were really his Satellites, their, Situation not agreeing with their 
Places derived from the Tables of their Motions exhibited inN® 187.

* T/W.Supr. * of P h il ‘Tranfaii. befides that he wanted a fuificient Height to raife
V . I. C. IV. the Objefl: Glafs, fo as to \\Q\f Saturn to Advantage, above the Va- 
S. LXXXII. pQUj. of the Horizon. But in xht Alemoirs for 1714, M.. Caffini, the 

worthy Succeflbr of his great Father, has given us fome Obfervations, 
which clear up the Point, and by Ihewing the Errors of thole firft 
Tables, has enabled us to be aíTured, that we have feen the whole. 
tellitium of Saturn ourfelves.

The Subilance of thefe Obfervations is as follows:
Anno 1714, May 6, St. N . about Mid-night, Saturn being then Sta

tionary in "E 4  ̂ 27', the fifth and outermoft Satellite was in its luperior 
Conjunftion with the Planet, and at the fame l"iíí)e, the Earth was 
nearly in the Plain of this Satellite’ s Orbit, fo thik it appeared to pafs 
very near the Center of Saturn: From hence, and ^ m  fome other pre
ceding Obfervations, M . Caffini concludes, that the Nodes of this 
Satellite’s Orb are in four Degrees of «K and X, and that its Inclination 
to the Ecliptick is not much more than half that of the other Sa* 
tellites. Hence it ihould follow that the Eliipfes it' defcribes by its 
apparent Motion about Saturn, when in n and t  are much flatter 
and nearer to his Body, than thofe of the other four, which he al
lows to move in- the Plain of the Ring, and to have their Nodes in
21 gr. of nc and K, with an Inclination to the Ecliptick of 31 Degrees. 
T o  c o n f i r m  t h i s  Difcovery, h e  p r o d u c e s  a n o t h e r  Obfervation of his Fa.-

ther’s,
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o f the Satellites Saturn.  ̂2i
ther’s, near thirty Years before, viz. that Anno 1685, 3 í» St . N.
about Noon, the fame Satellite was obferved in fuperiour Conjunc
tion with Saturn, with lefs than one Diameter of the Ring North La 
titude, Saturn being then in 11°. 48'. So that the Satellite wanted 
but 21' of completing 134 Revolutions, in the Interval of Time 
between them. From thefe Data it was eafy to fettle the Theory of 
this Satellite.

As to the Fourth, or the Hugenian Satellite •, in the Memoirs for 1715, 
we find a very curious Obfervation of it, and the firft of its Kind, viz. 
ésa Mart. 25°. S . N .  about i iK  P. M . this fourth Satellite, then in 
Apogeo, did immerge behind the Body of Saturn. W ith this Emenda
tion the Place of this Satellite may for the future be computed with a 
fufficient Exaftnefs.

The third Satellite, by an original Miftake in the Letters in N°. 187,
♦is all wrong; its daily Motion being there printed 2*. 18“. 4 1 ^  * Supra,

50''inftead of 2’. 41'. 50''-, as maybe perceived by the Period j
thereof being determined in the aforefaid Miw/wW of 1714, to be 4“*. ' '

25'. 12̂ ''. that is, that it makes 400 Revolutions in 1807 Days. i
This Satellite was obferved by M. Caffmi, April 4'“ St. N . io ‘'. P. M . 
to have newly paft its inferior Conjunftion with Saturn, and a Perpen
dicular from it fell on the Extremity of the Weftern Anfe, fo that at 
about 5*’. P. M . it was with the Center ot the Planet then in 5®.

and confequently in X 5°, 23  ̂ But at the Beginning ot the Gre- 
gorian Year 1686, the Epoche thereof was 9®. 39̂  So that from the 
Noon of the laft of December 1685, X.o April 4®. 6'’. i^' .anno 1714, 
that is, in 10320 Days 6  ̂ i8^ there have been made 2284^ Revoluti
ons of this Satellite to the Equinodial •, from which the Tables
of its Motion are readily derivable.

The Radix of the Penintime or fecond Satellite, according to the afore- 
faid Letter, at the Beginning of the Gregorian Year 1686, was in ^  9*̂ .
10'. But by the Obfervations of M. Cnffini made the Nights before and 
after, this Satellite was in its fuperior Conjunftion anno 1714, April 4'*.
11%. St. N . that is, in 5°. 21' , where Saturn then was; So that April 
4‘‘- 2 2h, 12', an entire Number of Revolutions were performed fince 
úit Epoche o( 1686, that is, in 10320 Days 22̂ . 12̂ : Which Number 
can be no other than 3771, according to the Period thereof given in 
this Memoire, viz. 2'̂ . iy^\ 41''. 21''.

Laftly, The innermoft or firft Satellite, at the fame Time, viz. 1714,
^pril 4.°. 21 .̂ 30  ̂ 67. N . v/as in its inferior Conjunftion proaime, and 
confequently in X 5°. 21'. But the Epoche thereof for 1686, is 24°.
50'. which Place the Satellite had pall 40 gr. 31' at the Time of the 
ObftTvation. This Arch it moves in 5’'. 6': Wherefore from the Time 

Epoche to April 4.̂ . ló '’. 24', 1714, or in 10320 Days i6h. 24  ̂
the Satellite has performed 5467 Revolutions, its Period being deter-' 
niinod to be i Day, 21 Hours, 18'. 27''', in this Memoire.

V o l . IV. T  t Plaving



Having by the Help of thefe late Obfervations correfted the Motionj 
of the Satellites, and having fixed their Epocbes for the prefent Year, 
we were enabled to know where to expeft them with more Certainty, 
and to diftinguifli them one froiTi another, and from the fmall fixt Stars 
appearing with them. And Mr. J . Pound having, by Means of his,. 
Steeple of Wanjied, provided a Gnonm high enough tor the Purppfe, 
and having fitted a very commodious Apparatus for ufing the Socielyh 
aforefaid long Telcfcope, foon djfcovered by it all thefe five Satellites; 
and lately communicated to them the following Obfervations.

1718. Jpril 21̂ *. ID*’. 40'. The third and fourth Satellites of Saturn 
were in Apogao  ̂ a little paft their Conjunftion with Saturn: A  Perpen
dicular from the fourth to the tranfverfe Axis of the Ring (or Line of 
the An[a) fell a little without the Eaftern Anfa \ and a Line through the 

fig- '32. fourth and third touched the Eaftern Lim b of Saturn, Fig. 132.
The firft was Northward of the Line of the Anfa (and therefore in 

the Apogaon Semicircle alfo) diftant from the faid Line about as far as 
the End of the conjugate Axis of the Ring was from the Center of 1?, 
viz. nearly |  of Saturn's, Semidiameter; and it was about a Semidia
meter of the Ring from the Weftetn Anfa.

The fecond was a very little Southward of the I.ine of the Anfa (and 
therefore in the Perigaen Semicircle) above a Semidiameter of the Ring 
-4-the Semidiameter of b) from the Weftern And the third,
firft and fecond were in a ftrait Line.

A t lo .̂ 50'. A  Perpendicular from the third to the Line of the Anfa 
fell almoft on the Middle of the bright Part of the Eaftern Anfa^ but 
fomewhat nearer the Center than the faid Middle.

April 22“*. 11̂ . 5'. The four innermoft Satellites were all Eaftward 
of T?. The 2'* and 4*** in the Apogaon^ and the and 3'* in the Peri- 
gaon Semicircle. A  Line thro’ the 2'* and 4‘*’ touched the South-Eaft 
Limb of b. A  Line pafling through the 3'* and the End of the con
jugate Axis of the Ring, was parallel to the Line of the Anfa.

A t iih . 10'. A  Perpendicular from the firft to the Line of the 
fig- 133- fell on the Eaftern Extremity of the Ring, E g. 133.

Thefe Diftances and Direftions were taken only by Eftimation, and 
not by any aélual Meafurement.

The fifth (or outermoft) Satellite being at this Time near its greateft 
Elongation Eaftward, among feveral very fmall Telefcopick Stars, he 
could not determine its Pofition. But by obferving the Motion of this 
fome other Nights before, he was now fully fatisfied, from the Motions 
reftified as above, that there are five Satellites o f Saturn, as M . Caffmi 
had long fince aíTerted.

In the bright Part of each Anfa was a darkiih Ellipfe nearer to the 
Outfide than the Infide of the Ring, as if  it was compofed of two Rings 
near to one another.

On the Body of l̂ , befide the Ring on the South-^\át, there appear
ed on the North-ííáQ a Zone not fo far from the Center as the Ring, and

not
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not much unlike the fmalleft o f Juftter'% Belts. Which Appearances
v r̂e firft taken Notice of by in Fh'tl. ^ranf. * N® 128. • T/V. fupra.
Vide Fig. I - . y 'TYYv7 '

It is not to be expefted that thefe Satellites, exceedingly minute in  ̂ '
ihemfelves, and fo faintly illuminated, ihould appear when the A ir is ptg. ,3̂ .

of the Satellites Saturn. 323

but ordinarily ferene, they requiring not only the Medium to be fummo 
modo defecate and limpid, but withal in perfeél Darknefs. For which 
Reafons it may well be underftood why the Gentlemen of the Parifian 
Obfervatory may have fometimes made a Difficulty to undertake to 
fhew them upon Demand.

X X X V II . By Help of the late Obfervations, and making (om tC oT ' Coma T a- 

reftion in the Motions, we owe the whole Syftem of Saturn's Satellites 
to Mr. Huygens's Telefcope: And taking in the accurate Obfervations saSIam"! % e  
of the Reverend Dr. James Poundy we have obtain’d the following T a - Satellites, ky . J
bles, which very well agree with the Heavens. That is, by adding 2®.---- n. 356.  ̂̂
9' to the Motion of the Inmoft, and 3®. 25' to that of the Inmoit but^J^oj 
one, retaining the Epochs of M . Cajini to the Year 1686. A lfo in- y i jy.
creafing the annual Motion of the Outmoft by 9 ',  and taking away S. L X X X II. 

i6° from the Epoch, which in the Epiftle N ° 187, was faultily wrote 
K 16®. 19' for X 0°. 16', we found that of Huygens to be yearly 6' 
flower. But we have been obliged intirely to reform the Tables of the 
Third, yet ftill retaining the Epochs becaufe the daily Motion deliver’d 
in that Epiftle was utterly falfe.

A \
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" A  Table of the mean Motions of the inmoft of Saturn’j  Satellites  ̂
difcover'd by M . Cailini, An. 1686.

Ytan oj 
Cbriji 
tegin- 
nirig.

Epochs.

S / //

Mean
Motion.
 ̂ 0 //

1
Mean 

Motion. .
 ̂ 0 //

//
M

Mea» Motion.
Sex. ® ' 
0 / //

Mean
Motion

0 /

16S I -8 48 I 4  .. 4  43 I 6 10 42 I 0 7 57 31 4 6
1686 « 13 4 2 8 9 25 2 0 21 24 2 0 15 53 32 4  14
1 701 6 34 3 0 14 8 3 7 2 6 3 0 23 50 33 4 22
I7I4 A

9 57 4 10 29 33 4 1 12 47 4 0 31 47 34 4  30
I 715 14, 39 5 3 4 16 5 7 23 29 ' 5 0 39 4 4 35 4  38

1716 u 19 22 6 7 8 59 6 2 4 11 ‘ 6 0 47  40 36 4  46
1717 » 4  47 7 11 13 42 7 8 14 53 7 0 55 37 37 4 .5 4

, 1718 9 30 8 9 29 6 8 2 25 35 8 I 3 34 38 5 2
I719 y? 14 13 9 2 3 49 9 9 6 17 9 1 11 31 39 5 10
1720 « 18 55 10 6 8 32 10 3 16 59 ‘ 0

Í
1 19 28 40 5 18

Mcntht Mean
' of tke 
Com, Motion. 11 10 13 15 11 9 27 41 11 I 27 24 41 5 26
Year. s 0 // 12 8 28 40 12 4 8 22 12 I 35 2 142 5 34

13 I 3 23 13 10 19 4 13 I 43 18 4 3 5 42
Jan. 0 0 0 14 5 8 5 14 4 29 46 14 I 51 15 44 5 50
Febr. 5 I 38 15 9 12 48 15 11 10 28 15' I! 59 11 45 5 58

Mar. 3 I 10 16 7 28 13 16 5 21 10 16
!

2 7 846 6 5
Apr. 8 2 48 17 0 2 56 17 0 I 52 17 2 15 5 47 6 13
May 6 23 44 18 4 7 39 18 6 12 34 18 2 23 I 48 6 21
June 11 25 22 19 8 12 21 19 0 23 16 19 2 30 58 49 6 29
July 10 16 ig 20 6 27 46 20 7 3 57 20 2 38 55 50 6 37

Aug. 3 17 57' 40 I 25 32 21 1 14 39 21 2 46 52 51 6 45
Sept. 8 19 35; 60 8 23 19 22 7 25 21 22 2 5 4  49 52 6 5305lob 7 10 31 80 3 21 5 23 2 6 3 23 3 2 45 53 7 I
Nov. 0 12 51100 10 18 51 24 8 16 45 24 3 10 42 54■7 9
Dec. 11 3 5; 120 5 15 37 25 2 27 27 25 3 18 39 55 j7 17

26 9 8 9 26' 3 26 35 56(7 25
In Leap-Year after February 27 3 18 5 c 27’ 3 34 32 57 7 33

add the Motion of one Day. 28 9  29 32 28' 3 42 28 58 7 41
29 4 10 14•29' 3 50 25 59 7 46
30 10 20 56' 3C> 3 58 22 60̂ 7 57

T A  ‘table
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A  table of the Mean Motions of the Inmofi hut one of the 
Satellites 0 /Saturn, difcover'd by M . Cáílini, Anno 1686.

3 2 5

1716
1717
1718
1719
1720

n

X
25

Months 
of the 
C$m, 
7'ear,

Jan.
Febr.

Mar.
Apr.
May
June
July

Aug.
Sept.
0¿t.
Nov.
Dec.

27 9 
18 4 3
28 45 

8 47
i8 49

Mean
Motion.

0 0 0  
3 27 3 4  !

6 20 32 
10 18 6
10 4
2 1 41
I 17 4 3

5  15 17 
9  12 51 
8 28 53 
o 26 27 
O 12 28

7
8

9
10

11 
' 12
13

h 4
15

16
17

■ 18
19
20

Mean
Motion.

4 10
8 20 4 
1 0 6
9 21 40 
2 I 42

6 11 44
10 21 46
7 13 20

11 22 22
4  3 24

8 13 26
5  5
9 15 2
I 25
6  5

Mean 
b  Motion.

<3 //

2
7  

11
3 26 46 
o 18 20

7
8

9
10

11
12
13
14
15

1626 40
6 4 2 j i 7 

16 44^8

4  I I
8 23 
I 4
5 16
9 27

32
4

36
8

40

I ^6 20
II 2 

3 13
7  25

12
4 4
16
4 9
21

0 6 53
4 18 25 
8 29 57
1 II 29
5  23 I

40
60
80

100
120

I
1
2
3 
3

25

19
20

216 40 
o 22 

13 2023 
I 424 

20 o
-1.

In Leap-Tear after February 
add the Motion of one Day.

4

26
27
28
29
30

10
2 
6

11
3

4
16

3 3  
5

27 3 7
9  9  

20 41

8
0 
4  
9
1

2 13 
13 4 5
25 17
6 49 

18 22

5  29
10 11 2̂6 
2 22 58

■7 '4  30
11 16

H Mean Motion. Mean
I JL

M
Sex

K)
0
/

/
// a ’ Motion.

/ //

I 0 5 29 31 2 50
2 0 10 58 32 2 56
3 0 16 26133 3 I
4 0 21 55 34 3 7
5 0 27 24 35 3 12

6 0 32 53 36 3 17
7 0 38 22 37 3 23
8 0 43 51 38 3 28
9 0 49 19 39 3 34

10 0 54 48 40 3 40

11 I 0 17 41 3 45
12 I 5 46 42 3 51
13 I 11 15 43 3 56
14 I 16 44 44 4 -  ̂ I

15 1 22 13 45 ,4 /' , 7

16 I 27 42 46 4 12
17 I 33 11 47 4 17
18 I 38 39 48 4 23
19 I 44 8 49 4 28
20 I 49 37 50 4 34

21 ' I 55 ■ 6 51 4 39
22 2 b 35 52 4 45
23 2 6 4 53 4 50
24 2 11 32 54 4 56
25 2 17 155 5 * I

26 2 22 30 5^ 5 7
27 2 27 59' 5/ 5 12
28 2 33, 27' 5Í 5 18
29 ' 2 ‘38 56'55>5 ;23
30 2 44 25: 6c>5 ’29

A  T'abk



3 2 6
A  TahU of ihe Mean Motion 'of the Middkntoji of Saturn’j 

Satetlitesy difcdver'd !>y Anno 1671.

■

T O W

Y h r t

tcgin-
ntng.

r681 
1686 
1701
1714
1715

”K 12  IP  
*n 27 6

1 1 7  

II 43
5S 28 45

1716
1717 
171 
171 
1720

« 
» 

8 x  
9 ^

Mmlbi
oftbt
Ctm ,
Y ta r .

Jan.
Febr.

Mar.
Apr.
May
'fune
July

Jug.
Sept.
OSl.
Nov.
Dec.

Epochs.

15 47  
22 20 

9  32
26 34

13 35

Mean
Motion.

//

0 0 0  
1 0  1 0  2 4

o 
11
6

5

21 44
2 9

22 -51
3 16

o 23 58

II
9
5
3
I

4 23 
*4 47
5 30 

15 54
6 37

10

11
12
13
14

Mean
Motion.

17
4  

21
27 48
14 50

I 52 
18 53 
25 36
12 38 
29 40

2 16 42 
2 23 25 
o 10 26 
9 27 28 
8 14 30

16
17
18
19
20

40
6 0
80

1 0 0
120

7 21 I
5 8 I
2 25 16 
o 12 18 
o 19

1 8

2 16
'3 5
3 24

In Leap-Tear after February 
add the Motion of one Day.

7
8

9
10

11
12
13
14
15

316
5 17

18
19
20

21
22

£23
6 24
725

26
27
28
29
30

Mea'n
Motion. H'

M

19 41
9  23 

29 4
10 18 46 

I 8 27

1 28 9 
) 17 50
)• 7 31 

II 27 13
2 16 54

5
7

10
I
3

6 36 
26 17 
15 5 9  

5  40 
25 21

6 15
9  4  4 4

II 24 26 
2 14 
5  3 4 9

7 23 30 
10 13 II 

I 2 53 
3 22 34 
6 12 1625

9 * 5726 
II 21 3927 

2 II 2028 
29

7
8
9

10

3 1931
6 38 
9 58 

o 13 17 
o 16 36

O 19 5 5  
o 23 15 
o 26 34 
o 29 53 
o 33 12

11 
12

14
15

16 
I/ 
18

719
20

21
22
23
24

o 36 31 
O 3 9  51 
o 43 10 
o 46 29 
O 49 48

O 5 3  
o 
o
0
1

32
3 3
3 4
3 5

36
3 7
38
3 9
40

41
42

AifJB
Mühh. 

//

43
46
49
5 3
56

2 o 
2 3 
2 6 
2 10
* 13

16
19

432 23
4 4 2 26
452 29

56 27 
5 9  46

846
47

3
6

5
24

9
13
16

44
3

4 8

4 9
50

51
52

19 41
23 I

2253
54

I 26 20 
I 29 39 
I 32 58
I 36 17

- 7  2 0 - 4 3  3 0  I 36 6c43

5 5

563
5 7

5 9

33 
36

2 39 
2 43 
2 .46

2 49
2 53 
2
2
3

56
59

3

3 9
583 13

a



A ‘tííbl  ̂of the Mean Motion o f the Outmojl hut one of the Satellites 
Saturn, difcovered by Afr. Huygens, Anno i6 s 5.

3 2 7

■75̂
/>/■
mng.

1641
1̂ 61
1681
1686
I7OI

Epochs.

K
V
n
n

2 4 8

13 23
2 7  58

3 28 
12 33

1714
I/Í5 
171
1717
1718

K

6 /
Í
"I

1719
1720
1721

«/■ íií 
6m.
Jwr.

7<2K.

A&r.
Apr.
May
é r -

jitne
n

Sept.
0£l.

Nov.
^ e c .

17 53 
8 28 

29 3
12 13 

2 48

*^22 2 2 
a  1 3  58  

2 7  8

M ean
Motion.

o o
9  54  

1 2  2

21 55

9  14

5
4

3
2

1 9  7 

6  2 6  

1 6  18  
2 6  1 2

13 30

o  2 3  3 4  
I I  1 0  4 2

7
8
9

1 0

1 1
12

13
14
15

16
17
18

19
2 0

4 0

6 0

8 0

1 0 0

1 2 0

1 4 0

1 6 0

Mean 
Motion. 
s « '

1 0  2 0  3 5  

9  I I  1 0  
8 I 4 5

7 H  55 
6 5 3^

2 6  5 

1 6  4 0  

2 9  5 0  

2 0  2 5
I I o

“  I 35 
10 14 45

9 5  2 0

7 25 55 
6 1 6  3 c

5
4

3
2

I

2 9  4 0
2 0  1 5  

1 0  5 0  

I 2 5  

14 35

2 2 9  1 0

4  13 45
5  28 2 0

7  1 2  5 5
8 2 7  3 0

1 0  12
1 1  2 6  4 0

In Leap-Tear after February 
add the Motion of one Day.
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, 4
, 5

4
5
6

9 6
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1 1
12
13
14
15

16

17
18
19
20

21
22
23
24
25

5 26
27
28
29
30

Mean
Motion.

//

0
1
2
3 
3

22 35 
15 9 
7 44 
o 18

22 53
15 28 

8 2
o 37 

23 12 
15 46

8

9
9

8 21
o 55

. 23 30 
10 16 5

8 391 1

o I 14
0 23 48
1 16 23
2 8 58
3 I 32

24 
16 42 
9 1 
I 51

24 25

7 17
8 9 35 
9 2 9
9 24 441 

IQ  1 7  18  30  28

H
M\

1
2
3
4 

.5
‘ 6

9
10

1 1
12
13
14
15

16
I
18
19
20

21
22 

623
24
25

26
27
28
29

MeanMotien,

0
1
2

3
4

16
17
18

19
20
21
22
23

5631 
3253

49
46
42

29
30 

3331 
3431
35

5
6

7
8

39
35
31
28
24

10
11
12
13
H

21
17
14
10
7

15
7 16 o

56 
524
49
4551
42
38
35
3 Í

24
25
26
27

27
245
20
17

Mean

32

36
37
38
39
40

41
42
43
44
45

346
47

52

54
55
56

58
59

3^056

48 
946

504

47
48
49
50
51

753

//

10
6

59
55

33 52
34 48
35 45
36 41
37 38

38 34,
39 31
40 27
41 24
42 20

43 17
44 1345 10 

6

7 3

56
52
49
45

52 42
38

54 35
55 31
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■■"■I

r'.i



i- p

328

<1

A  T'abk of the mean''Motion ôf the outward Satellite o f Saturn, 
- difcovered by M  CalTini, Anno 1671.

\ *'■ 
r
t Vi rJ ' 

>ung.

Epschs.

V

5^ Mean
Motion.

S o / >->

Mean
Motion.
® 0  //

H
M

Mean
Motion:0 /

t u

§
a

Motion. 

/ //

1 6 8 1 v. 8 4 0 I 7 '
6 3 2 I 0 4  3 2 I 0 1 1 3 1 5 5 1

1 6 8 6 V  i 5 ' 5 0 2 2 1 3 3 2 0 9 5 2 0 2 3 3 2 6 3
1 7 0 1 «  I I  53 3 9 1 9 35 3 0 1 3 37 3 0 34 33 6 1 4

1 7 1 4 X  2 0  2 0 4 5 0 35 4 0 1 8 9 4 0 45 34 6
2 5

1 7 1 5 ^ 2 6  5 2 5 0 7 1 0 5 0 2 2 4 2 5 0 57 35 6 37

1 7 1 6 a  3  2 3 6 7 1 3 4 2 6 0 2 7 1 4 6 I 8 3 6 6 4 8

1 7 1 7 1 4  2 7 7 2 2 0 1 3 7 I I 4 4 7 I 1 9 37 7 0

1 7 1 8 S3 2 0  5 8 8 1 0 I 1 7
8 I 6 1 8 8 I 3 1 3 8 7 1 1

1 7 1 9 X  2 7  3 0 9 5 7 49 9 I 1 0 5 1 9 I 4 2 39 7 2 2

1 7 2 0 TTl 4  2 1 0 0 1 4 2 0 1 0 I 1 5 2 3 1 0 I 53 4 0 7 34

Months Mean
of the 
Com. Motion. 1 1 7 2 0 5 2

1 1 I 1 9 55 1 1 2 5 4 1 7 45
Tear. s 0  " 1 2 3 I 5 6 1 2 1 2 4 2 8 1 2 2 1 6 4 2 7 5 6

1 3 1 0 8 2 7 1 3 I 2 9 0 1 3 2 2 7 43 8 8

Jan. 0 0 0 1 4 5 1 4  59 1 4 2 3 3 2 1 4 2 39 44 8 1 9

Febr. 4  2 0  4 1 1 5 0 2 1 3 0 1 5 2 8 5 1 5 2 5 0 45 8 3 0

Mar. 8  2 7  4 6 1 6 8 2 34 1 6 2 1 2 37 1 6 3 I 4 6 8 4 2

Apr. 1 1 8 2 7 1 7 3 9 6 1 7 2 1 7 9 1 7 3 1 3 47 8 53
May

6  4  37 1 8 1 0 1 5 37 1 8 2 2 1 4 2 1 8 3 2 4 4 8 9 4
June 1 0  2 5  1 8 1 9 5 2 2 9 1 9 2 2 6 1 4 1 9 3 35 49 9 1 6

3 I I  2 7 2 0 I 3 1 3 2 0 3 0 4 6 2 0 3 47 5 0 9 2 7

Jug. 8 2 9 ‘4 0 2 6 2 6 2 1 3 5 1 8 2 1 3 5 8 5 1 9 3 8
Sept. 0  2 2  5 0 6 0 3 9  3 8

2 2 3 9 5 1 2 2 4 9 5 2 9 5 0
0¿l. 5  8  5 9 8 0 4 1 2 5 1 2 3 3 1 4  2 3 2 3 4 2 1 53 1 0 I
No>v. 9  2 9  4 1 1 0 0 5 1 6 4 2 4 3 1 8 55 2 4 4 3 2 54 1 0 1 2

Dec. 2  1 5  5 0  1 2 0 6
1 9 1 7 2 5 3 2 3 2 8 2 5 4 4 3 :55 1 0 2 4

11 ‘
2 6 3 2 8 0 2 6 4 55 5 6 1 0 35

In Leap-Year after February 2 7 4 2 3 2 2 7 5 6 57 1 0 4 6

add the Motion of one Day. 28 4 • 7 5 28 5 1 7 58 10 58
----- 29 4 11 37 29 5 29 59 11 9

30 4 16 9 30 5 4 0 60 11 21

The
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A Colledion o f  Aftronomical Obfervations.
The mean Motion of the Satellites being thus fettled, their Revolutions 

very near the Truth will be thefe following.

3 2 9

D. h.
21
17
12
22

7

/
18
41
25
41
46

//
261
lO r
ID

28
GO

Semidiam. 
Saturn's Body. 

4.3400 
5-5593
/■7643

18.0000 
52.4578

O f the firfl; or inmoft i
O f the fecond or inmoft but one 2
O f the third or Middlemoft 4
O f the fourth or that of Huygens 15
O f the fifth or outmoft 79

Now according to the univerfal Law of Nature, at leaft in this our Syf- 
tem and which obtains as well in the Motions of Jupiter^ Satellites and of 
the Moon, as in thofe of the Primary Planets about the Sun *, if  we fuppofe 
their Centripetal Forces towards Saturn to be in a reciprocal duplicate Ratio 
of their Diftances, and therefore the Cubes of their Diftances from the Cen
ter to be as the Squares of their Periodical Times : From the given Dif- 
tance and Period of* that of Huygens, the Diftances o f the others will come 
out as follows.

Semidiam.
Saturn's Ring.

Diftance of the F irft 1.9289
Second 2.4708
Third 3-4508
Fourth 8.0000
Fifth 23.3146

And thefe Diftances very well agree with M . C<?̂ «i’s Obfervations. Now 
the four inmoft Satellites defcribe their Orbits nearly in the Plain of Saturn'% 
Ring, that is, in a Plain which to Senfe is parallel to the Plain of our Equa
tor, whatever fome may alledge to the contrary. But as to the Fifth, M r. 
James C^Tini, Son to the former, and Heir of his Talents, has lately found, 
that the Situation of its Orbit is fomething ditferent from the others. See 
Úit Memoirs of the Academy 0 /Paris, fo r  the Tear 1714.

XXXVIII. The following Obfervations, of which we have made a Col- 
leftion, are extremely accurate, the Meafures being taken with very long 
Tubes and Micrometers made with unufual Nicety.

An. 1717, April 15. 9*». 49'^ equal Time, Dr. Pound obferved at IVan- 
ftead, that Jupiter was returned to that Star, which Nov. 22, 1716, in the 
Morning, he cover’d with his Body ; concerning which fee Phil. I ’ranf.

350, (or before, p. 319. Now the Center of * Jupiter at that Time was 
diftant from that Star, (which is the third of Gemini in the Catalogue)
23'. towards the North •, and at the fame Time from another near it, 
(which is the fourth m Gemini in the fame Catalogue) 27'. 11", and the 
Planet was very nearly joined to this.

April 25 following, by the fame Obferver and Place, at io \  3', equal 
Time, Jupiter was feen at four fmall fixt Stars, going before them all, and 
at the very Beginning of Cancer. The Center of the Planet was diftant irom 
 ̂‘ 3'- 00^ from h 11'. 32", from/  19'. 53", and from¿- 9'. 27".

V o l . IV. U  u The

A  CoIIedion 
o/Ailronomi- 
cal Obfervati
ons fo r  1717,
«718. by------
n.357. p.840. 
— o f the Pla
nets.
•  Vid. fupra, 
p. 319. 
n,3S4. p.723.

J



The Day after, A fril 26, at 9̂ . 7', the Center of Jupiter was diftant from e 8'. 3 5", from /  9'. from g 4'. 5", and from h 13'. 50''. And he had
now gone beyond them all, except/to which he was going, and which he 
ought to leave very little below him the next Day.

A ln io il at the fame Moment, that is, at Nine a-Clock iit London, the Star 
g was fcen in the Vertex of an Equicrural Triangle, or almoil Equilateral, 
with the Center of Jupiter and his third Satellite, then diilant fix Diameters 
of Jupiter towards the Welt •, unlefs that the Leggs of the Triangle were 
fomething longer than the Bafe. And within a Quarter of an Hour the 
Angle at the Center of Jupiter, which before was greater than that at the 
Satellite, grew fenfibly lefs.

But the three Stars h, g, e, are the 10, 11, and 12 of Gemini in the Britijh 
Catalogue, according to which they had at that 7 ’ime this Situation j h in 
® o‘'. 22'. 15'', with Northern Latitude o®. 11̂ . 25'''. And  ̂ in 03 0°. 
28'. 25̂  ̂with Northern Latitude o*’ . 3'. 40'', Laftly in 25 o®. 29'. 20''''. 
withLat. o®. 8'. 5'''. Nor. But the fourth /  is diilant from the Star ̂  n '.

from e 12'. 15'', and laftly from h 20' 36̂ ,̂ whence its Place is given. 
From hence it appears, that Jupiter had very little North Latitude, not 
greater than Ha lf a Minute, at leaft if Credit may be given to the afore
mentioned Places of the Stars. This may be of Ufe to Pofterity, in deter
mining the Motion of Jupiter'% Nodes, if they have any Motion at all.

The fame Year, June 18, at London, in the Houfe of the Royal Society, 
Saturn was feen very near a Telefcopic fixt Star, from whence it was diftant 
towards the South hardly one Diameter of the Ring, and a Perpendicular 
let fall from the Star upon the Line of the Anfa, fell upon the Middle of 
the Eaftern Anfa. This little fixt Star, inferted in no Catalogue, then was 
in ^ 12'’ . 58 '4-> with Northern Latitude 2®. 33', veary nearly ; and had a 
Companion joined with it of equal Magnitude four Minutes diftant from it 
towards the Eáft, but fomething more Southerly; whence it may eafily be 
diftinguiftied, and its Places verified at Pleafure.

The fame Night at lob, 30', Mars was feen near the Star which precedes 
35 of Scorpio, from which it was diftant 7'. 16". as meafured by a Tube of
24 Feet; and that in a right Line drawn through the bright Star 9 in the 
Foot of Ophiuchus, and the faid fixt Star. Now this Star precedes 35 of 
Scorpio 30̂ . I']''t of Right Afcenfion, and is more Southerly than it by 1', 
28". Whence its Place at that Time was Sagittary 15®. 24'. %o". with South 
Latitude 3°. 59''. 2^". But 9 in Ophiuchus was then Sagittary 17®. 28̂  
with North Latitude 4 / . 38''. So thzt Mars preceded that Staf in 
Longitude 4'. 58'  ̂ and was more Southerly than it by 5'. 30''.

Afterwards, Sept. 13, at 8**. 30̂ . equal Time, Mars was ^en by Dr. Pound 
to precede the bright Star <r in the Shoulder of Sagittary 1 54''. A t 8*'.
25 . the Diftance of the Planet from the Star was 25̂ . 00". exaftly.

 ̂ Time, by the Agreement of Obfervations fe-
veral Times repeated, Tiv. Pound found Saturn to precede the bright Te
lefcopic Star that was near it 27'. 19'  ̂ Right Afcenfion, and that it was 
more Southerly than the Star i'. 59''. A t the fame Time Saturn preceded 
» in the Virgin s Garment i^, 25', 2 i'\  and was more Southerly than it 4̂ .

330 ^  Colle¿tion of Aftronomical Obfervations.



Hence the Place of Saturn was Libra 29". 16', z\ " . Its Northern
The Telefcopic Star was then Libra 29". 40'.

A  Colleílion of Aílronomical Obfervatmis.

os"
Latitude was 2 22'. 21

■/f Its North Latitude 2®. 33' 4 3 ''-
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 ̂ An. 1718, h  5 -̂ 3 '̂- equal'Time, i^ems was obferved near two 
Stars,' which are omitted in the Brilijb Catalogue, Now the Planet was 
pore’ to the South than either of the fixt Stars, being diilant from the 
preceding 32'. 30'  ̂ and from the fubfequent 17'. The preceding
S ta r  was then mPifceSy 14 .̂ 42'. 2o'\ with South Latitude 40'. 10''. The 
other fubfequent Star was in Pifces 15°, 21'. 55̂ '. with South Latitude 27'. 
jc" as may be colleded from Mr. Flamjieed's Obfervations.

Jan. I S'» o', equal Time, Jupiter preceded « in the Breaft of Cancer.,
2°. 20'. 50" Right Afcenfion, and was more Southerly than the fixt Star 14'. 
\ c " .  H e n c e  yM/>/V̂ r’ s Place was Cancer 28®. 20''. with North Latitude 3 6'. 45''.

March 11, at Iô - 36'. equal Time, Saturn preceded x in the Virgin's Gar
ment I S'. 51". and was more Southerly than that Star 5'. 23". Hence the 
Place of Saturn was Scorpio 18®. 34'. with North Latitude 2*. 44'. 8". That 
is fuppofmg, according to the Britijh Catalogue, that v. in Virgo was vz o' .̂. 
34'. 10". with Latitude 2®. 55'. 40". The fame Night at lyh. 00'. at ff^eji- 
minfter Dr. Defaguliers and M r. Gray obferved Saturn to precede the Star 
19'. 00". with a greater Declination Southerly 4''. 45".

A p rils, at II*’. 30'. TiX. London, Saturn was lately feen Acronych very 
little more Weilerly than a bright Telefcopic Star, and more Northerly than 
the fame by 5 Minutes. Whence the Place of the fixt Star was Libra 28̂ ". 
18'. 30". its North Latitude 2°. 41'. Now a great Circle drawn through 
this Star and Saturn feem’d to be direfted to a Star of the fifth Magnitude 
omitted in the Britijh Catalogue, but which according to Ifevelius is in the 
Point of the Northern W ing of Virgo., whofe Place he afligns Libr. 26°. 
10'. with North Latitude 14®. 43'.

The iame Night at i3 \  20'. at IVanJted, a Perpendicular let fall from the 
faid Telefcopic Star upon the Line of Saturn’ s Anf^ preceded the Center 
of the Planet about one and a half of the Diameters of the Ring and the 
Star was diilant towards the South 4'. 30". from the Anis ot the Anfa. 
Alfo the Extremity of the Eaftern Anfa was found in a right Line between 
this Star and another joyn’d to it as it were in Longitude, which was then 
diilant from Saturn 24'. 48". towards the North. But the Place of the 
former Star was then Libra 28̂ ’ . 18'. f .  with North Latitude 2'’. 41'. nearly.

Sept. 7. about Noon, there happen’d a veiy near Conjunftion of 
and Venus, the View of which was obilruded by the Clouds from oiir A ilro- 
nomers. But on the 6th Day aforegoing in the Morning, or 5  ̂ 22'’. 57' 
30". equal Time, aiWanJiead, Venus was diilant ixom Jupiter i®. 3'-28''. 
to the W eil. But on i jh.  21'. Venus now to the Ea ll was diilant 
'ixom Jupiter 43'. 18". and at 17'’. 34'. Venus was more Southern than Ju 
piter by the Difference of Declinations 14'. 23". And at i j \  39''. the Di- 
llance of the Planets was taken 44'. 4". Hence by the Calculation oi a 
very accurate Obferver, they were in Conjunction Sept. 7. 0''. 9'. equal Time i 
the Center of Venus being more South than Jupiter's only \'. 42".

Sept. 18, in the Morning, at Wanjtead, Jupiter was feen near Cor Leonts^
U  u 2 with
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with which he had been in Conjunélion the Day before, Sept. 17. at i6 \  c\' 
equal Time. Jufittf^Qoxwix w:is diftant from Cor Leonis 24'. 22'''; and at 
ly**. 6'. ^o". the Difference of Declination was 12^43'^ Then an Hour 
after, or at 17'’. 54'. the Diftance becamc 24'. 44'', and at 18'’. 7'. the Dif. 
ference of Declinations was found 12' 35''. Hence by Dr. Calcula
tion, on Sept. 17, at iS*’. o', equal Time, the Place of Jupiter wzs Léo 26*. 
11'. 7''. with 45'. 32". North Latitude.

—  of tht Anno 1717, Jan. 12. .̂tWefiminJier, Mr. Stephen Gray ohkrvtá an Appulfe 
Moon «W of ths Moon to four contiguous Stars under the South Horn of Taurus., near 
Ecliples. the Moon was obferved An. 1683, March 23, old Stile, by Hevelius zná.

Flaniftead. Therefore at p**. 45'. apparent Time, the Moon being gibbous 
was feen as in Conjundtion with the preceding Star of the four, which is 107 
of Taurus in the Brit{fh Catalogue, and which was then more Southern than 
the SouthernLimb of the Moon, by a Minute and half-, at 1 29'  another 
which is lefs, and therefore omitted in the Catalogue, was hid a little below 
the Middle of the obfcure Limb. A t 12*'. 24'. the third and brighteil ( n o  
ot Taurus) almoft in Conjunftion, was diftant 6' from the Northern Limb. 
L^ftly, A t 12’’. 54'. the lall of the four ( i n  of Taurus) was higher than the 
Northern Limb by 3^.30''. Now the Place of the preceding, or 107 of 
Taurus., by the faid Catalogue was Gemini 18®. 12'. with Southern 
Latitude 5°. 18'. And n o  of Taurus Gemini 19®. with South 
Latitude 4°. 44'. And the Confequent, or 111 oiTaurus, was in Gemini ig®. 
45'. with South Latitude 4°. 48̂ 4. The fecond little Star, as appear’d from 
other Obfervations, had then its Place in Gemini 19*. and its Latitude 
nearly 5'’. 5'.

The fame Year, March 16, in the Morning, there was a partial EcHpfe of 
the Moon, not confpicuous with us, becaufe of the cloudy Weather. But 
at Cambridge in New England, Mr. Robie, a very skilful Aftronomer, faw the 
Beginning of the Eclipfe about Nine a-Clock. And the End near Palus 

ŷ d. Infra Maotis, at n \  42'. 30''. exad enough. But Cambridge is under the Alti- 
r- 33»- titude of the Pole 42 .̂ 25' more Weftern than London, y i ° .  o r4 \  44  ̂ as 

appears from many former Obfervations.
Sept. 9, in the Evening, at the Houfe o f the Royal Society at London, 

fome obferved the End of the Lunar Eclipfe at f .  26'. But the Moon arofe 
at the Middle of the Eclipfe, nor had freed herfelf from the Clouds about 
the Horizon till a little before the End.

S^t. 14, in the Evening, now for the firft Time, after a long Interval, 
the Moon ret̂ urned to eclipfe the Bu//’s Eye. The Sky at London was clearer 
than uftai, fo that the Moon and the Star were feen as It were rifing toge-

The Immerfion of the Star happen’d at 6'. 20", 
the Moon being not yet 3̂  high, in the very Middle as it were of the Eaftern 
Limb, that is, ovcr-againft the Northern Part of that little Spot, which He- 
ve tus ca s the Lake of Mceris, and which Ricciolus has denoted by his own 
Name. But it emerged a little below the Middle of the obfcure Limb, at 
g . 5b . 20 , and in the twinkling of an Eye ihone forth with its whole

ight^is. Hence alfo is proved, that even this remarkable Star has next 
to no Diameter.

Sept.
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Sept. 23, in the Evening, there happen’d an Eclipfe of the Sun, that was 
hardly to be feen in any Part of Europe. But from our Parts of America we 
have obtain’d two Obfervations of it, one by a Letter from the worthy Mr.
Keiths Governour of the Province of Penfylvania^ who at Philadelphia^ under 
the Altitude of the Pole 40®. o', nearly, faw the Eclipfe already begun, (but 
which was not begun a Minute before,) at i i \  55'. About the Middle 
there were about ten Digits. The End was feen exaftly at 2''. 46'. 35''.

But the other Obfervation of this was made at Cambridge., the Univerfity 
of l^ew England, by M r. Rohie. The Beginning of the Eclipfe was obfer- 
ved there at o \ 23'. o". after Noon. A t î '. 47''. nine Digits were eclipfed.

3''. 5'- lo'"'”- the Eclipfe ended, the whole Sun being feen through aTe- 
lefcope of 24 Feet. Mr. W . Derham communicated this from the Letters 
of this exaft Obferver.

Dec. 5. The Moon pafs’d a little above the 5 a//’s Eye. This near Tranfit 
was obferved by that Learned Youth Mr. Ja. Bradley, M . A . (the Moon be- 
ino- now almoft at full,) who compared the Star with that remarkable Spot, 
wWch Ricciolus calls Tycho., but Hevelius, Sinai; and from feveral equal Di- 
ftances, taken with the Micrometer before and after, he concluded tliat the 
Star approached near to the Center of the faid Spot at iih . 15'. 8̂ .̂ equal 
Time, at JVanjlead. A t ii*». 15'. 42''. xht Bull’s Eye was diftant from the 
neareft and Southern Lim b of the Moon 5'. 55". But the Spot Tycho was 
diftant from the fame Lim b 4''. \6". A t ii^. 18'. 42'̂ . the Star was in a 
right Line with the Spots Tycho and Copernicus, or Sinai and jE tn a ; and at 
I? ’. 25'. 27''̂ . equal Time, it was in a right Line with Tycho and Kepler.
Among thcle Obiervations the Moon’s Diameter was found 32'. 45''.

Anno 1718, Jan. 29,. in the Evening, Dr. Defaguliers and Mr. Gray at 
Weftminjler, expcéled another Occultation of the Bull's Eye •, but by the In- 
terpofition of Clouds they could only fee, that at 5'’. 52''. the Star was not 
yet immerfed ; but afterwards the Clouds growing thinner, the Emerfion. 
was concluded to be at 7'’. 20', over-againft Hrjelius^s Spot called the Pro
montory of Afiatic Sarmatia.

Feb. 19,. in the Morning, the fame Obfervators in thê  lame Place, vari- 
oüíly ñruggling with the Clouds-, could hardly fee the Eclipfe ot the Sun.
Yet at 6̂ . 59'. two Digits were feen to be eclipfed, and after a Minute df 
Time the Chord between the Cufpids feem’d to, be equal to die Semidia
meter of the Sun.

But at IVanftead Dr. Pom d obferved, that at 6 \ 54  ̂ f .  apparent Time, 
the Chord between the Cufpids was 18'. 30''̂  A t  7  ̂ 1 /. c/'. it was 10'. 
iS" A t 7K 19'. 30". the fame was found to be 8'. The Eclipfc ended 
at 7̂ . 23''. 20''''.

Feb. 27r, in the Evening, at 6*’. 44̂ . at TV<>Jimnfter, the firft Star of the 
llyades in the Bull"s. Snout, (y  according to Bayer,) was feen in a riglit Line 
through the Cufpids of the Moon, and therefore nearly in Conjunftion.
Now its Diftance from the Southern Lim b oí the Moon was 5̂  Ihe
Diameter of the Moon meafured with a Micrometer was 31  ̂ 45'^

Feb. 28, at 8'̂ . 36'̂ . apparent Time, alfo at JVefiminfier, Immcrfion was 
feen of the Star in the Knee of Pelluic, (according \,Q Bayer a o í  Gemini,) under

die.
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the obfcure Limb of the Moon, on that Side which is fomething more 
Northerly than the Spot which Hevelius calls Crete. The Emerfion was not 
Icen, becaufe the Sky was not clear enough. But at 9'’. 51  ̂ the Star was 
come out, over-againft the Northern Part of the greater Cafpian liland.

Jug. 8, I ’he Moon arofe a little below the BuWs Eye., but becaufe of the 
Clouds, could not be compared with it. zx. IVanftead., at 13̂ ’. z ' . q", 
apparent Time, the preceding Star of the Contiguous ones at c-of 
according to Bayer., (or the laft but one in our catalogue of the Hyades  ̂ in 

r//fupra,N. 354. of xhtPhilofophican’ranfaSiions, mark’d with the Letter ,̂) was feen 
in a right Line through the Cufpids of the Moon, diftant from the Southern 
4'. 36 . A t 13*'. f .  15'". the Star;) of the fame Catalogue emerged a little 
below the Middle of the obfcure Limb, A t 13’*. 19'. 4̂  ̂ the Confequent of 
the faid contiguous Stars emerged, as much* diftant from the Southern Horn, 
as thofe contiguous Stars were diftant from one another, that is, 7 Minutes.  ̂

Aug. 29, in the Evening, the Moon almoft in her Apogae, fuffer’d almoft 
a total and central Eclipfe ; but ihe arofe after the Eclipfe was begun. The 
Reverend Dr. Pound exhibited very perfpicuous Obfervations of this Eclipfe, 
jn the Order they are here defcribed.
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Appartnt
Time.
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25 43 28:
26 47 2
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A n E clip fio i the Moon, obferved ^xWanfiead, Aug. 29, 1718.

The Chord between the Cufpids, meafured with a Micrometer
The fame repeated ------  ------  . . ■ ------- ------  -----
Repeated ------  ------  ■ . ------  . ____ ___
Again — . ------  ------  — ------ ------------------
Once more ------  ------  ------  ■ - .  _  _______ ___
The total Immerfion into the Shadow __ — __ __ ___ __
A bright Star omitted in the Catalogues was hid by the Moon, below

the Palus Mareotis of H n ’elius __ __ — — __ __ __
The Moon began to emerge out of the Shadow __ __ __ J -

The Limit of the Shadow through the Middle of Marectis; as alfo ?
the Chord between the Cufpids ___ — _  __ f

The Chord between the Cufpids ------  ------  ------  ------
The fame repeated — —  —  __ __ __ ^
Again  ̂ ________ _
Once more _______ _______ ________ ____
Porphyrites emerged out of the Shadow - .
Mount Sinai began to emerge
The Shadow through the Middle o f  Sinai - _______ _
All Sinai was now out of the Shadow - _ _
The Shadow pafs’d through the Middle o f .■ E tna______
Through the Middle of Corftca ________  —
Through the Middle of the greater black Lake ______
Through the Middle of ______The aforefaid Star now emerged
Byzantium and Horminius emerge together - _____
^E^cllpfe Declination with the Southern Cufpid o f the

The Eclipfe feem’d to fini(h —

/ /'
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A Colledion o f  Aftronomical Obfervations.
At I o’». 30'. the Diameter of the Moon was taken 29'. 45''. Now the 

Obfervations being compared with one another, where the Chords of the de
ficient Parts were found to be equal, the Middle of the Eclipfe is difcover’d.

From the firft and thirteenth Obfervations
From the fecond and twelfth ----
From the third and eleventh - ■ ■
From the fourth and tenth ------
From the fifth and ninth —
From the fixth and eighth ------
O f all which the Middle is ------

Middle.
h. / //
7 54 58
7 55 3
7 55 24
7 55 28
7 55 25
7 55 29
7 55 18

Society, ob-

38
//
o

1̂1 » -----  ̂  ̂ r
Initruments and an excellent Telefcope o f  Mr. George Graham,,z very sk ilfu l 
W atch -m aker •, w h ich  Obfervations are as fo llow .

The Moon was hardly feen through the Smoke and Vapours of. 
the City.

The Chord between the Cufpids 21'.  . or thereabouts.
The total Immerfion into the Shadow.
A. pretty bright. Star, was diftant from the Eaftern Lim b of the 

Moon 19'. 21''''.
The iiime fixt Star was hid, about 10 Minutes more to the South 

than the Center of the Moon.
Now, or as.fome thought a Minute later, the Moon began to

6 
7
7 42 15

54 13 
2 o

8 35

8 45 50

8 49 38
8 50 14

o 5
7 39 

8

em erge.

9 
9 
9 
9 
9 
9
9 27 35 
9 42 21 
9 51- 25- 
9 52 45  
9 56 45

9
10 35 
12 o 
18 51

Pains Mareotis emerged with its firft Margin.
I'he whole Pains was without the Shadow.
The Middle of Mount Porphyrites emerged.
The firft Majgin of Sinai emerged.
Mount Sinai was quite without the Shadow.
The Shadow pafs’d through the Middle of .'Eina.
A ll Mount was without, the Shadow.
The Shadow pafs’d through the Middle of the Greater Black Lake. 
The liland Besbicus wholly emerged.
The Chord between the Cufpids was 19'.
The End of the Eclipfe as was judged by feme.
The End concluded from the foregoing Diftance of theCuf{)ids. 
The Diameter of the Moon was 29'. 54", and again 29'. 48’'.

335 1

The Shadow was very thin, whence arofe fome Difficulty to diftinguilh
the Moments of Emerfion and the End. And even the obfcurer Spots were
plainly feen feveral Minutes before they reach’d the Margin ot the Shadow*
The Star which was hid during the Eclipfe was then in X 17®. i6''v. witW
S o u t h e r n  L a t i t u d e  (/’. 3 0 ' ' .  v e r y  n e a r .

 ̂  ̂ We



^36. A  Colledion o f
W c have alfo received Obfervations of this EcJipfe from the Rev. Mr. 

Berham^ made at Upmvjier in the County ot Effex *, from Mr. Wright at 
Crew in Chejhire i and from Mr. Hawkins at Wakefield in the County of 
york ; every where almoft agreeing with the foregoing, having Regard to 
the Difference of Meridians : That is, fuppofing Upminjler to be i-'- Minutes 
more Eafterly than London, Crew to be 10 Minutes, and Wakefield 5 M i
nutes, more to the Weft.

Laftly, to fum up all, we will add a very notable Obfervation, and the 
firft of its Kind that we know of, fince the Difcovery of the Telefcope, and 
which we owe to the unwearied Application of Dr. James Bradley. For on 
the 5th of September in the Morning, the Sun being nearly 30 Degrees high, 
he faw at Wanftead a moft near Tranfit of the Moon below the BulV^ Eye, 
the Diftance of which from the next Limb he found with a Micrometer to 
be 5'. 38". at f .  59'. 0''. of equal Time. A t  8\ 17'. 5". it was diftant 
from the Limb i', 25''. And at 8\ 33', 15''''. the Star was in a right Line 
through the Cufpids of the Moon, which at that Time were fomething 
blunted, nor was it diftant from the Northern above o'. 13'  ̂ and at 
41'. o". it had left that Cufpid 3'. 42''''. And at 8“'. 45'. 37''. it was' dif
tant from the fame 5'. 36'  ̂ The Moon’s Diameter taken at 8\ 58  ̂ was
31 '- 7".

^Colleai- X X X IX .  Our late Obfervations are thefe ; 1718, OHob, 10, in the Morn-
tronomicnl applied to the Telefcopic fixt Stars, the Places of which the.
Obfervati- R^v. Dr. Pouud has carefully enquired into, on Occafion of the firft Appear-
ens for ance of the Comet of the Year 1680, (of which fee Phil. * T’ranf. n, 342.)
>7*9. and having verified them lately, has communicated them to us, together
"̂109.  ̂ with an accurate Obfervation of a Tranfit of Jupiter near them at this Time,

—  of the and afterwards another Feb. 11. prefently after the Oppofition of Jupiter
Plaiiets. and the Sun. Now at the Beginning of January 1719 ,  the Places of the
* Stars were thus.fra,§XLI.

Longitude. North Latitude. Where it is to be obferved,
7 . 50 that the Stars d and e have thetí Q 29“ . 59' . 4 3 "  

e «R o . 6 . 13
c vji o  . 3 . 1 3

a n .  o  . 25 . 41
X vji o . 5 . 43 ,

lam

I . ID . 18 fame Declination exadly in this
0 . 32 . 50 our A g e ; but x is a very little
1 . 28 . 54 Star, which becaufe of its Small-
o . 51 . 56 nefs was omitted in the former

Defcription.

Now 9°, at i7 \  5'. equal Time, the Eaftern L im b of Jupiter
reach’d the Line joyning the Stars e and c, and at the fame Time his Center 
was diftant from e i\ '.  lo " . and from c 16'. 1^". and was prefently diftant
from d 19'. 35''. The little Star x being very Jupiter was hid, or over
power’d with his Light.

Dec. II. at 18''. 30'. equal Time, the Center of Saturn was diftant from 
I*, in Libra (according to Bayer) 28'. 32''. and was more to the North than 
the fixt Star by 4'. 31". Hence the Obferver Dr. Pound concluded the 
Place of Saturn to be m i ”. 41'. 10". with Northern Latitude 2°. 16'. 43".

1719,
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A Collection o f  Aftronomical Ohfervations,
1719, Feb. II. at 6 \ 56'A. equal Time, the Center o í  Jupiter being re

trograde was cliftant from the above ciefcribed Star 
6 . s 8 x  The fame Center was diftant from e 

374- The Diftance taken again from d —
434̂  Again from e ---- -----
49 i  The Center of Jupiter was diftant from a

9
9
9
9 58t The fame Center from the fmall Star x

10'
6

10
6

25
2 4

42
7 
9  

11 
21
38

About Seven a-CIock the Eaftern L im b of Jupiter reach’d the Line extended 
through X and Í ; Jupiter then was in jtr 0°. 6'. with North Latitude 1°. 
16'. 30". Then

Feb. 13, at 8\ o', equal Time, the Declination of Jupiter*s Center, mca- 
fured by the Micrometer, was more Northerly than that of either of the Stars 
d and e, by 11'. 37". and at 8\ 20'. the fame Difference was found 11'. 36". 
But at 8\ 48'. the Center of Jupiter was diftant from e l i .  40".

April 22, at io \  45'. equal Time, the Center of Saturn follow’d y. in I/- 
Ira 4 ^ Minutes of Time, or . of Right AfcenfiOn, Being meafured 
with the Micrometer, he was found more Northerly than the fixt Star 35'. 
25". Now in the Britijh Catalogue the Star was then in m io \  16'. 
North Latitude 2°. 3'. 54'''.

May 16, at S'*, o', equal Time, Jupiter follow’d Cor Leonis at I ’ - 34'r. 
of Right Afcenfion ; but was o'. 4i"4 .̂ more to the North than that Star. 
In Time this is lo^ 7'̂  of an Arch of the Heavens.

The fame Night at i§' '. 18'. apparent Time, Mr. Stephen Gray obferved 
Mars, in refpeét of Right Afcenfion, to follow the Eaftern Star in the Tail 
of Capricorn at 16'. 15". and at the fame Time it was more to the South 
than the fixt Star only o'. 11",

June 7, at lo», 15'. apparent Time, Jupiter háng direft, return’d again 
to the faid Telefcopic Stars, and then follow’d the Star d at o'. 35". of Right 
Afcenfion, and at 10''. 30', the Star was diftant from the neareft L im b of 
'Jupiter 4'. 18".

The next Day, June 8, at io \  20'. Jupiter follow’d the other Star e at 
i'. 30". of Right Afcenfion, and immediately the Diftance of the neáreft 
Limb of Jupiter from the Star was taken with the Micrometer 7 '- 30".

5> at 8 . 26'. apparent Time, Jupiter and Venus were in clofe Con-
junftion ; ihe more to the North, then preceded Jupiter according to R ig lit 
Afcenfion 1'. 20". But the Diftance of their Centers being taken, or the 
middle Diftance of ten repeated Diftances was 13'. 36". Martin FolkeSy 
Efq-j a great Cultivator o f thefe Sciences, communicated thefe three Obfer- 
vations made at London.

Augufl 3, at i2 \  20' equal Time, M zrj nearly Acronich follow’d the Star 
TofyfjKizry (according to Bayer) at 10'. 58". o f Time* or 2“. 44'. 57". of 
K'gnt Afcenfion. Mars was only o', 36". more to the North than the 
Otar. Whence the Place of the Star being granted as in the Britijh Cata
logue, the obferved Place of Mars w ill be x  7°. 10'. 11". with South La 
titude 6̂  38'. 10",

10, at I I \  50', equal Time, Mars follow’d the leflVr Star which
, ’ OL. IV. X  X precedes
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precedes t  \nAquary 1°. 39'. '^o". in refpedl of Right Afcenfion, but more 
Southerly than the fixt Star 10'. 42''',

Augufi 16, at f .  18'. equal Time, Spies Virginis preceded the Center of 
Venus 5 4̂ of Time, or 20". of Right Alcenfion, more Southerly than
the Planet 18"-*: of Time, or 4'. 35̂ ^

Augufi 17, Mars the Day before Achronich, and next the Earth, was ob- 
ferved at two contiguous little Stars, for the Sake of inveftigating his Pa
rallax, according to the Method exhibited by M , Ct̂ Jfini', in his Book con
cerning the Comet of the Year 1680. Whence we fhall endeavour to de
duce the Parallax of Mars in the next Tranfaftion. Now the more Northerly 
o f thefe little Stars was then in x  5̂ - South I.atitude 6“. 6̂ ^
nearly. But the more Southerly one was in x  s'- South La
titude 6®. io 't  nearly. But at io \  40''. equal Time, Mars tollow’d that 
to the South 41'. 40''. of Right Aiccnfion, and was more to the South than

338 ^  Colleélíon Aílronomical Obfervations.

Sept. 1*8, at 9h. 20'. equal Time, Mars was fecn to precede the Star which 
in the Britijh Catalogue is the 3̂ of Aquary  ̂ by 3'. 45̂ ''. ot Time, or 6̂̂  
24". of Right Afcenfion ; and at the fame I'ime the Star was more Northerly 
than the Northern Limb of Mars only by one Diameter of the Planet. The 
Place of the Star was 29̂  South Latitude 4®. 4 8 '4-

051. 30, in the Evening, at 5'̂  45  ̂ apparent Time, Mars was near two 
contiguous Stars at ¿ -  by Bayer, which are -  the 73 and 74 in xh(tBritiJh 
Catalogue. It had pafs’d by the right Line drawn through the fame, and 
the Angle at the Center of Mars was a right one according to Senle. The 
more Northern of the Stars had the fame Declination with the Southern 
Lim b of the Planet. A t 5̂ . 53'. the Diitance of the Star from the Center 
of Mars was 2'. 30". A t 56'. the Center of Mars was dilhnt from the 
third and more Southerly one at h, or the 75 ot Aquarius, 17'. 4̂ ''. A t 
6 .̂ 18'. the Diftance of the Center from the more Northerly, or the 73, 
was 3'. 5". Hence we may conclude, that at 3̂ . 30'. nearly, Alars was in 
Conjunálion with the Northerly Star, and left it only one Minute to the 
North. But the Place of the fixt Star from the Britijh Catalogue was then 
X  10®. 29'. o". with South Latitude 1°. And the 74 was then in x
10°. 29'. 50", with South Latitude 1°. 44''̂ .

Nov. 16, at 19'’. 18'. equal Time, Venus preceded the Southern Scale of 
Libra 3'. 13''. of Time, or 48'. 23''. of Right Afcenfion, and at the fame 
Time the Center of Venus was more Northerly than the fixt Star 7'. 4s " ' 
Venus was ftationary as it were at her afcending Node.

Dec. 3, at 19''. equal Time, Saturn preceded the third at C of Libra, or 
Libra 29, by the Britijh Catalogue o'. 46''. of Time, or 11''. 32''''. of Right 
Afcenfion. It was more Southerly than the fixt Star 15'. K )". the Difference 
being taken by a  Micrometer. Whence the Place of Saturn, was nx 20“. 
2 5 ''4 . with North Latitude 2°. 5''̂ .

Moon We have given above * an Obfervation of the Lunar Eciipfe, An. i j i j ' t
Eclipfes. March 1 5 ,  Afternoon, Old Style, made at Cambridge in New-England, which

b e c a u f e  o f  C l o u d s  w a s  n o t  f e e n  b y i i s ,  T h e r e  t h e  E c i i p f e  e n d e d  a t  11 .

i k n E O
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Ohfervations on a Comet at Rome. 339
nor at that Time had we any other Obfervation o f it. But afterward#

Chandler  ̂ a Captain of one of the K ing ’s Ships, brought us from Arne- 
rica, and communicated to us the Phafes of the fame EcUpfe, as they were 
obferved at Lima in Peru, by D. Peter Peralta the King’s Mathematician, 
and there printed. H e  makes the Beginning of the Eclipfe at Lima, at 

4.'. 8̂ '. and the End at i i \  55''. A t the fame Time the faid 
Mr. Chandler communicated his own Obfervation, made at an liland which 
they call Virgin Gorda, where the Eclipfe ended at 13', Afternoon. Be- 
caufe of a clear Sky the End was feen very diítinétly. Among the A ils  of 
the Royal Academy of Sciences for that Year, we alfo rind two Obferva- 
tions of this Eclipfe agreeing very well with ours ; one made by M . Caf- 
fmi, the other by M . la Hire in the Royal Obfervatory. Tlws makes the 
Beginning at i 54'. But the End more furely at 16 .̂ 38'. 10''. The other 
puts the Beginning at 13*’. 55'. and the End at I6^ 38'. 25''. The greateft 
Obfcuration with this was 74- Digits, with the other 74. D igits.'

Hence from the End, which feems to be taken more accurately in each.
Placc, the Difference of Longitude between Paris and Lima is 5*'. 18'.
Between Paris and Cambridge 4*’. 55'. 50'  ̂ Between Paris and the yian i 
Virgin Gorda 4.̂ . 2 5'. 20 '̂. From which if  you fubtraft 9'. 40'̂ . there w ill 
come out the Longitudes to the W e il of London that of Lima 77”. 10'. 
of Cambridge in New England And laftly of the Ifland Virgin Gorda
63V 55'. Whence the Geographers may corred with Certainty the Situa
tion of the neighbouring Iflands.

The other Eclipfe of the Moon of the fame Year, Sept. g, in the Even
ing, was feen by the fame Obfervers, and M . Maraldi at Paris. In the 
Houfe of the Royal Society at London, we obferved the End at 7'’. 2 S'. A t  
Paris the End was obferved by M . Cajfini at 34  ̂ by M . Miraldi aE 
7̂  35'. and by M . de la Hire at 7'’. 34'. A lfo  M . iVurtzelbaur
itNm-imburg faw the fame End at Ŝ . 10'. 45''. Hence tlie Difference of 
Meridians is confirm’d between London and Paris, efpecially from the Ob
fervation of M . Maraldi, to be 9'. 30̂ ''. as alfo between London and Norim^
Íí/rf 44̂  45'  ̂ The fame we have often found before. Now on the fifth D a y  
after the Eclipfe, Sept. 14, in ihe Evening, at Paris the Moon eclipfed the 
Bull’s Eye, as M . Maraldi and M . Belijle the Younger obferved feparately.
The Star difappear’d over againft the Spot Grimaldi, or Palus Mareotis, at 
9*'. I 35''. And it emerged from the obfcure L im b of the Moon at 10'’. 
i -  So'- We have given above * an Obfervation of this Occultation at London. * Viá. fii.

We are obliged to the Rev. Dr. Pound/or thofe Ohfervations, in which 
Time is made Ufe o f ; being taken with a 7"defcope of 15 Feet, they may be , 
(jieemed as very accurate. ons 7̂ *'ons at 

Rome anA W i i l C  Q j l

X L . Bécemher the 2ofh, 1664, Ñ . S. about Three a-Clock this Morning, 
obferved the Comet; it was in the Conftellation of Hydra, not far from die 
ioot of Crater. It appeared about the Bignefs of a Star of the firft Magni- ii/rj^Ray, 
tude, but nothing fo lucid and bright. It had a very long Tail, which pointed communi- * 
almbll diredlly towards the Heart of Hydra: The Tail ihewed f o m e w h a t ^  
iKe Rays of a Candle burning in a M ilt  •, the Figure of it was conical;  ̂  ̂ ‘ ‘Dale

V  -  , n. 30
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•the Length of it 5 or 6 Degrees the Breadth at the Bafe not above a Dé- 
-gree and an Half. The Body of this Ccmet was about 3 Degrees to the 

Fig- South-Eaft of the moft Southerly Star in the Foot of Crater ; it flood very
near in a Right Line with the two lowermoft Stars in the Foot of Crater,
which are common to it and Hydra.

Becember 21, In the Morning, about the fame Hour, it was removed 
about a Degree and an Ha lf from the Place where it ftood, Weftward, and 

Fig. 124. a httle to the South. The I'ail pointed ftill towards the Heart of Hydra, 
and appeared 10 Degrees long at the leail.

December 22, A t the fame Time it was removed from tiie Place where it 
ftood the Day before, to the fame Point, and about the fame Diftance as

Fig-125- the Night before. The Tail of it ftill pointed to Cor Hydra, or a little
Thought above it, as the two former Days, and was ratlier longer than 
fhorter: It alfo, to my Thinking, appeared brighter and larger; the Body 
of it being bigger than any fixt Star, except Sirius.

Becember 23, It was removed to the fame Point, and about the fame 
Fig. 126. Diftance as the Day before ; the Tail of it was as long as ever, and the Comet 

brighter. The Tail pointed aimoft direélly to Ccr Hydra.
Becember 24, 25, 26, A ll thefe three Nights were cloudy, fo that I could 

make no Obfervations.
Becember 27, We found it ftrangely removed from the Place where it 

Fig. 127. was : It was ftill Weftward, and a little to the South, as before. The Body 
of the Star was ftill brighter, and the Cauda about it greater, and more 
bufhy, and yet as long as before ; it pointed aimoft direélly againft Canis 
major. The Body of it was amongft the Stars of Argo.

Becember 28, The lame Time it was removed above two Degrees towards 
Fig. 128. the fame Point, and come within four or five Degrees of the moft Eaftern 

Stars in the bright Triangle in the Buttocks o i Canis major. T h e Moofi 
ihining, we could not fo well judge, either of the Bignefs of the Body, 
or the Length and Buihinefs of the Tail.

Becember 29, It was ftrangely removed, and got before, not the Eaftern 
Star only of the mentioned bright Triangle, but alfo the moft Northern. I 

Fig. 129. think, at leaft, in this laft twenty-four Hours, it had moved four Degrees. 
The Moon ihining bright, the Tail could not well be obferved, yet ftill it 
feemed to point direftly to Canis minor.

Obfervati-
Come/̂ * Comet, which was feen at the End of the Year 1680, for
i68o./i#« l êafons is to be confider’d as the principal of its Kind ; as well on 
/«Saxony Account of its Courfe for four Months, in which it pafs’d through nine 

whole Signs, as becaufe of the immenie Magnitude and Brightnefs of its 
—-'n. 342. chiefly of the remarkable Curvity of its Orbit, by the Help of
p. 170. ’ which the Theory of Comets is at laft difcover’d by the illuftrious Newton, 

who firft of all Mortals proved that Comets defcribe Orbs, which very 
nearly approach to the Form of Parabolic.

Now it happen’d, I know not by what Fate, that this Comet,(which in the 
Evening was fo much attended to by Aftronomers,) in the Morning before it
reach’d the Sun, was not once obferv’d either at Paris or at Greenwich. And

thofe
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thofe that faw.it and obferv’d it, deliver’d incongruous and.contradíííory 
Things about it, and but little fuitable to the Nicety of the Affair. Nor 
was it feen by any intelligent Obferver till Nov. 17, in the Morning. Hence 
it was that that Part of the Orbit, in which the Comet approach’d toward# 
the Sun, could not be determin’d but with fome uncertainly. But we lately 
happen’d upon a Book of a very deferving Aftronomer M r. Gottfried Kireh, 
z Germany ^únttá zz Norimberg^ An. 1681, called ]^ímnidíí jcírunff, 
that is, a new Celellial Meflenger •, in which the very diligent Author ex
plains to iis, by what good Fortune he difcbver^d this€ome.t, being as yet 
obfcure without a Tail, and hardly vifible to the naked Eye : While he was 
taking his View in order to obferve the Moon and Mars that was near her,.
Nov./[■> old Stile, in the Morning, zx. Coburg \n Saxony, which Town is 11 
Degrees more Eafterly than London, under the Pole’s Altitude 50°. 2o', near
ly ; he was urged, as he fays, by the Rumour of a Comet feen in Germanjy 
and fat up at Night with his Face towards the Eaft, tlrat if  any Thing new 
ihould arife in the Heavens, which were then very ferene, he might take 
Norice ofiits Situation- Now as the Moon approach’d to a certain Star, not 
taken Notice of by Tycho, (but which is put down in Flamjiead's Britijh Ca
talogue, and is 44 in Leo,^ he had a M ind to determine the Place of the fyid 
Star by thofe which .were near i t ; and as he turn’d about his Tube which 
was capable of receiving three Degrees, he fell upon a Kind of cloudy Eight, 
making an unufual Appearance, and which he immediately concluded to be 
either the new Comet, or a nebulous Star like that which is in Andromeda’ s 
Girdle.

Now he firft faw the Comet at 4’’ 4- in the Morning,, being a little higher Fig. 130. 
than the two little Telefcopic Stars, which are mark’d with the Letters a and 
e, with which however at 6 \ it was exaélly in a right Line. Whence it was 
plain that it moved, and with a direél Motion. Between the Hours of Five 
and Six he view’d this Phenomenon with a 10 Foot Tube, and faw two other 
litde Stars contiguous, but lefs than the former, mark’d with the Letters e 
and d, and above thofe a third g. Now the Diftance of the Comet from e 
was fomething lefs than that from a, hut greater than the Diftance d e. A t 
6\ 38̂  the Diftance of the Comet from e was tlie Double of the Interval 
between them d e, and the Line d e produced left the Comet * below it, » g 
yet fo that it reach’d its upper Margin. A t  45'. the Comet was now Tube ¡ 
fcnfibly more remote from e than from a, and was diftant from a f o m e th in g  verting 
more than half the Diftance of the little Stars a and g.

Now it is to be obferved, that the Clock was before the Heavens full 14̂ ^
Minutes, as appeared irom the Altitudes o í Cor Leonis which were then taken.

This is truly a noble Obfervation, and therefore we have inquired into |
tlie Places oí the little Stars then adjoining to the Comet by more than one 
Method; Vir. James Pound &^oxá\n^ us his moft expert Hand and , very 
excellent Inftruments. Whence it appear’d, that at that Time thoíe little 
t̂ars had the iollowing Situations.

Longitude. Latitude.
 ̂ 29® 54 1 iq  20 Nortli.

29 27 20 I 8 00 *

N o w

OhfervatU?U on a Comet /7/'Saxony. 3^1

29 34 30 1 10 45

a
in-

b



Ilium

Now a great Circle drawn through a and c was foundito- pafs through 
the laft Star of the Tail o f the greater Bear, and thereforpithao> the Angle 
v irh a Circle o f Longitude at a was 15». 36^ And.wli^reavi'hc Diftance 
of the Comet from a towards c was fomethirig greater than, half ithe Diftance 
ag  (which with a Tube of 16 Feet, and a Micrometer, we fiiid tcobc 
vft may fuppofe it to have been 12 Minutes. And from what is given the 
Place of the Comet w ill come, out SI 29®, 51'. with North Latitude i<>, 
i7'4-. The Hour of the Clock being 6, but ai London 2̂ . apparent Time.

Again, Nov. 6, in the Morning, at 4»*. 4.2'. with a two Foot Teiefcope he 
found the Comet to be [uft in a right Line between Mars and the little Star 
iV ; which in the Britijh Catalogue is the 45 of Leo, 'and. was then in ^  2^, 
42'. with South Latitude o  ̂ i 6'4 . hvX. Mars at that Time, (by comparing 
Obfervations made before and after) was in 3®. 4 6 ’'4 - with North Latitude 
I®. 56̂  Whence, becaufe of its Part being given, tlie Comet waain '/E g*».’ 

with North Latitude 6', at L o n d o n '3**. 58'. apparent Time, in the
Mbrntng. “■

Alfo Mw. It, at 15'. in the Mornings the Comet .was. equally diftant 
’ from the Stars <r and t  of the Uon, according to Bayer, but had not yet 
reach’d the right Line joining the fame, but was at a little Diftance froiii 
it.' In the Brttijh Catalogue a was then in "E 14®. 15̂ . \vitiv North Latitude 
I®. 41'. nearly ; and t  was in "K 17°. / f .  with South Latitudé o“. 34'. 
Therefore the Latitude of the Comet was fomething lefs than a;Mean -be.̂  
tween them, that is, than 0°. 33̂ 4-Northerly ; and its Longitude tJian ^  15''. 
39'. But this is not to be much rely’d on, fince it depends upon the efti- 
mated Equality of the Diftances, which is a ilippe^ Matter. Now the 
Tail was not yet begun, except by the Length of half a Degree, view’d by 
a ten Foot Tube.

He that would know more muft have recourle to the Book itfelf, wrote 
in the German Language.

Obfervati- XLII. Mr. Chr. Kirch, Jan. 18, new Stile of the prefentYear, as he was 
ons on a diligently obferving the Motions of the Heavenly Bodies, in the Evening 
Comet Middle of the Week, by chance perceived a Comet towards the North.
,yi8%t It was near and to the Right Hand of 5 <?ĵ r’s Stars  ̂and .S in the lefler 
Berlin, iy Bear, and appear’d much more diftindl to the naked Eye than /3 in Urfa
Mr. G . minor, tho’ that be a remarkable Star of the fecond Magnitude ; it being
-n indeed much paler, yet of a greater Diameter, and of a pretty bright Light,
p. 8zo. efpecially towards the Center. When feen through the Tube it ihew’d as

a bright round little Cloud ; but no Foot-fteps of a Tail could be obferved, 
nor any Nucleus. It went on with a very fwift Motion from the Hour 
Seven to Eleven, and compleated 44 Degrees, as was concluded by Obfer- 
vation.

Jan. 19 and 20, the Heavens were cover’d with Clouds. But on the 
2jJi the Comet had departed far from its former Place, and was fo u n d  in 
Caffwpea, where it made a Triangle (was it equicrural ?) with the Stars s and 
J*, at 5̂ . 45'. in 17°. 34'. », under Northern Latitude 49' .̂ 54'. After
wards at 9 \ 15'. it was fecn in 16®. 38'. »» under Northern Latitude 49®.

2 •

2̂ 5» Obfervatíons on a Comet at Beilin;.;
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• Ohfe.rvatiom 07i á  Cornet at Berlin.
2/. But it was much decreafed, and came ihort of its former Velocity; 
as alfo it appear’d paler than before, and being fcen with the naked Eye, 
fcem’d hardly to exceed in Magnitude a Star of the fourth Dignity ; and 
had proceeded in its Orbit not above a Degree and a H a lf in four Hours 
and a Half. By the AíTiílance of the Tube its Diameter was found to be 
ibven Minutes.

“Jan. Four in the Morning, the Comet made an equicrural T r i
angle with and <p in CafftopcUy being diilant from each. This
Morning it hardly moved half a Degree in the Space of two Hours. A t  
Ten in the Evening it was feen in a right Line with /  of Caffiofea and 9 of 
Perfeus, and was diilant from the former 3̂ '. 38̂ . from the latter 3°. 9'. 
Its Diameter was five Minutes, and view’d with the naked Eye feem’d a 
Star of the fifth Magnitude.

Jan, 24, at Six in the Morning, it had not reach’d 0 of Perfeus, but made 
an equicrural Triangle with y and g of the fame Conftellation, and was di- 
ftant from each not quite 3° 4-. "1 his very accurate Perfon w ill inform us
of more Things from his Obfervations, in that more copious Hiftory of 
this Comet, which he is now preparing.

Hitherto the T'reatife call’ d the Literary Journal, />. 43, 44, in which are 
ivanting the Obfervations of the i^tb JDaŷ  when the Cornet was neareft to the 
Earthy and moved with great eft Velocity, ‘■whence voe might make a furer Judg
ment of its true as well as apparent Courfe. Now it is evident that on Jan. 
19, it pajfed nearefl to the Northern Pole o f the Equator. I f  any one Jhould 
have a Mind to bring thefe Ohfirvations to a Scrutiny, and to make them fuh~ 
niit to ajtri£ler .Galculatianfor this Pu/'pofe here are fubjoined the Places of 
the fixt Stars here inention'd, taken out of the Britiih Catalogue ; whence it 
m il plainly appear, that fovie "Things cannot be right in the Defcription of the 
Motion of this Cornel, ‘¡vhich we hope will he corre^ed in that fuller Account 
which he promifes. .

The Places of Oh  fixt Stars at the Beginning of An. 1718.

According to Bi^er.
Longitude. North Lat.

0 / // 0 / //

O f Ur fa  Minor — • a 9 18 0 72 58 10
J L y a 17 35 15 75 13 15

« 14 00 _ 35 46 23 25
O f Caffwpea ----  « g » 20 50' 8 47 31 50

» 11 36 35 4 5 4 5

1 « 8 32 0 35 23 45
O f Perfeus - - - - - - - - - - - - --

) ®
« . 10 4 * 35 3 Í  ■ 49 15

Í S « 1 2 15 2 0 18 37

2 4 3

XLlil. That



34-4 ^  Jmüll lelefcopical Cúmet,

A fmuU X L I I l.  That the Number of Comets is much greater than fome, on
'j'elef- Account ot the late Rarenefs of their Appearance, have fuppofed, may
Comet colleóted from fereral fmall ones, which have within few Years been

feen June defctibed in the Memoirs of the French Royal Academy of Sciences ; thole
10, 1717, Obfervers aíTuring us, that they dilcovered one m Sept. 1698. another in 

1699, a third \n April 1702, and again a fourth in Nov. 1707, none 
n.'*354’. which, as far as I can learn, were ever feen in England; all of them ha-
p. 721. ving been very obfcure and without Tails, by Means whereof Comets ufually

f i r f t  fliew themfelves. And befides thefe, two other Comets with r e m a r k 
ably long Tails, the one mNo'v. 1689. the other in Feb. 1702. pail by 
iinobfervable in thefe our Northern Climates, they having great Southing 
Latitude, and their Motions direéled toward that Pole, Hence we may 
juftly conclude, that the Returns of Comets are much more frequent than 
is vulgarly reckoned, and that it is only contingent, that for thele Thirty 
Five Years no one of them has been feen and obferved by our Allrono- 
mers.

But there may be ftill a much greater Number of thefe Bodies  ̂ which 
by reafon of their Smallnefs and Diilance are wholly invifible to the naked 
Eye ; fo that unlefs Chance do dired the Telefcope of an Obferver, almoft 
to the very Points where they are, it will not be poiTible for them to be 
difcovered : And that this is not barely a Conjedure, take the following 
IniVance.

On Monday June 10, in the Evening, the Sky being feréne and calm, 
direding my Twenty-four Foot Telefcope towards Mars, I accidentally 
fell upon a fmall whitiOi Appearance near the Planet, refembling in 

r/V/. Supr. all Refpedls fuch a Nebula as I defcribed in Phil. Tranf.Y^^. 347. but 
P- •2*+- fmaller. It feemed to emit from its upper Part a very ihort Kind of 

Radiation direited towards the Eaft, but Northerly w ithal«, which, con* 
fidering its Situation, was nearly towards the Point oppofite to the Sun. 
The great Light of the Moon, then very near it, and alfo near full, 
hindered this Phenomenon from being more diftinftly feen; but its 
Place in the Heavens was fufficiently afcertained from the Neighbour* 
hood of Alars, from whom it was but about half a Degree diftant to
wards the Southwell, the Difference of Latitude being fomewhat more 
than that of Longitude ; and Mars being at Time in t  17®. 30̂  with 3®. 
48''South Latitude. I concluded the Place thereof in t  17°. 12̂  with 
4°. I . Latitude South, or thereabouts j the which may yet be more fe- 
curely determined by Help of two fmall fixt Stars I found near it, the 
more Northerly of which I judged to have the fame Latitude with it, 
and to follow it at about the Diilance of fix M inutes; the other Star was 
about  ̂four Minutes more Southerly than the former, and about one M i
nute in confequence thereof; the Angle at the Northern Star was a little 
obtufe, as o f about 100 Degrees, and the Diilance of our Nebula 
from it Sefqualter to the Diilance of the two Stars, or rather a little 
more. The Reverend M r. JVilliams, M v . Thomas., and myfelf, contem
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A finali Telercopicat Comet. 345.
plated this Appearance h r  above an Hpuf, viz. from half an Hour paft 
10 to near 12, and we could not be deceived as to its Reality ; but the 
Slownefs of its Motion made iis at that Time conclude, that it had none, 
and that it was rather a Nebula than a Comet. *

However, fufpeéling that it might have fome Motion, I attended the 
next Night at the fame Hours, and in the fame Company •, when with 
fome Difficulty, by Reafon of the Thicknefs of the A ir, we found the 
two little Stars; but the Nebula could not at that Time be feen, which 
we then imputed to the Want of a clearer Sky : But on Saturday June 
15, the Moon being abfent, and the A ir  perfeitly clear, we had again a 
diftind View of the two Stars, with an entire Evidence that there remain
ed-no Footftep or Sign of it in the Place where we had firft feen this 
Thanommon  ̂ which we therefore now found to be a Comet, and that 
being far without the Orb of the Earth, and in itfelf a very fmall Body, 
it appeared only like a little Speck of a Cloud, fuch as would fcarce have 
been difcemed in an ordinary Telefcope, much iefs by the naked Eye.

X L IV .  Papers omitted.

Í. Extrafts fiom Mr. Gafcoigne's and Mr. Crabtrie's Letters, proving „ .^2.a 60Í 
Mr. Gafcoigne to have been the Inventer of the Tdefcopick Sights of Ma
thematical Inftruments, and not the French^ by the Reverend Mr. IV. 
Z>r¿<2»;,,_Prebend of JVindfor, and F. R. S.

Mr, t)e la Hire., in the firft Part of his Tabul¿e Aftron. publiihed in 
1687, having afcribed to Mr. Picard the Application of Tekfcopick Sights 
ta Astronomical Infiruments (which alfo was in Effe il claimed as his, by 
Mr. Auzout^ in a Letter in the Pk. Tranf. N. 21. in the Year 1666.)
Mr. Derham  ̂ from thefe Letters of Mr. Gafcoigne and Mr. Crabtrie  ̂
proves that Mr. Gafcoigne  ̂ as early as the Year 1640, made Ufe-of thefe 
Tekfcopick Sights in two or more Sorts of his Micrometers^ and in his 
^adrant and Sextant.

2. Aftronomiae Cometicee Autore Edmmdo Hdleio apud Oxo- *92- P-
nitnfes Geometrias Profeflbre Saviliano^ &  R. S. S. ^

X L V .  Account o f a Book omitted.

Aftronomis Phyficae &  Geometries Elementa, Auélore Davidé Gre- P’
M . D. Aftronomias Profeflbre SavilianO) &  R . S. S. Qxoni.r^^^'" 

i'joi. Folio.
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346 7o find a Solid
C H A P. IV.

Mechanics, Acouflics,
*To find a SoUdl. I. f '  ■ E  Problem of finding a Round Solid, which moving in 
o f the lean ■ fuffer the kaft Refiftance, which was for-

A .  merly folved by the Illuftrioiis Newton, has been lately 
Craig, n. 'ziss. attempted by thofe great Men the Marquifs of Hofpital and Mr.
P- 747- Bernoulli; becaufe Mr. Newton thought fit to fupprefs his Analyfis. 
Dec.z\.\-joo. Solution of the fame Problem is as follows.

Lemma. To find the Ratio between the Refiftance which the right 
angled Triangle A I G  fufFers, and the Refiftance which the circumfcrib’d 
R^langle a J  G g fufi'ers, when both are moved in a Fluid according to 
the Direólion of the Line I  A, from 1 towards X.

From any Point 5  let jB C be drawn perpendicular to A  G \ and B b 
parallel to /?/, alfo B  M  perpendicular to ^ T h e n  \n B h take h H

—  and b E z = . B C \  and through the Points //, £ , draw the
E C

right Lines H  A, E  A, which produced may cut G in X” and F. I fay 
the Refiftance of the Triangle A I G  is to the Refiftance of the Reftangle 
A I G g ,  as the Area of the Triangle A  K G  n to the Area of the T r i
angle A  F  g. Alfo the Refiftance upon any Part of the Line G is to 
the Refiftance on the correfponding Part of the Line Ag,  for Example, 
on A  B and A b ,  as the h r t z A  H b  to the Area A  E  b. The Demon- 
ftration depends on the general Theorem, which I eafily derived from 
Prop. XXXV. p. 324. of Newton's Principia.

Corol. I . Now let 5  G,^^, be infinitely fmall Parts of the Lines 
A G , A g , and let ¿ 5  be produced to L . I fay the Refiftance upon 
B  G, (which we may call e) is to the Refiftance upon b g, (which we 
may call E ) as G to G B q.

For e . E :: K H b g . F  E  bg,  that is, e . E  II bg y. b H . b g x  b-E,  
(by the foregoing Lemma \) therefore e . E \ \ b H  . b  E,  that is, e . E ' . l

9 ^ ^ .. . B  C, (by the Conftruftion of the foregoing Lemma •,) therefore 
B  C

e . E : : C  M g  . B  Cq. BxitC M q  . B C q l l G  L  q . G B q, (becaufe of 
the fimilar Triangles B M Q  G L B , )  therefore e . E l l  G L q  . G B q. 
^ E . D .  . ,

Corol. 2. The Refiftance upon an infinitely fmall Part G 5  is equal
to the Cube of the Line G L  divided by the Square of the Line G B. For 
if  all the infinitely little Parts in the Line A g , as b g, are fuppofed equal, 
then the Refiftance upon bg  may be exprefs’d by itfelf, that is, E =  bg,̂  
and therefore E z = . G  L.  Therefore by the firft Corollary, e . G L » l

G L q .  G B q i  whence e =  ^
^  B  Q „  ,

Corol. ^

liOED



o f  the leafl Rejtjlance  ̂ See. 347
Carol. 3. Let r be the Radius and f the Circumference of any Circle;

I fay that the Refiftance upon a conical Superficies produced by the Rota
tion of the little Line G B  about A  /, is equal to the Produft of

Í X-BJIf For the Refiftance upon that Conical Super-
 ̂ G Bq

ficies is equal to all the Refiftances upon the little Line G  that is, to 
all the e's which is equal to the Circumference of a Circle whofe Ra
dius is B My multiply’d into i. That is, the Refiftance upon that Co

nical Superficies is equal to x <?; and therefore by Cor. 2. is

, c y. B M  C L  cub C) p  tí equal to X . ^ E . D .

Problem. To  find the Curve Line, by the Rotation of which a round 
Solid is produced, which if  moved in a fluid Medium, according to the 
Direftion of its Axis, fhall fuffer the leaft Refiftance poiTible.

Let 0  Gy G By be two infinitely fmall Particles in the Curve required, p- 
w h i c h  revolving about yf ^may produce the round Solid of leaft Re
fiftance. Draw B M y G P y  perpendicular to A ^ y  a lfo5 £ , G iV, pa-

ralkl to A S j  and O iV  parallel to B M .  Now c ^ B M x G L c u b ^
^  r xLt a  q

the Refiftance upon the Superficies produced by the Rotation of the lit-

rie Line G B about A  and  ̂x G P  ^ O N c ^  the Refiftance upon
r x O  G q

the Superficies produced by the Rotation of 0  G, by Cor. 3. Now 
thefe two Refiftances taken together, ought to be the leaft poiTible, that
. c x  B M \  G L c u b .  , c x G P  \ 0  N  cub. __ Therefore in the
’ r x G  B q r x O G  q

Line i? cS parallel fo to A  that O iV = G L ,  the Point G is to be
fought that this may happen. Now fuppofing the Points 0  and B to be 
fix’d, this will be eafily found, by the known Method of iMaxma and

Minima. By purfuing the Calculation we fhall come at laft to ■ ^  G q ^

G P  X N  G j(- appears that — ^   ̂ conftant Quan-
~  O G q q  ’ B G q q
tity. Thus if  the Abfcifs A  M i s  called x, and the Ordinate B M i s  it 
will be B L  =  Xy L G  = / ,  (which I have fuppofed to be conftant in all

this Calculation) and therefore B  G q =  xx - f whence —  =

conftant Quantity. Let a be any conftant Line, and therefore (that

the Law of Homogeneity may be obferved) it w ill be --------- :—  =
-t- y"
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3'4  ̂ To find a Solid
as is found by the illuftrious M . Hofpital and the famous M r. J .

f
Bernoulli.

A:,d here by the bye I take this Opportunity to. fignify to Mr. Ber- 
mulliy that I am very much plcaled with his Method of conftruiting 
Curves from Fluxional Equations, in which one of the indeterminate 
Quantities x or_y is wanting i as it is publiflied in the Leipjic ASts for 
the Month of May  ̂ An. \ 700. And from whence he has deduced the 
Conilruftion of the Curve here required, Nov. 1699./». 515.

celebrated Mr. ^ohn Bernoulli has wrote many Things about 
n” Facio, n. ” ‘‘7 Solution (printed at London) of the Problem for finding a round or 
337. p. /72. taper Solid, againft which the lead Refiftance fliall be made. He de- 

7, i 7 i 2.nies that it is in my Power, tho’ I am quite unknown to him, from fuch 
a Solution involved in fecond Fluxions, to go back to Newloti's Solu
tion, a like to which Bernoulli himfelf has found. And infinuates by 
fuch Aflertions, that at the Time Bernoulli was writing this, fuch a Re- 
grefs would be eafy to him. But the Letters of the celebrated James 
Bernoulli are not a little contrary to this, from which it appears, that at 
the Time he wrote, neither he nor his Brother were acquainted with that 
"I'ransformation of ours, of Equations in which Fluxions are involved *, 
in which they ai'e multiply’d for duly determining a Produ6l, fuppofe 
ior Inftance .v* y \  or any other complex Quantity. Now under M u l
tiplication alfo Divifion is contained. Now with "this Transformation, 
ibund by me in the Years 1687 and 1688, I acquainted M r. de Moivre- 
ond Mr. Huygens  ̂ by whom perhaps the Knowledge might be com
municated to others. And upon Inquiry I found, that our moft wor
thy Prefident Newton at that- very Time was not ignorant of it, or ra
ther had found it the firft of all.

But though I could have anfwered many Ways the Cavils of the famous 
Mr. John Bernoulli., yet I chofe to mfert in the Leifftc A£is that Inveftiga- 
tion which is far the fimpleft of all, and which Mr. John Bernoulli could, 
not rejeft: And from which he might farther underftand, that he had 
vainly accufed of talfity what I had wrote befides, of finding the Lins 
of ^ ick e ji Defcent ; duly admitting the Confideration of the Motioa 
(as it were) oí a Ray of Light continually refrailed, according to Fer- 
ffiat's Doftrine of Refraitions.

What I am to perform is this ; I am to commit to W riting an Equa
tion involving only firft Fluxions, which is rightly deduced, from that 
Equation which I have exhibited in pag. 16. This is what Mr. John 
Bernoulli required, and aflerts I cannot find any fuch. Nor can thefe be 
committed to Writing, but at the fame Time a Way will be opened to 
Mathematicians, for the farther Advancement of the more abftrufe 
Geometry.

Our little Treatife may be confulted, as to what belongs to the fecond 
of the fame. _

In the adjoin’d Figure let C be the Center of the equicurved Circle 
A

U i l E D



J E F y  which in the Point ^  may coincide as intimately as may be with 
the Seilion of the Solid required, whofe Axis is S T. Arid the Radius of

this Circle will be C^, or « =  — A íL ,  which was our Solution.

Make as before /iSz=Xy perpendicular to the Axis of the Solid T  5,

the Fluxion of which B  =  x k t \ t  be of an invariable Magnitude, and 
let 5 £  =  > t>e parallel to the Axis ; and again raife the Perpendicular

• • • •
£  G =  X, and G F  =  y  y will; be parallel to the Axis.

Now it will be Í . / : : « =  i h - j j .  '
t t  S t  S y. y

which will be equal to or A  D , parallel to the Axis, fuppofing C D  
to be perpendicular to the fame Axis. Make C D  =  m.

Again it w ill be? . . a ^ í l U ' - P J L  . 3Ü J Í  >
t  t  S t  t  ^  ^

which will be equal to m or C D . The Value of this is indeed unnecef- 
fary here, but it w ill be of Ufe in what follows.

Now from the Property of the equicurved Circle A  E  F , producing 
B A  and B E  to the other Part of the Circumference, we ihall have
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X X 2W+X =jyx 2w—
And again from the Property of the fame Circle, producing G -E and 

G F  to the other Part of the Circumference, we íhall have x x

y +  J X  2« —  3^ —  y.
Therefore fubftraóting the former Equation from the latter,, it will be 

• •  • • •  •• • • •  • • • •
IX X z=. —  2 yy — y y 2 ny —  — y y-

And thofe Terms being expunged which are infinitely lefs than the
• • • • • •

others, it will he 2 x x =z —  2 y y 2 n y
• • • «

And the Value of » being fubftituted, it is x at =  —  J  JK +

0 X V V sc ac V • •  **  • • • •  • • • •
thatis x y  ̂ —  3 x y y  y  + x x x y  = 0 .

X y * *  *■ * * *

This Equation is compofed only of the indeterminate Quantities x̂  y,,

and their Fluxions x,y,  and the invariable Quantity x, and of given Co
efficients, And there are two Pairs of Terms in which the lame Let
ters occur, and Powers of Letters, except that the flowing Quantity; 
exprefs’d by one Letter is converted into a Fluxion, ,or a Fluxion into.

a-Fluent..

-a
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• •  • «

a Fluent. Thofe Pairs of Terms are y x x'̂  y and xy"̂  —  ŷ  
arifing only from two generating Terms. For nothing hinders in the 
whole Equation, but that it may be transform’d, that is, Multiplica

tion being made into x '^ f \ the Indices » and k being rightly determin’d, 
that by that Means the new Equation arifing may become manage
able.

Therefore according to our Theory of fuch Transformations, in the 
generating Term, from whence arifes the firft Pair of Terms mark’d 
with one Afterifk, the Number of Dimenfions of the Indeterminate

to the Number of Dimenfions of the Indeterminate _y, that is, i -f. » 

will be to I -f A, as the Coefficient i  in the Term  ̂j  is to the Co

efficient I in the Term X Again in the generating Term, from
whence arifes the other Pair of Terms mark’d with two Afteriiks, the 
Number of Dimenfions of the Indeterminate x will be to the Number

of Dimenfions of the Indeterminately, that is, i  -f » will be to i - | -a,
«

as the Coefficient i in the Term xy^ is to the Coefficient —  3 in the

Term —   ̂ x y  ̂ y whence it is ;t =  —  A, and a =  —  4, and there-
it * ^

fore the Multiplier x y z= x  ̂ x y  ̂ .
MM * • • * > , 1

Therefore it will be —  x  x* y ^  ̂ y = - h  q
which is the generating Equation of the former Equation multiply’d by

3 . i
X  ̂ y  ̂ i where  ̂is a determinate Quantity. Now if  you fquare 

this generating Equation, (others call it a Fluent) that the Roots may

be taken away, there will arife x * x*y  * 1 x  ̂ x'" y +
• • • •

X  ̂ y'̂  =  ??>  ̂ Which is the very
xy

Equation of Newton, which J . Bernoulli has alfo found, and I myfelf 
have derived formerly, by the moft eafy Inveftigation of all, that can 
be hoped for this Equation, Now the Quantity q q may be determined, 
either from the Pofition of the indefinite Axis 2" 5, the Point yf, and 
the Tangent of the Solid in A  being given ; or from the Pofition of 
the Point the Center of the equicurved Circle C, and J  D  parallel to 

.the Axis of the Solid being given.
II. Problem.

UJIEIL



II. Problem. To  find the Line of fwifteft Defcent, 7o find the
Let BCyCDy  be two infinitely fmall Particles in the Curve required.

Now this Curve muft be fuch, that the Paflage from B to D , after traig/n. 268. 
the Fall from the Horizontal Line A  ^  may be perform’d in the p. 750, 
ihorteil Time. Therefore a Point is to be found in the Line R  21.1700.
(parallel to a ^  ^ i n  fuch a Manner, as that the Differences of the Ordi- 
nates G C, D  E , may be equal) fuch a Point C riiat this may happen. 8- ‘ 39-

Now the Velocity in the Point C  is fuch, as will be reprefented by 
i/ LC, and the Velocity in the Point D  will be v ' ^ D .  Therefore

is the Time of Defcent along B C,. and - is the Time of
i / L C  ^
Defcent along C D  •, (by Prop. 5 4 .  p. 1 5 8 .  of Newton.) Therefore the

Point C muft be fuch, that 4— =  Minhn. Suppofe B and D
i/  L  9i p

to be fixt, and make the conftant Lines G C z=.D L C  ■=. ^
 ̂ I ^

I¡t=:p •, the indeterminate Lines B G = z U y C E : ^ Z i  whence ^— -

+ ✓— —— =  Min. Therefore ------------------ H------¡— -- 1

= 0. But « =  —  2,̂  becaufe « .4̂  2 is equal to a conftaiit Quantity.

Therefore -  ̂ •, whence it  appears that
b ^ m ' w  p  ÍW* + 2*

To find a Line of the ^ickefi Defcent. 351

-  is equal, tu a conftant Quantity. Now make the A b -
¿ T v' w * -f- «-

• ••
fcifs J L  =  X, the Ordinate L G  and therefor-e B G z=. x, G C — y „  

— •
5  C z=. V  and let a be any conftant Line. Then it will be

—  V whence x s/ a = . s/ y %

in every Curve’ tis X . v ' x ^ y ^  1! Subtangent. Tangent, Therefore 
the Nature of the Curve required is fuch, that the Subtangent 
is to the Tangent as i/  a to 1/ j .  But all know that this is a Property of 
the Cycloid, who know that the Tangent of the Cycloid is parallel to the 
Chord of the conterminate Arch in the generating Circle, whole Dia
meter is <?, and whofe Vertex points downwards.

And with the fame Facility we may find the Curve of fwifteft Diefcent,
in any other Hypothefis of Gravity. _ , _____ 5

III. To find a Curve which.a falling Body would defcribe the j 
fliorteft Time, beina urged by a Centripetal Force tending to a given „ 2̂ 3.

 ̂  ̂  ̂ Point ip. 860.
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Point j svhicK Force increafcs or deê -eaies according to any Powet of 
the Dilhnce from Center; vílv̂ n t̂ e lowtft i*oint of die Curv^ is 
given, and the Altitude ki the-Beginning of die Fall.

Let the Center of Fofce be.C, from which Center, with the Diftance C 
B  equal to the Aldtude from whence the Body falls, let a Circle B E Q  
be defcrihed, and let the Angle 5  C G be a right Angle. Let ^  be the 

'̂ loweil Point of the Curve, where it meets the Axis C 5  at the given Dif- 
tance C A, ’ Tis required to find a Point where the Curve of quickeft 
Defcent E  meets the Circle at anpther given Diftance C F. This 
Problem has two Cafes, one of which depends on the Hyperbola and 
Circle, die other on the Ellipfis and Circle.

Fig. 140. I- Centripetal Force be reciprocally as the Diftance from
the Center, let K L M h t  any redangular Hyperbola, defcribed with Cen
ter C and Afymptote C B̂  which meets the Perpendiculars B  A M ,  
erefted upon B C., in the Points K, M  *, but any intermediate Ordinate 
F  L , erefted at F, in the Point L.  Let i tht  C D to C G 2ls s/ A  F  L  M  to 
\/ A  B K  A/, and let D  H h t  perpendicular to C G. Then let the Seitor 
R G B  he taken to the Area H  D C  B,&s the given Hyperbolical Area 
A  B K M  to ú\e given ReftangleC A x  A M . Then the right Line R  C 
will meet the Circle F  .^in the Point which will be in the Curve of 
fwifteft Defcent E  ^ A .

Now the Point E  may be had-, from whence the Fall of the Body fliould 
begin, by taking the Seélor B C E  to the Area of the Quadrant B CG^ 
in the fame Ratio as is the Hyperbolic Area A B  K M , to the Reftangle 
contained under C A  and A M .

Corol. Hence if  the right Line R  C, revolving about the Center C, 
makes the Sedtors R G B  proportional to the Areas H  D  G B̂  in which 
the Squares of the Bafes C D  are taken in Arithmetical Progreflion ; 
then the right Lines . C w i l l  interfeót the Curve £  at Diftances 
from the Center C ̂  which will decreafe in Geometrical Progreflion.

Gaf. 2. Now if  the Centripetal Force ihould be reciprocally as any 
other Power of the Diftance from the Center, let « -}- i be the Index of 
that Power, (where n may be any Number Integer or Fradion, affirma
tive or negadve) and let ■// =  C 5  be the greateft Altitude of the Curve 
required E  ^ A ,  h = .G  A h t t h t  leaft Aldtude of the famCj ^ n á A z z G F  
be any other intermediate Altitude,

In the right Line G G let there be taken C D  to C 5  as to i/
Tig. 141. and alfo G H  to C D  as i^ 'A ^ - ^ ^ t o  s/'H " —  h” . Then Center C, 

and with the Semiaxes CD , C 5 , let the Ellipfis 5  L  D  de defcribed, which 
let the Ordinate H  L  meet in L . And draw the right Line L  touch
ing the Ellipfis in Z, and meeting the leiTer Axis G D  produced in K. 
Then draw iVMparalle l to the Tangent K  Z , touching the Circle B E  
M G  m M , and meeting C D  in iV. Laftly, take the Seftor R G B ,  which 
may be to the Area N M  B, L  K  N,  comprehended between the Circle and 

Ellipfis and the Tangents of each and the right Line N K ,  in the Ratio ot 
the Number 2 to the Number «. Then the right Line R  G will inttrfecT:

°  the

l i l E D
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the Circle the P o i n t  which will be in the C u r v e  o f  the q u i c k e f t  D e f c e n t

Now if the Sedor-BCE be to the Area 5 D C , intercepted between the Qua
drants of the Ellipfis and Circle, in the aforefaid Ratio of 2 to «, that is, the Points 
L,D, as alfo M , G, coinciding (becaufe of >  =  H") the Point E  will be that from 
whence the Fall of the Body fliould begin which defcends to J  in the fliorteft 
Time, and which by its Motion defcribes the Curve which the right Line
CE touches in E , and which C B  cuts at right Angles in J .

The Demonilrations of thefe Conilrudions, which are derived from the Quadra
tures of the celebrated Newton, and from his Principles of natural Philofophy,
(Prop. 39 , ^ c . )  lliall be given on fome other Occafion. Now it is a Problem of 
another Kind, to defcribe Curves through which Bodies would move from the high- 
eft Point £, which is the Beginning of the Fall, with the fwifteft Defcent to lower 
Points ^which are given, when urged by any centripetal Force ; the Solution oí 
which Problem I have in my Power. A t  prefent it may fuffice to have given a ge
neral Idea of thefe Curves, and to Ihew their Relation to the Quadratures of the 
Circle and Hyperbola, without which it w ill hardly be very eafy to c o n f t r u f t  
them Geometrically.

IV. We muft lay down thefe three Principles as a Foundation, on which the U e  Laws 
Hrhole Science of Phyficks is to be built. i . That there is a Vacuum, or empty Space, c/Attrac- 
2. That Quantity is divifible in infinitum. 3. That Matter has an attraélive Force :
That there is a Vacuum is evident from the Motion of Bodies : From the Nature of II 
continued Quantity, Geometricians have demonftrated the infinite Divifibility of n°3'ij.̂ ** 
Matter: And Experience informs us, that Matter has an attraótive Force. Now P- 97- 
from the two firft Principles it follows :

T!hm. I. That any the fmalleft Particle of Matter may fo occupy any Space tho’ 
ever fo large, that the Diameters of all the Pores or Interdices ihall be lefs 
than any given right Line, or that all the Particles lhall be at a Diftance from 
one another, which fhall be lefs than any given Interval.

ihtor. 2. Two Bodies may be given equal in Bulk, but as unequal as you pleafe 
in Weight or Denfity, (that is, in Quantity of Matter) in which the Aggre
gates of the Pores or Interftices iliall be nearly equal.

For Inftance, let there be a cubical Inch of Gold, and another of A ir  ; tho’ the 
Matter in the Cube of Gold be 2 0 0 0 0  Times more than the Matter in the Cube of 
A ir; yet it may be fo order’d, that the empty Spaces in the cubick Inch of Gold 
fliall be nearly equal to the empty Spaces in the cubick Inch of A ir  : That is, that 
the Vacuities in the Gold ihall be to the Vacuities in the A ir, as'999999 is to 
1000000.

Theor. 3. The Particles which conilitute Water, or A ir, or any other fuch Fluid,
(if they touch one another) are not abfolutely folid, but are compofed of 
other Particles, containing many Pores and Interftices within themfelves.

The leaft Particles of Bodies being abfolutely folid, that is without any Vacuum  ̂
n|ay be call’d Particles of the firit Compofition. Little Parts arifing from feverai 
. thefe Particles growing together may be call’d Particles of the fecond Compofi- 

t|on. Lumps of thefe made by feverai of thefe Parts compounded together may 
e call’d Particles of the third Compofition •, and fo on, till we at lait arrive at 
' ' “ ‘••IV. z z  Particles
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Particles, of which the laft Compofition of Bodies is made, and into which they 
are refolved again by their firíl Relblution.

That there is an attraflive Force in Matter, by which every Particle of Matter 
attraéts to itfelf every other Particle of Matter, and is mutually attradled, was firfl: 
difcover’d by Sir Tfaac Newton from obferving the Phenomena. In a given Parcel 
of Matter this Force is, at different Diftances, reciprocally proportional to the 
Squares of thofe Diftances. From hence arifes that Force which we call Gravity, 
by which all Terreilrial Bodies are urged direftly towards the Earth, and is the 
Weight of Bodies always proportional to the Quantity of their Matter. By ex
tending this attraftive Force of Matter, of which he was the firil Difcoverer, he 
has moll beautifully explain’d all the Motions or the Planets, and the Appearances 
of Comets. .

After frequently revolving in my Mind the Divine Difcoveries of this moil fa- 
gacious Man, Í fell at lail upon this Thought, that a certain Principle might be 
apply’d, not unlike to this of Neivton'Sy to the Explaining of the Terreilrial 
nomena. Alter Experiments often repeated, I perceived there was a certain at- 
traitive Force in terreilrial Matter ; from whence the Reafon of many Phenomena 
is to be derived. And thefe Thoughts of mine about five Years ago I open’d to 
Mr. Newton, and I underilood from him, that he had long ago obferved the fame 
Things that I had found. Mr. Ne'Wton propofed feme Queries relating to this at- 
traftive Force, at the End of his Optrcks, publiñied in Latin about two Years agó. 
Now as it cannot be expeóled that that great Man fliould proceed ili l l to improve 
thefe Studies, both by reafon of his Age and other Bufinefs •, I thought it would 
not be amifs if  I fhould purfue his Steps herein, tho’ at a great Diilance from him. 
A t prefent I ihall barely propofe fome Theorems, which I may hereafter farther en
large upon, and give their Demonilrations in a ju il Volume.

Theor. 4. Befides that attraélive Force, by which the Bodies of the Planets and 
Comets are retain’d in their proper Orbits, there is alfo another Power in Mat
ter, by which the feveral Particles of which they are compofed attraft one ano
ther, and are mutually attradled. Which Power decreafes in a greater than a 
duplicate Ratio of the increafing Diilance.

This Theorem may be proved by a Multitude of Experiments. But the Ratio in 
which this Power is diminiihi’d, when the Particles recede from one another, whe
ther it be a triplicate, quadruplicate, or any other Ratio of the increafing Diftances, 
which is greater than the Duplicate, cannot fo well be known by Experiment. Yet 
perhaps a Time will come, when by a m.ore accurate and diligent Enquiry it may 
be difcover’d.

Theor. 5. If a Body coniifts of Particles, each of which is endued with an at- 
tradlive Force decreafing in a triplicate, or more than a triplicate Ratio of the 
Diftances ; the Force by which a Corpufcle is urged by that Body, in Contaft 
itfelf, or at an infinitely fmall Diftance from Contail, will be infinitely greater, 
than if  that Corpufcle were placed at a given Diftance from the fame Body.

See Prop. 80, and 91, of Newton's Principles.
Theor. 6. The fame Things being fuppofed, i f  that attractive Force at an af- 

fignable Diftance has a finite Ratio to Gravity, the fame will be infinitely 
greater than the Force of Gravity in Contaft, or at an infinitely fmall Dis
tance.

354 T7)e Laws of Attradion.
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7- Contad the attraftive Force of the Bodies has a finite Ratio to
Gravity, the fame at every affignable Diftance is infinitely lefs than the Force 
of Gravity, and w ill therefore vaniíh.

^htor. 8. The attraftive Force wherewith all the Particles of Matter are endued 
in Contaft, exceeds the Force of Gravity almoft immenfely •, yet is not in
finitely greater than the Force of Gravity j therefore in a given Diftance that 
Force will vaniíh.

Therefore this Force being fuperadded to Matter, is only diñ^ufed thro’ Spaces 
that are vaftly little. A t  greater Diftanccs it is nothing at all. Therefore the M o
tions of the Heavenly Bodies, which are feparated from  one another at very great 
Diftances, will not at all be difturbed by this attractive Force, but will continu
a lly  perform their Courfes in the fam e Manner, as if  Bodies had no fuch Force.

fheor. 9. If any Corpufcle touch a Body, the Force by which that Corpufcle w ill 
be urged, that is, the Force by which it adheres to the Body, will be propor
tional to the Quantity of Contadl. For the Parts that are any Thing remote 
from the Contaól will contribute nothing to the Coherence.

Therefore various Degrees of Coherence will arife according to the various Con
tad: of the Particles. But thofe Forces of Coherence will be greateft of all, when 
the Superficies are plain by which the Bodies touch one another. In which Cafe, 
when other Things are alike, the Force by which a Corpufcle coheres with others, 
will be as the Parts of the Superficies that touch one another.

Hence appears the Reafon, why two Marble-ftones that are exaftly poliihed, and 
touching one another according to plain Superficies, cannot be pull’d direftly from 
each other, unlefs by a Weight that much exceeds the Gravity of the incumbent A ir.

Hence may be derived a Solution of that moft celebrated Problem, concerning 
the Cohefion of Matter.

i h e o r .  10. Thofe Corpufcles are moft eafily feparated from one another, the Con- 
tafts of which with others are the feweft and the leaft. Such are the Contads 
of Globular Corpufcles that are of an infinitely little Magnitude.

Hence is given the Reafon of Fluidity.
T h e o r .  1 1. The Force by which any Corpufcle is attraded to another Body which 

is very near it, does not change its Quantity, whether the Matter of the at- 
trafting Body is increafed or diminiihed, the Denfity of the Body remaining 
the fame, and allb the Diftance of the Corpufcle.

Forfincethe attradting Forces of the Particles are diffufed only through very 
Imall Spaces; it is plain that the remoter Parts at C, D, and E , contribute nothing 
to the Attraftion of the Corpufcle J .  Therefore the Corpufcle will be atcraéted 
towards B with the fame Force, whether thefe Parts are prefent or not, or others 
are annexed to them.

ĥeor. 12. If the Texture of any Body be fuch, that Particles of the laft Compo- 
fition are a little removed from their original Contad by any external Force, 
fuch is a Weight comprefllng them, or a Blow proceeding i'rom another Body, 
nor do they pafs into new Contads •, the Particles mi-itually approaching by, 
the attradive Force w ill foon return to their original Contads. Biit the fame 
Contads and Pofitions returning of the Particles that compofe any Body, the 
fanie Figure alfo of the Body will return and therefore by the attradive Force 
Bodies may again recover their former Figures which they have loft.

Z  z 2 . Hence
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25  ̂ l̂ he haws o f  Attradion¿
Hence a Reafon may be given for Elafticity. For whereas Bodies Impíngin» 

againft each other, by their elaftic Force mutually rebound from one another; from 
the attraftive Force of Bodies, (as is demonilrated in my Phyfical Leétures) a Re- 
filition from one another ought thence to arife.

Theor. 13. Now if the Texture of a Body be fuch, that the Particles being re
moved from their former Contafts by an impreffed Force immediately come 
into others which are of the fame Degree, that Body will not reftorc itfelf to 
its former Figure.

' Hence it may be underilood, of what Texture foft Bodies ihould be, or in what 
the Softnefs of Bodies confiils,

‘tbeor. 14. The Particles of Matter may be endued with different attraftivc 
Forces, according to their different Strufture and Compofition ; the Attrac-

4 tion for Inftance will not be fo ftrong when a Particle of a given Magnitude is
 ̂ perforated with feveral Pores and PaiTages, as If it were entirely folid and

without any Vacuity.
^heor. 15. The attraftive Forces of perfeótly folid Particles very much depend 

upon their Figures.
For if  any fmall Particle of Matter were form’d into a circular Plate of an- in

definitely fmall Thicknefs, and a Corpufcle were placed in the right Line paffing 
through the Center, and were put at a Plain of a perpendicular Circle, and the 
Diilance. of the Corpufcle was equal to to a tenth Part of the Semidiameter of the 
Circle j the Force by which the Corpufcle is urged will be thirty Times lefs than 
if  the attrading Matter ihould put on the Form of a Sphere, and the Virtue of 

i; the whole Particle were diffufed as it were from one Phyfical Point. Alfo the fame
circular Plate would attraél a Corpufcle more ftrongly to itfelf than another Par- 

i- tide of the fame Weight, which ihould be formed into a thin and long Cylinder.
' Theor. 16. Salts are Bodies whofe Particles of the laft Compofition are endued

with a great attrailive Force, among which Particles however many Vacuities 
are interfperfed, which are pervious to the Particles of Water of the lafl Com- 
pofition: Which therefore being ftrongly attrafted by the faline Particles,
ruih upon them with Violence, and disjoin them from their mutual Contaft,
and diifolve the Coherence of the Salts.

‘Theor. 17. If two Corpufcles mutually approach to each other, with attraftive 
Forces decreafing in a triplicate or more than triplicate Ratio of their Dif- 
tances; their Velocity when they impinge upon one another will be infinitely 
greater than when they are at a given l 5iftance from one another. See Newt. 

 ̂ Prin. Pr. 39.
Itbeor. 18. The Magnitude of a Body which is heavier than Water may be fo 

far diminifh’d, that at laft it may float fufpended in the Water, and not de- 
fcend by vertue of its Gravity.

Hence appears the Reafon, why the Particles of Salt, Metal, and others of 
the like Kind, being reduced to the fmalleft Particles, hang as it were fufpended 
in their proper Menjirua.

Tbeor, 19. Greater Bodies approach to one another with lefs Velocity than leifer 
Bodies.

144. Bodies J  and B  approach to one another, belongs
only to the Particles that are neareft •, for the more remote have no- Force at all.

Therefore

t ü £ D ___________
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-j-herefore a greater Force is not applied to the moving of the Bodies A  and 5 , 
than to the moving of the Particles c and d. But the Velocities of Bodies that are 
moved with the fame Force, are reciprocally proportional to thofe Bodies. Whence 
the Velocity with which the Body A  tends towards 5 , will be to the Velocity with 
which the Particle f, not conneded with the Body, would tend towards the fame 5 , 
as the Particle c to the Body A. Therefore the Velocity of the Body A  is much 
kfs than the Velocity of the Particle c would be, if  at Liberty from the Body.

Hence it comes to pafs, that the Motion of the greater Bodies is fo flow and 
languid of its own Nature, that it is commonly hinder’d by an ambient Fluid, and 
other Bodies that are round about it. But in the fmaller Corpufcles the Virtue is 
vigorous, and very many Effeéls are produced by them. So much is the Energy 
areater in the fmaller Bodies, than in the greater.

Hence appears the Reafon of that Chemical Axiom, that Salts do not a il but 
when in Solution.

iheor. 20. Two Corpufcles not touching one another may be placed fo near, that 
the Force by which they afFeil one another,may much exceed the Force of Gravity,

T'heor. 21. If a Corpufcle placed in a Fluid is equally attra6led on all Sides by the 
furrounding Particles, no Motion will thence arife to the Corpufcle. But if  
it be urged more by fome Particles, and lefs by others, the Corpufcle will tend 
that Way where the greateft Attraction is. And the Motion produced will 
anfwer the Inequality of Attraftion, or in a greater Inequality the Motion will 
be greater, but lefs in a leiTer Inequality.

Theor. 22. Corpufcles floating in a Fluid, and attra(5ting one another more than 
the intermediate Particles of the Fluid •, having diipel’d the Particles of the 
Fluid they will approach to one anotheV with that Force, by which their mu
tual Attradion exceeds the Attraftion of the Particles of the Fluid;

Theor. 23. If any Body is placed in a Fluid, whofe Parts more attraft the Particles 
of the Fluid, than the Particles of the Fluid are attrafted by one another ; and 
if in the Body there are many Paflages and Por ŝ that are pervious to the Par
ticles of the Fluid ; that Fluid will foon diffufe itfelf thro’ thefe Interflrices.
And if the Connexion of the Parts of the Body is not fo firm, but that it may 
be overcome by the Violence of the rufliing Particles, a Diflblution of the 
immerged Body will thence arife.

Hence three Things are required, that a Menftruitm may be fit for diflblving a 
given Body. 1. That the Parts of the Body may more attraél the Particlcs of the 
Menftruum, than they are attraded by one another. 2. That the Body may have 
Pores and Interftices open and pervious to the Menjlruim. 3. That the Coherence 
of the Particles conftituting the Body may not be lb great, but that it may be over
come by the Violence of the rufliing Particles of the Hence it-is alfo
plain, that the conilituent Particles of Spirit of Wine are more attraéled by one 
another, than by the Particles of a faline Body immerfed in Spirit of Wine.

Theor. 24 . If the Corpufcles floating in a Fluid, and attrafting one another, are 
Elaftic, alter Congrefs they will rebound from one another. And then other 
Corpufcles impinging again, w ill be again refleéled. From whence there will 
be innum.rabie Confliils with other Corpufcles, and continual Rebounding.
But by the attraélive Force the Velocity of the Corpufcles will continually in- 
creafe, and the inteftine Motion of the Parts will be apparent even to Senfe.

Now,



Now as the Corpufcles may attrad one another either more ftrongly or more 
weakly, according to the different Elafticity they are endued with, thefe Mo, 
tions will be various, and will become fenfible in different Degrees and at dif
ferent Times.

1'keor. 25. If Corpufcles that attrad touch one anotlier, no Motion will arife j for 
they cannot come nearer than Contad;. If they are feparated from one another 
at a very fmall Diftance, a Motion will arife. But if they are farther from one 
another, they will not attract one another with a greater Force than the inter̂  
mediate Particles of the Fluid, and fo no Motion will be produced.

On thefe Principles depend all the Phenomena of Fermentation and EfFervefcence 
Hence the Reafon appears, why Oyl of Vitriol ferments and bubbles, by the Infu- 
fion of a little Water. For the faline Corpufcles are fomething removed from mu- 

 ̂ tual Contail by the AfFufion of the Water ; and as they attradt one another more
forcibly than the Particles of Water, and as they are not equally attrafted on all 
Sides, a Motion muil thence neceflarily arife.

§ ■ Hence alfo the Reafon appears, why fo great an Ebullition is produced, when Fi-
 ̂ lings of Steel are fuperadded to the forefaid Mixture, For the Particles of Steel

are endued with a great Elafticity, whence a ftrong Reflexion arifcs. And hence 
we may fee, why certain Menftrua adt with a greater Force, and diflblve any Body 
fooner, if they are fomething diluted with Water.

I  Theor. 26. If Corpufcles that attrad one another are without any Elaftic Force,
I they will not rebound from one another, but will compofe Lumps or Con

geries of their Particles. Hence a Coagulum or Curdling is produced. And 
if  the Gravity of the accumulated Particles exceeds the Gravity of the Fluid, a 
Precipitation or Subfiding will fucceed. A lfo a Precipitation may arife from 
the Gravity of the Meyifiruum being either increafed or dim iniili’d, in which the 
Corpufcles floated.

i:'heor. 27. If the Figures of the attracting Corpufcles, and thus floating in a Fluid, 
be fuch, as that in fome of their given Parts they are endued with a greater at- 
traftive Force than in others, and alfo a greater Contaót is in the fame, thofe 

; Corpufcles will go together into Bodies having given Figures, whence Chry-
ftallizations will be produced. And the Figures of the compounding Corpufcles 

ij) may be determin’d by Geometry, from the Figure of the Chryftal being given.
' '̂heor. 28. If the Corpufcles are more attracted by the Particles of the Fluid than

by one another they will be made to recede as if  they fled from one another, 
and they will foon be diffufed through all the Fluid.

Iheor. 29. If any Corpufcle intervenes between two Particles of a Fluid, the two 
oppofite Faces of which are endued with very great attractive Forces; this in
tervening Corpufcle will conjoin the Particles of the Fluid to one another; and 
many Corpufcles of this Kind difperfed through the Fluid will fix all the Par
ticles into a firm Body, or will reduce the Fluid into folid Ice.

J'heor. 30. If any Body ihould emit a very great Plenty of Effluvia^ the attradive 
Forces of which are very ftrong ; when thefe Effluvia approach to any light Bo
dy, their attractive Virtues will at laft overcome the Gravity of the lighter Body; 
and the Effluvia w ill attraft that Body upwards to themfelves •, and as the Ef- 

fiuvia are much more denfe in lefler Diftances from the emitting Body than in 
greater, the light Body will always be urged towards the denfer Effluvia  ̂ till
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at laft it adheres to the Body itfelf that emits the Effluvia. Hence many of 
the Phenomena of ElecHiricity may be explained, 

perhaps it may be objefted againft this Doftrine of ours concerning attraftive 
Forces, that if  this Power of Attraction was in all Matter of every Kind, the more 
ponderous Bodies having more Matter within a given Space ought to attraft moit, 
or more than lighter Bodies, which is contrary to Experience. But this Objeftion 
may eafily be anfwer’d. For Particles of the laft Compofition, (to which only the 
attraftive Virtue is imputed) being placed very thick near one another, may make 
a Body ponderous, tho’ they may be more rare among themfelves than thole Par
ticles, which conftitute, a light Body of the laft Compofition, being more remote 
from one another, and having more and wider Vacancies,

There are many other Phenomena of Nature, which leem to me capable of being 
e x p l a i n ’ d  from the fame Principles ; as the Afcent of the Sap in Plants and Trees, 
the conftant and determinate Figures of Leaves and Flowers, and their fpecifick 
Virtues, ^ c. And many Things alfo, which daily occur in the Animal Body, efpe- 
cially which have a Relation to the Motion of the Fluids and the irecretions, and de
pend on the fame Properties of Matter •, and hence the Theories of Difeafes and 
the EfFefts of Medicines may be eafily derived.

V. The learned Dr. Hailey communicated a Theorem to me, by which the Law of The Lawt 
the Centripetal Force may be exhibited in finite Quantities, which was ihew’d him 
byM. deMoivre, who faid that Sir Ifaac Newton had before found a Theorem which pórce ¿ 
was like this. Now as the Demonftration of this Theorem is very eafy, I had a M ind D, . jó h /  
to communicate it to the Publick, with fome other Thoughts on the fame Subjeóts.

Theorem. I f  a Body moves in any Curve by Means of a Centripetal Force tending to 5_*7- 
an̂  Center •, in every Point of the Curve that b'orce will he in a Ratio compounded of the 
HreB Ratio of the Diflance of the Body from the Center of Force, and the reciprocal Ra
tio of the Cube of a Perpendicular let fa ll from the Center upon the right Line touching the 
Curve in the fame Point, drawn into the Radius of Curvature belonging to the fame Point.

Demonftration. Let Q J i O  be.any Curve, which is defcribed by the Motion of a%- HS- 
Body, attrafted by a Centripetal Force tending to the Point S. And let A O  be an 
Arch which is defcribed in any the leaft Time, Fm its Tangent, A R  the Radius of 
a Circle of equal Curvature, that is, the leaft Part of whofe Periphery coincides with 
the Arch AO . And let SP  be a right Line falling perpendicularly from the 
Point Supon the Tangent. Draw 0 ?« and O w parallel to S A  and SP. And 
let Om denote the Force by which the Body in A  is urged towards S. 'The 
Force by which Body recedes perpendicularly from the Tangent will be as 0 « ; 
that is, the Force tending towards R , and caufmg the Body, moving with the 
iame Velocity as before, to defcribe a Circle equicurved to the Arch A O , will 
be to the Force tending towards S, by which the Body moves in the Curve A O , as 
0 » to Ow, or becaufe of equiangled Triangles, as S P to SA. But the Centripetal 
Forces of Bodies moving in Circles are as the Squares of the Velocities applied to the 
Ĵ adii, by Cor. of Theor. 4. of Newton'^ Principles., But the Velocity is recipro-

fally as SP, . or direólly as ■ and therefore the Square of the Velocity will be as
S P

— • Therefore the Force at O h, or the Force with which the Body cbuld move
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360 "The LaiJbs of the Centripetal Fprce.
in an equicurved Circle, will be as — — • Now it has been fliewn, that it

S P ^ x A R
is SP to S A , fo is the Force tending towards R, by which the Body may move in 
an,equicurved Circle, to the Force tending towards S. But the Force tending to

wards R  is as ------ ------ , and therefore fince it is S P . S A : :  -—I ------  
S P j x A R  S P j x A R '

___--------- , the Force tending toward S, will be as ------^  E. D.
S P f x A R  S P f x A R  ^

Fig. 146. Corol. If the Curve Q A O  is a Circle, the Centripetal Force tendmg towards S

will be as -~4 l. And therefore if  the Centripetal Force tends towards S a Point 
S P f

fituate in the Circumference, it will be (by 32 of the Third) Ang. P  A S  =  A Q S ; 
and therefore becaufe of fimilar Triangles A S P ,  ASQ^, it w ill be A Q  , AS:,-

A S  . S P .  whence S P  =  and S P  .  =  wl.ence | A =

=  9 =£., that is, becaufe of AQ^being given, the Force will be reciprocally as ASjf.
AS^c

Fig. 147. Let D A B  be an Eliipfis, whofe Axis is DB, and Foci F  and S, A R ,  OR, two 
Perpendiculars to the Curve very near each other. Draw K L ,  O T , perpendicular 
to SA, and K M  perpendicular to O R . Becaufe ’ tis S A  . SK F A + S A .  
FS, (by Prop. 3. El. 6.) that is, in a given Rado, the Fluxions of S A, SK, 
that is, A T ,  K ¿ , will be proportional to S A , SK . And it is (by Propo- 

fition 6. of Part 4. of Mtlns's Conic Seélions) A  L  =  4  the Latus Re¿tum 
=  4. L . Moreover becaule ot K A  parallel to SP, ’ tis Ang. A S P  =  K A L  = 
T O A ,  becaufe the Angle T A O  is the Complement of each to a right Angle.

Wherefore K  A  . A L  ; : S A  . SP, whence SP =  x ~  > and K A  =
2 K A  m 2 o r

Again, becaufe of equiangled Triangles K M  GPS ,  and O T A ,  SPA.
It is K M  . K/  ̂ : : G P  . G S  : : A P  . SK ,
Alfo K  k . A T  :: S K  . S A ,
Alfo A T  . A O  : : A P  . S A ,

I tw i l l b eK M .  AO  : : A P ?  . SAq : : S A q  —  S V q . S A q  : : S A ? —
4 A K  ̂  »

S A y  : : 4 A K j — h q  . 4 AK ? .  Whence L ?  . 4 A K j  : ; ( A O — K M .  A O : :)

A K . A R  i and therefore A  R  =  And by the fame Way of Reafoning in the
L q

Hyperbola, the Radius of Curvature will be found
I_j ^ 2  S  C

f jg . 148. Parabola the Calculation will b e eafier. For b e c a u fe  of the Subnormal
being given, ’ tis always K   ̂=  A  T  equal to the Fluxion of the Axis : and the 
Triangles K^M , A T O ,  SPA ,  A L K ,  are equiangular, whence K M  . K̂ ÎI AP -  
S A ;  alfo it is A T  (K^) . A O  :: A P  . S A ,  whence K M .  A O : :  A F q ^ S A q ' . ' .  
S A q - ^ S F q . S A q y  whence it will be S P j . S A ? : :  A O  —  K M . A O : :

K  A .  A R ,  a n d  t h e r e f o r e  A  R  =  ¿ . 4 . ?  ^  ^  But A L  =  t  t h e  L a t u s  R e a u mSPq

l « i £ a
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L , and A  K  . A  L  :: S A  . S P  j wherefore it w ill be i i  ?? •
2 A K

¿ S P ,

becaufe it is A  K  =  — it w ill be A  R  =

Therefore it is A  R  =  i A í L l ,  o'r
L  y

L x  S A f
2 S P '  - 2 S P f

And hence arifes a moil eafy Conftruftion, for determining the Radius 
of Curvature in any Conic Seélion. For let A  K  be perpendicular to the 
Seftion meeting the Axis in K  ; from K  upon A  K  let the Perpendicular 
H  K  be erefted, meeting A  S produced in H , From H  let H  R  be 
ereded perpendicular upon A  H , and A  R  w ill be the Radius of Curva
ture. In the Parabola the Conftruftion becomes ftill  ̂fomething more 
fimple. For becaufe by the Nature of the Parabola ’ tis S A  =  S^K, and 
the Angle A  K  H  is a right one, S w ill be the Center of a Circle paffing 
through A  K  H. Whence the Radius of Curvature is found by produ
cing S A  to H , that S H  =  S A , and at H  ereding the Perpendicular 
H R. Then R  will be the Center of the Circle that coincides moil inti
mately with the Parabola in A . ' o.

The Centripetal Force tending to the Focus of the Conic Seftion, 
which the Body moves, is reciprocally proportional to the Square of the

Fig. 149.

Diftance. For becaufe A  R  =

S A X 2 S P r  _  2
S P c x L x S A £ - ~ L x S A j '

the Centripetal Force w ill be as

2 S P f
it w ill be - A R  

S P f  X A R ^

That is, becaufe o f being - -given.

I I

Let B A  D be an Ellipfis, which the right L-ine G  E  touches in A . Fig. ijo. 
And let S P paiTing through the Center of the Ellipfis, and K  A  paffing 
through the Point of Contaól, be both perpendicular to the Tangent.
S P X K  A  w ill be equal to a fourth Part of the Figure of the Axis, or it 
will be equal to the Square of the lefier Semiaxis, =  B O x D  E. For be
caufe of equiangular Triangles G  B O, G  L  A , G  A  K , G  P  S, and G  D  E , 

s p . S G : :  B O .  G O .
S G . D G : :  B G . L G : : G O . G A .
D G . D E : :  G A . A K .

W h e n c e S P . D E : : B O .  A K ,  and S P  x A K = D E x  B O  =  a L x SB.
Hence if  a Body moves in an Ellipfis with a Centripetal Force tending 

to the Center of the Ellipfis, that Force will be dircftly as the Diftance.

X 4 A K  f  _  t Q a becaufe S P x  A K  is a gi-

S AVen Quantity. Therefore a Force as -w ill be as the Diftance S A .
j . S P f x A R

^  U®’ * 7̂.” from the other Focus F  letting fall a Perpendicular F  I pig., 
the Tangent i becaufe o f fimilar Triangles S A  P, F  A  I, it w ill be .

A a a  S A
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s a . s p : : f a . f i  =
S P x F  A  

' S A
Whence it w ill beSPx^FI —

S P g X F  A  jQ [jjg Square of the lefler Scmiaxis. Whence if  the 

greater Axis be call’d and the lefler 2 it will be S P j -----—

and S P =
¿ X 4/ S A

1 /S  A -jBut in the Hyperbola it is S P  =r ________
¿ +  S A

In the Parabola it is S P =  -i/ ¿í x S A , fuppofing its Latus reftum 4 d. 
Becaufe it is T  A   ̂ . T  O j  :: A  P ? . S P j  SA S P j  . SP ^

S A j— i^ S 4 - . i ^ : : S A
¿ - S A  b— S A ¿ _ S A  ■ b— S Á

b S A  —  S A q

F5s- >S'-

—  d d . d d. It will be ¿ S A  —-  S A  q —  d d  . d \ l 'T A  ̂ 'T O. And

■as it is T  A  =  S A . it will be T  O =

Now let Q^A O  be any Curve, one of whofe leaft Arches is A  O, the 
Tangents in the Points A  and O are A  P and Op,  the Radius of Curva
ture A  R, and Perpendiculars upon the Tangents are S P and S p. It

will be  ̂  ̂^ ^  =: A  R. For becaufe of fimilar Triangles it i s / P .

A  O :: P A  . R  A. And A O . T A I I S A . P A - ,  whence ex a’quo 
it will be /  P  . T  A  or S A  ;: S A  . R  A . But it is / P  =  S‘P j where-

•

fore it will be R  A  =   ̂ x S A^
S P

Hence if  the Diftance S A  be drawn into its Fluxion, and divided by 
the Fluxion of the Perpendicular, we ihall have the Radius of Curvature. 
By which Theorem the Curvature is eafily determined in Radial Curves 
or Spirals. For Example. Let A  Q b̂e the Nautical Spiral •, becaufe 
the Angle S A  P  is given, alfo the Ratio of S A  to S P  will be given.

Let that Ratio be a to b. Then it will be S P  =  l^ , ; in d S P = — ,
a a

and A  R  =  S A x S A _ _ ^ S  A  y /hence it plainly appears, that the
S ‘P ^

Evolute of the Nautical Spiral is the fame Spiral in another Pofition.

S A  X S A  

S P
it will be

S A  _  SP_

S P i x A R S P i x S A
And
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j^ n d  fr o m  h e n c e  a g a in  f r o m  t h e  g i v e n  R e la t i o n  o f  S  A  a n d  S  P ,  t h e  L a w  
o f  the Centripetal F o r c e  w i l l  e a f i l y  b e  f o u n d .

Example. Let V A  B be an Ellipfis whofe Focus is S, the greater pjg. ,52.’ 
Axis V  B =  ¿, the leffer Axis 2 the Latus reilum 2 R. And let V¿zQ 
be another Curve fo related to this, that the Angle V  S A  may be always 
proportional to the Angle V  S and let S =  S A . The Law of the 
Centripetal Force tending to S is required, by which the Body may move
in the Curvé V  íj •

Becaufe the Angle V  S A  is to V  S « in a given Ratio ; the cotempo
rary Increments o f thefe Angles w ill be in the fame Ratio, and let this be

the Ratio o f m to n. Whence it will be e / x O  it is O  T  =-
m

 ̂̂  i  whence o t-= z . ^^S A
^'bS k  — S A q — dd \/b b A  —  S A q  —  dd

Now becaufe i t i s S A ^ ' - f - S P j  . S P j  II t ax i a-^ 01 x e t . 01 k
c 4. d̂  S A  q________  .

m ^ i n b ^ A — S A y — d'- ' inb  ̂A  —  S A  j - —  </* * *

. . .  I  C.  A:: w* b s A—
nî  inb S A  —  S A q  —  d d inb S A — S A q  —  d,

S A  q —  d̂  +  . n'" d \̂ Whence it will be

b S A  —  m̂  S A q  —  m^d^ -\-n^ d  ̂ . n d II S A  .S  Fy and there

fore S  P =  —  ̂ n d S A  ------- ---- J^ovf that the
^ m ' ^ b S A  —  S A q  —  in'" d  ̂ n'" d'̂

Fluxion of this may be had, iov m'̂  b S A ‘—  »2* S A q  —  w® +  «’

let X be wrote, and it w ill be S P  == andSP f d ^ S A c
• X X I

and then x =  b S A  —  2 w* S A  x S A , and S P  =  n d S  A  x a;“ 4:

— 4- X  ̂  ̂ And reducing the Fractions to the fame Denomina-

tor it will be S P  =  » / _ S A y  — . i ; / ^ S A y  Numerator

inftead of a; and x putting their Values, and reducing to Order, It w ill be 

S-p =  ^ A x 4 « - ¿ S A - ^ -  +  Whence it w ill be
X —

_ S 'P  _ ± m ^ b S A - ^ m ^  d ^ + n ^  d  ̂ 5?'p . „
---- ----------- i  ̂ -̂----—--------. B u t___ z_L------is as the

S P t x S A  »  d SAc S P cxS'A
«"tripetal Force; therefore this Force will s

n '  d^S A c  

A a a 2

i!

'M

mo~



or bícaúfe o f the given m* in the Denominator, -thb-^Force’w iii bd aá,

i y b S A - , . ^ d ' _ + n ' d '_ Dr 4 ead of ¿* p r u n i n g t h e F o r c e
o A  C . 2 ' '

•11 u  i v i ' ^ b S A — - 4 » ^ *  ^  R - f - - r - W *  ^  R  -  u  r  r  L -  •W ill be as i ----------------- i _ — ----------- ; or becaule of the given
. i> r . -i-.

b ?«-S A  — R  w* +  R  «* _  , R  » f.rr-R  u' i
— , as------------ -- ---------------- i - + -------------s-x------- . A ll which
2 S A f  S A j  S A f

exaftly coincide with what is deliver’d by Sir If. NewtoHy in Prop. 44. of
his Primipia, concerning the Centripetal Force of a Body moving-in the
£une Curve. /  . j :  _ >. ci..

Becaufe the Centripetal Force tending to the Point S, by which a Body
K •

c  p

may move in a Curve, is always as_' -----hence from the Law '
' S P i x S A  '

of the Centripetal Force being given, the Relation o f S A  and S P  may 
be found, and therefore by the Inverfe Method of Tangents the Curve may 
be exhibited, which ihall be dcfcribed_by a given Centripetal Force. • 

For Inilance, let the Force be reciprocally as any Dignity m of the

Diilance; that is, let--------------=:__ _̂___ _ . It will hp  ̂  ̂ —
S P f  x S A  x.S A ”* S P  f

b S ’A  ------
— —  1 and taking the Fluents of thefe Fluxions, it will be 4  S P “  ̂=

S A ”  ^

Whence it*will be  ̂  ̂ . =r S P j ,  and mul-

tiplying both the Numerator and the. Penominator of the Fraftion by 

S A "—%and inilead of---̂ ^^ putting d \  it becomes ^-------

=  S P  Í, Therefore S P =  •' ‘ x —

Now if  the conftant Quantity í =  o, it w ill be S P   ̂ '
V  b

Thus if the Force be reciprocally as the Tquare of jhe- Diilance, it may 
•1/ /Í* A  * LI— 1  ^  •

be put S P  = ----------- , and the Curve will be a Parabola, whofe La-

tus Re£tum is Or it may be 6 P  =  i  ^  — and the Curve
b ' —  —

. ■ -C

will be an Ellipfis, Or laftly, it may be S P  =  J  x ■ — 5 and

the Curve becomes an Hyperbola.

JÓ4 Laws of the Centripetal'Foroe.^
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Tf the FofC .̂i§ rq,ciproc l̂ly the Cube of the Diilance, it may be

—  ■ *  A-

that S P  =  ——̂ , and the Curve becomes the Nautical '̂piral.

3 6 5

fuppofed

Ln;; ; 
Ó r í tm aybeSP  =

Oí '

b
d S  A —  , and the Curve w ill be the fame as that.

hofe V ' New tm  has derive^ from the Sedor of the
d S  A

I-Tvtierbola. Qr jt may be S P  = — !-------------  ̂theConilrudion of which
■ ■ ‘ • v'^ +  eSA'-

Qwxvq Newten has deliver’d by the Sedors of the Ellipfis, Ccr. .̂ Prof>.

If the Centripetal Force be reciprocally as the Diilance, the Relation 
Ijetvveen S A  and S P cannot be determined by an Algebraical Equation •, 
yet the Curvé may be conftriicted by' the Logarithmic Line, or by the

Ouadrature of the Hyperbpla.. For it is then S P  =  — = £ = = = .»
^  ' y ' b — ' L ' . ^ Aé 9
where L  . S A  denotes the I.qoarithm of S' A . - 

A ll thefé Things follow fro'rfi the now fo much celebrated Method of 
Fluxions, of which .• ir Ifaac Newton^ without any Doubt, was the firit 
Invcnter, as will eafily be evident to any one, that Ihall read thofe Epiftles 
of his, w h ic h  were firft pubUlhed by D'c.lVallis. Yet afterwards the 
fame Arithmetick was publiQi’d by M r. LeUmtz in the A¿ta Eruditorum^ 
with only changing the Name, and the Manner of Notation.

Now let a Body move in the Curve Q  A  Ó, by Means of a Centri- Fig. 14J. 
petal Force tefidi^g to S ; and let tlie Velocity of the Body in A  be called 
C. Now the Velocity with which a Body at the fame Diftance, and 
with the, fame Centripetal Force would defcribe a Circle, may be call’d c.
It is plain from the- firft Theorem, that if  S A  reprefents the Centripetal 
Force tending to S, the Centripetal Force tending to R , by Means ot 
which the Body with the Velocity C will defcribe a Circle whofe Radius 
is A  R, w ill be rep.refented b.y S P. But the Centripetal Forces of Bo
dies defcribing Circles, are as the Squares of the Velocities apply’d to the

Radii~of the Circles. Therefore it w ill be S P  . S A  I : i

whence S P x A i r .  SA  g :: C " a n d  therefore C . f :: v/ SP x A R  . SA.
If P coincides w'ith S A , as it is in the Vertices of the Figures, it will 

be C . f :: i /  A  R  , v ' S A. Now if the Curve be a Conic iedion,
A R  the Radius of Curvature at its Vertex w ill be equal to half the La- 
tiis reftum, or i . L ,  and therefore the Velocity of the Body in the Vertex 
of the S'eftion will be to the Velocity of the Body defcribing a Circle at 
the fajne Diftance, in a iubduplioate Ratio of Latus rectum to the
double biílánce.
 ̂ . ...j j i ..  ̂ Bscaufe



Becaufe it is A  R  it will be C* . ::
S P S P '

S A : : S P x S ' A . S A x S' P ; and therefore
S P  .

from the given Relation of S P  to S A , the Ratio of C to r w ill be given. 
For Example, if  the Centripetal Force be reciprocally as the Dignity m

of the Diftance, that is, if  it be---- --------- -= ---- -̂--- ; it will be S ’P—S P f x S A  « * S A -
 ̂S P c x S A  therefore it will be C®. ;; S P  x S *A .

S A ”

5 ¿ s p  Whencc i f  we put S P j  =

S A ”-»- ^  S A ” - \  it will be C * . r  :: S iz* S
b b 2

A"~* \\m —  1 . 2 ;  and therefore C . f t : ✓ 2 . ✓ *7» —  i.
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Now if  it be put S P Í  ̂ S A ” » ^jj.
b —  Í S A ”*-* b — f S A ” -»

b S
that is, o s i - . S  A - .  to

h i but the Ratio of Í  —  e SA—  l é t n l h  is lefs than the Ratio
2 2

of b to - b, or than the Ratio of 2 to ?« —  i ; whence C will be

to Í in a lefs Ratio than that of 1/ 2 to i/  m __i.

In like Manner if  there be taken S P  =^.  ̂ it will be found
 ̂H- e S A "  * ■

that C will be to r in a greater Rttio than that of i /  2 to i /  j 
Cor. If a Body move in a Parabola, and the Centripetal Force tends to 

R ^ -k-’ Velocity of the Body will be to the Velocity o f the
Body defcnbmg a Circle at the fame Diftance, every where as the t/ 2 to 

It IS w =  2, and «I —  I =  I . The Velocity of the 
fhe W  n-ft Í  the Velocity of the Body moving in a Circle at
irvr I^^ance, m a lefs Ratio than that of ✓ 2 to i . And the Velo-

than that"of ̂ ^2'to ^

Spiral, its Velocity is everywhere
for ii  ̂ J  defcribing a Circle at the fame Diftance ;
tor in this Cafe tis»; =  3, and =  g. Pfcb/m,

K ,



Of the Inver f e  Problefft  ̂ See. 367
Problem. Suppofing that the Centripetal Force, (whofe abfolute Quan

tity is known,) be reciprocally as the Square o f  theDiftance, and a Body 
be projefted  according to a given right Line with a given Velocity •, to pig. 
find the Curve in which the Body will move.

Let a Body be projefted according to a given right Line A  B, with 
a o-iven Velocity C. Now becauie the abfolute Quantity of the centri
petal Force is known, the Velocity w ill thence be given, with which a 
Body can defcribe a Circle at the Diilance S A , by the fame Centripetal 
Force. For it is equal to that which is acquired while the Body falls 
through 4 S A , if  urged by the fame Force. Let that Velocity be c.
From A  upon A  B let the Perpendicular A  K  be ereded, and in. that

take A  R, a fourth Proportional to C*̂ , and ; and A R  will be
^  X

the Radius of Curvature in A . From R  upon A  S let fall the Perpen
dicular R  H , and from H  upon A  R  the Perpendicular H  K, and draw
ing the right Line S K , it will give the Pofition of the Axis. Make the 
Angle F  A  K  equal to the Angle S A  K  ; and if  F  A  is parallel to S K , 
the Figure in which the Body moves will be a Parabola. But if  S K  
meets the Axis in F, and the Points S and F  fall on the fame Side of 
the Point K, the Figure will be an Hyperbola. I f the Points S and F  
fall on the contrary .“-ides, the Figure will be be an Ellipfis. Then with 
the Foci and F, and with the Axis =  S A  ■+ F  A , the Section in 
which the Body w ill move may be defcribed.

VI. To find the Curve defcribed by a Body, which is urged by a given 
Law of Centripetal Force, when projeéled with a given Velocity from a Centripetal 
given Place, according to a given right Line *, is a Problem of the great- F orces; wtb 
eft Dignity. Newton^ in his Mathematical Principles of Natural Philo- ^c^arksm 
fophy, gave us long fince a compleat Solution of it, granting the Qua- ¿vjohnKefi, 
dratures of Curvilinear Figures. Since which the celebrated Mr. 340. p. 91!
Bernoulli has again undertaken the fame Problem, in the Memoirs of the 
Acadcmy 0 /Paris for Ann. 1710. I have compared his Solution with that 
of Newton., and made the following Remarks upon them.

Mr. Bernoulli premifes the fame Propofition which Newton makes 
ufe of, for dcmonllrating his Problem ; which is the X L th  in his Prin
cipia., and is no lefs elegant than eafy to be demonilrated. It is as follows.

If a Body moves any how by Means of a Centripetal Force, and ano
ther Body afcénds or defcends direétly, and their Velocities are equal in 
any Cafe of equal Altitudes j their Velocities will be equal in all equal 
Altitudes.

Bernoulli fays the Demonftration of this Propofition is deliver’d by 
Newton in too perplex a Manner •, and therefore he fubftitutes his own 
in its Room, which he calls a more fimple one. But give me Leave to 
%, without offending fo great a Man, that if  there be any Difference be
tween the Demonftrations of Newton and Bernoulli-, it is this, that New- pig. 154.
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ton's feems to be’much the eafier, and lefs perplex than the other. For 
if  with Center C the two Circles D E K ^  are defcribed, the Diftance of 
which D  £  is as fmall as may be, and the Velocities of the Bodies in D 
and I  are equal, and it from N to I K  the Perpendicular N T h  let fa ll; 
Newton fully (hews, that the accelerating Force according to D  E  is to 
the accelerating Force according -o IK , as I N  to I T . For if  the Force 
according t o D  E  ov i N h t  rcprtiented by the right Lines D  E  or IN^ 
that Force, according to I N , may be refolved into two, T  I, T  Ny of 
which that only which is as T  /accelerates the Motion according to the 
Direéblon /  JÍ. But the Accelerations or Increments of the Velocities 
are as the Forces and the Times in which they are generated conjunélly. 
But becaufe of the equal Velocities in D  and /, the I'imes are as the Ways 
defcribed D  £, IK.  Wherefore the Accelerations in the Motion of the 
Bodies along the Lines D  E  and I K ,  are as I) £  and I T ,  and D  E  and 
1 K  conjunftly ; that is, as D  £  j  or I N  q to the Reftangle I T  x I K ,  
and therefore, becaufc o í I N q  =  I T  x I K ,  the Increments of the Ve
locities are equal. Therefore the Velocities in £  and K  are equal, and by 
the fame Way of arguing they will always be found equal at equal Dif- 
tances. This is the Sum of Newton's Demonftration, which is explain’d 
fo clearly by him, that we fliall find but few eafier even among the Ele
mentary Propoiitions. But Bernoulli does not proceed thus. He is con
tented to fay, that Mcchanicks iliew the Force according to D  E  is to 
the Force according to 7 /T, as I K t o D E .  Alfo that Mechanicks ihew 
the Increments of the Velocities to be in the Ratio o f the Forces and 
Times conjunélly. And that at the Beginning of the Motion fuppofing 
the Velocities to.be equal, the Times are as the Ways defcribed D E , I K .  
And hence he concludes, by an Argumentation altogether like that of 
Newton, that the Increjiient of the Velocity acquired by the Body whilft 
it dtfcribcs I K , is to the Increment of Velocity while D  E  is de- 
icribv-'d, as D E  X I K  to I K  X D  E . and therefore that the Increments 
ol the Velocities will always be equal in equal Diilances.

But it he had had a Mind to give an ealy Demonftration for the Sake 
of Novice?, he ought to have cited the Mechanical Propofition, and 
have accommodated it to the prefent Cafe. And indeed there was Oc- 
cafion for many Words, that this may become the Theorem which he 
ieems to hint at, in which is treated of the Defcent of heavy Bodies along 
inclined Plains. For here no Plain is given, which may hinder the direft 
Defcent ol Bodies. Nay, the Body is fo far from being hinder’d by a 
Plain, that on the contrary it is continually attracted by a certain Force 
frorn the Plain or Tangent. Therefore without Doubt the Force of his 
Keafoning would have been more manifeil, if  forbearing to introduce 
ms 1 ropofitions of Mechanicks, he had demonftrated the whole Matter 
irom its own genuine Principles, as Newton has done. For by refolving 
, ^  Triangle into two fimilar Triangles, it is K I  to
I N I N  to I T ,  and therefore inftead of the R & t i o l N t o l T y  he 
might have put the Ratio o í K I  to I N  or D  E,

If

l l O i D



V ' ' S  ' JT

jirr. 12. n m B /r -

* v '
T i

\4

r

1
r





^the Body falls from any Place in the right L iney iC , and from its 
placed a Perpendicular E G h t  always raifed, which may be proportional 
to the Gentripetal’ Force, and \i B F G h t  the Curve Line which the 
Point G always touches; Newton demonftrates {Prop. 39. and 40. of his 
principia,) that the Velocity of the Body in any Place E  is as the Square- 
root of the Curvilinear Area ABG E . Therefore if  the Velocity be called 

then will be as the Area A B G E .  And i f P  be the greateft Altitude 
to which the Body revolving in the Trajeftory can afcend, when pro- 
jeded upwards from any Point of it with the Velocity which it has there \ 
and if A  be the Diftance of the Body from the Center in any other Point 
of its Orbit •, and if  the Centripetal Force be always as any Dignity of A, 
fuppofe as A ’'-^ ; the Velocity of the Body in every Altitude A  w ill be

as P" — n A" .
In like Manner M r. Bernoulli ihews  ̂that if the Diftance from the Cen

ter be called x, the Velocity 1;, and the Centripetal Force it w ill be v =

ab —  Flu'. (p X 5 where it is plain from Quadratures, that the Area

A B G  E  =  a h —  Fltv. p x. Therefore it is ail one, whether the Square 
of the Velocity is exprefs’d by the Area A B G E ^  or by the Quantity

ah — Flu\ 9 X which is equal to it. And if  the Centripetal Force ¡p be

as « yf"-* or n x"—^̂ it w ill ht a b ■= P", and Flu\ ■=. A* \ fo that

ah — Flu\ ? A? is as the Quantity P ” —  A" .
Let the Body defcribe the Curve V  K  with a Centripetal Force tend

ing to C, and let the Circle F X T h e  given, defcribed with Center C

and any Radius C V. Let ^  be a conftant Quantity, and make
A

= %. And let K  I  he an Element of the Curve, I N  or Í)  E  zn E le
ment of the Altitude, X T  an Element of the Arch. Newton demon
ftrates, that the Element of the Arch o t X T  may be exprefs’d by this

Formula ______

the Laws of the Centripetal Force.

A  A  A B G E  —  z z
Likewife from the Premifes Mr.

Bernoulli making the Arch V  X  =  and the Altitude or Diftance =  x, 

reduces the Element o f the Arch to this Form z  =

c X_________ = = = = = = * s = - .  Now even at firft View the For-
abx* —  x^xFlu'.px —  x""

mula of Newton iliould feem fomething more fimple than that of B f '  
ôullî  as confifting of fewer Terms. But when I had examin’d the 

Matter carefully, I faw that Bernoullt’ s Formula exaftly coincided with 
that of NewtoHy and differ’d from it only in the Manner of denoting

the Quantities. For if  for a b —  Flu: ,p ;v we p«t A B G E y  and for a c

V 0 L. IV. B b b
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we put and for x we put and for a we put C and for x we put

I H s  then _________ -  ^ x C X . I N
</ abx^ —  X Flu\ px —  a- x^ ^  A ^ xA B G E  ^

A  q

=  — C X   ̂ I N  pŷ .j¡ng 2 z inftead o f ( w h i c h  New-
A W ^ A B G E  —  ! ^  ^

ton does for the Sake of a more commodious Notation) BernoulW% Form 
6) xC  JTx I N

becomes -  Whence it appears, that his Formula
A  ̂ E G  E  —  z z

does not differ from that of Newton  ̂ any otherwife than as any Thing 
written in Latin Charafters would differ from the fame Thing if  written 
in Greek Charafters.

After having deliver’d the general Formula, Mr. Bernoulli defcends 
to a particular Cafe, in which the Centripetal Force is reciprocally as the 
Square of the Diflance. And through various Redudions and trouble- 
fome Operations, he ihews the Conttruftion of Curves which may be 
defcribed by means of that Centripetal Force, and by reducing them to 
Equations he proves they are Conic Sedions. Then he complains, 
that Newton fuppofes, without any Demonilration, that Curves defcribed 
with fuch a Force would be Conic Seélions.

It is imponible he ihould think, xhzx: Newton was not acquainted with 
the Demonftration of this Matter, For he knew very well that Newton 
was the firft and only one that had treated of this- Doilrine about Cen
tripetal Forces in a Geometrical Manner, and had brought it to fuch 
Perfeftion. Bernoulli alfo knew, that befides giving the general Solu
tion of the Inverfe Problem, Newton had Ihew’d how Curves might 
be conftruéled, which are defcribed by a Centripetal Force decreafing 
in a triplicate Ratio of the Diftance, and therefore he could not be ig
norant of that other Cafe. Nor indeed can I underftand for what Reafon 
Bernoulli objeéls to Newton,, that he had omitted the Demonflration of 
this Cale ; finee he himfelf has often propofed Theorems, whofe Demon- 
ftrations he has no where given. And why may not Newton da the 
fame, when in Hafte to proceed to other Matters ? But now in the new 
Edition of the Principia^ he has a Demonftration of this very Thing, 
which, though very iliort, is yet much eafier and clearer than that of 
Bernoulli.

Laftly, that Bernoulli might fhew the NecelTity of his Demonftration 
of the Inverfe Problem in this particular Cafe, he thus adds. It muft be 
coniider’d, fays he, that the Force which caufes a Body to move in the 
Logarithmic Spiral muft be reciprocally as the Cube of the Diftance 
from the Center. But it does not follow from thence, that fuch Curves 
muft always be defcribed with fuch Forces, fince the like Forces may 
alfo be the Caufe, that the Body may move in the Hyperbolical Spiral.



I wonder truly how this great Man could imagine, that Newton ever 
drew fuch a Conlequence. For befides the Logarithmic Spiral Newton 
fhews, how other Curves, infinite and different in Number, may be 
f o r m ’ d ,  all which may be defcribed with the fame Centripetal Force as 
the Logarithmic Spiral. And among thefe this very Hyperbolical Spi
ral may be reĉ con’d, as we fliall fhew hereaften

Now from hence Newton concludes, that only Conic Sections can be 
defcribed by a Centripetal Force which is reciprocally proportional to the 
S q u a r e  of the Diftance ; becaufe the Curvature of any Orbit is given, by 
having given the Velocity, the Centripetal Force, and the Pofition of 
the Tangent. But the Focus being given, the Point of Contaét, and 
the Pofition of the Tangent, a Conic Seftion may always be defcribed, 
which ihall have a given Curvature. This I have ihewn above. There- y . , 
fore, by Virtue of this Force, the Body iliall move in this Curve, and s/v, 
no other. Since a Body fetting out from the fame Place, according 
to the fame Direition, with the fame Velocity, and urged by the fame 
Centripetal Force, cannot defcribe different Courfes.

In Imitation of M r. Bernoulli, let me attempt to refolve this Problem 
0Í the Inverfe Method of Centripetal Forces, but after a very different 
Manner •, and alfo to apply it to a particular Cafe, in which the Force 
is reciprocally as the Cube of the Diftance i and at the fame Time pro
duce a Demonftration of Cor. 3. Prop. 41. of Newton's Principia.

In Order to do this I muft premife a few Things which I have already vid. Supra 
explain’d above. S. V.

Let V I L  be any Curve which a Body defcribes by Means of a Centri- F i g .  155. 
petal Force tending to the Center C, Let this Curve be touch’d by 
the right Lines I P ,  K p , in two Points /  and K  which are infinitely 
near; to which from the Center let fall the Perpendiculars C P , CF^ 
and with Center C let the Circles K  E  and / D  be del'cribed, and draw C I.

The Centripetal Force will be as the Quantity -̂----- 1 which
^  ' P  C c X I N

Theorem, though we have demonftrated it before, yet here is another 
Demonftration. From K  draw K  m parallel to C P , and K n i o  C I.
Then becaufe of like Triangles / C P ,  I K N ,  and n K m ,  alfo / 
and I p  P, it w ill be

I p  or I P  . I K  II p  P  . Km,
P  C . I P  \l Km . tn n,
I N . I K  m n . n K. Therefore ex aquo,

P C x I N .  I K q : : p  P  . n  Ky

Therefore n K
P  Cy. I N

Now the Time in which the Arch I K  'n defcribed, is as the Area or Tri-
Î'gle I C K ,  or its double P  C x I K \  therefore if  the Time be given,

^ C x I K  will be aconftant Quantity. But in a given Time the Centri
petal Force will be as the little Line K «, which is defcribed by that Force -,

B b b 2
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apd therefoiit the Centripetal Force is as that little Line K  n drawn into the

conftant Quant i ty_._-i— ; that is, the Centripetal í ôrce w ill be as 
■ P  C - j  X / a  Í  

«

_____ _̂___X ^ o r  as the Quantity ^  E.  D
P C q x I K q  P C x I N "  ^  ^ P C c x l N , - . ^

The Velocity of the Body in any Place is as the Path def¿ribed in any 
the leaft Time direftly, and as that Time inverfely; ánd therefore

is as I K  X ; that is, the Velocity will be reciprocally as
X Li yC 1 J\

the Perpendicular from the Center to the Tangent.
If the Diftance of the Body from the Center be called and the Per

pendicular upon the Tangent p •, it will be / iV =  x, and P  ;> =  and

the Centripetal Borce may be expounded by the Qiiantity by af-
P '  X

fuming any Quantity for/4  .
T herefore i f  with Mr. Bernoulli vft call the Centripetal Force then

f *  =  ,p, and i l l  =  ¿ <p; and taking the Fiuei^s of thefe Quantities,*

it will be _=: Flu\ X (p.

Now fince the Velocity of the Body is reciprocally as the Perpendicu

lar p, its Square may be expounded by If therefore the Velocity

is call’d V, it will be —  — — , which is equal to the Fluent of the

Quantity x ip. And if A  be the Place from whence a Body ihould fall, 
in order to acquire the Velocity in Z> or /, and from the Place of the 
Body D  the Perpendicular DF-=.<p beerefted, then the Reftangle B  E  x

D  F = x  <p. Now let the Curve B F G h t  the Curve-line, whofe Ordi
nates expound the Centripetal Forces, or the Quantities <p. The Flowing

-- T)̂  -- J
2 p^

Quantity of x will be the Curvilinear Area A B F D = . v ^  ■=.

and therefore v will be as tlie Square-root of the Area A  B F  D.  Now 
if  the^Velocity be fuch as is acquired by falling from an infinite Diftance,
 ̂-T* ,

then -y* or.the Fluent of a: 9 will be equal to the Area O D F O  indefi
nitely extended. ‘

’ H d n c e
• . ' .
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» Hepce the Quantity p  w ill always be given in finite Terms,' when that 
Curvilinear Area can be exprefs’d in finite Terms. For Inftance, let the 
Centripetal Force be reciprocally as the Dignity m o í  the Diftance, that

is let X (? , I f the Velocity of the Body be fuch as is acquired
’ . . . x^ ..  ̂  ̂ - 4'

by falling from an infinite Diftance, then x;® = ----- ---------- = —Z l_ .

And in all thefe Cafes the Area .indefinitely extended will be a'finite 
Quantity. But the Body may revolve in a Trajeftory with a Velocity, 
the Square of which may be either greater or lefs than the Quantity

p - ’ ■ I  f 4
------- , or what is equal to it. Therefore it will be — .

= _ _ J -  . .• . ■

Hence by the * A  ¿lion o f thefe Forceps, three kinds of Curves may be 
defcribed, according as e* is a pofitive, or negative, or no Quantity, f 

For Example,'if the Velocity is’greater than that which is acquired by

falling from an infinite Diftance, it will be ---------j-
2 p^ - I

0

If the Velocity be lefs, it w ill be .  ̂ ~   ̂̂  -1 - 7 ' / '

it will be
2 / ’*' m —- i x x " " *

Make'4/+ =  a* and: g ' —  e*, and i f  the Velocity of
-  } m —  I

the Body be fuch as is,acquired by falling from 'an infinite Diftance, iCj 

will be;)̂  =  Q x p z ^  a x  - V .  •
\\ I, b ^ ---------- ' “  . . . . .
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h

But if the Velocity be either greater or lefs than this Velocity^ it.w ill

be as has been ihewn,' —  ---- r= <? Í  ’̂”.1*.
m — I X x"“ ‘

Where for 4/4 and —^—  putting their Values at  and ¿ i í*, it w ill

Therefore if the Centripetal Force be reciprocally as the Cube of the
Diftance,
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Dlftance, that is, If it be »» =  3, and w ~  i =  2 j then/>‘=; or^»

=  , o r l a f t l y r = - r i ^ ‘  ̂  ̂ ‘ ^

In the firil Cafe it is plain, that the Curve will be a Logarithmic Spi

ral •, for let /> =  - — f O v b . a W x .  py and therefore becaufe of the co»- 
b

ftant Ratio b to the Angle C I P  will be conilant.

Cî
Now let us fuppofe it is/>* =  from which Suppofition three

different Species of Curves will arife, according as a is greater, or equal
I to, or lefs than b.

Fig. ij6. jgj. ̂  bg greater than b. W ith Center C, at any given Dif-
tance, let the Circle H  T  X h t  defcribed, which let the right Lines C iC, 
C  /, produced meet in T  and X. And it is i N q  . K N q l l  I P  q . P C q ^

and therefore C Iq  —  P  Cq . P  C q II p '  . p '  It x^

. I —  f l . . v.b^ + x ^ — a  ̂ . a \  Therefore
¿ b--\-x^

a  Xit will be . a II I N . K N  II x . _____________

K N . And becaufe a is greater than the Quantity — a ' will

be negative. Let it be whence K   ̂ . Let the Ra-

dius of the Circle r H h c  called h, zndi \\ ih C  K  . K N  V. C T , T  X \

t h a t U ; t . - f ^ ----------------------------------------------------y . h .  . . ’’ 1 “  -  =  3 r r = i ; . i f t h e A r c h g r
✓ V  —  X i/'x* —  f*

be called y. ̂ \ • m
Let it be =  - £ l, whence x = ---- ^-5 , and =i —  Alfo it

2  2» X 2

will be X* —  f* =  —  f» =  LZr¿_£_r=_íL x f* — 2* . Whence
2 *  2 *  2 *

4/ —  Í* — £ ^  —  2»  ̂ Which Values being fubilituted, it
2 '

wiU
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will ht
h a X —  h a z

1 n b z
\ c t a z = ^ n  f, and it will be X T  or^ =  — — - — —  . But it is n h z

✓ f* —  2»

c z ^ ' I n b  , c,  that is, in a given Ratio. And therefore their
✓ f* —  z*

Fluents, if  they begin together, will be in the fame Ratio. That is, i t

will Be H T o r y  to the Fluent of the Quantity c z
as nh to c.

1 / f " — 2"

Now if Center C  and Radius r= f a Circle F L  be defcribed, and

c zif C G =: 2, and no  z=.z^ then the Arch mnz=.
v' Í* —  2*

=  Fluxion

of the Arch when the Fluxion is a pofitive Quantity ; but when it 
is negative, its Fluent is the Arch V m  the Complement of the former. 
For an Arch and its Complement have the fame Quantity denoting its 
Fluxion, but aíFeíted with contrary Signs j for when one increafes,. 
the other decreafes.

Hence it is H T  . V m  ITn b . c •, but it is C V  . C H \ \ V e  . H T ,

that is, c . h W V e  . =  H T . Therefore it will be h x V e

V m l l n h  ,c.  'Whence F  e . F  m II n . i.
Moreover from the Nature of the Circle it will he C G . C F  II C F .

CTy when m T  touches the Circle ; that is, it will be 2 . f i : f .

= . C T = x .  Hence if  the Angle F  C e b e  taken to the Angle F  Cm as 
«to I ,  and C e he produced to K, fo that C X  may be equal to the Secant 
CT, K will be a Point in the Curve required.

Here it may be obferved by the Way, that if  « be a Number, that is,

if it be a to c, or at o  as Number to Number, the Curve
will be an Algebraical one. For in this Cafe the Relation of m C  to the 
Sine of the Angle F  C e h  defined by an Equation, and thence will be 
had the Relation of the Sine of the Angle F  C e to C T, or CK^ hy feme 
determinate Equation ; and then at laft an Equation will be given, which 
will exprefs the Relation between the Ordinate and Abfcifs, beginning 
from the Point C.

TheOrdeis and Degrees of tliefe Curves, in the Algebraick Scale of 
Equations, will be different according to the Magnitude of the Number

n.
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'  }i. In all thefe Curves thus defcnbed,. the Pofition o f  the A lym ptote
may be thus determined. M ake the im g le  V  C L  to a right A n gle  'as » 
to I .  “ In that Arfglé^thé Diftáñce o f  the_Body. from the Centqr becomes 
infinite. N o w  the Square o f  the Perpendicular upon the Tangent P  C

is equal to-fl!^ *-^ ,' when Hi infiiii'te, W becomes P^C q =  — ■ , or P  C

=  atj Therefore let C. R ' be drawn perpendicular to  €  'L, and equal to 
the right Line a *, and if  through R  be drawn R  S parallel to th e  ri'^ht 
Line C Ly this will touch the^Curve at an infinite ,L)iilance, or w jll ber 
a ñ 'ATymptote to the CiífV'é. ■■ '*  '* • '

I f  in any o f  thefe Curves the B ody by defcending ^fhould arrive at, the 
lowcti: A p iid  ;..it_wUl-again afcend^fronVhence'/« and will de-
fcribe another Curvé fimilar to the former, or rather a like Portion of 
the fame Curve by its Afcent. ~   ̂ „ ' r;;.

“ 'Thfefe Curves may wind about the Center with many Circum volutions, 
before they begin to converge towards their A fym ptote, and the A ngu- • 
larM otión o f the right-Line C K  w ill' be equal to fo many right Angles 
as the Num ber n confifts of Units. For Inilance, i f  « =  lo o , twenty- 
five intire Revolutions'W ill be compleated before the Ejiilance from the 
Center becomes infinité.

.I f  the N um ber « is increas’ d, a remaining the fame, c will be dimi-

2^6 Of the Invet'Je Problem of »

a ‘
niih’ d. ’ iFor it i s -  =  r, and 

....... n n
=  £■* =  ; whence — I  X

, and therefore \ \ —  i .  Therefore i f  ap
proaches to Equality with a'-, alfo —  i w ill approach to  a R atio of 
Equality with and therefore n will be increafedj and c w ill be dimi- 
niihed in the fame Ratio, Therefore let be fuppofed nearly equal to 

fo that when the Difference is infinitely little, let the N um ber n be 
infinitely great, and let the Radius o f  the Circle c be infinitely little, or let 
the Circle be contracted into its Center. But although c vaniihes thus, 
yet C T  will not vaniih in like Manner, if the A n gle V C M h e ;  nearly a 
right Angle. For in every Circle, though never fo little, the Secant 
o f a right A ngle will be an infinite Quantity. Therefore becaufe o f  the 
infinite Number «, this Curve w ill wind about the Center w ith infinite 
Revolutions, before it will begin to converge towards its Afym ptote.

But when c vaniihes, it is ¿ =  a,  and p  =  -   ̂ ^__

✓ >  -f

in every Cafe it is y h a X

. A n d  becaufe 

h a X
1, when c vaniihes it w ill ht y  z=.

W hence taking the Fluents it will be j  ox x y  :=:h a, which is a

given Quantity.

This

l£l£D



This Curve the H yperbolic Spiral, which has many rem arkable 
EiOP^ties. i f  X- ^  ,<liawn, medtiAg'the C u tve  in /, and
the Periphery oj;ti)e/Circle in T , and i f  from  C  a Perpendicular C íT is 
raifcd to C /,.aw,d /^ .touches the Curv^ in /, and meets the right L in e  
C f  in i";- then C  be a conftant-right L ine, wHk1i w ill be equal to 
the Arch F  E . In which Property it refembles the Logarithm hr Curve, 
fincé C i"  may be called the Subtangent o f  the CurVe< F o r let the R a 
dius of the Circle C  £  be /&, the A rch  F E h i ¿  a,  and let C /  be called x,

and V T h e y .  Becaufe it is A c  =  íí jy, it will be —  and t=.

; A Í fo it is  c r .  Cl : :  T X . N K ,  that is, b NK,  whiohJ' -  _ I.

therefore is A n d  becaufe i t i s I N . N K : : C I .  C that is x  . —  
X ,  XX . C T a .

If with Center C, and any Diftance' C G,  an A rch  o f  a Circle G  F  Is 
defcribed, this A rch  being intercepted between the right L ine C  V  and the 
Curve, will always be equal to the conflant right L in e C T  or a. F or be
caufe it is F L  x C F  == x it will be ^ L .  ::  C V  . C  F : i
V L  . G  Fv;\\tv\ce V  E  G F.  i x o m C h t  xúí<¿á C  R — V  E —  Í^G
— a perpendicular to C G , and through R  de drawn R  S parallel to C F ,
R S will be the A fym ptote to the Curve. F o r the right L in e M  5 is 
equal ta  the A rch  G F ,  and therefore F  the Diftance o f  the Curve 
from R S ,  is always equal to the Excefs by w h ic h ‘ the A rch  exceeds its 
Sine. But when the Diftance increafes i n  i n f i n i t u m ,  that Excefs will be 
diminiih’d i n  i n f i n i t u m ,  and at laft will be lefs than any given L in e, and , 
therefore R  S will be an A fym ptote to the Curve.

Now let h be greater than a and in like Manner it will be found, as in

the former Cafe, t h u  . K N = z  ___ -------------------But becaufe  ̂exceeds

therefore = . —  a"- w ill be a pofitive Q uantity, and K  N  =z

the La^s I ^ e .  37^

a X Then making the Radius of the Circle HTz=:h,  we 
✓■Ár" -l-f» 7 * /.i
fliall find X r = z  ^  -----Make x =  — , and it will be —

, and - f-  — ---- --  It will be alfo x'  =t-^  ,'and
 ̂ X z  2 ^
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2̂ 8 Of the Iftver/e Problem o f
h a X

Therefore thefe Values being fubftituted, it will be.

^ =  —  jr. For the Beginning o f the A rch  H  T  may be taken
Í ✓ f * +  2*
fuch, that it may increafe and decreafe together with the Fluent o f  the

‘ , • ' t • 
Quantity  ̂ M ake n c  -=̂ 0̂  and it will be ”  ^

C - f  2 » ^  f* 4 - 2 *

• * 
y, and i  b y the Seftor CXr.

( • . +  2̂

But it i s i f - i l 4 = -  • Wnh^ ,c^ \ that is, in a given Ra^
^ 7  ̂ 4 - 2 * '  i/T^ -f-  2»

tio i and therefore the SctStor C X T will be to ^ ^ -  always in a
+  2*

given Ratio. Therefore the Fluents o f  thefe Quantities will be always 
I in the fame Ratio, fince they are fuppofed to begin together. But the
f  Fluent o f the Seftor C X T \ %  the Sedor C V  T and the Fluent o f the

Quantity  ̂ -  is the Senior o f  the H yperbola, which is thus
v ' +  2̂

Ihewn.
Fig. 158. W ith  Center C, and half the tranfverfe A xis C V  ■=.€, let an equilateral

Hyperbola be defcribed, and from the two Points D  and F , which are
very near each other, let the Ordinates D  B  and E F h t  drawn to the 
Conjugate A xis \ alfo draw C D  and C F.  N o w  the Increment or Flux
ion o f the Triangle B C D  will be equal to B  E  x D  B  —  Seilor D C F .  
W hence the Seftor D  C F (w h ich  is the Fluxion o f  the Seftor C  V D )  will 
be equal to B  E y D  B  —  the Increment o f the Triangle B C D .  And 
i f  5  C  be called 2, becaufe o f the H yperpola \ t \ % B D q = . B C q - \ - C V  q

=  2* +  c * . W hence B  D  =  +  2 ^ , and B E  x  B  D  =. z  x

✓ V  2* . But the Triangle B C  D  is 'c* +  2*~, whofe Flux-

ion is 4  2 X +  2» +  — L e t  this Q uantity be fubtraft-
i/  f» 2»

cd from 2 v '  +  2* ,  and there w ill remain the infinitely little H yper

bolic Seftor C D  F =  V c - ----- +

1 Ü i/ f» -f- 2»

4 U '



_  Therefore the Fluent o f  t ^  Seftor C D  is equal to

the Fluent o f  the Q uantity _ -  Therefore the S e d er C V  D
✓  f *  +  2 *

± rt ^
will be the Fluent o f  the Q uantity - i  -------- M oreover let the right

✓ V  +  2 »

Line D  T  touch the H yperbola, and meet the Conjugate A xis in T*.
From the Nature o f  the H yperbola \t.h B  C  . C V  \ \ C V . C J ' ,  that is,

z . c W c  . —  =  CiT = 2 .  A n d  hence arifes this follow ing Conftruilion.
2

With Center C, and half the tranfverfe A xis C  V,  let an Equilateral *̂2- *59' 
Hyperbola V  m be defcribed, and alfo a C ir c le d e. L e t  the Circular Sec
tor C be taken in Proportion to the H yperbolic Sedor C  as » to 
I ; let the right L ine 2" m touch the H yperbola in ?«, meeting the C on
jugate A xis in Í", let C e b e  produced to k, fo that C k  z=:CTy and the 
Point k will be in the Curve required. For that Curve is fuch, that if C  ̂
be called x, the Perpendicular let fall from C  upon the Tangent will al-

the Laws of̂ the GentnpetaL Force. 379

ways be equal to — Wh e n  x is infinite vaniihes, and the

Perpendicular bccomes equal to <?, and then C R coincides with C V. I f  
therefore in the Conjugate A xis  be taken C R z =  a, and RS be drawn pa
rallel to C F ,  this will be the A fym ptote o f the Curve.

If a be fo far increafed that the Quantity may become infinitely

"little, then will vanifli, and the Q uantity —  ̂  ̂  ̂ —  will bc-^ ^
X In. ̂

y. Whence i f  the Fluents o f  ihefe Quantities are taken, we iliall have

—  = jy, and h a  =  x y. T h at is, the Reftangle under the Circular A rch
X

and the Diftance o f the Curve from the Center w ill always be a given 
Quantity. A nd upon this A ccount the Curve will pafs into the H yp er
bolic Spiral. Therefore the H yperbolical Spiral is a K ind o f  intermediate 
L.imit between fuch Curves as are conílrucled by Circular Seilors, and 
thofe that are conilrufled by H yperbolical ‘''eétors. Therefore that H y 
perbolical Spiral may be conceived to be formed, either by a Sedtor o f 
a Circle or Ellipfis, or by a Sedlor o f  an H yperbola, whofe tranfverfe 
Axis is diminiih’ d ad infinitum, and the N um ber n is increafed in the 
fame Ratio.

Now we come to that Cafe, in which the V elocity  o f  the Body is lefs 
than that which is acquired by falling from  an infinite Diftance, and

wherein A n d  her» by a like Reafoning as ia  the former

C  c c 2



j 5o (^f the liwtrfi Problem!.ofi:
Cafe we fliall f in d ^ iV a : _ where i* muft neceflariiy

~ V.
be greater than <*» . lienee if is' called f* » it \yill K -̂ 3«

a x  , .1 r  * ■ b  a  X

i/7̂ ~ZZr}ÍP xi/e^-^x*  . . . ¡ 1,

N o w  l? t it  be , and It.w iil b e—  =  —  o r - _  =  —2! ^ ;  , X ^  , . if 2
and it will be r* —  «■* =  —  x -----  — , •, which Values being fubftituted

. * . ' : :  . .
• •

it will b e ------- — . ■=.----- =5 — y. For fuch a Beginning
c v ' z * — c* X V'x'- —  f -  

n  to be affigned to the A rch  V  X,  that it may begin together with the

Fluent o f the Quantity -  W hence it w ill be  ̂ ^
c \/ f  i/

: = ^ h y =  Sedor C X T  z=̂  , by m aking n c a. But it

I S
I n h ^  z  4  z■r ______  : :  nb'- . f s  that is, in a conftant Ratio.
^*z* —  v' ẑ  —

W herefore the Fluents o f thefe Quantities are in the fame Ratio. That

is, the Fluent o f  the Q uantity i b y  or- 3_”  , w ill be to the Fluent
✓ -- 2̂

oF the Q uantitv-i f '  ^ , as « to c\  But the Fluent o f  the Qiian-
i/ ẑ  —

4- c* z
tity 4   ̂jy is the Seftor C ^ X ,  and the Fluent o f  the Q u a n tity .

✓ V  —
is the Seftor o f  the H yperbola, which is thus proved.

Fig. i6o. W ith  Center C, and tranfverfe Semiaxis C V z = . c ,  let an Equilateral 
Hyperbola be defcribed, and from two Points B  and D  that are infinitely 
near, let the two right Lines B  E  and D  F  be drawn as Ordinates to the 
A xis. A lfo  draw C B , C D .  A n d  the Fluxion o Increment o f  the T ri
angle C 5  £  =  to the Triangle C B D  +  B E % E F .  W hence the T ri- 
angle C B B ,  or the leaft Sedor C  5  D ,  will be equal to the Increment 
o f  the Triangle C B E ^ B . E x E F .  L e t  C £  be called z ,  and it will be

B E  =  znd B E x  E F - z  v'  Alfo the Tri

angle C B  E  = :~ z  whofe Fluxion  ̂z  V'

lO iD



tU I^wi of'¿he Centripetal Force.
'_y g »* ;i- j'ic'psa ¿hencQ if'tk Quantity c*'is fubtradled

r. / I tl ■«
there v/ill remain tĥ é leaftSeftor C S D =  ■■ z

•t.: C* Z Whence it is plain, that the

4- z Moreover if
J-jiD
Seftor C B E  '\s the FKient o f the Q uantity ■

,, :v?"/ a/ 2̂. ;t.\v w . V ^
the Tangent o f  the H yperbola meets the tranfverfe A xis in T ”, 

•from the Natiire o f the H yperbola it w ill be C E  . C V  \ \ C V . C T  \

=  C T = z x .

Hence Nve deduce the follow ing Conftruflion. W ith  Center C, and 
tranfverfe Semiaxis C V  =  c, let an Equilateral H yperbola F  B  he defcri- 
bed, and a Circle C e G  from the fame Center C. T o  the H yperbola draw 
the right Line C B,  and let the Tangent o f the H yperbola B  T  meet the 
tnnfverfe A x is  in T". L e t  a Sedor o f  the Circle C F e  he taken, which 
iray be to the H yperbolical Seélor C F 5  as w to i . In C e  take C K  =  
C T', and K  will be a Point in the Curve required ; whofe Perpendicular 
let fall from the Center C  to the Tangent a t i f  C X  be called x,

will be equal to .
a X

■X'

3 8 »

Fig. 161.

And a Body will m ove in this Curve, i f  afled upon by a Centripetal 
Force which is reciprocally as the Cube o f  the D iilance, i f  it proceeds 
with a due V elocity according to the Direétion o f  the Tangent. N o w  
what this V elocity m uft be, which ihall make the Body defcribe any o f  
thefe Curves, w ill be thus found.

Since the V elocity  with which a B ody moves in any T ra je ilo ry  is reci
procally as the Quantity/», aflum ing any conftant Q uantity a, that V e 

locity may always be expounded by A n d  i f  to the A xis C  V  O rdi

nates are drawn, which are reciprocally as the Cubes o f  the Diftances 
from the Center, or as the Centripetal Forces, and by this Means a C ur
vilinear Figure is defcribed ; its Area indefinitely extended m ay always

be expounded by — , as is manifeffc from the D oilrin e o f Quadratures.

But ti»at Area is as the 'Square o f the V elocity which is acquired by falling 
from an infinite D iilance, and therefore the V elocity acquired in this

Cafe will be as Hence if this Velocity is called y, and the Velocity

with



i 282 Of the Inverfe^Wohlem af. ,
with which the Body- moves in the Trajeótory be called.v; and a and b 
be alTumed fuch Quantities, that in ariy-T)ne Diftance frbtn 'the Center it

may be  ̂,t; ; it will be every where and at all Diftances;» ,

. J — l l p .  t l .  Whence ifjy =: x;, it will be^ and the
X p o 0

Curve defcribed with this Velocity will be the nautical Spiral, or a Circle
if p — and a-=.b.  ̂  ̂ r

Ify is greater than v, then p will be greater than and it will be

equal .to _______, as appears from the foregoing. Now the Curve
i/

will be conftrufted by the Hvperbolical Sedor, as was ihewn in the laft 
Cafe, where the Diftance o f the Body from the Center is determined by 
the Concourfe o f the Tangent o f the Hyperbola with the tranfverfe Axis. 
I f  jy be greater than -y, but in fo fmall a Ratio that b continues greater 
than a ; the Curve will be form’d by the fame H yperbolical Seftor. 
But the Diftance o f  the Body from the Center is taken from the Con
courfe o f the Tangent with the conjugate Axis.

I f  it bejy . V lip  . Xy in this Cafe it will he a =  b, and the Curve be- 
#

comes an Hyperbolical Spiral, in which it is p = . _________ Hence if
•i/

the Body be projeded from any Place according to a given right Line, 
with fuch a Velocity as may be to the Velocity acquired by falling from 
an infinite Diftance, as the Diftance o f  the Body from the Center to a 
Perpendicula; let fall from the Center to the Line o f  Direftion •, that 
Body will move in an Hyperbolical Spiral. L aftly , i f  v  be fo much 
greater thanj, that a may alfo be greater than b, the Curve will be con- 
ftrufted by Circular Seftors. A nd thus from the given V elocity the R e
lation o f the Quantities a and b may always be determin’ d, and there
fore the Curve will be defcribed in which the Body will m ove with that 
Velocity. And on the contrary the Curve being given, or the Quanti
ties a and b being given, the Velocity may be found with which that 
Curve will be defcribed.

T he Areas o f all thefe Curves, excepting the Circle, which can be 
defcribed by the A ftion  o f this Centripetal Force, are perfedly Qua-

drable. For firft in the Logarithmic Spiral, becaufe it is /» =  ~  , it
h

• •

will be /iriV=: — ------ =  5-1 . fuppofing —  a'^-=.c'. Fig. 155*
II ✓ ^

and
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^  therefore the Triangle C  Í T /  =  Fluent is which

is the Area of the Curve.

If it is p — and a be greater than by it has been ihew’d thatiCAT
_|_x*

_  ■ -; whence K N x ^ C  I =  .̂... , whofe Fluent is 4:
+  i/

 ̂ ^ 7 » =  Area of the Curve. But if a be lefs than by it is K N=z

a y , and X iV x C / =   ̂ whofe Fluent is 4- a v^x'-\-c'
ŷ *X̂  -j- i/ X*

Area of the Curve. Suppofe x =  o, and it will he i  a c —  ^

o, whence  ̂ a Cy and the Area h i  a ^  —  :l a c.
"̂ In the Hyperbolical Spiral the Quantity c vani(hes, and the Area of
the Curve becomes ^ax.   ̂ >

I f  p  ^  ^  ,  it has been ihewn that KN-=  — f - L — — ;  whence
x/

1 C / X iV X =  ~  ̂  ̂  ̂ whofe Fluent is ^j— ~a v'r* —  =  Area,
v' "f* —  X»

Make x =  o, and it will be ^ a  c =  Oy or ̂ ac. Whence the
Area will always be  ̂a t i  a —  x*. Make —  jc® =  o, or 
X =  Cy and the Area of the Curve will be 4- « f. Whence if the Begin
ning of the Area is not taken from the Beginning of x, or where =  o, 
but where x =  í is the greateft, that is, if the Area begins from Fy {See
Fig. i6o.) the Area will always be equal to i  a i/ c* —  x* .

The moil ikilful Dr. Hailey has obferved what follows, concerning 
the Areas which are defcribed by Bodies, by Means of a Centripetal 
Force which is as the Cubes of the Diftances reciprocally. Which is, if  
Bodies by this Law defcribe different Circles, or different Hyperbolical 
Spirals •, the Areas of the Seélors, as well in Circles as in all thofe Spirals, 
will always be equal when defcribed in equal Times. For the Velocities 
of Bodies moving in Circles by this Law, ought to be reciprocally pro
portional to the Radii or Diftances, and therefore the Arches defcribed 
in the fame Time will alfo be in the fame reciprocal Ratio of the Radii; 
whence it eafily appears, that the Sectors defcribed in the fame Time 
will be equal.

In all other Curves, fince the Velocity is to the Velocity of a Body mo-̂  . 

ving in a Circle at the fame Diftance, as x x to />, {Fig. 156.) or as

'  i .
r! /'<. ^

the Laws of the Centripetal Force. 383
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Line /X, another Body moving at the fame DiTt'an« .\vñ?^éf¿fib¿''Í^

ArcTi=—  X K N /  ̂A M  t'he Área 0  ̂the Circular-Scftor~and that of
a . f •*

the Tiajedtory defcribed-in -the fame Tim e, will be A -  % K N  x i  C N,
¿I

znd KNx^^CN,  which two Areas are in the given. Ratio of ¿ to a. 
Wherefore when it is a =  as it is in the Hyperbolical Spiral, the Area 
fo defcribed will always be equal to the Area of the Circular Sector, 
defcl̂ ibed in an equal Time.

7a find the ' YW? A  Definition. The Center of Ofcillation is a certain Point in a pen-
Center o f  O f- dulous Body, all the Vibrations of which ai'G perform’d after the fame

Mannef and in the.fame Time, as if that only were fufpended on a 
lor n Thread, at the fame Diftance from the Point of Sufpenfion.
p. 11. It is hardly plain enough of itfelf, that there is fuch a Point in a Body,

the Accederation of which, by this Definition, ought to be the fame in all 
Inclinations of the pendulous Body to the Horizon, as if it was a¿tuated 
only ,by itŝ -ewn Gravity ; the other . Particles of the whole Body giving 
rio ImpR îment to its Motion. Therefore iji order to. the Inveftigation 
of this Center, a Propofition or two mu ft be premifed, whence it may ap
pear that t̂here is fuch a Point.

Prop,: :̂ Preh. i. In any giren Inclination of a vibrating Body to 
the Horizon, to find a Point the Acceleration of which ihall be t̂he 
famcy as if it were urged only by its own Gravity.

Fig. IÓ2, Let A*B D be a Seftioti o f the propofed Body in a Plain perpendicular 
to the Horizon, in which tlie Center of Gravity G is moved, C being 
the Center of Sufpenfiw. Let the Body be diftinguifhed into Prifmatic  ̂
^lem^ts perpendicular to,the Plain A B  D, and therefore always parallel 
to the Horizon ; as will éafily appear'from the Motion of the Center of 
(Jravity G in that Plain A B D. And becaufe of this Situation, any fuch 
Élemeht may be confidered as a Phyfical Point /», placed in the fame 
l̂ lain A B p  at tJie Point z. Therefore let the Body propofed be re
duced to the Phyfical Plain ABD , confifting of fuch Particles p. 
j In this Plain that the Point Oj may be found, whofe proper Accelera

tion is not changed by the Aólions of the other Particles, we muft give 
Attention to the Force of every iingle Particle p fituate in the Point 
2. For from thefe Forces being conjoin’d, arifes the abfolute Motion 
of the whole Plain. By means of this is given the Motion of every 
Point propofed, whence in its 7'urn is found that Point, the Motion 
of which is given.

But the Particle p will be urged by the Force of its own Gravity, 
which in a given little Time, if the Cohefion of the Particles were dif-

folved,

I g n P D  ________________________



folved, would produce a given Acceleration o f  M otion in the Perpendi
cular to the H orizon z  y. D raw  x perpendicular to C z ,  and the A c 
celeration % y  will be refolved into the Parts z  x  and xy.  Becaufe o f  the 
Riaidity o f the Body the Force z  x will be taken away by the Refiftance 
of the Point C . But by the other Force xy  the Space A B D  is drawn round 
jbout the Point C . A n d  drawing an H orizontal L ine C  and a Per-

pendicnlar z  j, it will be as ^  ; becaufe o f  the given Force o f  G ravity,

and the fimilar Triangles x y  z a n d  s C z .  Therefore the Force o f  th^

Particle p, to m ove the Space A B D ,  will be as x p.

T o  colledt thefe Forces together, let O  be an invariable Point, in a 
Line drawn at Pleafure, and at a Diftance C  O , which is yet unknown.
Then the Force o f  the Particle p  to m ove the Point O , w ill be as

^   ̂ X —  X pt that is, as S S  x p.  But the Acceleration which p  -4
C O C z  C O

contributes to the fame Point O , will be as x Therefore the
C- 2 ^ Z

Force x p being apply’ d to the Acceleration ^  ^ , the Q uo-
C  O  v_ z  j

tient will be x Particle />, which if  it be fuppofed to m ove in the 
C O q

Point 0  with the fame Acceleration ^  ^   ̂ ^  > would produce the fame
C  z  j  .

Motion intirely, as the Particle p  produces in the fame Point O . T hus 
at laft the Problem is reduced to a well known Theorem  o f  M otion i

C  r -
for the Sum o f  the Forces x p  being apply’ d to the Sum of the Par-

ticles^- X / , the Q uotient' will be the abfolute Acceleration o f  the
C O  Í

Point O . Then drawing the Perpendicular O  c, and fuppofing this A c -

C 0
celeratlon to be equal to the given Acceleration o f  the Point O , the

“ C o
Diftance C  O  will be given. F o r let =  d, and by the M ethod o f

Fluxions ’ tis C  j  x p  =  M , and C z q  x p  =.  C . T hen  becaufe o f C  O  

being invariable, the Sum  o f  all the Forces w ill be x  /> =  ^ ^ ,a n d

the Sum o f all the Particles x  p  =.  —  W hence applying the
C O q  L U  q

V o l . I V.  D d d
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Sum of the Moments to the Sum of the Bodies, it will be x C O s

and therefore C O =  Therefore C an4 M being found, C 0
M ..

will be given by the inverfe Method of Fluxions. ^  E. I.
Cor. From the Center o f G ravity G  draw G g  perpendicular to the 

H orizontal Line C  <2, apd let the Body itfelf A  B C  be called A . Then 
from the well known Property o f the Center o f G ravity, it will be

' /1C ' *
M  =  C  F X A . W hence it is C  O  =  -------- r -

* • C / X A

Prop. 2. Thior. 1. T he fame T hings being fuppofed, let the Point O 
be fought, in the right Line C  G  pafling through the Center o f  Gravity 
G i then will O be the Center o f Ofcillation o f  the Body A .

For in this Cafe it is - ^ =  =  d. W hence C  O  =  t  ’
F it-163. C Ü C G

by Cor. oí Prop. i .  =  ' i  — ^  -  . But A  is given, and the Point C
y  C  G  X A

being given, C  G  and the Quantity C  are given. W hence C  O  is given, 
whatever be the Inclination o f  the vibrating Body to the Horizon. 
Therefore by the Definition, and by Prol>. i .  O  is the Center o f  Ofcilla

tion o f the Body A . ^  E.  D .  r j  1 ta u u
Prop. 3. ĥeor. 2. T h e fame T hings being fuppofed, let U  be the

A ggregate o f  all the G  2* x p. Then it will be C  0 = C  G  G  x A

Draw 2 F  perpendicular to C  G , and it will b e C 2 ^ = C G j  - f G z ^
—  2 C  G  X G  F , when F  falls between C  and G . But when F  falls m 
C  G  produced, it will be C 2 ^  =  C G j - f G 2 j - i - 2 C G x  G /, 
Therefore C  =  (A ggregate o f  all the C zq x p =■) A ggregate  o f all 

». ,  the C  G  j  x p - f - G 2 j  x/> —  2  C G xG F x^  +  2 C  G  x G  F x/>. But
becaufe o f  G  the Center o f G ravity, the A ggregate o f all the 2 C  G  x GF 
x p  =  Aggregate o f  all the 2 C  G  x G /x /> . W herefore it is C  =  the

Aggregate of all the C G  ̂x/> -f- C z j  x =: C G j  x A  +  D. But 

by Theorem 1. it is CO =  Therefore C O =  C G

^ E . D .
Cor. Hence the Parallelogram C G x G O is given. For it is G O =  

But A  and D  are given.; Therefore C G x G O =  ^

given.

386 ^ 6  Center of Ofcillation,̂
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p ot) 4.. 3. The fame Things being fuppofed, if in the Point
* y r ’ Vi- V. . "= ‘ - 1  3i ;

ate " ' C G X A
0  the P h y f i c a l . P a r t i c l e i s  conftituted,-which being abated

. its own Gravity (hall vibráte about the Point C ; the Motion of. the 
sLce A B C  lhall be juft the fame, as if it were agitated by the Ofcil-
lation of the Body A.

It is evident, as well from the Nature of the Center of Gravity, as by

'?roh. I. For — « the Aggregate of all the

prup. 5. Prob. 2. The Magnitude of any Body A, the Center of 
Gravity G, and the Point of Su^enfion C being given ; to find O the 
Center of Ofcillation of the fame.

It is perform’d by Tbeor. i. by finding the Quantity C ; or by Theor.
2. by feeking the Quantity D.

Scholium. For performing the Calculation in a particular Cafe, the 
Quantity C or D is to be made choife of, according as the Nature of the 
propofed Figure lhall fuggeft. Then either of them being given, the
other alfo will be given by the Equation {Prop. 3.) C =  C G y x A +  D.

Whtnce alfo will be given the Parallelogram C G x G O  =  - ^ ,  ( Cor.
A

Q
Prop. 3.) =  —- C G j, by Help of which, from the Center of Gra-̂

A

vity and the Point of Sufpenfion being given, the Center of Ofcillation 
is given by Divifien only. - Therefore in every Example it will always 
be moft convenient to find this Parallelogram firft, either by the Com
putation of D, or by the Quantity C, by a proper AiTumption of the 
Center of Sufpenfion.

What remains is, to illuftrate this by fome Examples.
Ex. I. Let the Figure propofed be the Pyramid A D C ,  whofe Bafe Fig. 

is the Parallelogram A  D, and let the Motion of the Center of Gravity 
be in a Plain pafllng through the Vertex C, and the Diameter of the Bafe 
E F parallel to the Side A B.

To perform the Calculation moft conveniently, let the Vertex itfelf Fig. i 65 . 
C be the Point of Sufpenfion. Then in the Manner of Prob. i . let 
the Figure be reduced to a Phyfical Plain of the Ifofceles Triangle 
C E F, in which e f  parallel to E F reprefents a Phyfical Line conv 
pofed of Particles p. Let C H =  <?, H F =  and C b =  x. Then

from the Nature of the Figure it will he eb and the Pafticle p

placed at the Point z  will be as x.  Or rather, making h ’z¡r=.v, then

V X will be the Bafe of the Elementary Prifm, and p  will be as a: x.
D d d 2 Whencie



288 "íbe Center o f O f  dilation.

Whence it will h tC  z z C z  q x v  x x =. v x x'̂  x v x. Therefore

the Sum of all the C z  j  -f- in the Line h z will be «y  ̂ ^

and in the Line e/, (putting ^  for v) that Sum will be -  ^  ̂ 2
(I 3

y. X X*. Whence again taking the Fluent, and writing a for Xy it wiij 

be C X But the Pyramid itfelf is A =  lA:^,and
15 3 ’

the Diftance of the Center of Gravity G from the Vertex C is C G =

C G « = ? -  =  C G x G 0  =  3¿ 16
A 80

\a.  Whence —A

Ex. 2. Let the Figure propofed be an ered Cone, defcribed by the Ro
tation of the Ifofceles Triangle E C F about the Perpendicular C H.

Here again taking the Vertex C for the Center of Sufpenfion, and 
making C H =; H E .= C ¿ h z  z=.Vy as above 5 it will be

z z . i x V ' s /  —  XX —  v v  whenceC =  2 v x \ x  x  - ^ v v  \

a a

1/ t A  XX —  v v . Let B be the Segment of a Circle defcribed with the 
a a

Diameter ef, which adjoins to the Abfcifs b z = V y  and to the Ordinate

V  —  XX'— vv. Then the Sum of all úitQ zq -k p in the right Line ' a a  1 r  b

h z =  2 X X rhA, X ;í* B —  i x  V X Á .  —  v^ ^.
'

And finee

V =  e b, this Sum will be 2 x x ;í* B, the Dotible of which

—  ̂ X X B is a Part of C in ef. But the Area B is as x*;

therefore B =  cx^. And that Part of C will be 1-f
a~

_  x c a K  But the

5
Whence taking the Fluent it will be C =

Cone itiblf A  =  4 f « % and C G =  |  Wherefore -4 -—  C G ? =:
A

^  _  3 +  12
A  8̂

And in the fame Manner the Calculus proceeds in other Figures, 
wherein the Ratio’s of C /& to and of b z  to p. are ftill more com
pounded. ------



2. That the M anner o f the Calculation oí the Qiiantity D  may appear, Fig. 167.
1 t thepropofed Figure be a Parallelepiped, whofe. F  ce perpendicular 
to the H orizon is A  B D , parallel to the Plain o f the M otion o f the Cen
ter o f Gravity. D raw the Diameters E  F  and H  I, and let the Altitude 
of the Elements be p,  and draw t r  parallel to H  I. M ake G  F  =  d:,

Q H =  h , G s z = . > ¡ , z n á . s z = . v .  Then it will b e D  =  'z;x;vA?-|-X‘y ‘z;-u.

Whence the Part o f  D  in the right L in e t r w ill be 2 ¿ - f  2 ¿ ̂  ;

and again taking the Double o f  the Fluent, it w ill be D  =  4_^£_+j4^ _
3

But A =  4 « Whe nc e  D B3
E}(. 4. L e t the laft Exam ple be in the Sphere, whofe greateft Circle 

is B / r. Diameter A  B, and Center G . T hen  drawing Lines as in the

Scheme, it will be D  =  G  +  G  M   ̂ x ^ . But the Sum o f  all the
G sq yip in the right L ine t r h G s  q, drawn into the Area o f  the 
Circle defcribed with the Diameter t r. A lfo  the Sum o f  all the G  M  j  
X ;> in the right L ine ¿ is G  M  drawn into the Area o f the Circle de
fcribed with the Diameter k i. whence it eafily appears, that D  is equal' 
to four Tim es the Fluent o f  G  j   ̂ into the Area o f the Circle whofe D ia
meter is t r. L e t therefore c be the Area o f the Circle, the Square o f  
whole Radius is i ,  and let it be G  A  =  ¿7, and G  j  =  x. Then it will

hc'D =  4¡(x^ y.c — cx^ —  4 c a ^ ' x  — 4.CXX*.  W hence taking
g

the Fluent, and m aking x ■=: a,  it will be D  =: •—  c a \  But A  =
5̂

W hence-^  =  -i- a a.
3 A  5

Becaufe o f  the Affinity o f  Solution, I have a M ind to add here a Pro
blem concerning the finding the Center o f Percuffion.

Prop. 6. Prob. 3. T o  find the Center o f  Percuffion o f  any Body,, 
having a Rotation about a given Point, which Poir.t m uft be fuch, that 
a Body ftriking againfb it, and at the fame T im e  being let loofe from 
the Center o f Sufpenfion, ihall incline neither this W a y  or that W ay.

Firft it appears, that this Point muft be fought for in the Plain 
of Motion o f the Center o f G ravity. F or i f  the Body is refolved into 
Prifmatic Elements perpendicular to  that Plain, they w ill be carried by a 
Motion parallel to one another ; whence the M om ents on each Side o f 
that Plain will be equal : Therefore by the Refiftance made in this Plain, 
no Point o f  the Body w ill be driven out o f it. Therefore let that Plain 
he A  B, to which let the B ody be reduced, b y  a Contradtion o f  the Prif- Fig. i6q  ̂
matic Elements into Particles p  fituated at the Points z ,  as in Prob. i-.
In this Plain let C  be the Center o f  Rotation, or at leaft its Projeélion

m ad e

Tide Center of Ofcillaiion. 3 S 9



made by a Line let fall perpendicular!jr upon this Plain {  and let ^be 
the Point fought. Through C draw C  ̂at Pleafure, in which take two 
Points z and fo that drawing z Q and | the Angle C z  may 
be obtufe, and the Angle C  ̂Q aciite; and in the Points z and f  Itjt 
there be Particles p and ■t. Then drawing z r and | r perpendicular to 
C which may be to each other as C 2 to C by thefe will be rcpre- 
fented tho abfolute Velocities of the Particles p and ‘-r. But certain Parts 
of thefe Velocities, which are in the Diredions of 2: Q  and  ̂Q, are taken 
away by the Refiftance of the Point Draw C D and C d perpendicu
lar to Q z and and becaufe of equal Angles 2 C D =  r z Q, and 
 ̂ C </ =  r P Q, the other Parts of the Velocities, which are in Direftions 

perpendicular to Qjz and Q will be as D and  ̂d. So that in refpeft 
of the Diilances Q z and the Forces of the Particles p and rr, to 
move the Space A  B the contrary Way, will b e a s D z x z Q x ^ ,  and 

,  . f i  r </1 X $ Q X />. Now by the Conditions of the Problem thefe Sums of
¡,¡ contrary Forces ought to be equal..
' Becaufe of the right Angles at D and d, the Points D and d are in the

Circumference of a Circle defcribed with the Diameter C Q. Let E 
be the Center of this Circle. Then drawing E z  and E meeting the 
Circle in F and I, /and r, it will b e D 2 x 2 Q = F z x z I = E F ^  — 
E z ^  =  E Q ^ — E z j i  and E « ?  —  EQ^y. Then the
Sum OÍ all the E Q  ̂xp —  E z q x p  will be equal to the Sum of all the 
E ^ y x T  —  E Q j x t .  And tranfpofing the Terms, the Sum of all

I the E X /> +  w will be equal to the Sum of all the E z j  x  ̂+  E f y
? X T : That is, i(p be put as well for the Particle p within the Circle, as
 ̂ for the Particle  ̂without the Circle ; the Sum of all the E Q j  x / will
I t>e equal to the Sum of all the E z j  x/>. Draw 2 s perpendicular to C

Theni t wi l l beE2 i  =  C z y  +  E C i — Q^CxC.f.  Now this Value 
, of E z j  being fubftituted inilead of it, and the Equation being rightly
I managed, you will find at lait the Sum of all the C Q  x C j x ;> =  to
I the Sum of all the C z q  x p. Whence it will be C Q j=

Sum of all the C 2 0 X Í)  ̂ l r. r „  , ^
a s ;  ot all the C j  the C z  Í X Í 13 the

(^^tity C itfelf in the Calculation of the Center of Ofcillation j and if 
the Center of Gravity be G, and G be drawn perpendicular to C Q̂ , 
and the Body itfelf be called J , the Sum of all the Cs xp  will be equal

to G X A. Whence it is C Q =  Let the Center of Ofcilla-
C^ X A

tion be O •, then by Tbeor. i . C O =  — . Whence it is C^ . C G
C G X A

•V ^  C O . C Q. Wherefore a Perpendicular to C O being drawn through
O, It will pafs through the Point Q. ^  E. I.

I t U l E D  ________________

39̂ >. 7^  Center of Ofcillation.
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• y i i l ,  A  Lemma. Let A  D  F B, A a  4> B, be two Curves, the Rela- Motion
tion of which is fuch, that the Ordinates C a  D, E ♦ F, being drawn, 
it may b e C A . C D : : E * . E F .  Then the Ordinates being diminiih’d B.^Ta’ylor n." 
a¿ infinitum, fo that the Curves may coincide with the Axis A  B ; I  fay 337. p. 26. 
that the ultimate Ratio of the Curvature in A will be to the Curvature
in D, a s  C  A  to C  D.
Demottft. Draw the Ordinate c d very near to C  D , and at D  and a  Fig. 170. 

draw the Tangents D  t and a  0, meeting the Ordinate f ii in /  and 8.
Then becaufe of ¿ ■ / . ¿ ■ ¿ ¡ I C a . C D ,  (by Hypothefis) the Tangents 
being produced will meet one another and the Axis in the fame Point P .
Whence becaufe of fimilar Triangles C  D  P  and f /  P, C  A  P, and f S P , 
it will be f 9 . f i  : : C A . C D : : í : < r . í í / ( b y  H y p . ) : :  8. ú  9 — f J ' )
,dt{ct — c d.) But the Curvatures in a  and D  are as the Angles of
Contaft 9 A /  and tT> d \ and becaufe J' a  and d D  coinciding with c C ,
thofe Angles are as their Subtenfes / 6 ,  d t that is, by the Proportion 
above, as C  a , C  D. Therefore, î c. ^  E. D.
Lm.  In fome Inftant of its Vibration, let a String ftretch’d be- Fig. 171. 

tween the Points A  and B put on the Form of any Curve A ^  >»• B, I  fay 
that the Increment of the Velocity of any Point P , or the Acceleration 
arifing from the Force of the Tenfion of the String, is as the Curvature 
of the String in the fame Point.
Demonjl. Conceive the String to confift of equal rigid Particles, 

which are infinitely little, as^ P, P-r, and at the Point P  ereft a 
Perpendicular P  R , equal to the Radius of Curvature in P, which Jet 
the Tangents p /■, <*■ /, meet in /, the Parallels to them j, p s, in j, the 
Chord p-rinc. Then by the Principles of Mechanicks, the abfolute 
Force by which the two Particles p P  and P t  are urged towards R , will 
be to the Force of the Tenfion of the String, zs st  to t p -y and half this 
Force, by which one Particle p P  is urged, will be to the Tenfion of 
the String, as f / to //>, that is, (becaufe of fimilar Triangles c t p , t p R )  
as / ;> or P/> to R  /  or P  R . Wherefore, becaufe of the Force of Tenfion

P Pbeing given, the abfolute accelerating Force will be as But the
It K

Acceleration generated is in a compound Ratio of the Ratios of the ab
folute Force direftly, and of the Matter to be moved inverfely, and the 
Matter to be moved is the Particle itfelf P  p. Wherefore the Accelera

tion is as ~ — , that is, as the Curvature in P. For the Curvature is 
P R

reciprocally as the Radius of Curvature in that Point. ^  E. D.
Prob. I. T o  determine the Motion of a ftretch’d String.
In this and the following Problems I  fuppoíé the String to move from 

the Axis of Motion through an indefinitely little Space ; that the Incre
ment of Tenfion from the Increafe of the Length, alfo the Obliquity of 
the Radii of Curvature, may fafely be negleéled.

Therefore let the String be ftretch’d between the Points A  and B, Fig. 172.. 
with a Bow let the Point z  be drawn to the Diftance C  z from the

A xis

7^  Vibration of a Stretch'd String, 391



A x is  A  B. Then taking away the Bow , becaufe o f  the Flexure in,the 
Point C  alone, that will firft begin to m ove, (by Lem. 2.) But no fooner 
will the String be bent in the neareft Points and but thefe Points alfo 
w ill begin to move ; and then E  and and fo on. A lfo  becaufe o f the 
great Flexure in C , that Point will firfl: move very fw iftly, and thence the 
Curvature being increafed in the next Points, D , E , Csfc. they will imme
diately be accelerated more fwiftly ; and at the fame T im e the Curvature 
in C  being diminiih’d, that Point in its T urn  will be accelerated more 
flowly. A n d  in general, thofe Points which are flower than they ihould 
be, being accelerated more, and the quicker lefs, it will be brought about 
at laft, that the Forces being duly attemper’d one with another, all the M o
tions will confpire together, and all the Points will at the fame T im e ap
proach to the A xis, going and returning alternately ad infinitum.

N ow  that this may be done, the String m uil always put on the Form 
o f  the Curve A  C  D  E  B, the Curvature o f which in any Point E  is as the 
Diftance o f the fame E  h from the Axis •, the Velocities o f  the Points C, 
D , E , c. being alfo in the Ratio o f the Diftances from the A xis C  2, 
D  9, E  H, i^c. For in this Cafe the Spaces C  x, D  / , E  €, tsff. defcribcd in 
the fame infinitely little T im e, will be as the Velocities, that is, as the Spaces 
ddcribed D  2, D  S', ^ c .  Wherefore the remaining Spaces x 2, /  s »», 

will be to each other in the fame Ratio. A lfo  by Lemma 2. the A c
celerations will be to one another in the fame Ratio. B y  which Means 
the Ratio o f the Velocities always continuing the fame with the Ratio of 
the Spaces to be defcribed, all the Points will arrive at the A xis at the 
fame T im e, and always depart from it at the fame TimiS A n d  therefore 
the Curve A  C  D  E  B will be rightly determined. ^  E . D .

M oreover the two Curves A  C  D  E  B and A  at í B being compared 
together, by Lemma i. the Curvatures in D  and /  will be as the Diftances 
from the A xis D 3 and /  ; and therefore by Lemma 2. the Acceleration 
o f any given Point in the String will be as its Diftance from the Axis. 
W hence, (by Se5l. 10. Vrop. 51. o f Newton'% Principia,) all the Vibrations 
both great and fmall will be perform’ d in the fame periodical T im e, and 
the Motion o f any Point will be fimilar to the Ofcillation o f  a Body vi- 
brating in Cycloid. ^  E . I.

Cor. Curvatures are reciprocally as the Radii o f  Circles o f  the fame De
gree o f Curvature. Therefore let  ̂ be a given L ine, and the Radius of
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Curvature in E  will be equal to -
a a
E r ,

Prob. 2. T he Length and W eigh t o f  a String being given, togetherwith 
the W eigh t that ftretches the String, to find the T im e o f a f in g le  Vibration.

L e t  the String be ftretch’ d between the Points A  and B by the Force of 
the W eight P , and let the W eigh t o f  the String itfelf be N ,  and its Length 
L .  A lfo  let the String be put in the Pofition A  F/> C  B, and at the middle 
Point C  let C  S a Perpendicular be raifed, equal to the Radius o f  the Cur
vature in C , and meeting the A xis A  B in D  ; and taking a P o in ty  near 
to  C , draw the Perpendicular p c and the Tangent ^ t.

| m £ D
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Therefore it appears, as in Lemma 2. that the abfolute Force by which 

the Particle C is accelerated, is to the Force of the Weight P, as c / to  
p that is, as /> C to C S. But the Weight P iŝ to the Weight of the 
Particle/» C, in a Ratio compounded of the Ratio’s of P to N; and of 
ÍÍ to the Weight of the Particle /> C, or of L  to C ; that is, as P x L  
to N X /> C. I ’herefore compounding thefe Ratio’s, the accelerating 
Force is to the Force of Gravityi '̂as P x L  to N x C S. Let therefore 
a Pendulum be conftrufted, whofe Length is C D ; then by Se£i. X.
Prof. 52. of Newtori  ̂Prhuipia  ̂ the periodical Time of the String will

bf to the periodical Time of that Pendulum, as ✓ N x C S to LT
But by the fame Propofition, the Force of Gravity being given, the 
Longitudes of the PenduU are jn a duplicate Ratio of tĥ e periodical

Times. W h en ceíL ü -^ A ^ ^ , or writing for C S, by Cor. Prob.
rxl-# *"' v.̂ L}

^  Cl ¿II. -— — will be the Length of a Pendulum̂  the Vibrations of which 
Px L  ■»

are ifochronous to the Vibrations of the String.
To find the Line a, let the Abfcifs of the Curve be A E  =  z, and the

Ordinate E F =  :<•, and the Curve itfelf A  F =  and C D =  Then

by Cor. Prol. i. the Radius of Curvature in F will be — . But vbe-
X

• a N  , •

ing given, the Radius of Curvature is Whence —  =  and-

• *' •
therefore a a z -=zv x x, and taking the Fluents d a z-=   ̂  ̂  ̂ ^

'■ " '■ ■■  ̂  ̂ '
V a '. Here the given Quantity —  ¿ a* is added, that it may ' '

be 2 =  t; in the middle Point C. And hencc the Calculus being com-

pl«Kd, it wiil be ¿ . . ..
* V' -T V" —  ^ ^  ^

Now let h and x Vaniih in refped of that the Curve may qoinĉ dc
,  * ' *(,>" Y*

Vfith the Axis,-and it will be 2 =e : -  ̂ Now, with Center C,
 ̂ ^  bb —  X >c -  i

Radius D C rs: a Quadrant of a Circle D PE' being defcribed, and
making C x, and ereding the Perpendicular QJ? i then the Arch

D P being z=y, it will be y =   ̂ ---- A -  «» u; •
’ v'l? b —  Hit  ̂vA'. ' J It

Whence y *= ¿  ,2, ^ ^ 3 *  ' AKcj' jt^ îogV. f̂Ss f  jja' C D/m

V o l .  IV,' ' E e e  •■ • v which



Clocks agreeing with 
w hich Cafe it is alfo;^ =  Quadrantal A rc h  D  P  E ,  and z  =  A  D  =  4, L  j 

it w ill be 4 L = i X x ^ ^ ,  and ÍÍ =  L  X L e t  it be therefore C  D  .

2 D  E : :  Diam eter o f  a C ircle . C ircum ference \ \ d . c \ and it w ill be

a =  L  L  x - ^ .  Therefore this V alu e  being fubftituted for ^
c c r

X L  X w ill be the L en g th  o f  a Pendulum w hich w ill be ifochronous 
c c

to  the String. Therefore let D  bz the L e n g th  w hofe periodical T im e  is i ,

s n d - J l L y ~  w ill be the periodical T im e  o f  the String. ^  E. L 
f  F  D

F o r the Periodical T im es o f  Pendulums are as the Square-roots o f  their 

L en gth s.
Cor. 1. T h e  N um ber o f  Vibrations o f  the String in the T im e  o f  one 

Vibration o f  the Pendulum D , is x

C&r. 2. Becaufe —  x is given, the periodical T im e  o f  the

String is as V ' X L .  A n d  the W e ig h t P  being g iv en , the T im e  is

as i / i T T U  A n d  the Strings being made o f  the fame T h read , in which 

C afe ’ tis N  as L ,  the T im e  w ill be as L .

7ht Invention ¡ X .  In a French B o o k  lately publiihed, the A u th o r fpeaks o f  making
, f  making d e c k 's  to  agree w ith  the Sun’ s apparent M otion  ; and fuppofed that it was

a T h in g  never thought o f  b y  any before h im fe lf : I ihall therefore give 
the Sun’s ap- this ihort A cco u n t o f  what I have perforn^ed in that M atter myleJr. 
parent Mo- ^ ^ d  in the firft P lace I mufl: take N otice  o f  the C o p y  o f  a L etter m 

this B o ok , w rote b y  one P. Krefa a Jefuit, to  one M r . miliarnfcn, 
lumfon, n. C lo ck m ak er to  his Imperial M ajefty , o f  a C lo c k  found m  the late King

\oio. Charles xht Second o f  Spain’s Cabinet, about the Y e a r  *7°^'
w hich  iheweth both equal and apparent T im e  accordin g to  the Tables 
o f  the E q u a tio n ; and w hich went 400 D ays w ith ou t w inding up. 
T h is  I am w ell fatisfied is a C lo c k  o f  m y  ow n m ak in g  •, for about Iix 
Y ears before that T im e , I made one for M r . Daniel which
agrees w ith  the D efcription he g ives o f  it, and w ent 400 Days as 
he faith. T h is  C lo c k  M r. Daniel ̂ are  fo ld , foon after it was made, 
to  g o  to  the faid K in g  Charles the Second o f  Spain: 
fo , that if the Pendulum was adjufted to  the Sun’ s mean M o tio ^  t 
H ands would ihow equal T im e  on tw o  fixed C ircles, on one *
and on the other the M inute. But there were other tw o "
ties of the fame kind, that moved forwards and backw ard s, as tne 1 J
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of the Year required •, on which the fame Hands ihew apparent Time 
l ikewifcj according to the Equation Tables. This Method the Author owns 
he icnew of, and applied the fame Motion to Pocket Watches 12 or 14 
Years ago, which I confefs I never did ; being well fatisfied that Watches 
v̂ ith Springs and Balanced are very unfit to Ihew the minute Difference, as 
it increafeth and decreafeth, between equal and apparent Time.

Soon after this Clock was fent to Spaitty I made others for Mr. 
which ihewed apparent Time by lengthening and ihortening the Pendulum^ 
in lifting it up and letting it down again, by a Rowler fomewhat in the Form 
of an EllipftSi through a Slit in a Piece of Brafs, which the Spring at the 
Top of the Pendulum went through. By this Means every Vibration of the 
Pendulum^ would agree to a fecond of Time of the Sun’s apparent Motion ; 
that Rowler, which lifted up the Pendulum, and let it down again, being 
continually moving about all the Year; fo that it may feem very ftrange, 
that this Author never heard of it fo many Years after they were made : For 
one of thofe, and not the firft, made with the rifing and fetting of the Sun,
Mr. ^larc fold to the late King William, and it was fet up at Hampton-Courty 
where it hath been ever fince. This Contrivance of lengthening and ihorten- 
in» the Pendulum, I thought of feveral Years before I made any of them.
Since then I have made others for Mr. ^are likewife, which Ihewed the 
Difference between equal and apparent Time according to the Equation 
Tables, by a Hand moving both Ways from the Top of a Circle •, on one 
Side ihewing how much a Clock, keeping equal Time, ought ta be fafter 
than the Sun •, on the other Side how much flower.

But thefe Clocks that I then made to agree with the Sun’s apparent Time, 
were done according to the Equation Tables  ̂ which I found not to agree 
very exaftly wifh the Sun’s apparent Motion : Neither can any other be 
made to keep equal Time, that will gain and lofe all the Year agreeable to 
the faid Tabes; for though the Tables themfelves may be true, yet fome 
Difference in Motion does proceed  ̂ in both Sorts of Clocks, from Cold or 
Heat altering the Length of their Pendulums. This Difference, by Ibme Ob- 
fervations I have made,- I fuppofe to be about the t4i5- Part of an Inch, in the 
Length of a Pendulum vibrating Seconds, which will alter the Motion of the 
Clock about 12 Seconds in 24 Hours. But to make my Clocks of keeping 
apparent Time, to go as exait as poiTible, I made a Table my felf by Ohfer- 
vatipn ; For obferving the Sun, as often as it was feeni when it came on the 
Meridian, for feveral Years together, always fetting down the Difference 
between its coming fo the Meridian and tlie Time, by a Clock I had ad- 
jufted as well as I could to equal Time, and always taking Notice how much 
my Equal-Time Clock gain’d or loft at the End of every Year, I compleat- 
ed my Table in the Year 1711 . Since then I have made many of thefe 
Clocks: So that I think I may juftly claim the greateft Right to this Con
trivance, of making Clocks to go with apparent Time ; and I have never 
yet heard of any fuch Clock fold in England, but what was of my own nu
king, though I have made of them fo long.

E e e 2 . .
X. 1. The



3 9 6 The Üotion o f Sounds.

Í';

Expert- X . I . T he 
ments and Velocity o f
Obfe----  ■tiom 
Motion 
Sound 
M r. W.
Derham. 
n. 313. 
p. 2.

Difagreem cnt .among the moft famous Authors, concerning 
f  Sound, may be feen at one View in the follow ing Table, in 

which, in EngUJh Feet, the Space is,exhibited, which they afcribe to the Pro
motion o/̂ greTs o f a Sound in one Second o f T im e.
(Ound, t y

\ 
; )
!*■ ÍÉ

\
Ü\‘ ''I

Hi

Sir Ifaac Newton 968 Princip. Nat. l^hil, L , 2. Prop. 50.
H on. M r, Robarts 1300 Phil. Tranf. n. 209,
H on . M r, Boyle 1200 Elfay on Languid M otion, p, 24.

M r, f^alker Phil. Tranf. n. 247.
Merfennus 1474 Baliftic. Prop. 39.
M r. Flamjleed and Hailey 1142

E xp. per Acad, del dment. p. 141.Florentine Philofophers 114S
French Philofophers . 1 1 7 2 Du Hamely H ift. Acad. R eg.

There is no .great Difagreement o f  Opinion among the three lail, but o f the 
reft there is. T he Realbn o f which is manifcftly this, either becaufe o f the 
Infufficiency o f the Inftruments, or becaufe o f the Diilance, or from the 
W inds.

1. T h e  Inftrument by which fome o f them have meafured, \ras not a 
W atch  or C lock, but a fufpended Plum m et, which vibrated Seconds. But 
it is plain, that a Plum m et is much lefs convenient, nor can be lb accurate 
as a Clock ; becaufe it is neceffary that the E ye m ud firft be em ploy’d in 
obfer^'ing the Corufcation, and th^n muft obferve the Plum m et or Pendu
lum. This waftes Tim es, and caufes Confufion. But efpecially if,

2. T h e  Diftance ■ between the T h in g  founding and t ie  O blerver be but 
fmall. N ow  it is evident that moft o f  thefe made their Experiments at the 
Diftance o f only a few Feet, and iheafured by the Return or Echo o f the 
Sound. Some o f thefe extended their Meafure hardly beyond fix or feven hun
dred Feet, others not above a fingle M ile. But I have always obfcrved, that in 
fo fmall a Diftance an Uncertainty would necelTarily atife, even tho’ the bcft 
Jnftrument was made ufe of. A n d  a very fmall Error in fuch fhort Di* 
ftances is to be accounted a great one. For perhaps the Peridulunh has already 
pafs’ d over half its Swing or A rch from the laft Pulfation, when the Sound 
was firft emitted. But we reckon that Pulfe as i f  the Vibration were fully 
compleat, or perhaps we anticipate the Vibration. A n d  after the Sound has 
reached us, perhaps we count more or lefs than we iliould do.

O r if  the Diftance be long enough, yet an Error may thence arife, i f
3. W e  take not the W inds into our R eckoning.
ITiefe are certain Inconveniencies, which attend the Menfuration of the 

Progrefs o f  Sounds.
Y e t it may be obferved, that the Spaces aflign’ d b y  the three- laft Obfer- 

vations o f the Table, agree pretty well with one another. Doubtlefs this 
proceeds from hence, that the Obfervers were furnifti’ d with good Clocks. 
In the U fe o f thd'e the Ear alone is em ploy’ d in catching the Vibrations ot
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the Pendulum., while the E ye attends to the Corufcation, or fome other E m if- 
fion of the Sound. A lfo  thefe Obfervations were made at great Diftances, 
in which a fmall E iror could be o f no great M om ent. T h e  Obfervations o f  
flamjteed and HalJey were made at an Interval of almoft three M iles, within 
a few Perches, from the R oyal Obfervatory, upon Shooter's Hill-, and the 
Sound return’ d in 1 3 Seconds o f  T im e. T h e  noble and celebrated Floren- 
thifs, o f the Academ y del Cimento., made their Experiments at nearly the 
fame Diftance. A nd feme at the Diftance o f  one M ile  only. A nd Cajfmiy 
Picard., and Roemer at the Diftance o f  1280 French Toifes, which is more 
than a M ile and half Englijh Meafure.

I my felf have made v e iy  many Experim ents, at various Diilanees, from 
one Mile to twelve and more. A n d  for meafuring o f T im e I have a m oil 
accurate W atch, with a Pendulum that vibrates half Seconds.

I propofed to m y felf to determine the following Queries.
1. H o w  much Space a Sound paffes through in a Second o f  T im e, or any

ether Interval o f T im e ?  ^
2. W hen a Gun is difcharged towards the Obferver, whether it fends its 

Sound in the fame Interval o f  T im e, as when it is difcharged the contrary
Way ? • _ ill

3. In every State o f  the Atm nfphere, when the M ercury in the Barometer 
afcends or defcends, whether Sounds defcribe- the fame Space in the fame 
Time ?

4. W hether Sounds fly fwifter in the D ay-tim e than in the N ig h t ?
5. W hether the Sound is accelerated by a favourable W in d , or retarded

when the W ind is contrary ? O r how the W ind affedts Sound, i f  it afFeóts it
at all?

6. W hether Sound moves fwifter in calm W eather, than when the W in d  
blows ?

7. Whether a violent W ind , blow ing crofs to the Courfe o f  the Sound,
accelerates or retards the M otion o f the Sound ?

8. Whether Sounds have the fame M otion in W inter and Summer, by D ay 
and by N ight ?

9. Whether they are the fame in Snowy W eather, and in fair?
10. W hether a great and fmall Sound have the fame M otion ?
11. W hether in all Elevations o f  the G un, a H orizontal, at 10, 20, as

far as 90 Degrees, the Sound arrives at the E ar o f th& Obferv'er at the fame 
Diftance o f T im e ? '

12. W hether all Kinds o f  Sounds, thofe o f  Guns, Bells, H am m ers, and
fuch like, have the fame M otion ?

13. Whether the different Forces o f  Gunpow der vary the M otion o f 
‘Sound ?

14. Whether at the T o p s o f  high Mountains, or imVales, or in the higheft
and loweift Parts o f  the Atm ofphcre, Sounds pafs o ver‘the fame Spaces in the 
fame Intervals o f  T im e ? ■ '

*5' Whether a Sound afcending or defcending obliquely has the fame Mo
tion '?
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tion ? O r whether it afcends from the Bottom to the T o p  o f  a Mountain with 
the fame Velocity, as it defcends from the T o p  to the Bottom ?

16. W hether a Sound moves fwifter at the Beginning, and flower towards 
the E nd, as happens to many other violent Motions ?

1 7. O r is it not rather equable, tiiat is, does it not defcribe H a lf  its Courfe 
in half the T im e, one Fourth in a Fourth o f  the T im e, and ib on ?

18. H as it not the fame Motion in all Countries, Northern or Southern,
, in England, Francê  Italy, Germanŷ  & c.

19. Does Sound pafs from Place to Place in a R ight L ine, or the fhorteft 
W a y , or according to the Surface o f  the Ground between ?

F o r determining thefe Inquiries I requeiled m y Friends, that they would 
difcharge Guns from Towers and other Eminencies, at the Diftance o f  i ,  2,
3, as far as 8 Miles, which I found to be the greateft Diftance at which I 
could hear the Report o f a Gun, in this Country which is fo thick fet with 
Trees and other Things. Thefe Guns were o f  great U fe to me. But thofe 
great Guns, call’d Sakers, were moft for my Purpofe, upon Blackheath, with 
which the young Ingeniers o f the Train are there exercifed. T h e  Fiaihes of 
thefe Guns I could fee from the Steeple o f  my Church, and I could hear ( 
their Report in almoft all W eathers; nay even in the Day-tim e with the 
H elp  o f my Telefcope I could fee the Fiaihes. Therefore I apply’ d my 
felf with the utmoft Care and Diligence to the Obfervation o f  thefe Guns, 
from February 1704-5.

A fter a few Obfervations made upon thefe Explotions, I procured a certain 
fpecial Experiment to be made. T w o  Cannons or Sakers were placed near one 
another, the M outh o f one o f which was towards me, and o f  the other from 
me. Thefe two Pieces were difcharged February 13, 1704-5, every half 
H our, from Six in the Afternoon to M idnight, a gentle Gale blowing di- 
redlly againft the Sound. T he Diftance o f T im e between the Flaihing of 
every Gun, (which I could fee with my naked E ye,) and the com ing o f the 
Sound, was always about 120 or 122 Half-feconds o f  T im e. I fay 120 or 
122, becaufe the Sound came double; that is, the firft Sound within 120 
Half-feconds, (which was the Fainter,) and the fecond within 122, which was 
more intenfe. A nd  in the fame Manner during the whole T im e o f  Obfer
vation, the Noife of every Gun came doubled.

T his Reduplication o f  the Sound to me feems an E cho, which was re- 
fíeéted, as I imagine, by the M ill upon Blackheathy or by the neighbouring 
Houfes. O f  which I ihould have no Reafon to doubt, i f  it was not for the 
Opinion o f  a certain learned Friend, who believes that no Echo can be heard, ' 
but which is made by reflefting O bjeds not far from the Obferver, and not 
by thole which are near the fonorous Body, or other diftant Objects, 

p / ^  think not to be contrary to the Nature o f  an Echo. Then 
a *̂ grcaT obferved, that this double Sound came diredtly from Blackheath.
Dijianct. the firft Sound come from thence, and the other (like an Echo) from

elfewhere, either beyond me, from the R igh t H and or L e ft, or from any 
other Side. A n d  the fame T h in g I have frequently obferved, when great 
Guns were difcharged from the Ships in the R iver Thames  ̂ efpecially it the

A ir
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Air was calm and ferene, either in the Evening or Morning, when thofe they 
call the IVatch-gms were difcharged. After the Sound of the Gun had 
reached the Ear, I heard it ftill running along the River, and echoing from 
the Shores, the Hills, and the Rocks, (which are in great Plenty along the 
Kentijh Shore) and that for many Miles together.

All thele Things, according to my Friend’s Opinion, proceeded from the 
Repercuflion of the Houfes and other Objeds that were near me. But to 
fay nothing of the Weaknefs of the Sound, after it has pafs’d on for feveral 
Miles, and of its Incapacity to produce Rich an Eífeét, if it had come fo 
far, and was then repell’d by refleéling Objedls near the Obferver, rather than 
by reflefting Objefts that were near the fonorous Body ; I ihall give an Ex
ample or two, whence it will appear, that an Echo made by reflefting Ob- 
jeits near the founding Body may be heard for feveral Miles, as well as the 
primary Sound, and fometimes more intenfely than the fame.

I have often obferved, that Cannons difcharged in the Evening on the 
River Thameŝ  about Deptford and Cuckhold's-Pointy often made a Report 
which was double, treble, four-fold, and ftill more multiply’d ; and that 
the later Reports are ftill the louder. And when I have gone crofs-wife this 
Way or that Way perhaps a Furlong, or a Quarter or Half a Mile, yet ftill 
the Sound was the fame. I remember that on the t̂h of March laft paft, 
feveral great Guns were difcharged fome where between Deptford and Cuck- 
hold's-Point aforefaid, from a Ship which I then faw upon the Thames 
from my Church. Their Sound was repeated five or fix Times, after this

Manner, ■ • I counted 122 Half-feconds between tlie Flaih and

the Sound, the Wind blowing obliquely. Therefore at that Time the Guns 
were diftant from me above 13 Miles. The two firft Cracks were fainter 
than the third; but the laft Cracks were louder than any of the reft. And 
going a Quarter of a Mile to my Right Hand, the multiply’d Sound was 
the fame, and likewife when I went to my Left Hand. And befides in fome 
of my Stations, befides the multiply’d Sound, I plainly heard a faint Echo, 
which was reñeíted by my Church and the Houfes adjacent: Which I ob
ferved then very often, when ever the Guns were difcharged.

Another Obfervation of a like Kind was made on a certain Suvday, about 
two or three Years ago, on the Sound of a large Cannon difcharged fome- 
where in the River Thameŝ  on this Side or beyond the Town of Gravefend.
The Sound of this Gun was multiply’d at leaft eight, nine, or ten Times,
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according to this Meafure of this Time Many thought
W M l/ i-

this multiply^ ScRind was the Noife of many Guns belonging to the Ship ; 
but I conceive it to. be nothing elfe but a reiterated Echo, from tJie Sound of 
one or two Guns, which was reverberated from feveral Ships, or the neigh
bouring Shore. I did not only hear this my felf, but many others who were
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Far off. Mt. Barret heard the fame repeate4' Sound at his own Houíé, which 
is near four Miles diftant from Upminjler wh r̂e I heard it.

O f  an 3* I will add an Example alio of tl\e Repercuffion of Sound in the Air, 
Echo ;* by Aerial P^-ticles. . ,
th e  A it . When I heard the Reports of great Gwns, efpecially when the Air wâ  

calm and ferene, I often obferved Murmuriag to go beforp the Crack, in the 
Air above. And in a thin Cloud, I often heafd the Squqd of Guns above, 
}uft over my Head, which ran along for feveral Miles in the Airj  fo that 
this Murmuring continued for 15 Seconds of Time. This continual Mur
muring, in my Judgment, proceeds from Particles of Vapour fufpended in 
the Airaofphere, wliich oppofe the Couffe of the Undulations of Sounds, 
and beat them back to the Ears of tlie Obferver, after the Manner of an 
indefinite Number of Echos •, which we call a Murmuring in the Air.

Thefe Things being duly confider’ci, it will be evident that an Echo may 
be heard which is made a far off-, and dwi the aforefaid Reduplication of 
the Report of the Guns upon Blackheath proceeded without doubt from Black- 
heath it ielf, as I juft now affirm’d.

Afl Varia- 4- to go to my Obfervations concerning the Progrefs of Sounds, 
tion o f  What I have fuggeiled about die Sound of the Guns at Blackheath, I have 
Sound found to be true in all others; that the Motion of Sound is neither fwifter or
Different whether the Gun be diicharged towards the Obferver or from him.
Elrvetion, Alfo in all Pofidons of the Gun, Horizontal, or upright, and in all 
crDireai- Elevations of the fame, whether 10 Degrees, or 2 0 , &c. there is no Vari-

Sound. So true is the Obfervation of the famous Florentine 
Academy del Cimento in this Matter.

Alfo the Force of Gunpowder, whether ftrong or weak, a greater or a 
fmaller (Quantity, tho’ it may incrcajc or léíTen the Ihtenfity of the Sound, 
yet it neither accelerates or cetards its Motion.

7heUo- _ 5- affirms, that he always found a different Velocity of Sound, at
tion o f  different Times, in the Morning, at Noon, in the Evening, in the Night- 
aker’dT ^ Time. But as 1 had the Convenience of<,a better Time-keeper, and a more 
/¿íAltera- commodious Diftance, I never found there was any Diverfity in the Motion 
tions in of Sound at thefe Seafons. But in all Kinds of Weather, whether the Sky 
the Air. was clear and ferene, or cloudy and turbid i whether Snow fell, or it was 

mifty ; (for both of thefe ilrongly abate the Audibility of Sound,) whether 
it Thunders or Lightens, whether it be Hot or Cold» Day or Night, Sum
mer or Winter *, whether the Mercury in the Barometer aicends or defcends. 
In all Changes of the Atmofphere whatever, (Winds only excepted,) the 
Motion of Sound is neither fafter or flower, but is only more or lefs loud 
from that Variety of the Medium j which perhaps has deceived the fagacious 
Kircher.

Sounds Hence i t  will follow, that the Conclufíons are erroneous, which Walked 
produced deduced from the Obfervations of Dr. P/o/, Kircher, and thofe of his
from dif- own,
Jrent So- 6. Though Kircher is of a contrary Opinion, yet I do not at all doubt but 
ZitT°he Sounds of all Bodies, of Guns, Bells, Hammers, have the fame

fam eV di- ' Velocity.
atj.
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Velocity. In the Year 1704, I compared together the Beats of a Hammer 
and the Report of a Gun, at the Diftance of a Mile, which is the fartheft that 
I could hear the Sound of the Hammer i and I found that the Sound of both 
came to me in the fame Time. And that they pafs’d and  ̂ of tlie 
fame Space in -J, 4» and  ̂of the fame Time.

As for what belongs to intenfe and languid Sounds, I doubt not but that 
they pafs over the fame Space in the fame Interval of Tim e; as may partly 
appear from thefe Experiments.

Jan. 13, 1704-5, The Mafter Gunner of Till>ury Forty at my Requeft, dif- 
charged a Gun or two, and a great Mortar in which he ram’d the Gunpowder 
very well. The Noife of all thefe came to me in the fahie Time, being diftant 
about three Miles.

Alfo Sept. II, 1705, the Head Gunner of England̂  on my Account, upon 
Black-Heatb after Sun-fet, difcharged fome Muskets, Sakers, and Mortars,
The Muskets I could not hear, becaufe of the great Diftance, or becaufe the 
Air was not very clear. But I heard the Sound of the Sakers and Mortars 
in the fame Interval of Time, tho’ the Noife of the Mortars was much more 
dull and remifs than that of the Sakers.

7. As to the Equability of the Motion of Sounds, I found it to be fo as The Mo- 
\i\it Ac^ácmy del Cimento had determin’d long ago. That Sounds pafs half“°" “f  
their Space in Half the Time, a fourth Part in a fourth Part of the Time, and 
fo on. Which will appear from the Examples in the following Table.
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40 2 The Motion of Sounds.

liJilED

T he Place in which the 
Difcharge was made.

The CfiiiT^h at Hornchurch 
North. Oken¿¡Qn Church

UpminjUr MiU

Littfe Ch\irch
Rainham Church 
*Alveiei M ill 
DagéñhamChwrch 
South If^eal Church 
ta ji  ‘thorfi'^on Church 
Barking Cfiiirch 
Blackheaih Guns

The Number 
of the V'ibra- 
tiohs of the 
Penaulunt.

9
18I 

S 22t

27Í
33 Í
33
35
45
46r
701-

116

I'he iJiftance otHaces.f

T rigono
metrically

}

Miles, 
o, 9875 
2, 004

42 ,

3>
3>
3v
3’
4>.
5>
7>

12,

o
58

5S
85
59 
09

7
5

B y the 
Sound.

Miles.

4 ’̂
C2,
1 ,
3>
3’
3»
4^
5»

12,

o
4

48
97
5
5
78
8
03
62

55

T h e Courfe o f  the 
W inds.

Oblique.
Oblique.
Favourable.
W ith Snow, oblique 
A  ftrong fair Wind 

9 Oblique.
7 Oblique.

Favourable.
6 Oblique.

L ittle favourable. 
Fa\xni rabie. 
Oblique,

T h e Diftances o f Places from Upminjler̂  (the Place in which I obferved) as 
fet down in this Table, were meafured with all the Exaftnefs 1 was able, either 
by a meafuring Rod, or by Trigonom etry. And from the great Agreement 
there is found between theD illances meafured in this Manner, and likewife by 
the Motion o f  Sound, the Excellence o f  m y Inftruments, as alfo the I'riith 
o f my Obfervations and Calculations, appear very plainly. For the Difference 
between the Diftances meafured, and the lame taken by Sound, is either none 
at all, or only a few hundredth Parts, unlefs when the W ind was fair (except
ing that at the Church o f  South Weal, o f which I ihall fpeak afterwards.) 
T hus in the Obfervations made from the Churches o f  Dagenham, fVarley, 
Thornion, and Barking, the Diftances taken from the Sound feem fomething 
ihorter than they ihould be, becaufe the W in d  accelerated the Sound. But in 
forming this Column o f  Diftances by the Sound, I allow’ d nothing for the 
Acceleration o f the W inds ; but I only divided the N um ber o f Vibrations, or 
o f  Half-feconds, by 9^ or 9,25, the Num ber o f Semi-feconds in which Sound 
defcribes one M ile.

A lfo  the Equability o f  the M otion o f Sound is evident from  this T able; 
as will appear from comparing the Vibrations and the Diftances, or from the 
Colum n o f  Diftances from the Sound only.

N o w  that nothing m ight be wanting for the Connrmation o f  this Matter, I 
made a Journey to the Sands at Foulnefs on our EJfex Shore. Thefe Sands, 
which are continually cover’d and waih’ d over by every D a y ’ s T id e , make a 
large and exail Plain o f many Miles. U pon this Plain I meafured out only 
fix M iles •, for neither the T id e nor m y own T im e would permit me to make 
U fe o f  a longer Diftance. A t  the End alm oft o f every M ile  I made Expci- 
ments by discharging Guns. From  which Experim ents I found, that all my 
former Obfervations were ju ft and true, that is, that Sound paiTes a M ile m



Half-Seconds, two Miles in 184-Half-Seconds, three Miles in 2 7  ̂ Half- 
Seconds, and fo on.

8. A s to the 15 and 19 Queries, I confefs I could never fatisfy myfeJf in thefe oy//,, Af- 
Matters, by any o f  the Experiments I made. cending

And firft as to the Progrefs o f  Sound by the ihorteft W a y , as in Q uery 19.
The Reafon o f r a y  doubting o f  this was the Difference between the Space be- 
tween the Village o f  W eal máUpminJler meafured Trigonom etrically and by 
the Sound, as exhibited in the foregoing Table. T h e  Trigonom etrical M en- 
iuradon was taken in fo many Manners, and with fuch good A ngles, that I 
could have no Scruple about it. But becaufe by the M otion of the Sound the 
Diftance feems greater, and the Superficies o f  the intermediate Soil puts on 
fuch a Figure as is exhibited in Fig. i j s *  therefore I had fome Sufpicion pig. 17;. 
whether the Sound m ight not m ove with  ̂ crooked M otion or whether 
the A cclivity intervening in A  m ight not oppofe the Undulations o f  the 
Sound, and thereby retard it.

That I m ight fomehow untye this K not, I caufed an Experim ent to be 
made, by the Sound o f a G un from the T o p  o f  Langdown H ills  into the V a l
ley beneath, at the D iilance o f  3,79 Miles. T h e  Interval was carefully mea
fured Trigonom etrically, by Means o f  Angles and a Bafe that was large 
enough ; and the Experim ent was made when a gentle Gale a little oppofed 
the Sound. I counted 354 H alf-Seconds between the F lafh and the Report 
which Num ber fo well agrees with the D iilance, and approaches fo near to 
the other Experim ents, that there can be no D oubt but that Sound defcends 
from the T o p  o f  a H ill ilrait down into the Vale beneath, (through the A ir) 
and not according to the uneven Surface o f  the’ intermediate Ground.

Therefore I imagine there was fome Error in the foregoing Obfervations at 
Wcal̂  becaufe I have not obferved any fuch T h in g , either in the lait E xperi
ment at Langdown^ nor in any other.

As to the M otion o f  Sound up and down ; that is, whether it Is carried af
ter the fame Manner, and in the fame Degree, from the T o p  o f  a M ountain 
to the Bottom , and back again ? I can hardly hope to fatisfy m yfelf or any, 
other in this M atter. H ere in EJfex and the Parts adjacent we have no H ills  
high enough to m ake the Experim ents requifite for this Purpofe. F o r the 
higheft o f all I have yet feen, fuch as thofe call’ d Langdown HillSy do not much 
exceed H a lf a Furlong. F or I have meafured the higheft Sum m it o f  the fame,- 
both Trigonom etrically as alfo with m y portable Barometer, and find the 
fame by the firfl M ethod to be 363 Feet high.

But the lafl Summ er, when I took a Journey to the W eftern  Coafls o f  the 
Kingdom, I had a M ind to try from a certain H ill, the H eig h t o f  which I 
meafured a few Years ago, and found it, ( if  m y M em ory fails me not) to be 
about three Furlongs. A t  which T im e  the W in d  blew obliqively, but fo 
gently, that it would hardly have extinguifh’ d a lighted Candle. T hen I or
der’d feme M uskets to be difcharged at the F oot o f  the H ill and at the T o jv  
and I found the Sound to come both W ays nearly in the fame Space o f  Tim e*
If there was any fmall Difference it feem’d to confiil in this, that the 3ound 
afcended fomething fooner up the Mountain than it defcended down the fame..

F f  f  2 But
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But I could hardly meafure the T im e with the Exaftnefs that was neceflary, 
becaufe it happen’ d unluckily, that m y Tim e-keeper was a little out o f  Order 
by the Carriage. Therefore I m uit leave this Experiment to be made by 
others with better Succefs. A nd indeed I could wiih it m ight be tried at the 
Alpes.

Motion e/ p . Some Obfervations and Experiments made at m y Defire in by the 
m oil learned D r. Newton.

Richard Townley, E(q-, inform’d me by Letter, Jn. 1704, “  T h at Sounds 
“  were feldom heard at Rc7Ke fo far as in England^ and in our Northern Cli- 
“  mates. Particularly he faid, that while he was at Rome fome Guns were 
“  difcharged at the Caftle o f St. Angelo, while he w’as upon M ount ‘Trinidad  ̂
“  and that he obferved the Sound was much more languid in that Place, than 
“  in any other at the fame Diftance. And after his Death his Brother wrote 
“  to me, that in the Year 1688, leaving Rome he came to the Caftle 
“  Gendolpbe, (being a higher Situation near the L ake Albanus, about twelve 
“  Italian Miles from Rome) he obferved the Sound o f great Guns difcharged 
« from the aforefaid Caftle St. Angelo, which feem’d to him to be very weak 
“  and faint. A lfo  at another T im e, when his Chariot pafs’ d near the Walls 
“  o f  the aforefaid Caftle, and great Guns were difcharged from thencc, they 
“  did not feem to make fo loud a Noife there as he expeéted.

A s this was obferved by thefe two Gentlemen, and the Phenomenon itfelf 
feem’ d to be new and unknown before, I had a great M ind to enquire into 
the Caufe o f it. Therefore I wrote a Letter to the learned Dr. Newton, who 
fent me W ord back in j  706, what himfelf and his Friends had ob
ferved about it.

H e tells me, that in his Journey from Bononia towards Florence, at the 
C ity o f St. Michael in Bofco (near Bononia) he heard the Report o f  Guns that 
were difcharged ; which Guns were difcharged at Mirandula, and were diftant 
40 M iles: For at that T im e the French A rm y were then befieging this Place. 
A nd  the N ight follow ing lodging upon the Apennines, being 20 M iles farther 
off, he heard the fame Sound,

W hen he received m y Letter at Florence, he acquainted a certain Noble
man with the Contents, who afterwards communicated m y Requeft to the 
Great D uke. H e  fays, “  T he Great D uke immediately gave Orders, that

Experiments m ight be made for m y full Satisfaftion.”  H e appointed Jo- 
feph Averrani, a noted Philofopher at Pifa, to  fupervife and dire£l thefe E x
periments. T he Refult was this.

“  In the lower T ow er at Florence a great Gun was often difcharged between 
“  the H ours o f  One and Three at N ight, and certain M en at Leghorn were 

appointed, to obferve diligently whether they could hear the Report. Some 
o f  thefe who were placed at Lanterna and Marzocco did not hear i t ; pofllbly 
becaufe the Claftiing o f  the W aves o f  the Sea m ight difturb the Sound. 
But others who flood upon the Fortifications o f  the old T o w er, which is 

“  call’ d Denjon, and thofe that were fent to that call’ d Mount Rotondo, (which 
“  is about five M iles diftant from Leghorn towards Mount Nero) could hear 
“  it well enough. A n d  as often as it was difcharged, fo often the Report

“  was



“  was plainly heard in thofe Places. Now the Diilance of this Florentine 
i‘ Tower from Mount Rotonda in a right Line, is thought to be not lefs than 
«Í 55 Miles. And it is worth obferving, that the intermediate Country 

abounds with Hills, which of NeceiTity muft fomething impede the Pal- 
« fatre of the Sound. To which may be added, that the fame Evening there 
“  was a moderate Wefterly Wind, which may be fairly fuppofed to hinder 
“ fomething the Expanfion of the Sound, fmce Leghorn is fituate to the South- 
« Weil in refpift of Florence.

“  Now that an open Place might be had, that Traft of Sea was made 
“ Choice of, that lies between Leghorn and that call’d Porto Ferraio, the Di- 
« ftance of which is found to be 60 Miles, according to the Calculation of 
“  skilful Navigators. And the Sound of Guns of War is often heard from 
“  Leghorn to the aforefaid Porto Ferraio, and the neighbouring Places ; nor 
“ is there any Occafion for the Afliftance of a fair Wind, to help the Pro- 
“  grefs of the Sound, that it may be heard the better. For any Wind what- 
“ ever, whether for it or againit it, is a Hindrance to Sound, and makes it lefs 
“ fonorous. Perhaps becaufe the Noife that is thence made in the Sea is a 
“ greater Impediment, than the Courfe of the Air ruihing thither would be 
“ an Affiftance. Wherefore the Sound is then only heard, when the Wind 
“ is quite ftill, or whifpers very foftly, and when the Air is ferene, and the 
“ Sea calm'. Neither even then is it heard indifferently from all Places, but 
“  only from thofe which are fomething lofty *, fuch are thofe two Forts which 
“  are call’d the Star and the Falcon̂  and the Place call’d Mulini. Bcfides, it 
“  is neceflary that the Obferver ihould keep himfelf very attentive, nor ihould 
“  be incumber’d with the Noife of any near him. And then he may hear as 
“  well by Day as Night, if the Atmofphere be ferene and calm ; except that 
“  in the Night-time Sound feems to be fomething ftronger and (harper, when 
“ no other Noifes mix with it, which by Day continually aflault the Ears,

“■ It has alfo been told us by WitneiTes very deferving of Credit, that many 
“  Years ago, when there were Tumults at Aiejfmâ  and the City itfelf was 
“  befieged, that the Reports of the great Guns reached the Ears of the Inha- 
“ bitants of Augujia and Syracufe.

“  Likewife when the French bombarded Genoa, it is certain that the Sound 
“ reac;h’d as far as the Black Mountain̂  which is near Legora.

“  From thefe Obfervations we are inclined to believe, that there is no Dif- 
“  ference in this Matter between Italy and the Northern Climates.

“  As to the other Query, Whether a Wind that blows with or againft a 
“ Sound accelerates or retards its Motion ? As yet we cannot anfwer this 
“  with any Certainty. Yet we will produce the following Experiments.

“  A great Gun (60) was planted upon the Curtain o f  the lower Fort at 
“ Fiorencey and fo fixt, that its Month might be direfted towards Artemino,
“  which is a Country Palace of the Great Duke of 7”ufcany, ftanding upon a 
“  pretty high Hill, looking towards the Weftern-fide of the faid Fort, from 
“  whence it is diftant about 12 Miles. We chofe a Day when a Wefterly 
“ Wind blew pretty ftrong, that the Motion of the Sound might be hin- 
“  der’d by the cppofite Wind. But this was of little Ufe, for at Evening

“  the
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“  the A ir  was quite calm, or at m oil had fo little M otion, that it would 
“  hardly diffipate the Flame o f a lighted Candle. Then leaving fome skilful 
“  Perfons here, we retired to the atorefaid Palace Arteminô  and between the 
“  firft and third H ours o f  the N ight, the Cannon was difcharged feveral 
“  T im es i and we conilantly counted 49 Seconds between the Flaihing and 
“  the Report. A nd  we alfo at Artemino fired fome Bombs, between the 
“  Flailiing and Report o f which the Obfervers aforefaid, which we left be- 
“  hind in the Fort, counted only 48 Seconds.^ W hence it appear’ d, that 
“  the Sound went fwifter from Artemino to Florence by only one Second, than
“  the contrary W ay.

“  W e  dare not truft our Obfervation fo much as to affirm, that this little 
“  Difference o f Velocity muft be imputed to the Force o f confpiring or op- 
“  pofite W ind. For poiTibly it may arife from the M iftake o f  the Obferver, 
“  who counted the Vibrations o f the Pendulum, which may eafily happen. It 
“  may fo fall out, that he may not fee the Flalh till after the Vibration of 
“  the Pendulutn was begun, or may hear the Sound before the Vibration is 
“  compleated j lb that by this Means he may make his R eckoning one more 
«  than it Ihould be, whilft the Space o f  T im e in both Cafes is the fame.

“  W hen it was Day we order’d the Gun to be difcharged again ; but the
W ind was neither favourable to our W o rk  or our W iihes. For a lit- 

“  tie before it had gone about to the North. So that the Difference o f the 
“  T im e and o f the Velocity o f the Sound could hardly be perceived in fo 
“  fmall a Change o f the W ind ; So that we counted 49 Vibrations o f the 
“ Pendulum, as before.

A s to the Space, which Sounds pafs over in any given T im e , they are 
not yet fatisfied about this Matter •, but from fome Experiments they appre
hend it to be, as has been determin’ d by the Experiments o f the Academy 
del Cimento.

From thefe Obfervations it abundantly appears, that Sounds m ay be heard 
much farther in Italy than m y aforefaid ingenious Friend has inform’d us.

' For the excellent Dr. Newton has heard the Explofion o f  great Guns at the 
Diftance o f 60 Miles. Thofe that were difcharged atj Florence at his Requeft, 
were heard 55 Miles. T h e  Guns difcharged at Leghorn were heard at the 
Diftance of 60 Miles. Thofe difcharged at Mejfina were heard by fome at 
nearly the Diftance o f 100 Italian M iles, as appears by the M aps. Thofe 
difcharged at the Siege o f  Genoa were heard at above 90 M iles by the 
M aps.

A l l  which Things confider’d, I cannot but think, that Sounds are as freely 
propagated in the Southern Countries as in thefe to the North. Though E x
amples are not wanting o f a farther Progrefs o f  Sounds in fome Northern 
■Countries o f  the Earth. A  certain Dane aíTured me, that when he lived in 
Denmark he heard very plainly the Sound o f  fome Bombs, which were dif
charged at Carelfcroon, when he was diftant 80 M iles, i f  I rightly remember. 
T h e  very skilful D r. Hearn, Phyfician to the K in g o f  Sweden, lent an Account
to óur Royal Society concerning great Guns difcharged at Ulm^ A. D. j68$j

tHc
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theN oife o f  which travel’ d 30 Swedijh M iles, which are nearly equal to i8 o  
EnzliJh Miles. A lfo  in that Sea-fight between England and Holland̂  A. D.
\6ii-, N oife o f  the M en o f  W ars Guns was heard by fome that were di- 
ftaiit above 200 M ile s : F o r it pafs’ d over our Ifland as far as ShropJJñre and 

¡Vales.
Therefore what was obferved by the tw o Brothers 'Townleyŝ  is peculiar to 

the forefaid Caftle o f  St. Angelô  or at leaft to  Rome. T h at Dim inution o f  
Sound, which they took N otice of, m uft be ow ing either to the Situation o f  
the aforefaid Caftle, or to the intermediate Houfes rifing high and unequally 
in that C ity, or to the foreign Noifes interm ingling, or to contrary W inds, or 
to fome other Caufe o f  a like Nature : O r perhaps they made their Obferva- 
tions in fuch a Conftitution o f  the A ir, in which Sounds are m uch more faint, 
even though they have favourable W inds, than at other T im es when they are
quite contrary. nr u

10. I have often obferved in Summer, when the Air was hot, that Sounds '
feem’d to be fainter than ufual, and to come very weak to our Ears; whereas 
in another Seafon, efpecially in Winter#án frofty Weather, they were much tenfeners 
more ihrill and ftrong. Alfo when the North or Eaft Winds blew, though <>f Sounds, 
the contrary Way, I perceived Sounds to be lowder than when the Winds 
came from the contrary Quarters. This Kircher alfo took Notice of at Rome •, üono/Th] 
tho’ it is not conftant and perpetual. Air.

N or could I conclude any T h in g  with more Certainty, from the Infpeótion 
of the Q uickfilver afcending or defcending in the Barometer. For fometimes 
when it role to the very T o p , Sounds were louder and ftronger, and fom e
times weaker. W hen on the contrary they were more noify, when the M er
cury fell to the Bottom .

There is a like Uncertainty when the A ir  is ferene or cloudy. In rainy 
and moift W.eather I have often obferved that Sounds were blunt and dull.
But after Showers that were violent, they have acquired much Strength, as 
Kircher has obferved at Rome. But the Contrary alfo has oiten happen’d.
May 3 1, 170 5, the A ir  was here much clearer and freer from Vapours than 
ever I remember to have feen it before. T h e  S k y  was fo very clear and lim 
pid, that I could eafily perceive the moft diftant Obje£l:s. Y e t I could not 
hear the great Guns which v/ere then difcharged on Blackheath, (excepting 
onê  whofe R eport I heard but very faintly) though I could eafily fee the 
Flalh o f every one. A n d  at the fame T im e the M otion o f  the Clouds and 
Wind confpired w ith that o f  the Sound. For a very mild A ir  then breathed, 
and every T h in g  then feem ’ d to concur to affift the Sound. A n d  on the 
contrary, when the Conftitution o f  the A ir  and H eavens was entirely 
changed, when all T h in gs were turbid, and the Atm ofphere was full o f  
Vapours, I have obferved that Sounds were loud, and as often dull and 
heavy.

I muft leave the Caufes o f  thefe Variations to be enquired into by others, 
becaufe I confefs they are as far above m y Capacity as it is to aflign what 
is the proper or Vehicle o f  Sound. W hether it be the purer and more

ethereal
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ethereal Part o f  the A ir, or the denfcr and more vaporous Part, or botii to
gether ?

As to what concerns grofs Clouds, it is certain they very much blunt and 
deaden Sounds •, for then Sounds leem to be generally very languid and dull, 
'rhis certainly arifes from thofe grofs Vapours and clofe i articles that con-

ititute a Cloud. r- , o .
T h e  fame I have obferved o f fnowy Weather : For when Snow has juft

fallen upon the Ground, Sounds immediately grow dull. But as foon as its 
Superficies becomes frozen and icy, they are again more flirill and ftridu- 
lous. I have heard Bells and Guns tinkling and bellowing as loud as before 
tlie Snow fell. Mr. Townleŷ  lately affured me, he had obferved, (as indeed I 
have taken Notice o f m y fe lf) as he was riding on H orfeback through fome 
T ow n , that the Noife o f the Bells, which were ringing not ñir off, could 
hardly be heard by him when a H oufe cover’d with Snow interpofed. So 
that entering the T ow n, he very much wonder’ d to find the Bells ftop on 
a fudden, as he pafs’ d by fome Houfes between, and again to ring out 
when he came to a Vacuity free from Houfes. And this he obferved all 
the W ay paifing through the T ow n , that the Noife ot the Bells came 
to his Ears or not, according as the Buildings did or did not intcr- 
pofe.

O f  the In- I I .  T he m oil illuilrious Academ y del Cimento found by Experim ent, that 
Jiuena o f  Motion o f Sounds was not hinder’d by contrary W inds, nor promoted 

by fair Winds. But that however the W inds blew, the fame Space was al
ón o f  ways defcribed in the fame Tim e. Gaffendus was o f  the fame Opinion and al- 
Sounds. m oil all other Philofophers.

Y et for all that, the Contrary appears from Experience. T h e y  feem to 
have fallen into this M iilake, becaufe they made their Experiments at too 
iliort a Diilance : For it is very probable that thefe Philofophers made 
their Obfervations from the Diilance o f one M ile only, or tw o or three

• at the m o il:  Therefore it cannot be wonder’ d at, that they are fo faul
ty. But if  they had tried ^ith good Inilruments, at ten or twelve Miles, 
which 1 have often done, they would foon have perceived their 
Error.

I m yfelf have often fallen into this commoh M iilake, feduced by the 
Authority o f thefe Gentlemen ; till after the Obfervation o f  great Guns up
on Blackbeath^ for three Years and more, I at lail very happily difcover’d 
and retraced it. N ow  when firil I perceived that Sounds arrived at my 
Ears fometimes fooner and fometimes later, I entertain’d a Sufpicion that I 
m uit have made fome M iilake ; either that I had mifcounted the Vibrations 
o f  m y Pendulum, or had not rightly obferved the Flaih o f the Powder, or 
had fallen into fome other Error o f  the like Kind. But when the Guns 
were difcharged on Purpofe for me, every H a lf  H o u r, from  Six a-Clock to 
M idnight, and I found the Sound to come always without any notable Va

riation,
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The Motion o f Sounds.
nation, in the Space of 1 20  or 1 2 2  Half-Seconds, even though the Wind 
was quit; contrary; and at other Times when the Wind was fair, whe- 

'ther dired, or a-crufs, or oblique, the Sound of the fame' Guns was ob- 
IfcrveJ to come in the %ace of i n ,  n j ,  n a ,  1 1 4 ,  u 6 ,  or at
moft 117 Scmi'Seconds: Then I v/as fully perfuaded that there was fome 
material Difference, which produced that Variety in the Obfervati- 
ons.  ̂ ;
I Nor do fair or foul Winds only accelerate or retard the Motion of Sounds,' 
but alfo according to their various Degrees, whether they blow more vehe-, 
mendyormore gently, fo much the more or lefs they promote or hinder.' 
Concerning which I ihall fubjoin fome particular Obfervations in the follow
ing Table. Firft taking Notice, that the Guns upon Blackhtatb are diftant 
from the South about 60 Degrees j that is, that they decline to a Point fome- 
thing more remote from S W  b S.
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íi í̂able Sounds of great Guns upon Blackheath, according to the Variety
I of IVindSy.and Forces, with which they are agitated.

: . r .'I - 1;:

The Day of 
the Mont|̂

‘ and Year,

111
The Hour of 
■the Day.' ^

The 
Numb, 
of Vi* 

brations

The Point 
of the Wind,

<
The Courfe of 

the Clouds.

f, ■

I'he • 
Height 
of the 

Mercury.

- " J704. *• 1 : ■ - ^

Feh. 13 1 
21

The 6 Hour. | 
At Midnight. < 
At Í I  ̂ Morn.

120
122
119

N E b E i  

E 2

N E b E

E

29 99

30 22

1705.

Mar, 30 
Apr. 2

10 in the Morn. 
84 Afternoon.

113
i i 4t

S W  7 
SbW  I

S W 29 30

3
3
5

13
24

Sep.-11

29
6

Nov. 30 
Fehr. 15

10 in the Morn.

I in the Aftern, 
8-̂  in the Morn. 
5 Afternoon. 
6-Í- Afternoon.

i i 6 i

I I I

120
116
” 5

S4

S Wb W7  
N b E 2  

S Wb W o  
W 2  X

Lower Clouds S > 
Up. dittoW bN ; 

S W by W

N W 

W b N  j

s s w
S E  ,

s s w
S W

29 80

29 70 
29 26
29 59 

Saker. _
7 ilfternoon. 
lo i  Morning.
10 in the Morn. 
At Noon.
11 in the Morn.

1154
112
117
115
116

W b Ñ 2 '  ' 
SS W6 

E S E  1 & 2 
SS W 4  
Sb Wi

Mortar. 
29 38 
29 34 
29 10 
29 60

1706.

Nov. 291 
Febr. 7

1 M o r n .  
At Noon. 
At Noon.

116
118
ÍI3

S W o  ( 
S W b S i  ( 
S Wb W4

S W  b W 

W

30 06 

29 83

I have chofe thefe Obfervations out of many, which were all carefully 
made, and repeated twice, thrice, or oftner. Thus from the Experiments 
made ^pril 5, and Sept. 29, it appears, that violent Winds prefs forwards and 
haüen Sounds. For on Jpril 5, when the Motions of the Wind and Sound
nSaiiy cbnfpired together, and the Wind was pretty ftrong, (as is denoted by

the



the Figure annexed [ 7 ]  and in the fame M anner the Cipher [ o ]  denotes a 
calm A ir, and the Figures i ,  2, 3, 4, (¿c. fignify the various Strength o f  the 
Wind) at that T im e , I fay, the Sound travel’d its Journey in the Space o f  
111 Semi-feconds. But on A pril 24, when the W in d  blew the fame W a y , 
and the A ir  was calm , it perform ’ d the fame Journey in the Space o f  1 1 6  
Semi-feconds. So Feb. 7, 1706, when the W ind blew from the fame Q uar
ter, and brought the Sound along with it, but with a Strength that was not 
above H a lf as m uch, there pafs’d 1 1 3 Semi-feconds before the Sound com - 
pleated its Journey. So again Sept. 29, 1705, the W in d  blow ing pretty 
ftrong, and not fo fair, the Sound perform ’d its Courfe within 112  Semi- 
feconds. From  which, and from the other Exam ples in the T able, it plain
ly appears, that ftrong W inds afllft the Propagation o f  Sound, and that weak 
ones do not prom ote it fo much.

The fame is evident alfo from thofe W inds, or Torrents o f  A ir , which di- 
refty favour or hinder the Progrefs o f  Sound ; that is, that they make its 
Motion either fwifter or flower. A n d  thofe Fluxions o f  the Atm ofphere 
which are intermediate, in like M anner caufe an intermediate Progrefs 
of Sound, or make an intermediate N um ber o f  Vibrations o f  the Pen
dulum.

T h e greateft Difference which I have yet obferved, in the Progrefs o f  
Sound, for the Space o f  alm oft 1 3 M iles, is equal to about nine or ten H alf- 
feconds, and that is when ftrong W inds help the Sound, and gentle ones 
only hinder it. But when thofe that promote or obftruót are very m ild 
or none at all, then the Difference hardly exceeds tw o or three H alf-fe
conds.

12. T hat I m ight know  to a Certainty how much Space is pafs’ d over hy o/theVc- 
Winds in any affign’ d T im e, I made U fe  o f  certain light Bodies in m y Ex-Iocity »f 
periments, fuch as D ow n, foft Feathers, which feem’ d to be better adapt- 
ed to the Purpofe than that Inftrument, which is defcribed in the Pbilofophi- 
cal T'ranfafíions^ n. 24, or that other more convenient one in the Shape Vid. fu- 
of a W indm ill, invented ( if  I m iftake not) by the the m oft ingenious D r. pra.V. u .  
Hook. . c. I.

From the many Experiments which I have made, by the H elp  o f  thofe 
light Bodies, when the Strength o f  the W in d  was very different, I found that 
the moft vehement W ind hardly pafs’ d over fixty M iles in the Space o f  an 
Hour. F or E xam ple, Augtiji 1 1 , 1705, there was fuch a Storm  o f  W ind , 
that it almoft overturn’ d the W indm ill itfelf, near the Place where I made '
my Obfervations. [I generally denoted the Force o f  the W in d , as I have faid 
already, by the Figures, o, i ,  2, 3, ^ c .  as far as 10 or 15 , or more Degrees.]
I eftimated the Force o f  the aforefaid W ind to anfwer to about 12 or 14  oí 
thefe Degrees ; and obferved from many repeated Experim ents, that that 
Whirlwind defcribed about 33 Feet in the Space o f  one H alf-fecond, or 45 
Miles in an H our. W hence I colleé^, that the m oft furious and m oft 
ftormy W in d , not excepting that T em p eft w hich raged in Novembery

G g g  2 170 3,
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4*2 Motion af Somids.
1 703k tjocs not pafs above fifty or fixty M iles in the Space o f  aa 
H our. i

H aving thus meafured the V elocity o f  the moft rapid W inds, it will .not 
be difficult to  guefs what is the V elocity o f  thofe which are lefs, v io le n t: For 
I have obferved their Courfes alfo, and am certified by various, Experiments, 
that fome o f thefe traverfe fifteen Miles in an H o u r, fam e thirteen, fome 
much more, and fome much lefs. Some creep with fo flow a M otion, that 
they hardly go  a M ile an H our. A gain , fome W inds m ove fo very flow, 
that a M an on Foot or on H orfeback may eafily ov«rgo them. T h is appears 

' to  our Senfes, whenever we flop, and feel a gentle A ir  fanning and overtar
k in g  us. But i f  we g o  along with it, we fliaU not perceive it at; a l l ; but if 
w e ilep forwards quick, infl:ead o f  an A ir  that accompanies us, we fliall find 
it contrary and blowing in our Faces. T h u s when the Atm ofpliere is quite 
at Reft:, and ftagnating as it were, i f  we w alk or ride, w e tl^ ii perceive a 
gentle A ir  as it were meeting us, and o f ju ft fuch a Strengtii as anl'wers 
our ow'n Motion. A n d  an A ir o f  W ind feems to move with the iame M o
tion or Velocity, as we ourfelyes move the contrary W ay.

W e  may make many ufeful Inferences from thefe Obfervations about the 
Velocity o f the W inds. Particularly we may aflign one Reafon why the 
M ercury afcends and defcends fo long before fair W eather or Rain fol
lows.

But I  fliall omit fuch T hings as thefe, as being foreign from m y Pur- 
pofe. I fliall only obierve this as to Sounds, that when their M otion is 
fwifter than the W in d , it appears that thofe Parts o f  the Atm ofphere on which 
Sounds are imprefs’ d, or by which they are carried, are not the fame as thofe 
o f  which W inds are compofed, but fome others more etherial or volatile, as 
far as may be conjeftured. For the fwiftefl: W inds hardly fly above 60 Miles 
in an Hour^ whereas Sounds can pafs above 700 M iles in the fame Space 
o f  Tim e.

N ow  i f  it fliould be objefted, that W inds make Sounds fwifter or flower, 
it might be anfwer’d, that this docs not proceed from the proper F lux or 
Tendency o f  the windy Particles alone, but rather from the conjunét and 
confpiring Motion o f all the Particles of the Atm ofphere, as well the grofs 
as the ethereal. W h ich  Direftion o f  the Courfe or M otion, i f  it favours the 
Undulations o f the Sounds, their M otions will be thence accelerated, but i f  it 
is contrary to them, they will be retarded, as is very probable.

OfthcVt- 13. Therefore I conclude very fl:rongly from what has been now faid, and 
S s  many other Things before taken Notice of, that Sounds are propagated ac

cording to thefe Degrees o f V elocity ; that the Difl;ance o f  a M ile, or 5280 
Englijh Feet, is defcribed in the Space o f  9 Í H alf-feconds,' or which is the 
fame T h in g, they defcribe 571 Feet in one Semi-fccond, or 1 142 Feet in the 
Space o f  one Minute.

Now Sounds pafs over the aforefaid Space if the Courfe of the Atmofphere 
IS oblique, and is their mean Progrefs or Motion. But if the Wind in- 
creafes the Rapidity of the Sound, it is poflible they may pafs over 600 Feet

or
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or more in the Space of a Half-fccond. But on the contrary if It hinders, - 
they may not pafs’over above 560 Feet in the fame Tinae.

Now the aforefaid Obfervations and Experiments may not be a little fer- 
viceable

To a Philofofher, for explaining the abftrufe Phenomena of Sound.
To a Marintr, who may learn from hence, how far Ships are from him, 

which he fees fluftuating or lying at Anchor before him, or how far he is 
from Land which he fees at a Diftance. Thefe Things may be known by the 
Difcharge of Guns made on Purpofe, or from a Signal given, and that very 
furely and exaétly.

To a Soldiery to find at what Diftance the Camp of the Enemy is from 
him, or a City befieged. For the Elevation of great Guns upon Fortifica
tions, for directing of Bombs, ^c.

To a Geographer, tor the eafy and exadt Menfuration of the Diilances of 
Places. For any one in the Space of a few Hours may make a Map of a 
whole Country very exaftly by this Means. For Guns difcharged will ihew 
the Diftances, and any Mathematical Inftrument for meafuring Angles, or the 
common Inftrument of Surveyors call’d the Plain ’Table, or only a Ruler pro
vided with Sights, will ihew the Situation of the feveral Places ; From whence 
it will be no difficult Matter to delineate them.

Laftly, this Method of Obfervation may be applied very conveniently to 
the Meafuring of inacceflible Places, efpecially very wide Rivers, and fuch 
Places whofe Diftances are otherwife very difficult to meafure.

To the Meafurer of Echo’s. O f this ludicrous and pleafant Phenomenon of OftheUo- 
Sounds, the Echo, though many learned Men have formerly and lately made t'o" f  
very anxious Enquiries, yet they are not well agreed about many Things con- 
cerning it. Particularly about the Space neceíTary for the Repetition of i,
2, 3, or more Syllables, or which comes to the fame, of the Space defcribed
by the Echo in a certain Space of Time. Merfennus allows......... Paces to
the Repeating of a Word of one Syllable : Blancanus 24 Paces, with whom 
Dr. Plott agrees. But Kircher affirms, that nothing certain can be determin’d 
about it, becaufe different Winds, and the different Intention and Remiflion 
of the Force of tlxe Sound, and many other Circumftances, produce an im* 
menfe Variety.

But it is not difficult to aifign a Reafon for all this Difagreement. For it 
may arife from many Caufes : From the Dullnefs or different Difpofition of 
our Senfes: From the various Audibility of the Sounds : From the grave 
or acute Tone of the Syllables themfelves, or their contraéted or pro
longed Pronunciation -, or from any other Caufe, that prolongs the Inter
val of Time. For I make no Doubt, for Example’s Sake, but that if 
any Objedt that reflefts Sound could return all the Syllables of thisVerfe,

Vocalis Nympho:, qua nec reticere loquenti,

it could hardly return all the Syllables of the Verfc following, becaufe t^eir 
Pronunciation muft be fomething longer,

Corpus
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Corpus ttibuc Echo, non Vox eraty tamen ufunt.
And much lefs could it repeat all the harlh and long Syllables 'of»the follow-* 
ing Verfe, tho’ their Number is much fewer, viz.

Arx, tridens, rojlris, fphynx, pr Ĵier, torrida, feps, ftryx.
B ut we may conclude from the foregoing Obfervations about the Motion 

o f Sound, that in the fame Manner as Sounds, fo E ch o’ s defcribe certain de
terminate Spaces in certain Tim es. This I have often been convinced o f by 
Experience, that the Echo returns in twice the T im e in which the Voice 
reach’ d the reflefting Objeét. For Exam ple, i f  the Obftacle reñeóling the 
Sound was diilant a Furlong, then the Return o f  the E cho was made in the 
fame Interval o f  T im e, in which the primary Sound would have defcribed 
tw o Furlongs, i f  it had not been interrupted.

A nd  this in meafuring the Diftances o f  Places was often o f  great U fe to 
me. For Example, as I ftood upon the Bank o f  the Thames, over-againft 
Woolwich, the Echo o f a M onolyllable was reverberated by the oppofite 
Houfes in fix Half-feconds o f  T im e. W hence I colled:, that the Breadth of 
the liJvf tv Thames in that Place was 1712 Englijh Feet from Bank to Bank, or 
above a Quarter o f a M ile : For as 9,25 Semi-feconds is to 5280 the Feet 
in one M ile ; fo is 6 Semi-feconds to 3424,8 Feet. T h e  H a lf  o f  which is 
1712, 4 Feet.

L aftly, by this Means the H eigh t o f Thunder-clouds, and the D iilance of 
Thunder and L ightning itfelf, may eafily be known.

learned Archbilhop o f  Armagh compares the Science of 
Properties Hearing with that o f  Seeing, or with the Science o f  Vifion, and divides it 
^Sound, into Direét, Reflected, and Refrafted, in the fame Manner as the other ; fo 
h  G that he confiders not only dired: and refleded Sounds, as others had done be- 
Orandus, refraded Sounds. H e  obferves, that as Vifion has been
p’. 270'. perfeded in a great Meafure by our Anceftors, by excellent O ptical, Catop- 

trical, and Dioptrical Inventions ; fo he doubts not but the H earing may be 
greatly improved by A couftick, Catacouftick, and D iacouilick  Inftruments, 
or by Phonicks, Cataphonicks, and Diaphonicks, (for he denominates them 
both W ays) as well in refped o f the O b je d  as o f  the Medium, or o f  the Or- 

r,W.fupr. gan. H e  propofes Problems thereto belonging, which are exhibited in this 
y .l .C .V . Difcourfe, but not only without any Demonftration, but alfo without Deter- 
i). XXÍI. niination or Conftrudion. But there are many Differences, by which the Pro-' 

pagation o f L ig h t is diilinguiih’ d from the Diifufion o f  Sound. A m ong 
wliich this is a notable one, that L ig h t is diíjíerfed always according to right 
Lines, whilft Sound is fcatter’d every W a y  according to Curves, or any crook
ed Paths, and becomes fenfible, though the Obftacle o f  any opague Body is 
 ̂interpofed.

And thofe very Things which the very learned Author treats of concern
ing the Diifufion of Sound, plainly manifeft its Difference from the Propaga
tion of Light. For he teaches, that Sounds very eafily run along Wal s, or 
fmooth Arches, which have an Elliptical or Cycloidal Flexure rather than a

Circular,
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-Circular, and that with a kind and expeditious Courfe ; and readily moves 
along the foft ‘ Superficies of Water, complying with the lonorous Tremors 
with which the Air is rufflted. Now this I fear is not fo generally obferved in 
the Propagation of Light : For in the Ellipfis we have this only demon- 
fti-ated in Catoptricks, that the Rays of Light proceeding from one Focus D, fig. 
and impinging upon the Elliptical Curve ABC,  being thence refledled will be 
colleéted in the- other Focus E. But if the Rays proceed from any other 
point G , except the Foci, they will no longer meet in the fame Point, but 
will be fo refleéted as by their Contad to form the Cauilick C u rve/F /; fo 
that being upon its Convexity, they can have only a refledled Ray or two, 
and not more, but lying in the Curve itfelf, they will coincide with thofe 
that are neareil. But fuch as are within the Concavity of the fame, will have 
no refleded Rays, nor can hope for any Advantage from them.

As to the Cycloid, the learned Mr. John Bernoulli has ihewn, in the A£is Fig. 177, 
of Leif/ick for 1697, that a Ray of Light, if it were to pafs through Media, 
whofe Denfities varied in every Point according to a fubduplicate Ratio of the 
Altitudes, would be fo continually refrafted, as that it would be bent into the 
Curve of a Cycloid. But I cannot perceive what the Figure of a Cycloid 
would contribute to the better Diffufion of Light. For this Curve is without 
any Foci, fo that it cannot recolleft the Rays to a Point, but the reflefted 
Rays will pafs from it into irregular Curves, unlefs when Rays P M, Q N, 
parallel to the Axis K L  fall upon the Cycloid E M K N H - ,  for then the 
Cauftick Line form’d by the Contad of the reflecled Rays M R, N S, would 
be compofed of the two Cycloids E R L ,  H S L , generated by a Circle of 
Half the Diameter, and would exhibit very denfe refieded Rays about L  the 
Confine of each, at the Middle of the Bafe of the refleding Cycloid. But as 
well in thefe as in other Caufticks, refulting from any Pofition of the lu
minous Point and the Rays, the fame Obfervations would take Place, wlvich 
we have already ihew’d to belong to Caufticks form’d by an Ellipfis.

I have nothing to add concerning the plain Superficies of Waters, fincc 
it appears, that the Rays of Light will pafs through it, eitl>er altogether re- 
fraded, or will be fent back the contrary Way by Reflexion, juft as by the 
Surface of a folid Chryftal, nay fomething more flrongly by this than by 
that; fo far are they from creeping eafily along its Side, that they may 
the more expeditioufly be fent diredly forwards, and obtain that ready Pro- 
grefs, which the Author attributes to the Harmonic Tremors creeping along 
the foft Surface of the Waters, and by its waving Motion accommodating it- 
feif to their Flexure. Nay we may juftly doubt, whether the moft fmooth 
Superficies of Specxila, as well as of Light, would much conduce to the Re
flexion of Sound, fince the Echo itfelf feems to inhabit the very rough Recelles 
of Caves, rather than poliili’d Walls, and fuch as are lined with a thin fine 
Mortar ; fince it often returns an Anfwer from uncultivated Vallies, from un
even Caverns, and from the Ruins of old Buildings.

Yet I would not be underftood as defigning to detrad any Thing from 
the Credit, or the Praife due to what is advanced bv the learntd Author, who

5

Properties of Sound* 415



I think is rather to be encouraged to the Publication anew of this Theory of 
Sounds, that we may know by what Law thefe fonorous Tremors are pro- 
pagated through the Air, Water, and all Kind of Bodies of any Denfity, 
both fluid and Iblid : And in what confiils that Congruity between Light and 
Sound, which as yet is unknown to us. Hence the Foundations o f Acou- 
fticks being confirm’d, this Science may hereafter be wonderfully improved 
after the Difcovery of proper Inftruments for congregating, increafing, pro
moting, multiplying, and diftinguilhing Sound. I ihall endeavour in fome 
Manner to explain his Acoufticon, or the Phonick Sphere propofed by him, 
and that rather by divining tlun interpreting; firft giving his own Words* 
that they may be compared with my Conjetures to be added afterwards, 
and that every one may be able to judge how exaffcly they anfwer.

I  Jhall bei'e add, fays the Author, a Semiflane of an Acouftick or Phonical 
Sphere, as an Attempt to explicate the great Principle of this Sciencê  which /V, 
the Progrejfion of Sounds. You are. to conceive this rude Semiplane as parallel to 
the Horizon, for if it be perpendicular thereunto, I  fuppofe the Extremity will be 
no longer Circular, but Hyperbolical, and the lower Part of it fuited to a great 
Circle of thf Earth. So that the whole Phonical Sphere, if  I  may fo call it, will 
be a folid Hyperbola, ftanding upon a concave Spherical Bafe. The Diagram 

Fig. 178. tranfmitted from London was after this Manner, but without any Notes or Ex
plication by which it might be illuilrated.

Therefore lubftituting this other Figure, I ihall attempt to explain the Mind 
Fig. 179. of the Author. Let the Globe of the Earth be C G F E , and at the Point C 

of its Superficies let a Sound be excited. This will be propagated round 
about by the Earth itfelf, and alfo by the A ir; fo that at what Time it ar
rives at the great Circle of the Earth defcribed with the Pole C, tho’ perhaps 
infenfibly, or at leaft might arrive at it, if it were forcible enough, being dif- 
fufed through the Air it would fill up a certain Space, according to the dif
ferent Degrees of eafy Paflage, not extended altogether fpherically, but un
equally, and circumfcribed by the Perimeter of the Hyperbola G L A K E ,  
about the Axis CAO,  which is perpendicular to the fonorous Body C ; Or 
rather determin’d by the Superficies of an Hyperbolical Conoid, which is ge
nerated by the Rotation of the Hyperbola A  L G  about its Axis. Therefore 
the entire Phonical Sphere, through which the Sound is extended in a given 
Time, will be the folid Space comprehended by the Hyperbolical Conoid 
G A E B , which ftands upon the great Circle of the Earth G B E , and is ter- 
minated below by the concave hemifpherical Superficies G C E B . Which 
Space being cut any where by a Plain parallel to the Horizon will exhibit the 
Semicircle LIK,  fuch as the Author’s Figure ihews, which he calls a Semi
plane, becaufe the View of his Diagram exhibits only one Half of it, the 
other Half remaining conceal’d beyond the vertical Hyperbola, which itfelf 
cuts the Phonick Sphere through the Axis into two equal Parts. But what is 
the Species of this Hyperbola, or by what Principles this Doétrine is fupport- 
w , neither the Author himfelf ihews, nor have I any Foundation to build 
Conjeflures upon.
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Therefore proceeding in an indire<5t Order of Inveftigatlon, I lhall firft ex
plain, through what Species of Lines the fonorous Tremors muft be pro
pagated, that they may be expanded into fuch an Hyperbola in a given 
Time ; fecondly, what we muft fuppofe the Variation of Rarity to be at 
different Altitudes of the Air, that admitting the common Law of Refraélion 
obferved by the Rays of Light, fo that it may bend the Diredlions of Sounds 
according to the Species of Lines fo found ; and thirdly, what muft be the 
Law of Refraélion on the other Hand, which the fonorous Tremors obferve 
in thofe Curves, fuppofing the Variation of the Air’s Denfity to be fuch as 
moft Philofophers and Mathematicians allow,'according to the reciprocal Ra
tio of the Weight of the incumbent Atmofphere, prelTing the lower Parts 
downwards ; which they contend to be confirm’d by Experiment.

For which let us confider, that the fonorous Body G communicates its 
Tremors every Way according to the Direélions Cw, Cw, Ch, or certainly Fig. i8o, 
according to thofe Lines by which the Impulfe was made, that by reftoring 
itfelf it repel’d the Air, and urged it on by the frequent Ofcillations by which 
it is agitated, and is put into a tremulous Motion when difFufed according to 
the fame Direftions. Therefore in a certain little Time let thefe Tremors be 
conceived to arrive at the Points m, «, h, whence purfuing their Way after 
another given Time they will be fucceflively propagated, the firft to the Point 
N, the Second to M, and the Third to H. Again, after another given Time 
they will arrive together, the firft at G, the other at L, the laft at A. There
fore I ihall now call the Lines C « N G, C M L, C ¿ H A , the fonorous 
Rays being thofe through which every Tremor is fucceflively difFufed ; but 
the Lines nmh,  N M H ,  G L  A, which the aforefaid fonorous Rays, and all 
other that are fynchronous and intermediate to them, together approach to in 
any given Time, I ftiall call fonorous Waves.

And indeed in a Medium which is every where quite uniform, the Caufe 
ceaiing which compels tlie fonoroys Tremors to go out of their Direftion, it 
is plain the fonorous Rays muft always proceed ftrait on, or go direftly the 
fhorteft Way from one Term to another, which will make the Waves to be 
)erfe¿lly circular, and concentrical to the fonorous Body. For fince they 
ind no greater Difficulty to pafs here than elfewhere, they will be promoted 

at equal Diftances in every given Time. Now every Ray will cut its Wave 
perpendicularly, and all the Waves will be concentrical and fimilar, as is plain 
from the Elements.

But in a Medium of unequal Denfity, as in the Air furrounding the Earth, 
which according to its different Diftance has a different Degree of Rarity, (for 
now we ihall abftrad from its ViciíTitudes of Heat, Cold, Humidity, 
and Drynefs, which cannot be reduced to any certain Rule) the Ray C H A  
alone paiTing perpendicularly through all the aerial Layers, or Superficies con
centrical to the Earth, will continue dired and unrefraéled ; but others falling . 
obliquely upon the fame Superficies, will be refraéted at every Point by a 
certain continual Flexure, and will be bent into the Curves C m M L , C « N.G ; 
and according to the different Facility of PaiTage will not proceed every 
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where to the fame Diftance in the fame T im e. W herefore the Points A ,L , G, 
c r H , M ,  N , which the Sound emitted through any R ays at the fame Mo> 
ment o f T im e, will be unequally diftant from the fonorous Body C , and 
thence the Lines A  L G ,  H  M N , h m n ,  will by no Means be Circles concen- 
trical to the fonorous Body, but Curves o f  another Kind, which however will 
be fimilar to one another, and fimilarly pofited. W herefore in the H ypothefis 
o f  our Author, who will have that extream W ave A L G  to be H yperbolical, 
which furrounds the ultimate Lim its o f  the Terraqueous Globe ; it m uft fol
low, that any other intermediate ones H M N ,  h m n ,  muft  be like H yp er
bola’ s, and fimilarly pofited to the different Vertices A , H , /j, but defcribed 
with the fame Center, to the fame A xis, and under like Figures o f  their L a 
tera. For by whatever M ethod it may be fliewn, that becaufe o f  the fimul- 
taneous Appulfe o f the Sound to the Points A ,  L ,  G , through the fynchronal 
Paffages C H A ,  C M L ,  C N G ,  the W ave A L G  w ill become a C urve o f 
fuch a Species, fuppofe H yperbolical ; the lame w ill prove from the fame 
Foundations, becaufe alfo o f the fimultaneous Appulfe o f  the Sound to the 
Points H , M , N , by the fynchronous Lines C  ¿  H , C  M , C  « N , the W ave 
H  M N  will pafs into a Curve o f the fame Species, which in this Cafe will be 
a fimilar Hyperbola, and fimilarly pofited, as appears o f  itfelf. N o r can there 
be any Doubt but that the fonorous Rays C H A ,  C M L ,  C N G ,  m uft always 
cut thofe fimilar W aves A L G ,  H M N ,  h mn ,  perpendicularly or at right 
Angles, as happens in the circular W aves. A nd  as the learned M r. Huygens, 
in his French Treatife concerning L ig h t, p. 44, has proved this in a like Sub
ject concerning L ucid  W aves, we need not fpend any more T im e  in confirm
ing this Obfervation here.

Therefore the Inveftigation o f the Pafl^age according to which the Propa
gation o f  the fonorous Rays are perform’ d, in the H ypothefis o f  our Author, 
is reduced to this purely Geometrical Problem ; to find the N ature o f  thofe 
Curves, which cut perpendicularly any fimilar H yperbola’ s which are defcribed 
about the fame A xis, and the fame Center in a fimilar Manner. L e t  A L G ,  

Fig. i8i. H M N ,  hinn,  and innumerable others intermediate, be fimilar H yperbola’ s 
and fimilarly pofited either above or below thefe, having the fame common 
Center O , and defcribed with the fame A xis O  A H ,  to which the other O S  
is conjugate. T hrough the Point C  the Curve C ;« M  L  or C  « N G  is to be 
drawn, which may cut perpendicularly all the H yperbola’ s propofed. T h ro ’ 
the given Point C , between the A fym ptotes O A ,  O S , let an H yperbola 
C m M h  o f  fuch a Nature be defcribed, that fuppofing the R atio o f  the 
tranfverfe Diameter o f the former H yperbola’ s A L ,  H M ,  to the Latus 
Return  o f  the fame to be equal to the R atio o f   ̂ to r  •, the Powers o f  the O r
dinates L  denominated by the Exponent r may be reciprocally propor
tional to the Powers o f  the AbfciflTes from the Center O Q ,  denominated by 
the Exponent /. T hat is, m aking O  x, and Q J^ =  jk, it m ay be

'̂■= Or drawing any other Ordinate «»/, M I j fo that the R atio  o f  the

Diftances

2j.i8 Of the Nature a?id



Diftances from the Center O Q_, O I, may be fuch a Multiple of the Ratio

of the Ordinates I M , Q L ,  reciprocally, as the Fraftion y  is a M ultip le o f

Unity. I fay, that this w ill fatisfy the Dem and. F or drawing L  P  a T angent 
to any H yperbola A L  in the Point where it is cut by the C urve C M L ,  as 
alfo S L  R  a Tangent o f  the H yperbola C  M  L  in the fame Point •, it appears 
from what we have fliewn in the Dem onftration o f  Huygens's Theorem s, c. 7. 
n. 9. that it w ill be O  to Q R  as the Exponent o f  the Pow er o f  the D if
tances O  (^ , to the Exponent o f  the P ow er o f  the Ordinates Q  L ,  that is, 
as t to r. But as t to r, or the Latus tranfverfum to the reElum  ̂ fo is (by 
37 L . Conk:) the Reélangle O Q P  to the Square o f Q L ,  Therefore it is as 
O Q ^ to  Q  R , or taking a com m on A ltitude QJP, as the Reótangle O  Q J *  to 
the R edangle P Q J i ,  fo is the R ed an gle  O Q  P to the Square o f  Q L ,  which 
therefore will be equal to the R eftangle PQ ^ R . Therefore the A n gle  P L R  
will be a right one. A n d  hence the C urve C M L  cuts the H yperbola A  L G  
perpendicularly in the Point L .  A n d  in the fame M anner it will be proved 
to be perpendicular to the other H yperbola’ s H  M  N , h mn  ̂ in the Points 
M  w, in which it cuts them. ^  E . D .

H ence we may infer, firiV, that i f  the H yperbola A  L  G , determining the
Phonick Sphere o f  the A uth or, and the other like concentrick ones H  M  N , 
hm>J, are equilateral; then becaufe of the Equality o f  the Sides i  and r, the 
Hyperbola C M L  w ill be that o f  Apollonius^ and alfo equilateral. For its

Equation before exhibited will be changed into this j  , where the R atio

o f the Ordinates is fim ply reciprocal to the R atio o f  the Diftances from the 
Center. Therefore alfo the fonorous R ays, as alfo the fonorous W aves, ac
cording to this H ypothefis w ould be H yperbola’ s o f  the fame Species, but 
only in a different Pofition, I remember that Newton ftiews in his Opticksy
I. 3. p. 287. Ob. ID. that when Rays o f  L ig h t received into a dark R oom  
are made to pafs over the E d ges o f  tw o Knives, they are alike bent into H y 
perbolical Frindges, fuch as C M L ;  o f  which Phenomenon, i f  the phyfical 
Caufe could be aíTign’d, the fame perhaps m ight prevail with us to believe,
that the R ays o f  Sound are alfo H yperbolical, fuch as the Syftem  o f  the
Archbiihop o f  Armagh feems to require.

Secondly, it is to be obferved, that i f  many fuch Curves were defcribed, 
or H yperbolical R ays M  L ,  « N  G , i£c. perpendicularly cutting the H y -  
)crbolical W aves A L G ,  H  M  N , ^ c .  they could not meet exad ly in one 

•Point C , though they m ight approach nearer and nearer towards C  and 
might come to a Diftance lefs than any afiignable. Therefore thofe H y - 

. perbolical R ays m uft be conceived to proceed from  a Corpufcle C  o f  fome 
Extenfion, and not from  a M athematical Point, which is moft agreeable to 
it. For Sound is produced by the Collifion o f  Bodies, and cannot be ge-
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nented by the Tremor of what is ftriftly a Point, or one Form of Ex- 
tcnfion.

N ay, fince all the W aves propagated from a fonorous B ody, as we have 
feen above, ought to be fimilar H yperbola’ s ; it is proper we ihould conceive 
the fonorous Body C  to be as it were a very fmall Fibril vibrating very 
fw iftly, whofe ieaft and as it were initial W ave, being almoft infinitely fmall
2, 3, 4, is itfelf truly Hyperbolical, or rather the phyfical A p e x  o f  feme 
H yperbola. So that the vibrating Fibril o f  the fonorous B ody C , for E x 
ample, while it is ftruck, being difturbed from its direft Situation 2 C  4, by 
the Force o f  Percuffion into the concave Situation 2 5 4 ,  then being reftored 
by the Force o f its very vehement E lailicity and alio o f  its proper Tenfion, it 
fwells into the convex H yperbola 2 3 4 ,  and again reduced by alternate Vibra
tions, and fluftuating on each Side expands its Trem ors into Hyperbolical 
W aves always fimilar to the initial ones 2 34, 2 5 4 , upwards and downwards of 
their own Nature, in a Medium without Refiftance. But perhaps being hin
der’d by the Obilacle of the Earthly Globe C  E-, whofe Center is T ,  it may 
propagate its H yperbolical W aves only upwards, and defcribe the Phonick 
Sphere imagin’d by our Author, interrupted and limited in its lower Part by 
the Terreilrial Hemifphere.

N ow  i f  the Doélrine o f  P . Pardies is true, which is propofed A rtie. 81. of 
his Staticks, that Strings ftretch’d by the Force o f  their own W eig h t alTume 
an Hyperbolical Figure, fuch as 2 54 , whofe Center is the fame ^  that o f 
the Earth ; every one may fee this would be m oll congruous for confirming 
the Syftem o f our Author. H ence alfo a Reafon w ould be fupplied, why 
every B'ibril o f  a fonorous Body C , while it is agitated by harmonica) Vibra
tions, would put on the Form  o f  the H yperbola 2 5 4 ,  having its Center in 
the Center o f  the Earth T ,  and in like Manner would arife to another equal to 
it 2 3 4, and thence would diffufe the Trem or through other and larger H y 
perbola’ s, the Center o f  all which would be O , equally diftant from  the fo
norous Body C , as the fonorous Body itfelf is diftant from the Center o f  the 
Earth. W herefore the Diftance C  O , equal to the Diameter o f  the Terra
queous Globe, would determine the L im it beyond which no fonorous W ave 
would be propagated, and no Sound could be heard. A n d  the L ine O  S, as 
being the A fym ptote o f any o f  the H yperbolical R ays, through which the 
Sound is convey’ d, would be the Confine o f  that happy R egion, in which 
M en  m ight philofophize in the utm oft Tranquility, fecure from  all Noife 
o f  Earthly Affairs.

N o w  that no one may think this Speculation is to be deipifed on this A c 
count, becaufe every Fibril o f  a fonorous B ody, as being very ihort and very 
much diftended, ihould feem always to remain in a ftrait Situation 2 C  4, nor 
can ever be bent into the concave or convex H yperbola’s 2 5 4, 2 3 4  •, it is to 
be confider’d, that H yperbola’ s are fo much the more enlarged, and ap
proach fo much the nearer to a right L in e, the longer their A xes become. 
Therefore becaufe o f  the vaft Diftance o f  the Centers T  or O , like Lines 
which falling Bodies defcribe, are efteem’d as Parallels tho’ direded to the
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Center o f  the Earth, and the Arches o f  a horizontal Circle are not diftin- 
guiihed from a right L in e  that is a T a n g e n t f o  thofe initial H yperbola’ s 
254,  2 3 4 ,  may be faid alm oft to coincide with the right L ine 2 C 4 . W hence 
the Curvature o f  the vibrating Fibrils in a fonorous Body is not fenfible, nor 
does the Species o f  the H yperbolical W aves difcover itfelf, till they are di
lated into a larger Space G  L  A  L  G , and approach nearer to their Center.

Y et here it is to be obferved, that it w ill follow  from thefe Principles, the 
Sound will not pafs at the Sides beyond the Space comprehended by the 
extream H yperbo ical R ays 2981-, 4 7 6 ^ , which the right Lines T 2 ,  T 4 ,  
would touch, drawn from the Center o f  the Earth through the T erm s o f  the 
vibrating Fibril. A n d  indeed the Trem ors o f  that Fibril would not proceed 
according to any other D ireftion than by T  2, T  3, T  4, and other interme
diate ones comprehended by the A n g le  2 T  4, correfponding to the feveral Par
ticles o f the fame Fibril. Therefore the Space w ithout the faid H yperbola’ s 
298^-,  4 7  would remain without any harmonical T rem or, nor accord
ing to the M eaning o f  the A uthor could the Phonical Sphere be extended to 
the whole Hem ifphere o f the Earth. Therefore no one Fibril o f  the fo
norous Body m uft ever tremble, but that at the fame T im e it m uft draw the 
Terms o f  the other Fibrils with which it is connefted, and between which it 
is diftended, and m uft likew ife excite them to an harmonical T rem or. Thefe 
muft bring others with which they are conneéted, and m ake them tremble 
likewife ; ju ft as a mufical String ftretch’ d on a wooden Inftrument evidently 
communicates its Trem ors to it. H ence harmonical Ofcillations are prefently 
transfufed into other Bodies, with which they are mediately or immediately 
connedled, tho’ always more and more weakened, and at laft becom ing in- 
fenfible are fpread through the Superficies o f  the E arthly Hem ifphere, and 
creep on farther and farther. T h is the Ear itfelf can teftify, i f  applied to the 
Earth, and may diftinguifh any great N oife, tho’ raifed afar off. Therefore 
alfo from other Places other fonorous hyperbolical Rays emerge through the 
whole H em ifphere o f  the Earth, by which the Phonick Sphere o f  the A rch - 
biihop o f Armagh m ay be fufficiently repleniih’ d.

I intend to be fhorter in difcuíTing the tw o remaining Problems which 1 
have propofed above. A n d  yet I ihall endeavour to folve the fecond Q uef- 
tion after a more general Manner, that its U fe  may be the more extenfive.
Let N « G  be fuppoied to be any R ay, either lucid or fonorous, changed pig. i8s. 
into a Curve o f any K ind, by a continual Refradlion. ’ T is  enquired after 
what L aw  the D enfity m uft be fuppofed to be varied, or the R arity o f  the 
Medium at its different A ltitu d e s ; that adm itting the T h eo ry o f  Refraélion, 
which fuppofes the Sine o f  Refraótion to be always proportional to the 
Rarity o f  the refraéling Medium, that R ay may become a Curve o f  fuch a 
Nature ? L e t  the A x is  o f  the C urve N « G  made by the refrafted R ay , be 
the right L ine C  O , in which taking any Point C , with any Radius C  L  let 
the circular Quadrant LP/>  be defcribed, and draw ing an yw h ere  the T a n 
gent N R ,  n r, o f  the refrafted R ay, from C  let there be drawn a R ay  pa
rallel to the faid T angent, m eeting the Circle in P , and drawing P F  parallel 
to the A x is , let it m eet the Ordinate N  Q  perpendicular to  the A xis  in the

Point
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Point F, I fay that the Curve thence arifing F / F  by its Ordinates FQ , /a 
will exprsfs the Rarity of the Medium at its different Altitudes. For becaufe 
C P is parallel to R N , the Angle P C B will be equal to that Angle which 
the refrafted Ray N n makes with the Perpendicular at the Point N. And 
therefore B P or F Q will always be the Sine of Refraélion, the whole Sine be
ing C P. Wherefore fince the Law of Refradion is fuppofed to be fuch, that 
the Sine of the fame is proportional to the Rarity of the Medium, the fame 
Line F Q, will denote the Rarity of the Medium at the Altitude Q, or at the 
Point N of the fame Altitude, through which the Ray paiTes. E . D .

Now in our Propofition, in which QJST =  — i— , bccaufe o fy = r_ i_ j ¡f
X

r
F denoting the Rarity of the Air be called z, it will

Of the Nature and Propertieŝ  See.

; or taking r and C P for Unity, ’ tis 2 =

And in the Cafe in which the hyperbolical Wave is equilateral, and there

fore the Ray alfo is a like equilateral Hyperbola, ’tis jy =  —, becaufe / =  i,

and therefore it will be 2 =  _
+  I

Now becaufe as well Jacobus Hertmnnus in the Ads o í  Leiffick  1706, as 
Dr. B . Gregory in his Aftronomy, /. 5. prove the Curve which determines the 
Degrees of the Rarity of the Air to be the Logarithmic Curve, fo that the 
Altitudes O Q̂ , 0 q, or .v, will be the Logarithms of the Numbers that ex
pound the Rarities of the Air in the Points Q̂ , it is plain that the Curva
ture of the continually refrafted Rays N w, N G, proceeds in fuch a Manner, 
that the Sines of the Complement of Incidence and of Refradtion being raifed

to the Power ^   ̂ , fliall have a Ratio compounded of the Ratio of the

Right Sines raifed to a like Power, and of the Ratio of the Logarithms of 
the Rarities.

_ But tho’ I might grant that the ordinary Law of the Refraélion of Light 
dves the Sines of Incidence and Refraélion proportional to the Rarities of 
iie Medium \ yet I muft not diflemble, that perhaps this may not be very ex- 

aét. For the Ratio of the Sines in the Refraélion out of Air into Glafs is 
about fefquialter, yet Air is above a thoufand Times rarer than Glafs. But 
when Geometricians perceived, that the Sine of Refraélion in the Paflage into 
another Medium became greater, according to the greater Facility with which 
Light could penetrate it in the common Hypothefis, or according to the greater 
Difficulty in the Opinion of Carteftus, who fuppofes on the contrary, that 
Light is more refraéled, becaufe of the greater Difficulty in a rarer Medium 
than in a denfer, as heavy Bodies becaufe of a greater Difficulty in penetrating 
dcnfer Bodies, in thcie are more refraéled by rebounding from the Perpendi
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cúlar i and that both Laws agree in this, that according to the greater Rarity 
of the Medium there would be a greater Refraftion. Hence it has obtain’d 
that the Sines are faid to be proportional not to the Facility or DiiHculty of 
the Paflage, either of which by fome is call’d in Queftion, but to the Rarity 
of the Medium in which all agree, tho’ the true Proportion does not altogether 
anfwer to it in the fame Geometrical Ratio. Therefore where-ever Mention 
is made of Rarity, perhaps we ihould fubftitute Facility of Paflage in the 
common Hypothelis, or Difficulty in that of Cart.eftuŝ  except where we fay, 
that the Rarity arifing from the Weight of the incumbent Atmofphere cor- 
rrfponds to the Altitudes, as Numbers correfpond to their Logarithms. For 
this is moil exactly agreeable to Truth.

A  Paper omitted.
XII. Some Theorems concerning the infinite Divifibility of Matter, which "'SM-p-S** 

demonftrate its great Rarity, and the Tenuity of its Compofition, by 
Means of which many Difficulties in Phyficks are removed. By Dr. John
KeilL

C H A P. V.

Hydroflatics. Hydraulics.
I. H E following Experiment feems to be of Ufe in difcovering the ^

X Proportions of the Attradlions of Fluids ; I ihall give what Account :
I can of it, though I have not here Conveniencies to make it in fo fuccefsful ciafs * !
a Manner as I could wifh. I

I faftened two Pieces of Glafs tagether, as flat as I could get •, fo that they lor, n.’ 336. '
were inclined in an Angle of about two Degrees and a Half, then I fet them j. ¡
in Water with the contiguous Edges perpendicular. The upper Part of the 1712. ¡
Water, by rifmg between them, madt this Hyperbolâ  Fig. 183. which is as *̂ 3- 
I copied it from the Glafs. !

I have examin’d it as well as I can, and it feems to approach very near to I
the common Hyperbola. But my Apparatus was not nice enough to diicover 
this exaftly. I

The perpendicular Afymptote was exadly determin’d by the Edge of the ‘
Glafs; but the Horizontal one I could not fo well difcover. |

II. Some Days ago a Mctl'.od, propofed to me by an ingenious Friend, for 77« Caufe»/ 
making a perpetual Motion, which feern’d plaufible, and eafily demonfl:rable 
from an Obfervation of the late Mr. Hawkshee., faid to be grounded upon Ex- Ton »/wa- 
periment, was tried ; which (thougb. not fucceeding) has given Occaflon not 
only to re¿lify fome Miftakes, into which we had been kd by the late Mr. by



424 ^fcent and Rufpmfion
Hawksheê  but likewife to deted the real Principle by which Water Is raifed 
and fufpended in capiliairy Tubes above the Level.

Fig. 184. My Friend's Propofal -was as follows.l Let A B C  be a capillary Siphon, 
compofed of two Legs A B, B Ct unequal both in Length and Diameter ; 
whole longer and narrower Leg A B  having its Orifice A  immerfl; in Water| 
the Water will rile above the Level, till it fills the whole Tube A  By and will 
then continue fufpended. If the wider and Ihorter Leg 5  C be in like Man
ner immerft, the Water will only rife to fome Height, as /¡'C, lefs than the 
entire Height of the Tube B C.

This Siphon being fill’d with Water, and the Orifice A  funk below the 
Surface of the Water D £, my Friend reafons thus :

Since the two Colums of Water A B and jPC, by the Suppofition, will be 
fufpended by fome Power adling within the Tubes they are contain’d in, they 
cannot determine the Water to move one Way or the other. But the Co
lumn B F having nothing to fupport it, mu ft defcend, and caufe the Water 
to run out at C. Then the Prefiure of the Atmofphere driving the Water 
upward through the Orifice A  to fupply the Vacuity, which would other- 
wife be left in the upper Part of the Tube B C, this muft neceíTarily pro

li I duce a perpetual Motion, fince the Water runs into the fame VeiTeJ, out of
which it rifes. But the Fallacy of this Reafoning appears upon making the 
Experiments.

Exp. I. For the Water, initead of running out at the Orifice C, rifes up
wards towards F, and running all out of the Leg 5 C, remains fulpended in 

, the other Leg, to the Height A  B.
i- Exp. 2. The fame Thing fucceeds upon taking the Siphon out of the Wa-
Jj i ter, into which its lower Orifice A  had been immerft, the Water then
■ '' falling in Drops out of the Orifice A, and ftanding at laft at the Height
j AB. Butin making thefe two Experiments, it is neceflary that AG, the

Difference of the Legs, exceed F  C, otherwife the Water will not run either 
Way.

Exp. 3. Upon inverting the Siphon full of Water, it continues without 
Motion either Way.

The Reafon of all which will plainly appear, when we come to dif- 
cover the Principle by which the Water is fufpended in capillary Tubes.

Mr. Hawksbee’s Obfervation is as follows.
Fig. 185. h t t A B F C  be a capillary Siphon, into which the Water will rife above 

the Level, to the Height CF, and let BA  be the Depth of the Orifice of its 
longer Leg below the Surface of the Water D E. Then the Siphon being 
fill’d with Water, if B A  he not greater than CF,  the Water will not run 
out at A, but will remain fufpended.

This feems indeed very plaufible at firft Sight. For fince the Column 
of Water F C  will be fufpended by fome Power within the Tube, why 
Ihould not the Column B A  being equal to, or lefs than the former, continue 
fufpended by the fame Power ?

Exp. 4*
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ofs^TVátérJn Capillary T u h s. 4rZS'
^Exp. 4- if Orifice C be lifted up out of the Water

Z) £, the Water in the Tube will continue iufpended, unlels B A  ex
ceed F  C. . ..

'Exp.  5- But when C  is never fo little immers’d in the Water, imme
diately the Water in the Tube runs out in Drops at the Orifice^, 
the’ the Length A B h t  confiderably lei's than the Height C F.

Mr. Hawkjheê  in his Book of Experiments, has advanced another 
Obfcrvation, namely, that the ihorter Leg of a Capillary Siphon, as 
A BFC,  muft be immers’d in the Water to the Depth F  C, which is 
equal to the Height of the Column, that would be fufpended in it, 
before the Water will run out at the longer Leg.

Exp. 6 . From what Miftake this has proceeded, I cannot imagine; 
for the Water runs out at the longer Leg, as foon as the Orifice of 
the iliorter Leg comes to touch the Surface of the ftagnant Water, 
without being at all immers’d therein.

I proceed now to enquire into the Caufe of the Afcent and Sufpenfion 
of Water in capillary Tubes.

That this Phaenomenon is no Way owing to the Preffure of the 
Atmofphere, has been, I think, fufficiently prov’d by Mr. Hawkjbee's 
Experiments.

And that the Caufe aíTign’d by the fame Perfon, namely, the A t
traction of the concave Surface, in which the fuipended Liquor is 
contain’d, is likewife infufficient for producing this Efî eft, I thus de- 
monftrate.

Since in every capillary Tube the Height, to which the Water will 
fpontaneoufly afcend, is reciprocally as the Diameter of the Tube, it 
follows, that the Surface containing the fufpended Water in every 
Tube is always a given Quantity: but the Column of Water fufpended 
is, as the Diameter of the Tube. Therefore, if the Attraflion of 
the containing Surface be the Caufe of the Water’s Sufpenfion; it will 
follow, that equal Caufes produce unequal EiFedls, which is abfurd.

To this it may perhaps be objeded, that, in two Tubes of unequal 
Diameters, the Circumftances are different, and therefore the two Caufes, 
tho’ they be equal in themfelves, may produce EíFeéls that are un
equal. For the lelTer Tube has not only a greater Curvature, but thofe 
Parts of the Water, which lie in the middle of the Tube, are nearer 
to the attrafting Surface, than in the wider. But from this, if any 
thing follows, it muft be, that the narrower Tube will fufpend the 
greater Quantity of Water, which is contrary to Experiment. For 
the Columns fufpended are as the Diameters of the Tubes.

But as Experiments are generally more fatisfaélory in Things of this 
Nature, than Mathematical Reafonings, it may not be amifs to make 
ufe of the following, which appear to me to contain an Experimentum 
Crucis.

The Tube C Z) is compofed of two Parts, in the wider of which Fig. iSfa. 
the Water will rife fpontaneouQy to the Height B Fy but the narrower 
Part, if it were of a fufficient Length, would raife the Water to a 
Height equal to CD.

V o l .  IV. I i i ' ' Exp.



^26 Of t h  Afcent and' Sufpenfion
Exp. 7. T h is  T u b e  being fill’ d with W ater, and the wider E n d  C 

immers’ d in the ftagnant W ater J  B , the whole continues fufpended. 
Fig. 187. Exp. 8. T h e  narrower End being immers’ d, the W ater immediately 

fiibfides, and ftands at íaft at the H eigh t D G equal to B F.
From  which ít is manifeft, that the Sufpenfion o f the W ater in the 

form er o f  thefe Experim ents is not ow ing to the A ttraftion  o f  the 
containing Su rface: fince, i f  that were true, tliis Surface being the 
fame, when the T u b e  is inverted, would fufpend the W ater at the 
fame H eight.

H avin g  ihewn the Inefficiency o f  this H ypothefis, I com e now to  
the real Caufe o f that Phsenomenon, which is the Attraction o f  the 
Peripher)% or Seftion o f the Surface o f  the T u b e, to which the upper 
Surface o f  the W ater is contiguous and coheres.

For this is the only Part o f the T u b e, from which the W ater muft 
recede upon its fubfiding, and confequently the only one, which by 
the Force o f  its Cohefion or A ttraftion , oppofes the D efcent o f  the 
W ater.

T h is likewife is a Caufe proportionable to the EíFeél which it pro
duces V fince that Periphery, and the Colum n fufpended, are both in 
the fame Proportion as the Diameter o f  the Tube.

T h o ’ from either o f  thefe Particulars it were eafy to  draw a ju il 
Demonftration, yet to put the M atter out o f  all D oubt, it may be 
proper to confirm this Affertion, as we have done the form er, by 
aftual Experim ent.

i J Fig. ,88. L e t therefore E D C he z T u b e, like  that made ufe o f  in the 7th
' I and 8th Experim ents, except that the narrower Part is o f  a greater

L e n g th ; and let and B G  be the H eigh ts, to which the W ater 
; would fpontaneouily rife in the tw o Tubes E D  and D C.

' i Exp. 9. I f  this T ube have its wider O rifice C  im m ers’ d into the
W ater ^  B, and be fill’ d to any H eigh t lefs than the L en gth  o f  the 
wider Part, the W ater w ill im m ediately fubfide to  a L ev e l with the 
Point G ; but i f  the Surface o f  the contain’ d W ater enter never fo 
little within the fmaller T u b e  E D , the whole Colum n D C w ill be 
fufpended, provided the L en gth  o f  that Colum n do not exceed the 
H eigh t J  F.

In this Experim ent it is plain, that there is nothing to fuilain the 
W ater at fo great a H eigh t, except the Contaél o f  the Periphery o f 
the leffer T ube, to which the upper Surface o f  the W ater is contiguous. 
F o r the T ube D C, by the Suppofition, is not able to fupport the 
W ater at a greater H eigh t than B G.

Fig. 189. Exp. 10. W hen the fame T u b e  is inverted, and the W ater is 
rais’ d into the lower E xtrem ity o f  the wider T u b e  C D, it immediate
ly  finks, i f  the L en gth  o f  the fufpended Colum n D H ht greater than 
C  B ; whereas in the T u b e D  £  it would be fufpended to the H eigh t 
A  F. From  which it manifeftly appears, that the Sufpenfion o f the 
C olum n D H  dots not depend upon the A ttraction o f the T u b e D Ej 
but upon the Periphery o f  the wider T u b e, w ith which its upper Sur
face is in contad. _
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o f W ater iji Capillary Tubes. 427
For the fake o f  thofe who are pleas’d w ith feeing the fame T h in g  

fucceed in different Manners, we fubjoin the tw o fo llow ing E xp eri
ments, which are in Subftance the fame w ith the 9th and lo th .

J  B C  \s  ̂ Siphon, in whofe narrower and iliorter L e g  A i f  it Fig. 190. 
were o f  a fufficient L en gth , m ight be fufpended a Colum n o f  W ater 
o f the H eigh t E F ; but the longer and wider L e g  B C w ill fufpend 
no more than a Colum n o f  the L en gth  G H.

Exp. I I .  T h is Siphon being fill’d with W ater, and held in the fame 
Pofition as in the F igure, the W ater wil l  not run out at C the O rifice 
o f  the longer L e g , unlefs D  C, the Difference o f  the L e g s  A  B and 
i? C, exceed the L en gth  E F.

Exp. 12. I f  the narrower L e g  5 C  be longer than A  B̂  the W ater Fig- 191. 
will run out at C, i f  D  C, the Difference o f  the L e g s , exceed E F ; 
otherwife it w ill remain fufpended.

In thefe tw o Experim ents it is plain, that the Colum ns D C are 
fufpended by the Attraélion o f  the Peripheries at Ay fince their 
Lengths are equal to E F , or to the L en gth  o f  the Colum n, which 
by the Suppofition thofe Peripheries are able ’ to fu p p o rt; whereas 
the Tubes B C w ill fuftain Colum ns, whofe L en gth s are equal to 
GH.

T h o u g h  thefe Experim ents feem to be conclufive, yet it may not be 
improper to prevent an O b jed io n , which naturally prefents itfelf, 
and which at firil V iew  m ay be thought fufficient to overturn our 
Theory.

For fince a Periphery o f  the T u b e E D  is able to fuftain no more Fig. 188. 
than a Colum n o f  the L en gth  A F, contain’ d in the fame T u b e, how 
comes it to fuftain a Colum n o f the fame L en gth  in the wider T u b e  D C, 
which is as much greater than the form er, as the Seólion o f  the wider 
Tube exceeds that o f  the narrower ?

A gain , if  a Periphery o f  the wider T u b e  D C  be able to fuftain a Fig. 189. 
Column o f W ater in the fame T u b e, o f  the L en gth  B G i  w h y w ill it 
fupport no more than a Colum n o f  the fame L en gth  in the narrower 
I'ubc E D  F

W hich Queries may likewife be made w ith regard to the i ith  and 
1 2th Experim ents.

T he A nfw er is eafy •, for the M om ents o f  thofe tw o Colum ns o f  
W ater are preclfely the fame, as i f  the fuftaining T ubes E D and C  D  
were continued down to the Surface o f  the ftagnant W ater A  B ; fince 
the Velocities o f  the W ater, where thofe Colum ns grow  w ider, or nar
rower, are to the Velocities at the attraéling Peripheries, reciprocally as 
the different Seftions o f  the Colum ns.

Exp. 13. From which Confideration arifes this rem arkable Paradox, Fig. 192. 
That a VeiTel being given o f  whatfoever F o rm , zs A  B Cy and con
taining any alTignable (^ a n tity  o f  W ater, how great fo e v e r ; that whole 
(Quantity o f W ater may be fufpended above the L e v e l, i f  the upper 
Part o f the Veffel C be drawn out into a capillary T u b e  o f  a fufficient 
Finenefs. 1 i i 2 But
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^2 8 ' TJje.ASíion of Glafs Tubes
But whether this Experim ent w ill fucceed, when the H eigh t o f the 

Veflel is greater than that, to which Water will be rais’ d by tiie Frcffure 
o f the Atm ofphere, and how far it will be alter’ d by a ^ acuum  ̂ I fliall 
g ive an A ccount feme other time.

H a vin g  difcover’ d the Caufe o f the Sufpenfion o f  W ater in capillary 
T u bes, it w ill not be difficult to account for the feem ingly fpontaneous 
A fcent o f  it •, F or fince the W ater that enters a capillary T ube, as foon 
as its Orifice is dipt therein, has its G ravity taken o ff by the Attraftion 
o f  the Periphery, with which its upper Surface is in contaél, it muft 
neceffarily rife higher, partly by the Prtflure o f  the ftagnant W ater, 
and partly by the A ttraftion o f the Periphery immediately above that, 
which is already contiguous to it.

f/f-i Añionff/ III. In a former Difcourfe, I maintain’ d, that the Sufpenfion o f  W a- 
Glafs Tubes fgj- jn a Capillary T ube was ow ing to the A ttrad ion  o f a fmall annular 

on the infide o f the T u be, which touch’ d the upper Part o f the 
W ater. A m on g the feveral Experiments made ufe ot to prove this A£- 

famc.’ n. 363. fertion, was that o f  a ‘Glafs Funnel o f feveral Inches Diam eter, having 
p. 1083. its fmall End drawn out into a very fine T ube, which Funnel being in

verted and fill’d with W ater, the whole Quantity o f W ater therein con
tain’ d was fuftain’ d above the L evel by the Attraction o f  that narrow 
Anmltis o f  Glafs, with which the upper Surface o f the W ater was in 
contaft.

Soon after that Difcourfe was printed, came out a B ook publiHi’ d by 
a Learned and Ingenious M em ber o f  this Society, in w hich that E xpe
riment was accounted, for in the follow ing Manner.

Fig- »93- I f  there be a Funnel, as A B C - ,  fu ll  of Water, and whofe ivide End 
ftands in a Veffel o f Water as B C \  and the Top of the Funnel A  ends in a 
Capillary Tube open at A , the whole Water will be fufiain'd •, the Pillar A  a 
by the AttraBion of the Circle o f Glafs within the iu be immediately above it •, 
and all the reft o f the Pillars o f Water, as F  f  D  d, E  e, G g, i3 c.in  fome 
meafure by the Attra^ion o f the Parts o f the Glafs above them, as F , D , E, 
G : And that the fmall Pillars or Threads of Water, D  d, and E  e, do not 
Jlide down to F  f ,  and G g, and fo go quite down, feems to be owing to their Co- 
hefion with the Pillar A  a, which is fuftain'd by the Capillary Tube A :  For if  
you break off the faid Tube at D E , the whole Water will prefently fink down.

A s this Solution was different from what I had betore given, and 
the Reputation o f  that Gentleman was fufficient to give W eigh t to 
any o f his Opinions ; I thought m yfelf under an O bligation to exa
mine his A ccou at of the Experim ent, in order either to demonilrate 
its Infufficiency, or to retraÁ my own Solution. A cco rd in gly  at the 
next M eeting o f the Society, I produced the fo llow ing i-xpcriment. 

fjg. 194. T h e  Funnel y i G  5 C, whofe lower Part C F G ,  was cylindrical 
to a confiderable H eigh t, and whofe T o p  was drawn out into a line 
T u b e  at A ,  being fill’ d with W ater to the H eigh t B F , fo that the Sur
face o f  the W ater F  G, did not reach to the arched Part o f the Funnel; 
I touch’d the End A  with a wetted F in ger, whtrtby a fm all Quantity 

m  -  of
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upon Water and Quickiilver. 429
©f W ater being infinuated into the Capillary T u b e  at the W ater 
contained in the Funnel was fufpended above the L ev el o f the W ater in 
the Ciilern D  E ,  as in the former Experim ent.

In this Experim ent it is manifeft, that the little Colum ns, into w hich f 
we may fuppoie the Cylinder ot W ater F G  B C, to be divided, are no 
way fuftain’d by the A ttrad io n  o f  the arched Part o f  the Glafs above 
them, fince they have no Contadl with it. N o r is there any fuch 
middle Pillar o f W ater, which, by its C o n tad  with the T u b e  at T o p , 
is both fuftain’ d itfelf, and helps to fupport the Pillars about it. U p on  
the Suppofition o f  which tw o Particulars, that Gentlem an’ s Solution 
was founded. ’

T his Experim ent m ay be thus accounted for : T h e  Cylinder o f  W a 
ter F  G 5 C, by its W eigh t balances a Part o f  the PreiTure o f  the A t-  
mofphere, which is incumbent on the W ater in the Ciftern, and endea
vours to force that Cylinder upwards. T h e  reft o f  that PreiTure is 
balanced by the Spring o f  the A ir  A  F  G, which is included be
tween the Cylinder o f  W ater F  G B C, and the little Colum n o f  
W ater in the Capillary But as this A ir  by its Spring preñes 
equally every w ay, it muft balance as much o f the PreiTure o f  the A t-  
niofphere upon the little Colum n o f  W ater at as it does o f that up
on the Water in the Ciftern. T h e  Rem ainder o f  the PreiTure o f  the 
Atm ofphere upon the Colum n o f  W ater at yf, is fuftain’ d by the 
Force, with which that Colum n adheres to the Capillary T u b e, which 
therefore does exaftly balance the W eigh t o f  the Cyhnder o f  W ater 
F  G B C, and is the real, though not the immediate, Caufe o f its Suf- 
penfion.
■ T he Experim ent fucceeds in the fame M anner, when <i Colum n o f  
Q uickfilver is raifed into the Funnel, inftead o f the Colum n ot W a 
ter F G 5 C, the T o p  o f the T u b e being touch’ d with a w e t. Finger 
as before. But then the H eigh t o f the Q u ickfilver m the Funnel m uft 
be as much lei's than that o f the W ater, as its Ipecifick G ravity  is 
greater.

I proceed now, according to Prom ife, to examine whether the E x p e 
riments therein contain’ d, would fucceed in Vacuo-, and w hetherW ater 
could be fufpended in a wide T u b e by means o f  a Capillary at T o p , at 
a greater H eight than what it can be rais’ d to by the PreiTure o f  the A t- 
mofphcre.

in order to this, I boil’ d fome W ater, and afterwards purged it o f  
its A ir, by means o f the A ir-p u m p ; which being done, thofe E xperi- 
rients all fuccecded in the exhaufted Receiver, in the fame.M anner as in 
the open A ir. i

T he 13th Experim ent in particular, was made w ith a T u b e o f  about 
35 Inches in L en gth , and a Q uarter o f  an Inch Diam eter, the T o p  ot 
it being drawn out into a fine Capillary ; w hich being fill’ d with W a 
ter purged o f its A ir , as before-mention’ d, the whole Q uantity conti
nued fufpended in the cxhauiled R eceiver. ¡ r

This plainly ihews that the Succefs o f that E xperim ent does not
depend
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T k  AEiions o f Glafs Tubes
depend upon the Prcflure o f the A ir , fince the fmall ^ la n t ity  o f A ir 
left in the Receiver, was by no Means capable o f luftaining the W ater 
at fo great a H e ig h t, and confequently that the H eigh t at which W a 
ter itiay be fuipendtd in this Manner, is not Uniiced by that Pref- 

fiire.
But here I mufl; not om it taking N otice o f  a confiderable D ifficulty, 

w hich prefents itfelf to thofe who attentively confider this Experim ent 
In order to make which the better appear, it will be proper to  obferve, 
what happens, when a fimpie Capillary T u b e is rill’ d w ith  W ater pur
ged o f  A ir, and inclos’ d in the exhauiled Receiver.

Fie. IOC. In this Cafe, the whole C olum n o f  W ater contained in the T ube 
A  C 5, is fufpended by the Attraction o f the Anmlus at the T o p  o f 
the T ube A : A n d  though that Amulus does not im m ediately a¿l
upon any Part o f the W ater, except what is either contiguous to it, 
or fo near as to be within the Sphere o f  its A ttra d io n , w hich ex
tends but to a very fmall Diftance •, yet it is im poflible that any 
other Part o f the W ater, as for Inftance, that at C, ihould part from 
the W ater above it, and fink down •, becaufe its Delcent is oppos’ d by 
rhe A ttrad ion  o f  the contiguous Amulus at C. For this being equal 
to 'the upper Amulus at A, is capable o f  fuftaining a Colum n o f 
W ater o f the L en gth  A  B, and confequently is more than fufficient 
for fupporting the Colum n o f W ater below it, C B. F rom  which it 
is plain, that no Part o f  the W ater contain’d in the T u b e  can poffibly 
defcend, unlefs the upper Part, aíTiíled by the W eig h t o f  the W ater 
below it, be fufficient to overcom e the A ttra ilio n  o f  the Amulus of 
Glafs at A.

Fig. 196. But in fuch a compound T u b e, as that made ufe o f  in our E xperi
ment, A C B ,  the Cafe is very different, and it does not eafily appear, 
why in a Vacuum any Part o f  the W ater in the wider Part o f  the 
T u be, as for Exam ple atC , Ihould not leave that which is above it, and 
defcend, fince the Anmlus a tC is  by much too wide to fuftain a Colum n 
o f  W ater o f  fo great a L en gth  as CB.

T h e beft A nfw er I can g ive to this D ifficulty, is, that the Cohefion 
between the W ater contained in the Capillary and that below it, is fuf
ficient to balance the W eig h t o f  the Colum n fufpended. But how far 
this Cohefion may depend upon the Preffure o f  a M edium  fubtile 
enough to penetrate the Receiver, is worthy o f  Confideration. For 
though fuch a M edium  will pervade the Pores o f  the W ater, as well 
as thofe o f  the Glafs, yet it will a d  w ith its intire Preffure upon all 
the folid Particles, i f  I may fo call them, o f  the Surflice o f  the W ater 
in the Ciftern; whereas fo many o f  the folid Particles o f  the W ater 
in the T u b e, which happen to lie d ire d ly  under the folid Particles o f 
the W ater above them, w ill thereby be fecured from  this Preffure 
and confequently there w ill be a lefs Preffure o f  this M edium  upon any 
Surface o f the W ater in the T u b e  below the C apillary, than upon 
an equal Surface o f  the W ater in the Ciftern. So that the Colum n of 
W ater fufpended in the T u b e may be fuftain’ d by the Difference be-

o tween
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tween thofe tw o Jr^eíTures. T h is  Explication feems to be favo u red h y 
tlte follow ing Experim ents, which m ay all be accounted for in the 
lame Manner, though I ihall anon mention another Caufe, w hich 
contributes to the Succefs o f the firft and fecond.

T h e fir il I iliall mention is the famous Experim ent o f  the Sufpenfion 
o f M ercury purged o f A ir , to the H e ig h t o f  70 or 75 Inches in the 
<Tarricdlian-Tuke, in the open A ir. T o  which we m ay add the fuftain- 
ing o f M ercury, likewife purged o f  A ir , within the exhaufted R eceiver, 
us°rtlated by the learned M onf. Papin in his Continuation du Digefteur.
I  forbeir to mention the Sufpenfion o f  W ater purged o f  A ir  in the 
Vacmuh, w hich he defcribcs in the fame B o o k ; becaufe there is little 
Difference between that Experim ent and our own above-m entioned; the 
very T o p  o f  the arched Part o f  his T u b e, which T o p  we may fup- 
pofe as fmall as we pleafe, fupp lyin g  the Place o f  the fine Capillary at 
the T o p  o f our T ube. But we m uft not om it the Experim ents made f
by the famous M onf. Huygens * , o f  the cohering o f  polifhed Plates, with * Vid. fupra |
a confidcrable Force in the exhaufted Receiver-, as likewife o f  the run- P- 4̂- 
ning o f W ater and M ercury, v/hen purged o f  A ir , thro’ a Siphon o f  
unequal L egs in the Vacuum: A ll  which he accounts for from  the fame 
Principle, and much in the fame Manner, as we have ufed for explain- 
m g the Experim ent above.

A s to the Exiftence o f  fuch a M edium , I ihall content m yfelf to re- 
fer to what has been faid by Sir Tfaac Neivton in the Queries at the lat
ter E nd o f  the laft Edition o f his Opticks : A n d  as I have lately 
produced fome Experim ents upon Q u ick filver, which were e x a illy  the 
Reverfe o f  thofe made by D r. T'aylor, the late M r. Hawkjbee and m y 
felf upon W ater •, by which I am now enabled to throw this whole 
Affair into a little Syftem  by itfelf, I ihall lay it down in the fol
lowing Propofitions, the P ro o f o f  which is contained in the E xperi
ments annexed.

Prop. I . "The Particles of Water attract one another.
T h is, I think, is now univerfally acknow ledged, and therefore needs 

no Demonftration *, the Sphericity o f  the D rops o f  Rain, and the run
ning o f  two D rops o f  W ater into one another upon their C o n ta d , ma- 
nifeftly proving it.

Prop. 2. '■The Particles of ̂ ckfiher attra£l one another.
T his is likew ife manifeft from  the Spherical F igu re, into w hich a D rop 

of M ercuiy form s itfelf upon a T able-, and from  tw o o f  them im m e
diately running together, as foon as they corae to touch.

l^rop. 3. IVater is cttra£ied by Glafs.
T his plainly appears from all the Experim ents that we hav^ ihewn 

upon this Subje¿t.
Prop. 4. ^ickfilver is attroMed by Glafs.
Experiment i .  I f  a fmall G lobule o f  Q u ick filv er be laid,upon a c lp n  

Paper, and be touched w ith a Piece o f  clean Glafs j upon draw ing 
the Glafs gently away, the Q u ick filv er w ill adhere to it, and be drawn 
away with it. A n d  i f  th^ G lafs be lifted up from  the Paper, the Q u ic k -

filver
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n ivfr will be taken up by it, in the fame M anner as a Piece of 
Iron is drawn up by the Loadftone, and w ill Hide to the Glafs by 
a plain Surface o f  a confidcrable Breadth, in Proportion to the Bulk 
o f  the D ro p , as manifeftly appears by an ordinary M icrofcope. 
T hen  i f  the Glafs be held a little obliquely, the D rop o f M tr- 
cury w ill roll flow ly upon its A xis along the under fide o f the 
G lafs, till it comes to the E nd , where it w ill be fufpended as 
before.
• Exp. 2. I f  a pretty large D rop o f  M ercury be laid upon a Paper, 
and two Pieces o f Glafs be made to touch if, one on each fide upon 
drawing the Glafles gently from each other, the D rop o f  M ercury 
w ill adhere to them both, and will be vifibly drawn out from a g lo 
bular to an oval Shape •, the longer A xis paffing from the m iddle of 
thofe Surfaces, in which the D rop touchcs the Glafles.

Prop. 5. ^he Particles of IVater are more ftrongly attra£led by Glafsy 
than by one another.

* • i T h is manifeftly appears from the rifing o f  W ater, in fmall T ubes
above the Level. For when the W ater begins to rife into a Capillary 
Tube, all the Particles o f W ater, which touch the fm all Annulus at 
the Bottom o f the T u be, muft have quitted the C o n tad  o f  the other 
W ater, and have rifen contrary to their G ravity , to come into Con
ta d  with the Glafs. A fter the fame Manner the other Experim ents of 
D r. T'aylor, M r. Hawkjbee and m yfelf, upon this Subjeft, are eafily ex
plicable. For upon a careful Exam ination, it w ill be found in them 
all< t h a t  f o m e  Parts o f the W ater quit the Contaft o f the other W ater, 
and join  themfelves to the Glafs.

Prop. 6. ‘The Particles of ̂ickfilver are more flrongly attracted by one 
another̂  than by Glafs.

Fig. 197. i-x p .  I- I f  a fmall T ube as A  B, open at both Ends, be dipt into 
a Glafs Veflel fill’ d with M ercury, and be held clofe to the fide o f 
the Veffel, that the rife o f  the M ercury within it m ay appear ; the 
M ercury w ill partly enter into the T u be, but w ill ftand within it at 
fome Depth, as C  E , below the Surface o f  the Q u ick filv er in the 
VeflTel, C  D  ; and this D epth w ill always be reciprocally as the D ia
meter o f the Tube.

In this Experim ent a Colum n o f  Q u ickfilver o f  the height C  E  endea
vours to force the M ercury higher into the T u b e  ; and as Glafs has 
been already p rov’ d to attraél (^ ic k filv e r , the A ttraftion  o f  the annu
lar Surface on the Infide o f  the T ube, which is contiguous to the up
per Part o f the M ercury, will likewife confpire to farther its Afcent. 
W h at oppofes the Afcent o f  the Q u ickfilver, is the Pow er by which 
that Part o f  it, which endeavours to rife into the G lafs, is drawn back 
b y  the A ttraftion  o f the other M ercury, with which it is in Contait 
laterally, and this does not only balance the Attra6lion o f  the Glafs, 
but likewife the W eigh t o f  the Colum n o f M ercury C  E ,  andconfequently

'this A ttfaótion is confiderably ftronger than the A ttra d io n  o f the Glafs.
. • The
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The Caufe therefore that fufpends the W e ig h t o f  the Colum n o f  
Xvlercury C  fe, being the Difference between the Attráólion o f  the an
nular Surface o f  the T u b e  at E , and that o f  an equal Surface o f  the 
Quickfilver in the Ciftern, from w hich the M ercury, that endeavours 
to rife into the T u b e, m uil recede, in order to unite irfelf to fuch an 
Annulus o f the Glafs, w ill always be proportional to  that annular Sur
face, or to the Diam eter ©f the T u b e. A n d  fmce the Colum n fuftain- 
cd muil be proportional to the Caufe that fufpends it, that Colum n 
muil likewife be as the Diam eter o f the T u b e. B ut the Colum n fuf- 
pended, is as the Square o f  the Diam eter o f  the T u b e, and the height 
C E conjointly; from  which it follow s, that the height C  E  m uil be as the 
Diameter o f  the T ube reciprocally, as it is found to be by Experim ent.

TJie Experim ent o f  the A fcen t o f  W ater above the L e v e l in a C a
pillary T u b e , is ju il  the R everfe o f  this.

Exp. 2. Q u ickfilver being poured into the inverted Siphon A C  B^Fig. 198. 
one o f whofe L eg s A  C  is narrower than the other C  B ; the height 
C E ,  at which the M ercury ilands in the wider L e g C B ,  is greater 
than the height C  D , at w hich it ftands in the narrower L e g  C A .

O n the contrary, W ater ilands" higher in the narrower L e g , than in 
the wider.

Exp. A B C D  reprefents a reilangular Plane o f  G lafs, w hich Fig. 199.
makes one fide o f  a w ooden Box. O n the Infide o f this is another 
Glafs Plane o f  the fame Size, which at the E n d  A C  is prefs’ d clofe to  
the former, and opens to  a fm all A n g le  at the oppofite E n d  B  D .
When M ercury is poured into this B ox to any height as C  E , it infi- 
nuates itfelf, between the tw o Glafs Planes, and rifing to different 
heights between the GlaiTes, where the opening is greater or lefs, it 
forms the com m on H yperbola C  G  F  ; one o f  whofe A fym ptotes E  F  
is the L ine on which the Surface o f  the M ercury in the B ox touches 
the inner Glafs •, the other is the L in e  A C ,  in which the Planes are 
joined. T h is  H yp erbola  being carefully examined by M r. Hawkjbee 
and my felf, the R eftangle E  H G ,  wherefoever taken, proved always 
equal to itfelf, to as great an A ccu racy as could  be expeóled, when 
the Planes were opened to any confiderable A n g le  : B ut when the open
ing was very fm all, the Inequalities o f  the Planes, though the beiV I 
could procure, bearing a greater Proportion than before to the D i-  
ilance between them , occafioned a fenfible Variation. W h ich , by the 
W ay, I take to be the Reafon w h y the Ordinates found by the late 
Mr. Hawkjheê  in exam ining the C urve produced in a contrary Situa
tion, upon dipping tw o Glafs Planes fo jo in ’ d into Spirit o f  W in e , do 
not anfwer to thofe o f  the H yperbola.

Exp. A B  is a Perpendicular S eilion  t h r o u g h  t w o  Glafs Planes F ig . 200.

join’ d at A ,  and open’ d to  a fm all A n g le  at B. C  reprefents a pretty 
large D rop o f  M ercury, the larger the better, w hich being made to 
defcend as far as C , by holding the Planes in an ereft Poilure, w ith 
the End A  downwards, retires from  the Conta6l o f  the Planes to D ,
^on inclining the Planes towards an horizontal Situation j and the 
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Diftance C  D  becomes greater or lefs, as the Planes are more or lefs 
inclin’ d towards the H orizon.

A  D rop o f  any O ily  or W atery L iquor m oves the contrary W a y , as 
has been ihewn by the late M r. Hawkjbee.

F.g 201. Exp. 5. A  B is  a T ube open at both Ends, and a F oot or two
in L en gth , whofe lower Part is drawn out into a fine Capillary at B.
T h is T ube being filled with M ercury, the whole Colum n o f Q uick- 
filver will be fuilained in it, provided the Capillary T u b e  at B be fuf- 
ficiently fmall. But i f  the M ercury in the E n d  B be fufFer’ d to touch 
any other M ercury, it runs all out o f  the T ube. If, without letting it 
touch any other M ercury, a fmall Part o f  the E nd B be broken off, the 
M ercury will run out, till it comes to fome leffer height as B  C , at 
which it w ill again flop, the height B C  being nearly in a reciprocal 
Proportion to the Diameter o f  the fmall E n d  o f  the T ube.

T h e Seventh Experim ent in the former Paper is the Reverfe o f  this. 
Fig. 20s. Exp. 6. Is the fame in Subftance w ith the form er, but made with

a large Glafs Funnel A B , inftead o f  a Tube.
T he Reverfe o f  this in W ater is the thirteenth E xperim ent in the 

former Paper.
In all thefe Experim ents it is eafily feen, that the EiFeft is owing to 

the Difference between the tw o Attraftions, by which M ercury tends 
to Glafs and to its own B ody ; they being always oppofed to one an
other, fo that a particular Explication is no W a y  neceflary. But per
haps it may fave fome little T rouble to the Reader, to rem ove the fol
low ing O bjeftion, which will readily occur to him.

In the Experiments brought to demonftrate the fourth Propofition, 
the Globule o f  M ercury adheres to the Glafs in a Plane Surface, which 
cannot be done without increafing the Surface o f the G lobule, and con- 
fequently rem oving fome o f  its Particles from  the C ontait o f one 
another. I f  therefore they tend more ftrongly to one another than to 
the Glafs, why do they not recede from the Glafs, and affume a Figure 
pcrfecliy Spherical, that they may all have the greateft poflible Contaft 
with each other ^

T o  this we m ay anfwer, T h at the Pow er, by which M ercury is 
attracted either by Glafs, or by other M ercury, is proportional 
to the attracting Su rface; and therefore, though, cateris paribuSy 

the Tendency o f M ercury to Glafs, is not fo ftrong as its Tendency 
to other M ercury, yet in this Cafe a m uch greater Num ber of 
Mercurial Particles com ing into C ontaft with the Glafs, than wh;:t 
recede from the Contaél o f  one another, it is no W onder that the 
A ttraftion  o f the Glafs prevails, and caufes the G lobule to adhere to 
it. F o r the Num ber o f  M ercurial Particles, which lofe their Contad 
w ith the other M ercury, is no more than what makes up the Diffe
rence o f  Surface, which arifes from changing the F igure o f the Drop : 
W hereas the Particles, which by this Means com e to adhere to the 
Glafs, are all thofe that conilitute the plane Surface, in which the 

m  f  n  G lobule touches it.
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W h i c h  Confideration ought likew ife to be ap p ly ’ d to the Sufpenfion 
o f Q uickfilver in G lafs-Tubes, either at extraordinary heights in the 
open A ir, or at leffer heights in a Vacuum^ as above-mentioned. F o r 
the T o p  o f  the T u b e  being Spherical, or nearly fo, it w ill be 
found, that the Contaft o f  the M ercury w ith the E xtrem ity o f  the 
Tube, is to the C o n ta d  w ith other M ercury, which would be gained 
by its’ leaving the T o p  o f  the T u b e, and defcending a very  fmall Space, 
in a Ratio infinitely g re a t; and confequently that the C ontaft ot the 
Mercury with the T o p  o f  the T u b e is one Caufe o f  its Sufpenfion.

Corol. ij i.  From  this Propofition it appears, that in a Barometer 
made with a narrow T u b e, the Q u ick iilver w ill never ftand at fo great 
a height as in a wider. W h ich  accounts for the Phaenomenon fo often 
mentioned, in the yearly H iilo ry  o f  the R o yal A cadem y o f  Sciences at 
Paris  ̂ by M onf. D e la H ire ; that in the Barometer, which he con- 
ftantly made ufe o f for his annual Oblervations, the Q u ick filver did not 
rife fo high, as in another he kept by him , by about three L ines and 
a half, which is near a third o f  an Inch our Meafure : F o r he tells us, 
that the T ube o f  his Barometer is very fmall. So that there is no need 
to have recourfe to any Peculiarity, either in the Q u ickfilver or the 
Glafs o f which that T u b e was made ; or to an unperceived Remnant o f  
Air left in the T u b e, from fom e o f  which Caufes that EfFedt, and fome 
others o f the fame kind, were im agined to proceed.

Corol. 2d. In a Barometer made w ith a fmall T u b e , the M ercury 
will rife and fall irregularly. F or, as the height o f  the M ercury de
pends partly upon the Diam eter o f  that Part o f  the T u b e  that touches 
the upper Surface o f  the M ercury •, it is plain, that the unavoidable In
equalities in the Diam eter o f  the T u b e  w ill be more confiderable, in 
refpeft to the whole D iam eter; and confequently w ill aíFe¿l the height 
of the M ercury, more in a fm all T u b e  than in a wider. A n d  this I 
take to be the Reafon, w hy it is fo very difficult, not fo fay im poflible 
to make tw o Barometers w hich lhall exactly agree in the height o f  the 
Quickfilver in all Conftitutions o f  the A ir , efpecially i f  the T ubes be 
very narrow. T h is  Irregularity is ftill more confiderable in the Pendent 
Barometer, in which the Q u ick filver moves through a large Space in 
order to m ake a fm all Alteration in the length o f the Colum n fufpend- 
ed. T h e  fame Confideration is eafily extended to thofe L ev els , that 
depend upon the rifing o f  M ercury to the fame height, in the oppofite 
Legs o f a bent T u b e, an Inftrument o f  which kind has been lately of- 
Sered. A n d  as the EfFed is ju ft contrary in L evels made w ith W ater 
or Spirit o f  W in e , due R egard ought to be had to this Property in the 
Conftruftion o f  thofe Inftruments, by m aking the T ubes fufficiently 
wide, in order to dim iniih the E rror as much as poiTible.

IV . W e  often fee the M otion o f  W ater, when it runs out at a H o le  O f the Mo- 
in the Bottom o f  a Vefllel, to be com pared with other Pow ers, not only 
m H ydraulicks, but ia  the A pplication  o f  its Principles to the A nim al

K  k  k  2 O econom y. n. 3ss.p.74S-
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Of the Motion o f Runmng W■tíers.
O econom y. T h e  Q uantity o f which M otion as no one that I know  of 
has hitherto rightly determ ined, in its Place the W riters on H ydrau- 
lick s are ufed to have Recourfe to  the W eig h t o f  a Colum n o f  Water 
incum bing on the H ole. T h e y  that do this do not confider, that no 
M otion can be compared w ith a W eig h t at reft. N o w  the M otion of 
running W ater may eafily be determined after the fo llow ing Manner.

Fig. 203. L e t S H A H S  be the indefinite Superficies o f  W ater, C C  a circular 
H o le  made at the Bottom , A  B  2. perpendicular right L in e drawn 
through the Center o f  the H ole, S G C C G  S  a Colum n or Cataraól of 
W ater running through the H o le  C C, S G C 2i C urve b y  the Rotati
on o f  which about the A xis  A  B  3. Solid is generated, or the Cataraft 
S G C C G S. F or when W ater defcends freely, and by an accelerated 
M otion like all heavy Bodies, it w ill be neceflarily contrafted into a 
leirer Space, as it acquires a greater V elocity by falling, and flows out 
o f  the H ole C C  with fuch a V elocity as is acquired by falling from the 
H eigh t A  B.

But the V elocity o f a heavy B ody acquired by falling, as has been 
demonftrated by Galilauŝ  is in a fubduplicate R atio  o f  the A ltitud e from 
from  whence it falls. W herefore i f  any Ordinate D  £  be drawn to 
the Curve 5 G C, and this be call’ d and A D h t  made x  ; the Velo
city ot the W ater in the Seftion E  E  w ill be expounded by and 
the Produél o f  that V elocity drawn into the Section it felf, w ill htyy>^x.

T his P rod uft is as the Q uantity o f  W ater pafllng through that Sec
tion in a given Space o f  T im e •, and as the fame Q uantity o f  W ater in 
a given T im e  pafles through all the Seftions o f  the Cataraft, that Pro- 
d u ft w ill always be the fame, and w ill hcyy^x=i, or xy*=i.

T h is is the Equation o f  theC urve 5 G C, Part o f  which (comprehended 
within a given Veffel,) the great iVifw/ow has delineated, and has plainly 
indicated its Equation, Prop. 32. L .  2. o f hxs Principia \ and is the firft 
who has explained to the learned W o rld  the true V elo city  o f  running 
W ater, derived from its genuine Principles.

T h e  Curve itfelf is an H yperboloid o f  the fourth O rder, one o f  whofe 
A fym ptotes is the righ t L ine A  S  parallel to  the H o rizo n , the other is 
J  B  perpendicular to the fame. •

T he Power o f  which is the Q uadrato-Cube o f  the Ordinate F G ,  
drawn at the Point G ;  where the right L in e A  G , b ifefting the A n gle  
contained by the A fym ptotes, meets the Curve.

T h e  Space S A D  E  Si included between the C u rve  S G E ,  the O r
dinate D  E ,  and the Afym ptotes A D ,  A S ,  is equal to four Thirds of 
the R eftangle H  Z), contained by the A bfcifs A D  and the Ordinate 
A n d  therefore the Space S H  E  is one third Part o f  the faid Reftangle.

T h e  Solid S G E  E  G S,  generated b y  the Rotation o f  the Space 
S A D E S  about the A xis A D ,  is double to the Cylinder incumbing 
on the Seftion E E .  W hence the Concave Solid, which the Space 
S H E G S  produces by its Converfion about the fame A x is , is equal to 
the incumbent Cylinder. A ll  which T h in gs are eafily found by the 
inverfe M ethod of Fluxions, ‘Xbeorm



Of the Motion o f  Running Tf^aters.
t̂heorem i .  I f  W ater runs out o f  aV effel o f  an infinite E xten t, through 

a circular H ole made at the B ottom , the M otion o f  the whole Cataraét 
o f Water towards the H orizon  is equal to the M otion o f  a Cylinder o f  
W ater, under the H o le  itfe lf and the A ltitu d e  o f the W ater, whofe V e 
locity is equal to the V elo city  o f  the W ater running through the H o le  ; 
or is equal to the M otion o f  a Q uantity o f  W ater w hich runs out in 
any given T im e , o f  which the V elocity  is the fame as that, by which a 
Space equal to the A ltitude o f  the W ater m ay be defcribed in the fame 
given T im e.

Bemonjiration of the firft Part. T o  the C urve S G  C  let another O r
dinate d c h t  drawn as near the former D  £  as may be.

T he C urve being converted about the A x is  A  B, the Ordinates D  Ef, 
d Í, will generate tw o Circles, between which the nafcent Solid E E  e e 
will be intercepted. T h at Solid is equal to  the P ro d u il of the A ltitud e 
D  d drawn into the Seélion E E •, and its M otion is equal to the P ro - 
duit o f  the Solid itfelf drawn into the V elo city  o f  the fame, or to the 
Produft o f  the A ltitud e D  d, the Seftion E  £ , and the V elocity  o f  the 
W ater in that Seftion. A n d  fmce it is íhewn above, that the Produét 
o f any Seflion o f  the Cataraft and the V elocity o f  the W ater in that 
Seftion, is a conftant Q uantity ; the M otion therefore o f  the whole Ca- 
tarac'l w ill be equal to the P ro d u ft o f  that conftant Q uantity drawn 
into the Sum  o f  all the A ltitud es D dy or into A  By that is, to the M o 
tion o f the Cylinder under the H o le  itfelf, and the A ltitu d e o f  the W a 
ter, whofe V elo city  is equal to the V elo city  o f  the W ater flow ing 
through the H o le . ^  E . T>.

Carol. I .  T h e  A ltitu d e o f  the W ater being given , the M otion o f  the 
Cataracl w ill be in the R atio  o f  the Aperture.

2. T h e  A perture being given, the M otion o f  the Cataraft w ill be in 
a fefcuplicate R atio o f  the A ltitud e, or in a triplicate R atio o f  the V e 
locity, w ith which the W ater runs through the H ole.

3. T h e  M otion o f  the Cataraft being given , the Aperture w ill be re
ciprocally in a fefcuplicate R atio o f  the A ltitud e, or in a triplicate R a 
tio of the V elo city  reciprocally.

Bemonjiration o f the fecond Part. T h e  Q uantity o f  W ater running 
in a given T im e  is to the Cylinder under the Aperture, and A ltitud e ot 
the W ater, as the Space which W ater running out w ith an equable V e lo 
city w ill defcribe in that given T im e , is to the A ltitu d e  o f  the W ater. 
And fince the V elo city  which is communicated to the Q uantity o f 
flowing W ater is to the V elo city  o f  the Cylinder in the fame R atio  reci
procally, the Quantities o f  the M otions on each fide w ill be e q u a l.^ £ .D .

Carol. I .  T h e  A ltitu d e  o f  the W ater and the Q uantity running out 
being given, the M otion o f  the Cataraft is in a reciprocal R atio  o f  the 
Tim e, in which that Q uantity runs out.

2. The Altitude and Time being given, the Motion of the Cataract 
vill be as the Quantity of Water running out in that Time.

3. The
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438 Of the Motion o f Running Waters,
3. T h e  T im e  and Q uantity o f  the running W ater being given, the 

M otion o f  the Cataraft w ill be as the Altitude.
4. T h e  M otion o f the Cataraft and A ltitude being given , the Quan

tity o f  the W ater is as the T im e.
5. T h e  M otion o f  the Cataraft and Q uantity o f  running W ater be

ing given, the Altitude is at the T im e.
6. T h e  T im e and M otion o f  the Cataraft being given^ the Quantity 

o f running W ater will be reciprocally as the Altitude.
Fig. 204. Theorem 2. l i  B A  ht taken to B Dy as D  G* to D  — B C  * ; and if 

the W ater runs out o f a given Cylindrical Veflel G G E  Ey which is 
always full, through a circular Aperture C C  made in the M iddle of 
the Bottom ; the M otion o f the Cataraét o f  W ater towards the Horizon 
w ill be equal to the M otion o f  the Cylinder under the Aperture and A l
titude A  B, whofe V elocity is equal to the V elocity  o f  the W ater going 
out at the Aperture. O r it w ill be equal to the M otion o f  the Quanti
ty  o f W ater which flows out in any given T im e , o f  which the Velocity 
is fuch by which a Space may be defcribed in the fame given Time 
equal to the Altitude A  B.

Demonftration of the firft Part. L e t A S  ht drawn parallel to B  G, 
and with Afym ptotes A  S, A  B̂  through the Points G , C, let Newton's 
Curve 5 G  C be fuppofed to be defcribed.

T hat the fame Altitude o f  the W ater may continue, the Place of 
that which runs out muft be fupp ly ’ d with the C ylinder o f  Water 
g g  G G, which defcends with that uniform V elocity  w hich is acquired by 
falling from A  to D  as the aforefaid excellent A uth or teaches us in 
that Propofition.

The M otion o f  the Cataradl S S G G \s equal to the M otion o f  this 
Cylinder, by the foregoing Theorem . Therefore the M otion o f  the 
dcfcending W ater, being compounded o f  the M otion o f  the aqueous 
Cylinder g g G G, and o f  the M otion o f  the Catarac't G G C C y  will be 
equal to the M otion o f the whole Cataraft S G  C C G  S, that is, by the 
hrft Theorem , to the M otion o f  the aqueous Cylinder under the Aper
ture and Altitude B, the V elocity o f  which is equal to  the Velocity 
o f  the W ater running out at the Aperture. ^  E . D .

T he fecond Part follows from the firft.
Carol, Hence arife all the Corollaries o f  the foregoing Propofition, 

by fubftituting the A ltitude A  B, for the H eigh t o f  the W ater.
2. I f  the Veffel was o f a Figure different from a C ylinder, or the 

F igure  o f  the Aperture inftead o f  Circular was Square, Triangular, 
or any other, or the Aperture were not in the M iddle, or were in the 
Side o f  the Veflel, the Motion o f  the Cataradl will be the fame, that is, 
equal to the M otion o f  an aqueous Prifm under the A perture and A lti
tude yf B, whofe Velocity is equal to the V elo city  o f  W ater running 
out. For the fame Q uantity o f  W ater will pafs with the fame Velocity 
as in the former H ypothefis, both through the A perture itfelf, as alfo 
througli all the Seftions o f the Cataradl.

3. If



5. I f  the Diam eter o f  the Veffel ihould have a very  large R atio  to 
the Diameter o f  the Aperture, the A ltitud e A  D  m ight be negleéted, 
and the A ltitude o f  the Veffel itfelf m ight be ufed for the A ltitude o f  
the Cylinder, or o f  the aqueous Prifm .

Hitherto we have confidered only that particular Cafe, in which the 
Water runs out o f the Veffel by the Force o f its G ravity. T h is  we did 
the more w illin gly , as well becaufe Mathematicians are com m only 
ufcd to admit that only, when they treat o f the Im petus o f  Fluids, as 
alfo becaufe we think that Property o f  the H yperbolical C urve above 
e x p la in ed , in which it forms a Cataraft o f  defcending W ater, not to 
be uiiworthy o f  the Confideration o f Geometricians. Otherwife that 
Cafe m ight have been eafily deduced from the general T heorem , which 
we lhall next propofe.

Theorem 3. I f  W ater flows through any full Canal J  B C D, accord- pig. 205. 
ing to the L ine E F, to which both the Orifices o f  the Canal A  B and 
C D  are perpendicular the M otion o f  the W ater towards the O rifice 
C D , or the M otion o f  the Im pedim ent, which being oppofed in the 
Orifice itfelf, ftops the M otion o f  all the W ater, is equal to the M o ti
on o f  an aqueous Prifm  under any Section o f  the Canal C H , and the 
Line o f  Direction or the L en gth  o f the Canal E F, which is m oved w ith 
the fame V elocity w ith w hich the W ater flows through that Sedtion ; or 
is equal to the IVioticn o f  a Q uantity o f W ater which m any given  T im e  
flows out of the Canal, the V elo city  o f  which is the fame by which a 
Space equal to the L en gth  o f the Canal may be defcribed in the fame 
Time.

Caf. 1. L e t  the L in e o f  D ireftion  be any right L ine E F.
T he firft Part is eafily demonilrated in the fame manner as the firft 

Theorem. For the P ro d u d  o f  any Sedion  o f  the Canal C  H , and o f  
the Velocity o f the W ater in that Seólion, is a conftant Q uantity.

The fecond Part follow s from  the nrft.
Caf. 2. I f  the L in e o f  D ireftion  A B O D E  is compounded o f feveral Fig. 206. 

right Lines y i BC, CD,  D E, inclined to each other, the M otion  
of the W ater w ill be the fame. F or the M otion o f the W ater in the 
whole compounded Canal A B C D  E is made up o f  the M otions o f  the 
Water in the Parts o f  the Canal A B ,  CD-, D E ,  added together.
Now it is determined, that W ater running according to the right L in e 
/ Í Í ,  i f  it changes that Direction into another, by which it proceeds 
according to the right L in e B lofes none o f its M otion. F o r Fluids 
do not obferve the L aw s which are obferved in the M otion o f  folid 
Bodies, whenever their D ired ion  is changed. Otherwife a F luid  would 
quite flop, when it changes its D ired ion  into another Perpendicular to 
the former, which we do not find by Experim ents. W herefore W ater 
running out o f  a H o le  in a VdTel, whether downv/ards, or horizontal
ly? or if  it is forced d ireftly  ufiwards, maintains the fame V elocity.
Now if  at any time it ihould be difcover’ d, either by Experim ent or 
by fon:ie ftrióler w ay o f reafoAing, that any Change o f  M otion fhould

follow
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follow  From a Change o f D ireftion , then an A cco u n t m uft be takea 
o f  it.

Fig. 207. I f  the L ine o f  D ireftion ^ 5  be a Curve, it muft: be refer’ d to this
Cafe, as it is to be conceived as compofed o f  many little right I^ines. 

Fig. ac8. Ca[. 3. I f  the Canal A B \ %  divided into feveral Branches 5  C,
B  £ , equal in Len gth , the M otion o f  the W ater w ill be found after 
the fame Manner, taking for the L ine o f  D ireftion the Len'gth A  BD^ 
compounded o f  the Length  o f  the principal Canal A  5 , and the Length 
o f  each Branch B D .  N ow  it is all one whether tlie W ater flows from 
the principal Canal towards the Branches, or from the Branches towards 
the principal Canal. N ow  if  the Branches are unequal, the M otion of 
the W ater muft Í3e found in each Branch, taking for the L in e o f Di
reftion a L en gth  compofed o f  the L en gth  o f  each Branch, and the 
L en gth  o f  the principal Canal.

T h is is eafily deduced from the fecond Cafe.
Fig. 209. Caf. 4. If the unequal Branches into which the Canal A B  \% diftri- 

\ butedy are again united into one F G ,  to find the M otion o f  the Water
{t for the L ine o f  D ireftion we muft make ufe o f  the w hole Length
f A B D F G ^  com pos’ d o f  the L en gth  o f the principal Canal 5 , of
I  each Branch B  D  and o f  the recompounded Canal F G .  I f  the

Branches are unequal, the M otion o f  the W ater muft be found in each, 
f and the Sum o f  their M otions m uft be added to the M otion o f the
Í W ater in the recompounded Canal. T his follows from  Caf. 2 and 3.
j Corol. I. T h e  L en gth  o f  the Canal being given, and any Seftion of
S the fame, the M otion o f  the W ater will be in the Ratio o f  the Velo-
f c ity  with which the W ater flows through that Seftion.
I  2. A n y  Seftion being given, and the V elocity  o f  the W a ter flowing
r through that Seftion, the M otion o f  the W ater w ill be as the Length
* o f the Canal.

3. T he Length  o f  the Canal being given, and the V elo city  o f  the 
W ater in any Seftion, the M otion o f  the W ater w ill be in the Ratio of 
that Seftion.

4. T h e  M otion o f  the W ater being given, and alfo any Seftion, the 
Len gth  o f  the Canal w ill be in the reciprocal R atio o f  the V elocity.

5. T h e  M otion o f the W ater being given, and the L en gth  o f  the 
Canal, any Seftion w ill be reciprocally as the V elocity .

6. T he Velocity being given in any Seftion, and the M otion o f  the 
W ater, that Seftion w ill be reciprocally as the L en gth .

7.̂  T h e  Length  o f  the Canal being given, and the Q uantity o f  W ater 
running out in any certain T im e , the M otion o f  the W ater w ill be re
ciprocally as that T im e.

8. T h e  L en gth  o f  the Canal, and the T im e  being given, the M otion 
o f  the W ater w ill be as the'Q uantity running out.

9. T h e  T im e being given, and the Q uantity o f  W ater running out, 
the M otion o f  the W ater will be as the L en gth  o f  the Canal.

 ̂ 10. T h e  M otion o f  the W ater, and the L en gth  o f  the Canal being 
gi'^en, the Q uantity flow ing out w ill be as the T im e.

illiD____  _ ____  n . T h e
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11 . T h e  M otion o f  the W ater, and the Q uantity running out being 
given, the T im e  w ill be as the L en gth  o f  the Canal.

12. T h e  T im e  being given , and the M otion o f  the W ater, the Q uan- 
.tity running out w ill be reciprocally as the L en gth  o f  the Canal.

13. I f  tw o Quantities o f  W ater meet d ire itly  w ith a contrary Motion» 
and the Superficies with w hich they im pinge are alike, as alfo the V elo 
cities with which thofe Superficies m e e t; and i f  one o f  the Q uantities o f  
W ater is only equal to one little D rop, and the other Q uantity is a whole 
Ocean, or an infinite Q uantity o f  W ater ; it m ay be fo order’ d that the 
Drop ihall fuftain the whole Ocean, or force it to m ove the contrary 
W ay with the fame V e lo city  as before, and it fe lf ihall proceed the fame 
W ay after meeting. W h ich  is a wonderful Paradox in H yd raulicks.

14. I f  a certain Q uantity o f  W ater flows through a Canal which is 
compofed o f  tw o cylindrical T ubes o f  unequal Diam eters, and runs 
from the larger T u b e towards the narrower ; and the M otion  o f  the 
Water is neither lefíéned nor increafed as it flows *, as foon as the firil 
Part o f the W ater ihall enter at the Beginning o f  the leffer T u b e , it w ill 
immediately begin to run flower, and by a continual E fflux out o f  the 
wider T u b e into the narrower, the W ater by D egrees w ill be more re
tarded in the narrower T u b e , till the whole fliall come into that T u b e.
T h e  M atter will happen jufl; on the contrary, when the W ater flows out 
o f the lefler T u b e  towards the wider. T h is  is another Paradox in H y 
draulicks. But the W ater is fuppofed every where to cohere w ith it felf.

Thefe tw o Corollaries arife from Cafe i.
15. From  Cafe 2 a M ethod is fu p p ly ’d for eitiniating the M otion

the Blood in any o f  the Arteries.  ̂ B l o o d ^
16. A n y  tw o Arteries being given thattranfm it an equal Q uantity o f  Arteries. 

Blood, the Impetus o f  the Blood is greater in that which is more re
mote from the H eart, than in the nearer. T h is is a remarkable Paradox
in the Anim al O econom y.

17. From  the third Cafe arifes another Paradox in the A nim al O eco
nomy, that the M otion or Im petus o f  the Blood is greater in all the ca
pillary Arteries taken together, than in the A orta  it felf. A lfo  that it 
is greater in the capillary Veins than in tlie Arteries.

18. From  the fourth Cafe a M ethod is derived o f  determ ining the 
Motion o f  the Blood in any o f  the Veins.

19. From  the fame is derived a third Paradox in the A n im al O eco
nomy, that the Impetus o f  the Blood is greater in any V ein , than in 
the Artery correfponding to that Vein j and therefore that it is greater 
in the Vena Cava than in the A orta.

Problem I. T o  find the M otion o f the A ir  ruihing out o f  the L u n gs, — O f the M<v
L et I be th'. L en gth  o f  the whole A erial D u ft, from  the M outh and 

Noftrils to the furthefl: Branches o f  the Trachea. tU hnngsi'i
q =  X.o the Q uantity of A ir  emitted from the L u n g s at a moderate Expiratioiu 

Expiration.
to the Q uantity expell’ d at a very moderate E xpiratioa.

/ =  to the T im e  o f  a moderate Expiration.
V o l.  IV . L  1 1 ^  =  to
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ÍT =  to the T im e  o f  a very ftrong Expiration.
T hen by <Theor. 3. Caf. 3. the M otion o f  the A ir  rufhing out o f tlic

L u n gs at a moderate Expiration will be =

P I
A t  a very ftrong one will be

T h at is, the M otion o f the A ir  ruihing out o f  the L u n g s is equal 
to the M otion o f  the Quantity o f  A ir  which is emitted at one E xpira
tion, o f which the Velocity is the fame, by which the Length  o f the 
whole Aerial Canal is defcribed in the T im e o f  an Expiration. ^  E . I.

T h e famous Philofophcr Alpbo7ifus Borellus has determin’ d by E xpe
riment, that the Q uantity o f A ir  emitted by a moderate Expiration is 
about 18 or 20 cubical Inches. N ow  it is different not only in different 
M en, but in the fame M an at different Tim es. I have made an E xpe
riment after this manner.

I hung a W eigh t to the lower End o f  a wet Bladder, and fitting a 
Glafs T ube to the upper Part o f about an Inch Diameter, flopping my 
N ofe I breath’ d A ir  gently into the Bladder, for the Space o f  three Se
conds, the W eigh t in the mean time being at Reft: upon the T able. A f
terwards I dipt the Bladder, with the A ir  included and the W eigh t hang
in g  to it, into W ater that was contain’ d in a cylindrical Veffel, carefully 
obferving to what H eight the W ater was raifed, W hen this was done 
the Quantity o f W ater was eafily found, which being poured into the 
Veffel arofe to the H eight before obferved. T his Experim ent being 
repeated ten times, and the Quantities being added together which were 
found at each T im e, their tenth Part, or the mean Q uantity o f  W ater 
contain’ d in the Veffel, was found to be equal to 35 cubical Inches. A nd 
this is the Q uantity o f  A ir  contain’d in the B lad der; then adding about 
one twelfth Part, or three cubical Inches, becaufe o f  the Condenfation 
o f  the A ir  made by the Coldnefs o f  the W ater, it being then W inter- 
Scafon, it becomes 38 cubical Inches. Befides a little m uft be added, 
both becaufe o f  the Preffure o f  the W ater in the Bladder, as becaufe o f 
the Vapour which is fent forth with the Breath into the M oifture fqueezed 
to g e th e r; which muft neceffarily be from the Coldnefs o f  the W ater, 
and the Contadl o f the wet Bladder. Therefore I eftimated the Quan
tity  o f  A ir  that was emitted by gentle Expiration in the T im e o f  three 
Seconds, in a round Num ber o f  40 cubical Inches.

B y  a very ftrong Expiration I emitted 1 2 5 cubical Inches in the T im e 
o f  one Second.

A n d  by fuch a very ftrong Expiration, w ith a violent ftraining o f  the 
L u n g s, continued almoft to choaking, I emitted from  m y Breaft 220 
■cubical Inches. W hence it is plain, which I ftiall take notice o f  by the 
bye, that much more A ir  remains in the L u n g s than is emitted at one 
moderate Expiration.

If
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out o f  the Lungs in Expiration» 443-
I f  therefore we fuppofe I =  2 Feet,

y =  40 cubical Inches,
125 cubical Inches,

/ =  3 Seconds,
T  = ;  I  Second,

T he fpecific G ravity o f  A ir  to the G ravity  o f  W ater, as i  to lo o o ,
A  cubical F o ot o f W ater —  lo o o  Ounces A voirdupois,
T h e moderate M otion o f  A ir  go in g  out o f  the L u n g s w ill be equal 

to the M otion o f  the W eig h t o f  four Scruples and nine Grains, which 
moves one Inch in a Second ; or to the M otion o f  a W eigh t o f  i f  Grain, 
which in the fame T im e  defcribes the L en gth  o f  5 Feet and 7 Inches.
This is the V elocity  o f  the A ir  ruihing through the L aryn x , fuppofing 
the Section o f  the L aryn x  equal to one fifth o f  a fquare Inch.

T he greateft M otion o f  the A ir  expell’ d out o f  the Breaft is equal to 
the M otion o f  a W eigh t o f  about l i  o f  an Inch, defcribing one Inch in 
a Second *, or to the M otion o f  a W eig h t o f  i f  o f  a G rain, defcribing 
52 Feet in the fame T im e. T h is is the V elo city  o f  the A ir  rufliing, 
through the L aryn x  in the ftrongeft Expiration.

Cord. I .  T h e Q uantity o f  A ir  being given , and the L e n g th  o f  the 
A erial Canal, the M otion o f  the A ir  is in a reciprocal R atio  o f  the T im e  
o f  Expiration.

2. T h e  Q uantity o f  A ir  and tke T im e  being given , the M otion w ill 
be in a direél R atio o f  the L en gth .

3. T h e  L en gth  and T im e  being given, the M otion isas the Q uantity 
©f A ir.

4. T h e  M otion and Q uantity o f  A ir  being given , the L en gth  w ill be 
in the dire6t R atio o f  the T im e.

5. T h e  M otion and L en gth  being g iven , the Q uantity o f  A ir  will 
be direcftly as the T im e.

6. T h e  M otion and T im e  being given , the Q uantity o f  A ir  w ill be
leciprocally as the L en gth  o f  the Aerial. Canal. ^

7. T h e  M otion o f  the A ir  is in a R atio com pounded o f  th? quadru
plicate Ratio o f  any hom ologous Diam eter o f  the A nim al, and the in- 
verfe Ratio o f  the T im e  o f  Expiration. O r in a R atio com pounded o f  
the Ratio o f  the whole W eigh t o f  the A nim al, a fubtriplicate R atio o f  
its W eig h t, and the reciprocal R atio o f  the T im e.

For the W e ig h t o f  the Anim al,, the Cube o f  any hom ologous D iam e
ter and the Q uantity o f  A ir  expell’ d are in the fame R atio. N o w  it is 
fiippos’ d, that the Bodies o f  Anim als are M achines made after the fame - 
manner.

Scholium. Y o u  are to underftand the L en gth  here made ufe o f  to be 
either the L en gth  o f  the A erial Canal, i f  all the Branches o f  the Trachea 
are fuppos’ d equal in L en gth , or the mean one between the different 
Lengths, i f  the Branches are unequal.

Problem II. T o  determine the Im petus, or the Im preilion, which the 
iiiternal Surface o f  the L u n g s receives by expiring the A ir .

Since A ftio n  and Readtion are < qual and contrary, it m uft neceffarily
L  1 1 2. follow^



follow , that by whatever M otion the A ir  to be expired is urged by the
internal Superficies o f  the L u n g s, by the fame on the contrary the Su
perficies o f  the L u n g s is repell’d by the A ir.

W hence by the foregoing Problem  the faid Impetus in a moderate

E'jcpiration w ill be equal to ,
G) I

in a very ftrong one it will be equal to ^  E . I.

Hence fuppofing the fame T hings as are fuppos’d above, the mode
rate Impetus o f  the A ir  upon the L u n gs is equal to the M otion o f  about 
j i  Drachm , which in the Space o f  a Second defcribes one Inch. O r to 
the Motion o f  the W eight o f  19 Pounds, m oving -nsri o f  an Inch in 
the fame T im e, which is the V elocity o f  the A ir  in C o n ta d  o f  the inward 
Superficies o f  the L u n gs. But we fuppofe with the very learned Dr. 
James Keil, that the internal Superficies o f  the L u n g s is equal to about 
21900 fquare Inches.

But the greateft Impetus o f  the A ir  upon the L u n g s is equal to the 
M otion o f  the W eight o f about li- Ounce, m oving one Ounce in a 
iiecond ; or to the M otion o f the W eigh t o f  19 Pounds, which defcribes 
the ttt Part o f  an Inch in the fame T im e. T his is the V elocity o f  the 
jVir at the Superficies o f the L u n gs in a violent Expiration.

Corel. I .  T h e Corollaries fubjoin’d to the foregoing Propofition fol
low from hence,

2. A  moderate Impetus incumbing upon a Part o f  the Surface o f  the 
L u n gs, which is equal to the Seilion o f  the L aryn x, is the M otion of 
the W eig h t o f  txVí  o f  a Grain defcribing the Space o f  an Inch in a 
Second ; or the M otion o f  the W eight o f  i |  o f  a G rain, which de
fcribes the TsVi Part o f  an Inch in the fame T im e. B ut the greateft 
Impetus upon an equal Superficies is the M otion o f  the W eig h t o f  the 
ttt Part; o f  a Grain, which defcribes one O unce, or the M otion o f  
the W eigh t o f i f  o f  a Grain, which makes ttt Part o f  an Inch in every 
Second o f  T im e.

3. T he Impetus o f  the A ir  in a moderate Expiration imprefs’ d upon 
the L un gs, is equal to the M otion o f  a Colum n o f  W ater that runs one 
Inch in a Second, the Bafe o f  which Colum n is the internal Surface o f 
the Lungs, and its H eigh t is o f  an Inch. A n d  in the m oft ve
hement Expiration o f all, the Altitude o f  the Colum n is the ts^  Part 
o f  an Inch.

4. T h e  Impetus incumbent upon a Superficies equal to a great Circle 
o f  a G lobule o f  Blood, in a gentle Expiration, is the -¡V Part o f  the 
W e ig h t o f  a Globule o f Blood, in a vehement Expiration it is  ̂ o f  the 
fam e W eigh t m oving one Inch in a Second. B ut by the w ay I think fit 
to explain after what manner I meafur’ d the Diameters o f  the Globules 
o f  Blood, fince it may be o f  U fe for determ ining the M agnitudes o f 
other minute Objeéts. I took a fine H air which was pretty lon g, and 
■wound it feveral times about a fine Needle, fo that all the Convolutions

m ight
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O f the Motion o f  the Bloody &c. 445
might exaftly touch one another, as I could plainly perceive by the 
Help of a Microfcope. Then I took with my Compafles the Diftance 
between the extream Circumvolutions on each Side, and apply’d it to 
a Diagonal Scale, and divided the Space found by the Scale by the Num
ber of Circumvolutions. Whence was found the Breadth of one Cir
cumvolution, or the Diameter of the Hair. Then I cut the fame Hair 
into a great Number of very fmall Parts, and fcatter’d them on the 
Plain of my Microfcope, on which a little Blood had been fmear’d fo 
as that the Globules might be diítinétly difcern’d. When I look’d upon 
them with my Microfcope, in fome Places I found the Bits of Hair fo 
conveniently difpofed, that I could count how many Globules were op- 
pofed to the Diameter of a Segment or Bit of Hair. But the Segments 
were unequal in Diameter, becaufe the Hair was flenderer towards its Ex
tremity than nearer the Root, fo that fometimes 7 or 8, fometimes 12 
or 13 Globules anfwer’d to a tranfverfe Seétion of the Hair. Now when 
both Experiments were often repeated, at laft I eftimated the mean Dia
meter of the Hair at the 7b  Part of an Inch, and the Diameter of a 
Globule of Blood at a tenth Part of the Diameter of the Hair, or at 
the 71'^ , Part of an Inch.

The Impetus which is fuffer’d by the internal Superficies of the 
Lungs by expiring the Air, is lefs than the Motion of the mildeft Particle 
of Dew falling from the Heaven.

Scholium. In the Solution of the two foregoing Problems the Confi- 
deration is neglefted of that Impediment, which the Air fuffers at its 
going out of the Lungs, by its Friction againft the Sides of the Artery 
I'rachea and its Branches; fince it is but little, nor can it be eafily eili- 
mated exaftly by any Experiment. Nor have we been very folicitous 
about keeping nicely the Ratios of the Numbers, fince the only thing 
we propofed was, to explain the Method of eftimating thofe Forces, 
fomething more certainly than has hitherto been done, by which in Ex
piration the Air adts upon the Blood-veflels, that involve the internal ^
Superficies of the Lungs. Whence it may be known, whether thofe 
Forces are fufficient to produce thofe Effeits, which are attributed to 
them by fome very learned Writers on Medical Subjedls.

Problem III. To determine the Impetus of the Bloodi in the Vena—0//̂  ̂Mo- 
Cava, near the right Auricle of the Heart;  or the Motion of the » f 

Blood flowing through all the Arteries and the Veins, except the Veins 
of the Lungs.

Let  ̂denote the Quantity of Blood projefted into the Aorta, by one 
Syftole of the Heart.

/ =  to the mean Length of the intire Arterio-venous Duft, taking 
in both the longer and ihorter Branches.

/ =  to the Time between two Pulfes, ^
Thence by Theor. 3. Caf. 4. the Impetus required =

That is, the Impetus of the Blood in the Vena Cava is equal to the 
Motion of the Quantity of Blood which is projeóled into the Aorta by

one



one Syftolc, of which the Velocity is fuch, that the whole Length of the 
^rteries and Veins maybe dcfcribed in the Space of Time intercepted 
between two Pulfes. ^  E. I.

If in an human Body are fuppofed 
q =  2 Ounces Avoirdupois,
/ .-= 6 Feet, 
t =   ̂ Seconds,

The Impetus of the Blood in the Vena Cava will be equal to the Mo
tion of the Weight of 12 Pounds, which defcribes the Length of one 
Inch in a Second. Or to the Motion of the Weight of Pounds, which 
in the fame Time defcribes half a Foot. This is nearly the Velocity of the 
Blood flowing in the Cava. But we fuppofe, by the Menfuration of the 
learned Man above n a m e d ,  that a Seftion of the Cava is I of a fquarelnch*

Corel. All the Corollaries of the firil Problem, changing what is to 
be changed, refult from this Problem.

Problem IV. To determine the abfolute Motion of the Blood in the 
Vena Cava, or the Motion of the Blood flowing through all the Arte
ries and Veins, except thofe of the Lungs j abftradting from the Re- 
fiftance of the Veflels.

Let the natural Velocity of the Blood be to that Velocity with which 
the Blood would flow, abftrafting from all Refiftance, as i to x. And 
whereas by the Corollary of the foregoing Problem, and Corol. i. 
Prob. I. the Motion of the Blood is in the Ratio of the Velocity, thence

X Q t
the Motion required is =  - j —. ^  E. I.

Now if the Proportion found by the Experiment made by theabove- 
mention’d learned Man, be admitted as near the Truth, it will be .v=2, 5.

Whence the fame Things being fuppos’d as above, the abfolute Mo
tion of the Blood in the Vena Cava is equal to the Motion of the Weight 
of 30 Pounds, which defcribes the Length of an Inch in a Second j or 
to the Motion of a Weight of 2 Pounds, defcribing l i  Foot in the fame 
Time. With this Velocity nearly the Blood moves through the Cava, 
abftrafting from all Refiftance.

Problem V. To find the Motion of the Blood in the Pulmonic Vein, 
near the left Auricle of the Heart, or the Motion of the whole Blood 
flowing through the Lungs.

Befides the Charaólers ufed in Prob. 3. let A be the mean Length of 
the Pulmonic Arterio-venous Canal.

Whence by Theor. 3. Caf. 4. the Motion required is found —

That is, the Motion of the Blood flowing through the Lungs is equal, 
to the Motion of the Quantity of Blood, which is projeéled at one 
Syftole into the Pulmonic Artery, having that Velocity with which the 
Length of the Pulmonic Arteries and Veins may be defcribed in the 
Time contain’d between two Pulfes. 9 . E. L

If
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i f  In the human B ody we fuppofe A =  F oot,
T he M otion o f the Blood in the L u n gs w ill be equal to the M otion  

o f the W eigh t o f 3 Pounds defcribing the Space o f  an Inch in a Second.
Problem V I. T o  determine the abfolute M om ent o f  the Blood in the 

Pulmonic Vein.
By the fame Argum entation as is ufed in Prob. 4. the M otion re

quired w ill be found =  2, 5 x ^  E . L

T he fame T h in gs being fuppos’ d as above, the abfolute M otion o f 
the Blood flowing through the L u n g s is equal to the M otion o f  the 
W eight o f  7Í Pounds, which every Second defcribes one Inch.

Scholium, B y the Experim ent o f  D r. Keil the Proportion is deter-* 
min’ d, which the natural V elocity  o f  the Blood flow ing through the 
Aorta and its Branches obtains, to the V elocity with which the Blood 
would flow through the fame, abftraiting from the Refiftacice o f the A r 
teries and the preceding Blood. V̂ ê have transfer’ d the fame Propor
tion to the Blood flowing through the Pulm onic A rtery. Becaufe i f  we 
take away or diminifh in any Ratio the Refiitance which the Blood iu f- 
fcrs as it flows through each A rtery, the Blood o f  neceíTity w ill be 
alike accelerated in each A rtery. F or unlefs it were fo, the tw o Ventricíe» 
o f  the H eart would either not be contrafted in the fame T im e , or would 
not ejeft the fame Q uantity o f  Blood. Either o f  which T h in gs could 
not be done without the greateft Perturbation and D anger o f  the whole.
Machine.

Corollary to the three foregoing Problems,
Hence follow  the Corollaries fubjoin’ d to Prob. 5. mutatis mutandis.
Scholium to the four Problems above.
It is to be obferved, that the V elocity  o f  the Blood flowing as w ell 

through the L u n g s as through the other Parts o f the B ody, though in 
reality it is not equable, yet here it is fuppos’ d to be fo, that the mean 
Motion o f  the Blood may be found.

General Scholium. I f  any one fhall think the N um bers not to be fuf- 
ficiently accurate, w hich are here interfperfed in fpecious Charaélers, he 
may eafily correél them by deriving other Num bers from Experim ents 
that approach nearer to T ru th , as alfo the aforefaid Exam ples o f  M o tio n s; 
or by the Afliftance o f the Corollaries o f  the Propofitions themfelves.

V . I am bufy at prefent for a Coal-m ine, which hath been left oflf be- 7he Heflian 
caufe o f  the Im purity o f  the Air*, I have therefore im proved the Hef- 
Jian Bellows : A n  A ccount o f that Contrivance is printed Lipft^  in A£lis p ’
Eruditorum anno 1699. w ith this T itle, Rotatilis SuSlor etPreJfor Hejfiacus: 300. p. 1990.
And it may be applied for W in d  as well as for W ater. A t  that T im e  the 
Shape o f  the Tympanum was C ylindric, as m ay be feen Fig. 210. where Fig. 210. 
B A F C  is the Circumference ; C P ,  D  are the Radii which bear
the W ings C m , D n ,  A o :  C £  is the Aperture through which the W in d  
muft be driven in the Direélion o f  the T angent C B : A n d  it may be ob- 
ferved, that when the E ngine is w orkin g, every W in g  from  the E n d  o f

the
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the Aperture j?, till it comes to the Beginning of the fame Aperture C, 
drives always the fame Air, with the fame Swiknefs, and at the fame Dif. 
tance from the Center : So that in perufing all that Circumference, the 
Air doth find Refiftance by Friftion, and gets nothing at all. I do there
fore now make the Circumference of the Tympanum in the Spiral Shape, 

Fig. 211. which is to be feen Fig. 211, where the Spiral Circumference is AFGB^ 
the Radii are A P,CP^ DP,  The Wings zrt AM , CN, DO, lie. 
The Aperture is AB. And it is to be obferved, that every Wing in 
going round drives new Air, becaufe the Air which is firft in Motion 
finds Place to recede from the Center towards the Spiral Circumference; 
and fo it gives room to new Air to come to the W ing: And when the 
Wings come near to the Aperture, they drive their new Air into the 
Aperture without any Friftion ; and the Air which hath been firft driven 
and removed from the Wing, cannot lofe its Swiftnefs, becaufe the Wings 
which continually follow do continually drive new Air, which keeps 
that which is before always in the fame Swiftnefs. This new Shape of 
the Hejfian Bellows affords alfo another Advantage; becaufe the Air in 
going round follows the Spiral-line, which is nearer to the ftrait Line than 
a circular Circumference ; and when the Air comes to the Aperture, it 
gets into it without any Lofs of Subftance ; but in the Cylindrical Ma
chine, the Air doth always go round in a circular Circumference, and 
when it comes to the Aperture, the Wind is driven direéty in the Di- 
reftion of the Tangent, but juft in the Beginning at C ; and afterwards 
the Impulfion is oblique : And this Obliquity is always increafing until 
the Wing comes to t h e y f ;  Now it is known how much Di
minution fuch an Obliquity can make to the Strength. I believe there
fore that this Spiral Figure is a good Improvement to this Engine. And 
indeed I have made fuch Bellows, where xht Radius A P  is but lo^ Inches, 
the Wing A im  Inches broad and 9 Inches high becaafe the Tympanum 
is alfo fo high, or little more ; the Aperture A  B \s alfo 9 Inches, or a 
little more, fo that it makes a fquare Hole. When I work this Engine 
with my Foot, it makes fuch a Wind, that it may raifc up two Pounds 
Weight; and without doubt, a ftronger Man could do much more: 
But this is more than fufficient for our Purpofe, fince we muft but drive 
Air enough for the Refpiration of fuch Men that can work in the Mine v 
and we may eafily with Boards make w’ooden Pipes, to carry the Wind 
to the very Bottom : So that the Air witliin will be continually renewed 
as well as without.

As to the Engine to demonftrate the Power of Water expanded by 
Fire, we have here made very good Experiments of that Matter before 
Winter. We have raifed Water to the height of 70 Foot, by a very 
commodious Way, which may be yet very much improved. The 
Hejfian Bellows may be very ufeful to a Furnace, I have already madea 
little Trial of it, and I had a very ftrong Fire in a Furnace, to melt Glafs, 
Iron, or any other aard Metal; and yet I could open the Furnace above 
the Matter to be wrought upon, and yet no Flame would get out through 
the Aperture j nor cold Air irom without get into the Furnace: So that

it
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The Nujnber of Acres in England. 449
it Is very like this will be a great Conveniency for feveral forts of Work, 
fince Men may work the Matters when they are moft foftened in the 
Fire ; and they may be drawn up perpendicularly, that they may net be 
bent, as they are when we draw them horizontally. I believe that would 
be good, efpecially to make eafily Glafs Pipes and Looking-Glaffcs of 
an extraordinary Bignefs.

VI. Account of a Book omitted.
Joannis Poleni in Gymnafio Patavino Phil. Ord. Prof. &  Scient. So

cietatum Regalium, quae Londini &  Berolini funt, Sodalis, De Motu 
Aqua MixtOy Libri Duo, t^c. t̂o. Patavii 1717.

C H A P. VI.

Geography. Navigation,
I. O  Everal Perfons have given us, as they have fuppofed, the juft A  Demonjh-a- 

Number of Acres contained in England̂  or South Britain̂  or 
very near it. Sir William Petty reckons about 28 Millions; others, 29 /̂ Eng- 
Millions j others, a few more. But they have all been miftaken in land, ¿y D r. 
under-reckoning. N . Grew, n.

And the Reafon of their Miftakes feems to have been, their reckon- 33°- P- -^6. 

ing only by the Maps; that is, by computed, and not by meafured 
Miles; by which only the Number of Acres can be known.

I have feen an Account of the Number of Acres in each County :
Which Account, whether taken from Doomfday-Book, or from any 
other Regifter, cannot be true. For tho’ we have loft fome Land, 
yet there is a great deal more now gained, which in the Conqueror’s 
Time lay under Sea. Within 120 Years, very much has been recover
ed out of the Seas, and maintained by Banks, in the Marihes and Fennc 
of EJfex̂  Kenty and the Ifle of Ely. And in fome Parts of Lincohijhirey 
the Land has gained of the Sea four Miles in a direft Line irom Land 
to Sea, in the Memory of Men now living.

Nor is it the truer, for having been taken froni any other Record :
For if the Numbers of Acres, according to the faid Account, in each 
Shire, be put together, they exceed not 39 Millions and a Quarter :
Which Number, though it comes much nearer to the Truth than any 
of the former, yet is a great deal ihort of it.

For however, according to vulgar Computation, England̂  or South 
Britain̂  is reckoned in Length but 305 Miles; and in Breadth, about 
290 Miles ; Neverthelefs, it appears by an exait Wheel-meafure, That 
from New-Haven in the South of England to London, are 56 meafured 
Miles; and that from thence by a ftrait Line continued to Berwick in 
the North, are 339 of the fame meafured Miles; in all 395 meafured 
Miles, the true Length of England. And again, that from the South 
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The Number o f Acres in England.
Foreland in the Eafi^ to the L an d ’ s E nd in Cornwall, are about 367 
M iles o f  the fame W hecl-m eafure, the true Breadth o f  England.

T h is being know n, it is eaiy to know  alio, how many fquare M iles and 
coniequently how many Acres are contained in England, or South Britain.

I f  a L ine be drawn on a Chart o f  England, from the South Foreland 
in Kent to Berwick ; and from the tw o Ends o f  this L in e, tw o more 
L ines meeting at the L and’ s End in Cornwall, they w ill m ake the T ri-  

i’ig.212. ano'le A B C :  W hich Triangle, as it excludes as much more o f  the L an d, 
asTt includes o f  the Sea, as may anlwer the fmall N um ber o f  M iles 

! obtained by the C u rvity  o f the Roads ; it may therefore be allowed to
be equal to the Area o f  England, or South Britain.

* N ext, i f  to the Triangle A B C ,  another fimilar and equal T rian gle
j B C D ,  be added i both together make the Rhom boid A B D C .  W h ich
 ̂ * being divided at E F ,  maketh the Rhom boids A C E F ,  and B D E F ,
' equal to one another. One o f  which is therefore equal to the T riangle

A B C . A n d  the Reélangle A G H F ,  Handing upon the fame Bafe, and 
between the fame Parallel Lines with the Rhom boid A C E F ,  by the 
g5th o f  the I ft of Euclid, is equal to the faid A C E F  ; equal to the 
Triangle A B C - ,  equal to the A rea o f England, or South Britain.

N o w  the L en gth  between Berwick and the South Foreland in Kent, 
being about 5 M iles more than between Berwick and New-Haven, which 
is 395 M ile s : Therefore the L ine A B ,  may be taken for 400 M iles ; 
and fo the L ine A F ,  for 200. A n d  the L ine A G  being lefs by about 
7 M iles, than between the South Foreland in Kent, and the L an d ’ s E nd 
in Cornwall, which is 367 M iles, the faid A G  may be taken for 360 
Miles. Therefore A G ,  360, being m ultip ly ’d by A F ,  200, produceth 
72000 fquare M ile s : A n d  72000 being m ultiplied by 640, the N um ber 
o f  Acres contained in one fquare M ile, produceth 46 M illions and 
80000, the N um ber o f  Acres contained in England, or South Britain.

W hence it appears, F irft, that if  the Province o f  Holland contains, 
as is com puted, but one M illion o f  A cres, then England is m ore, by a 
Fraiflion o f 80000 A cres, than 46 times as b ig  as Holland.

N ext, i f  in the Province o f Holland, containing but one M illion  o f  
A cres, are two M illions and 400 Thoufand Souls, or tw o M illions and 
four loth-i, as they are faid to b e ; X.h.tn England, w hich contains 46 
M illions o f  Acres, to be proportionably populous, ihould have twice 
46 M illions o f People, and four loths o f  46 ; that is, about n o  M il
lions.

B ut to allow room enough for Perfons o f  all D egrees, i f  England 
W ere  half as populous as Holland, with only 55 M illions, it were a good  
Proportion, and would be near five times our prefent N u m b e r : A n d  
about 22 times as many as in the Province o f  Holland..

T o  people England in a competent T im e  w ith this N um ber, there are 
m any W ays prafticable : B y which, I have com puted, the prefent N u m 
ber may be doubled in 24 or 25 Years. A n d  probably quadrupled in 
about 36 Years.

One
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One o f  thcfe W a ys, though not the fpeediell, w ould be the intro
ducing o f Strangers : Y e t to m ake ufe ot this, or o f  any other W a y , 
to m ultiply the People, before we have piovidcd  the Means o f  em p lo y
ing them, would be prepofterous.

But when we ihall mind our true Intereil, in em ploying and encou
raging every where our own H ands, and the H ands o f  otlier Nations, 
as'thc French and Dutch  do, in all the forts o f H ufnandry, M anufaftu- 
ry, and M erchantry : W hen our N o b ility  and G entry thcm fdves, ¡hall 
be Exam ples in fome or other o f  thefe P articu lars: W lien we ihall 
hereby be univerfally engag’ d to inclofe, and to im prove every F oot ot 
our Land ; to m ake the utm oft U fe  o f  all our H o m e G row ths, above 
and under G round and o f  all our Ports, (about 200 great and fm all,) 
more than in all the K ingdom s and States o f  Europe put together ; A n d  
when Scotland rxná Ireland fnall both o f  them afterwards be im proved in 
Jike Manner-, when all M ens H eads and H ands fliall be thus em ploy’ d 
about fome one honeft and profitable liufm efs, it is eafy to forefee how 
highly it w ill advance the lirittjh M onarchy and People, at H om e, and 
all over the W o rld , in Beauty, Strength and G lo ry.

II. I conclude that the E clip fe  o f  the M oon o f  Dec. 12th  1703. be- TheDifferena 
gan at London at about 31 or 32 M inutes after 4  in the M orning.

A t  Cambridge, about 4  M iles from  Bojton in New England, M r. Brattle doTw Cam - 
found, -f that at 4 4  M inutes after 1 1 at N ig h t, part o f  the M oon ’ s D ifk  bridge/» 
looked fomewhat dufkifh , and that at 52 M inutes, the Shadow was well NewEngland, 

enter’d : So that from  hence, as well as from  a Com parifon o f  the Ingrefs „
and E grefs o f  the principal Spots, it probably began there about 4 0  

Minutes after 11 ; whence it follow s, that Cambridge in New England \  ¡̂ id. fupra 
lies 4** 4 ' 2 i ,  or 70 37', to the W eft ward o f  the M eridian o f  London. P- 271-

III. ’ T is  now above thirty Y ears, lince I had aD ifpu te with fome o f ‘̂ -̂’‘ Longituce 
the French Geographers about the L o n gitu d e  o f  the Cape o f  Good Hope, qooj
laid to have been obferv’ d by the R eligious M iflionaries fent to China ’
in the Year 1685. B y an Em erfion o f  the firll Satellite o f  Jupiter, E. Húley. n.
they determined that Cape to be i ‘‘ 1 1 ', or l y l  gr. more E aflerly than p- 992-
Paris; that is, 20 gr. from  London: W h ich , tor the Reafons I then
gave. III concluded could not be more than gr. V ery  lately I p ŝ ,pra
have fallen upon an O bfervation which I believe w ill determine the Con- V. I. C. VJI.
troverfy in m y F a v o u r; for I had accidentally a Journal o f  an Officer S. XXVI.
o f the Ship Emperor, put into m y H ands, who in his R eturn from  India,
on the fifth o f  March  171  S. obferv’ d the End o f  a L unar E clip fe, when
the vifible A ltitud e o f  the M oon ’ s Center was 13 °  25, he being then in
the L atitude o f 34° 23 Sotith, and as they found afterwards, ju ft 180
Leagues to the Eaftwards o f  Cape Bonne Efperance. B y Calculation I
find, that in that Latitude, the M oon had that height at 7'’ 17' i P . M .
and by com paring this E clip fe  w ith that we obferv’ d with great Exadl-
nefs on 1 1 ° ,  1682. (which agrees perfeélly well with our N u m -
^ rs)  I conclude the m iddle o f  this to have happen’ d at London at 3*'

M m m 2 48'
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48' P . M . to which adding i** 46' for the Semiduration (this being 
very certain from the obferved Continuance o f  the EcUpfe o f  1682 ) 
the End will be found to have been at London at 5'’ 34'. T h e  Ship was 
therefore in a M eridian 26° to the Eaftwards o f London: But ihe was 
at that T im e  180 Leagues to the Eaftwards o f the Cape, which Diftance 
in that Latitude, gives eleven Degrees o f  L on gitud e •, this therefore be
ing dedufted from the Longitude o f  the Ship, leaves ju ft 1 5 gr. or one 
H o u r, for the Difference o f Meridians between London and the Cape. 
So that by this Account, the Cape is yet nearer our M eridian than I had 
form erly plac’ d it, and near fix Degrees nearer than M . D e la Hire places 
it in his Tables.

T h is Eclipfe was attended with aH the Circum ftances rcquifite to 
make the Conclufion as certain as the Nature o f  the T h in g  w ill admit 
o f : For the M oon was nearly in Perig^go, and the E clipfe alm oft cen tral; 
fo that ihe emerged out o f the Shadow as fw iftly  as poffible. T h e  Sea 
was very fmooth, there having been little W in d  for above 30 H ours be
fore i and the M oon was not too high to be well obferved with a Fore- 
l la f f : N or were they long at Sea, before they made the L an d ; for in 
lefs than five Days, on the tenth o f Alarch, at N oon, they had paft Cape 
d\ngulhas^ the moft Southerly Prom ontory o f  Africa, which then bore 
from them North Eaft, about feven Leagues diftant. T h e  E n d  o f  this 
E clipfe, though not vifible here, m ight have been feen in Germany  ̂
both at Nurenburg, Leipftck and Berlin ; but we do not hear that it was 
any where obferved there : H ow ever, our Num bers in this Cafe m ay be 
fecurely relied on.

On this Occafion, I ihall infert an Obfervation or tw o I procured to 
be made at the Cape, by M r. Alexander Brown, a Scotch Gentleman. 
H e carried with him a very good Brafs §¿uadrant o f  above tw o Foot 
Radius, and at the Dutch Settlement at Table Bay, having re ftify ’ d his 
Pendulum Clock by correfpondent Altitudes, on the /\.th o f  Augufi 1 694. 
at 5" 59' Mane, the Diftance o f  the bright L im b  o f the M oon from the 
R igh t Shoulder o f  Orion, was obferv’ d to be 2 5° 3'. A n d  the next 
M orning Aug. 5. at 5'* 21' i 2 \  the fame L im b  was diftant from Procyon 
25° 57', and at 5'’ 36' 48'' from the Lucida Arietis 58° 29'.

It were much to be w iih’ d, that the M oon had, either o f  thefe M orn
ings, been obferv’ d at Greenwich or Paris, or at fome Place in Europe 
whofe Longitude from them is well known : But that failing us, I had 
recourfe to the Period o f  the Lunar M otions, which is perform ’ d in
I 8 Years and ten or eleven Days ; after which, the Errors o f  our L u 
nar Computations return very nearly the fame ; and I found amoug 
m y own old Obfervations, one that agreed well w ith that o f the 
j^th o f  Augujl, v iz. Anno 1676. July 23® 13'’ 1 1 ' 35'' at Oxford, Í ob- 
ferv’ d the M oon to apply to the Star in medio Collo ‘Tauri, by 
Bayer m ark’ d A. T he Star at that T im e was diftant from the Sou
thern and neareft Cufp o f the M oon, by the M icrom eter 20' 32'', 
and at 13** 17' 15'*', when it fcem’d to immerge upon the bright

Limb

452 The Longitude of the Cape of Good-Hope.

JHED



"The Variation at Paraiba, ^ c. 453
LimW o f the M oon, it was diftant from  the N orthern C u fp  2 3 ' 

but this is lefs certain, by reafon o f  the hazy A ir. T h e  Star at 
that time was in ii  28° 56' w ith  i® 13 ' 20" North L.^t, whereby I 
found, that our L unar T ables, founded on Sir Ifaac Newton's, T h eo ry  
of her M otion, gave her Place at that T im e  only tw o M inutes too flow *, 
which Error being allowed on the ^th o f  Auguji 1 694. the R efult was, 
that ^  59' at Cape Bonne Efperance^ was at London 4'’ 53 '; whence the 
Difference o f  L on gitud e 16 Í  Degrees, fufficiently near what we had 
before determ in’ d.

IV . T h e  Gentlemen o f  the Royal Academy o f Sciences in France^ have, O f  the Varia- 
for fome Years paft, ap p ly ’ d themfelves v/ith m uch Candour and D ili- o^Parai-
gence, to examine the Chart I publifli’ d in the Y ear 17 0 1 . for ihew ing 
at one V iew  the Variations o f  the M agnetical Com pafs, in all thofe Seas Magel-
with which the Englijh N avigators are acquainted ; and I find, that Ian Straights, 
what I did fo long ago, has been fince abundantly verified by the con- _
current Reports o f  the French P ilots, w ho o f late have had frequent "•
Opportunities o f  inquiring into the T ru th  thereof. So that I am in 34 • P- ‘ 5- 
H opes, I have laid a fure Foundation for the future D ifcovery o f  the 
L a w  or Rule by w hich the faid Variations change, in Appearance re
gularly, all the W o rld  over. O f  this I have long fince given m y 
'I'houghts, -f and as yet I fee no Caufe to retract what I there offer for t  r/./. Supra 
a Reafon o f  this Change ; but o f  this we m ight be more certain, had 
we a good Colleélion o f  Obfervations made in that Ocean, w hich di- 
vides Afta and America^ and occupies about tw o Fifths o f  the whole C ir 
cumference o f  the G lobe. T h is , we hope, may be effedlually fu p p ly ’ d 
by the French, w ho may return from  Peru by the Eaft Indies.

In the mean tim e I cannot om it to take N otice o f  tw o Particulars, 
feeming to call in Q ueilion  the T ru th  o f m y aforefaid M ap, in the M e
moirs o f  the Royal Academy o f Sciences.

T h e one is in the Memoirs ô i the Y ear 1700. concerning the Varia- O f  the Varia
tion obferved at Paraiba in Brazile, about 2 5 Leagues to the N orthw ards tion^/P ara i- 
o f Pernamiouc., by M . Couplet le fils, whofe W o rd s are thefe : Brazilc.

‘ May 20. 1698. H a v in g  before carefully drawn a M eridian L in e,w h ich  
I made ufe o f for A ilronom ical O bfervations, I obferved the D eclination 
o f the Needle touch’ d by the Loadílone to be 5° 35'. N . W . ’ A n d  the 
fame O bfcrver tells us,that he found the Latitude o f  the T o w n  o f  Paraiba 
6° 38' 18". N o w  it happen’d , that I was in the R iver o f  Paraiba, in 
March 1699. and there fitted and clean’ d m y Ship ; fo that I had full 
Opportunity to obferve the Variation both on Board and on Shore, and 
found it conftantly to be above 4 gr. North E a jl ; fo that I am w illing 
to believe this to be an E rror o f  the Prefs, putting N . W . for N . E . 
or rather o f  the M em ory o f  M . Couplet, w ho, it feems, loft all his 
Papers by Shipw reck in his Return. T h e  fame m ay be faid o f  the 
Latitude o f  Paraiba, w hich, though I did not obferve m yfelf, yet at 
the Fort o f Cabo Bello, at the M outh  o f the R iver, and which is about
3 Leagues more N ortherly than die T o w n , I found the Latitude not
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454- Longitude of the Magellan Straights.
lefs than 6° 55' South, and by Confequence that o f  the T o w n  more 
than 7 Degrees.

T h e  other is in a D ifcourfe o f M . de L ip ,  in xht Memoirs o f  1 7 1 0 ;  
where he compares the Variations oblerved in fome late V oyages, 
with m y M ap o f  the Variations. A m o n g  other T h in g s, ’ tis there 
faid, that on the Eaft-fide o f  t'u> IQand St. Thomas, Under the F.qui- 
noftial L ine, M . Bigot de la Canté, had, in the Beginning o f  the Year 
1708, found the Variation i l i  gr. whereas m y Chart makes it but 5?

I I never indeed obferved m yfelf in thofe P arts; and ’ tis from the
jj Accounts o f others, and the A n alogy o f  the whole, that in fuch Cafes

1 was forc’ d to fupply what was wanting •, and ’ tis poflible, that there 
 ̂ ■ m ay be more Variation on that Coaft than I have allowed. But con-

fulting m y Chart, (which was fitted to the Year 1700,) I find I then 
make the Variation at the Ifle o f St. Thomas, full yk gr. and not 5Í: gr. 
the which, by the Y ear 1708, m ight well arife to near 9 gr. So  that 
the Difference w ill become very tolerable-, wherea? an Error o f  6 
fuch as is here reprefented, would render the Credit o f m y Chart ju itly  
fufpefted.

! O f  the Lon- But a further T h in g  I m ight complain of, is, that in the fame Me-
gitude of the tnoir o f  M . de Lijle^ the Geography o f  m y Chart is called in Q uellion  ;
Magellan j  h^ve placcd the Entrance o f  the Magellan

'I : ttaigbts. Straights at leaft 10 Degrees more W efterly than I ought to have done:
■ ¿ For that the Ship St. Louis, in the Y ear 1708, failing from the M outh

o f Rio Gallega, in about the Latitude o f  52 gr. South, and not far
from Cape Virgin, directly for Cape Bonne Efperance (w hich Courfe
perhaps was never run before) had found the Diftance between the two 
Lands not more than 1350 Leagues, which, he concludes, is m uch lefs 

' than m y Chart o f  the Variation makes it. I know  not from  what
Computation M . de Lijle has drawn this Confequence ; but I find by 
m y Chart that I have made the Longitude o f  Rio Gallega 75 gr. W e it 
from London, and that o f  Cape Bonne Efperance 1 6 j  E aft from  i t ; that 
is in all g i i  gr. Difference o f L ongitude. T h is with the tw o Latitudes,

,j gives the Diftance, according to the Rhum b-line, 1364 L e a g u e s■, but
according to the A rch  o f  a great Circle, no more than 12 8 7 Leagues. 
So that inftead o f invalidating what I have there laid dow n, it does ab- 
folutely confirm it, as far as the A uthority o f  one fingle Ship ’ s Journals 
can do it.

I do not pretend, that I have had Obfervations made with all the 
Precifion requifite, to lay down inconteftably the Magellan Straights 
in their true Geographical S ite ; but it has not been w ithout good 
Grounds, that I have placed them as I have done. F o r when Sir John 
Narborough, in the Year 1670, wintered in Port St. Jutian, on the 
Coaft ot Patagonia, Capt. John Wood, then his Lieutenant, and an ap
proved A rtift in Sea-Affairs, did obferve the B eginning of an E clip fe  o f 
the M oon, Sept. 18. Stil. vet. at ju ft 8 at N ig h t:  A n d  the fame Be
ginning was obferv’ d by M . Hevelius at Dantzick, at 14** 22'> whence

Port
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Port St. Julian is more Wefterly than Dantzick 6*‘ 22', or than London 
5" 6, that is 76 i  gr. Befides, I have had in my Cuilody a very curi
ous Journal of Capt. Strongs who'went into the South Seas in queft of 
a Plate-wreck, and who difcover’d the two liknds he called Falkland's 
JJleŝ  lying about 120 Leagues to the Eaftwards of the Patagón Coaft, 
about the Lat. of 5 it. This Capt. Strong had a quick Faflage from the 
liland of Trinidada (in 20í  South) to the Magellan Straights ; and in 
this Journal, which was very well kept, I found, that Cape Virgin was, 
by his Account, 45 Degrees of Longitude more Wefterly than that 
Ifland, whofe Longitude I know to be juft 30 Degrees from London ; 
that is in all, ysgr.

From thefe concurrent Teftimonies, I adventured to fix the Longi
tude of this Coaft as I have done •, and I can by no Means grant an 
Error of 10 Degrees to be poflible in it, though perhaps it may need 
fome fmaller Correition. I will however readily grant, that thole that 
go thither from Europê  iliall find the Land more Eafterly than is here 
exprefs’d, by reafon of a conftant Current fetting to the Weftward near 
the Equator, where Ships are many times long detained by Calms, 
•whilft the Stream carries them along with it ; which Thing befals all 
Ships bound to any Part of the Eaft Coaft of the South America.

I'he Variation in the Atlantic, ^c. 455

Variation. Latitude. Longit, from London.

8° 32' Weft. 49 18' North. 07° 29' Weft.
6 42 44 31 13 45
5 30 41 06 15 08
5 04 40 22 14 54
4 22 39 11 15 35
3 30 32 2l 15 39
3 35 32 42 15 38
1 20 18 50 20 52
I 14 09 26 17 59
1 10 00 49 18 42
I 00 01 09 South. 18 5S
0 16 02 32 19 48
0 00 03 17 20 05
0 40 Eaft. 03 58 20 27
I 02 05 09 21 39
I 30 06 21 22 08
I 50 08 03 23 15
2 10 09 07 23 35
3 3 2 12 0 3 2 5 03
6 04 18 53 26 30
6 19 19 5J 27 02

V.
7 "̂ ? Variation 

/̂¿fCompafs 
in the Atlantic 
and  ̂ th io p ic  
Occam. A. D . 
1706. by M r, 
J. Maxwell, n. 
310. p. Z43j.
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456 Hie Nautical Meridian Line.

Variation. Latitude. L o n git. from  London.

6° 10' Eaft. 2 1° 26^ South. 28° 1 4 ' W e il.

6 30 21 48 28 10

7 00 2 l 5 8 28 23
6 45 24 45 27 5 ^

6 3 6 27 11 27 17

5 04 33 53 16 5 8

0 00 34 21 01 29 3 0 '
I 00 W eil. 34 1 5 01 33 E ail.

4 16 33 4 1 0 6 23
8 46 34 39 1 3 02

Cape ofI I 5 6 1 4 3 0
1 6 1 5

11 3 0 32 5 1 1 3 4 1 G ood H ope.
l O 0 0 3 0 21 11 46

09 44 29 5 1 I I 44
09 34 2 9 28 1 1 3 1

09 22 28 5 6 1 1 0 5

09 04 27 3 8 10 01
08 3 0 26 55 08 45
08 02 25 41 07 22
07 3 2 24 3 2 0 5 4 3 -

01 5 2 16 00 06 3 0 W e il  at the

A  Mechanical V I. T h e  m oil ufeful Projeftlon o f  the Spheric Surface o f E arth, and 
Way to divide Sea for N avigation, is that com m only call’ d Mercator'*stho’ it’ s true 
Mercian itne Conftruftion is faid to be firft demonftrated by M r. Wright,
/■«MercatorV Corre£lion of the Errors in Navigation. In this Projedlion the M e-
Projefíion. Hdians are all parallel Lines, not divided equally, as in the com m on plain 
Jnd the Rela- Chart (which is therefore erroneous) but the M inutes and Degrees (or

Fluxions of the Meridian) at every feveral Latitude are pro- 
Curva Cate- portional to their refpedive Secants. O r a Degree in the projefted M e- 
naria, by Mr. ridian at any Latitude, is to a Degree o f Longitude in the E quator, as 
J . Perks, n. Secant o f the fame Latitude is to Radius.

T h e Reafon o f  which Enlargement o f  the Elem ents o f  L atitude is, 
to counterbalance the Enlargem ent o f  the Degrees o f  L on gitu d e. For 
in this Projeélion, the Meridians being all parallel, a Degree o f  L o n 
gitude at (fuppofe) 60 D eg. Lat. is become equal to a D egree in the 
Equator, whereas it really is (on the G lobe’ s Surface) but half as 
m uch, the Radius o f the Parallel o f  60 D eg. (that is its Cofine) being 
but half the Radius o f  the Equator. Therefore to proportion the D e 
grees o f  Latitude to thofe o f L ongitude, a Degree (or Elem ental Par

ticle)
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in MercatorV ProjeBioH divided, 4^7 if
llclc) in the Meridian, is to be as much greater than a Dé'gree (or ’
like Particle) in the Equator, as the Radius of the Equator is greater 
than the Radius of the Parallel of Latitude, vi%. its Ccfim.

Let the Radius CD  reprefent half of the Equator, D M  an Arc of Fig. 214. \
the Meridian •, MS its Sine, C E  its Secant •, then is C 5 equal to its í
Cofm : and C S i C M : :  C D  { =  C M )  : C Ey that is, as Co- J
fine : to Radius : : fo is Radius: to Secant. The Cofines being 
then, in this Projeétion, fuppos’d all equal to Radius, or (which comes 
to the fame) the Parallels of Latitude being all made equal to the E- 
quator, the Radius of the Globe, at every Point of Latitude, (by the 
precedent Analogy) is fuppofed equal to the Secant of Latitude \ 
and confequently the Elements (Minutes, i^c.) of the Meridian muft 
be proportional to their refpeélive Secants.

The Way Mr.fVright takes for making his Table of MeridionalParts  ̂
is by a continual Addition of Natural Secantsj beginning at i Minute, 
and fo proceeding to 89 Deg. Dr. Wallis fin Phil Tranf N® 176.) 
finds the Meridional Part belonging to any Latitude by this5m «, put- 
ting S for its Natural Sine, viz. +  » +
which gives the Merid. Part required. How to find the fame mechani
cally by Means of an eafily conftruded Curve Line, is what 1 íhall 
now lliew.

1. Prepare a Rular A B o ^  a convenient Length, in which let 5  0 Fig. 213. 
be equal to the Radius of the intended Proje6lion. To the Point 0 as
a Center (on the narrower Edge of the Rular) faften a little Plate- 
Wheel w h tight to the Rular, and of a Diameter a little more than 
the Thicknefs of the Rular, Let K R  {Fig. 214.) reprefent another long Fig. 21̂ .
Rular» to which y / i s  a perpendicular Line, Place the Rular 5 
upon the Line A  with the Center of the Wheel at Ai Then with 
one Hand holding fall the Rular K 7?, with the other Hand Aide the 
End B of the Rular A  B by the Edge of K R ; fo will the little Wheel 
ivh defcribe on the Paper a Curve Line AC B,  to be continued, as tar 
as is convenient,

2. Having drawn the Curve ACB,  draw a ftraight Line KR  by the 
Edge of the Rular KR:  which Line is the Meridian to be divided  ̂
and alfo an Afymptote to the Curve ACB.

3. In this Meridian, (accounting R to be the Point of its Interfeilion
with the Equator,) the Point anfwering to any Degree of Latitude 
is thus found. In the Perpendicular A R, make R G equal to the 
Coftne of Latitude (Radius being and from G draw GC parallel
to KRy and interfering the Curve in C. With Center C and Radius i
C M ^  AR, ftrike an Arc, cutting the Meridian at M\ fo is M  the
Point defir’dl •:

4- In the Curve C, let f be a Point infinitely near to C, and ■
C— CAf,) a Tangent to the Curve at f, making the little Angle MCnt^ 1
to which Ifet the Angle R A r h t  equal: So is i?r z^Mdisi Perpendicu- I
lar from M  to w.) Draw CD equal and parallel to A R j interfering 

V o l.  IV. N n n  K R  i;;
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KR\n s. With Center C and Radius CD draw the Arc D Af, and its 
Tangent D E  and Secant CE.

5. Becaufe of the like Triangles CDE,  Mdm-, CD : CE  : : MD:  
Mm  ̂ that is, as Radius to Secant of the Arc D My (whofe Cofine is 
C 5 =  Gi^,) : :  fo is M d  ( =  r a Degree or Particle of the Equator:) 
to Mill the Fluxion or correfpondent Particle of the Meridian Line 
R  M . Whence, and from what is premifed concerning the Nature of 
this Nautical Projection, ’ tis evident, that R M  is the meridional Party 
anfwering to the Latitude whofe Cofine is G R . Or thus With Cen
ter and Radius i?: defcribe the Quadrant y/jta, in which let the 
Arc A y. be equal to the given Lat. From x draw x. C parallel to K Ry 
and interfeding the Curve in C, fo is C k the Meridional Part defir’d, 
being equal to R  M ,  as is eafy to ihew.

6. As to the other Properties of this Curve, ’tis evident, from its 
Conftrudion, that its Tangent (as CM) is a Conjlant Line every where 
equal to A  R-̂  the Curve being generated by the Motion of the W h eel 
at the End of the Rular which is its Tangent. And from hence the 
Cuxvt ACB  may, for Diftinftion, be call’d the Equitangential Curve.

7. The Fluxion of the Area A R M C  is the little Se<5lor or Triangle 
MCdy which fame is alfo the Fluxion of the Seélor CD M:  whence 
the Arens ARMCy CD Mare equal, and the whole A rtA  A C  By &c. 
KMR  being infinitely continued, is equal to the Quadrant ARa .

8. To find the Radius of Curvature of any Particle, as C c, from 
C draw an indefinite Line C T  perpendicular to CM, (on the Concave 
lide of the Curve) and from c another Line perpendicular to c m, w’hich 
Lines, (becaufe of the Inclination of C M  to f m) will fomewhere meet 
as at Ty making an Angle CTc =  MCm.  Thefe Angles being equal, 
their Radii are proportional to their Arcs: therefore, M d : Cc :: MC:  
CT. ButCc =  dm (becaufe of C M — cm)io úizx. Md: din{:: CD:  
DE) CM: CT,  B u tC D = C M , therefore CT  =  D £  =  Tangent 
of the Arc DM.

9. So that fuppofing AT t  z Curve Line, in which are all the Centers 
of Curvature of the Particles oí A C  By any point as T  being found as 
betore, the Length A T  (by the Nature of Evolution of Curveŝ ) is every 
where equal to the Tangent of its correfpondent circular Arc D M. The 
Point T  is alfo found by making M  T  perpendicular to R My and equal 
to the Secant C E :  for fo is the Angle C M T  —  MCD-y  and the 
Triangle M C T  equal to the Triangle C D  E.

JO. Let A H h  he zn  Equilateral Hyperbola, whofe Semiaxis is A R  
and Center R. In the Meridian let P be equal to the Tangent D E,. 
Join A  Py and draw P H A  P  and parallel to AR.  Compleat the Pa
rallelogram H N R  Py fo will the Point H  be in the Hyperbola, and 
its Ordinate H N  (, =  R P  =  D E ==^CT)ht equal to the Curve A T  t. 

t  yiJ. Supra. whence, and from Prop. 3. Coroll. 2 . of Dr. Gregory*s Catenaria
V. I. C. I. {£bil. Tranf. N® 231.Í-) it appears, that the Curve A T  t \% that called
S.XÍIÍ. the
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in Mercator’j ProjeSiio?t divided,
the Catenaria or Funicularia^ v iz . the C urve, into whofe F igure ^jlack  
Cord or Chain naturally difpofcs its felf by the G ravity  o f  its Particles.

“  I I .  H ence we have another Property o f  the Catenaria not hitherto 
“  taken N otice o f  (that I know  o f)  w z . that fuppofing A R { — â  the 
“  conftant L in e in D r. Gregory) equal to the Radius o f  the Nautical 
“  Projeftion, and R  N  the Secant o f  a given Latitude, then is N T  the 
“  Catenaria'% Ordinate at //, equal to R M  the M eridional Part anfwer- 
“  ing to the L atitude, whofe Secant is R  N .

12. T h at 7*^  is the Catenaria is alfo demonftrable from D r. Gregory's 
firil Prop. L e t ‘T  u h t  the Fluxion o f  the Ordinate N T : and t u 
{=1 N n )  the Fluxion o f the A x e  A N .  T hen  becaufe o f  like T r i 
angles T C M ,  T u t ,  C  M ' . C T  {̂— T  A )  \ ' . T  u : u t ,  that is, as C M a  
conftant L in e \%x.oT A  the C urve : : fo is the F luxion  o f  the Ordinate

• •
to that o f the A xe  ( y  : x)  according to Prop, i . Catenaria.

13. From  the PremiiTes the C onftrudion and feverai Properties o f  
the Catenaria are eafible deducible *, one or tw o o f  which I ’ ll fet down.

T h e  Area 7* M i ?  is equal to A O  P R  a R eftangle contained by 
Radius A R ,  and R P  the Tangent anfwering to Secant H  P  =  T  M .  
F o r becaufe o f  the like Triangles C M n i ,  C E e - ,  C  M : C  E  : : M  m:  
E  (f, (that is, putting r, j ,  /, m for Radius, Secant, T angent and M e 

ridional Part R  M  )  r : s : : m : t  whence r t =: s and all the r t 

=  all the s w, that \% A O P  R  =  A T  M R ,  w hich agrees with D r. 
Gregory's Cor. 5. o f  Prop. 7.

14. Suppofm g the form er Conftrudlion, let be added the L in e 
including the Hyperbolic Seilor A R H .  I fay the fame Seélor is equal 
to half the R eilan gle  A  R M ^  contained by Radius A  R  and the M e 
ridional Part R M ,  ( = ¡ r ;«) F or the Seftor A R H =  T rian gle R N  H  
wanting the Sem ifegm ent A N H ,  T h e  Fluxion o f  the T riangle R  N  H

459

IS
S t  - f ”  t  s T h e  F luxion o í  A  N  H  \s t s. So the F luxion o f  the

Sedoryi/iH is
3t-^tS

2

S t -------- t s
’ T is  found before (Seii.

13.) that r : s (s : : m : Í i whence s ’t ~ ^  m. A n d  becaufe o f

the like Triangles C D  E ,  E  f  e, C  D  : D  E  : : E  f : f  e. B ut £ /  =  

M m  =  m, becaufe both E  f  and M m  are to M d m  the fame Reafon,

1 1  • • ‘ t t  ' 
t̂ iz. as j to r ; therefore r : t ( t :  —  : t m: s  : whence t s =  —  and ’ r r
S t  —  t s  _______s s ---------- t t

2 2r
¿ w =  5 r w, =  the Fluxion of the hyperbolic2r

N n n 2 Seilor



Se(5lor A R  whofc flowing Quantity is therefore equal to | r w =: * 
A R M ^  ^ £ . D .

15. This ihews another Property of the Catenaria, viz. that it fquares 
the Hyperbola; for R M  is equal to N  T  the Ordinate of the Cate
naria.

Fig. 21;. 16. lut tAR  be Radius, A C  B the Equitangential Curve ; M R N
its Afymptote, in which let M, N, be any two Points equally diftant 
from i?. Upon Mdraw M L  parallel to and equal to the Diffe
rence of the Secant and Tangent of that Latitude, whofe Meridional 
Part h R M  (by Se¿í. 3, 4.) Upon iVdraw N O  parallel to A R , and 
equal to the Sum of the forefaid Secant and Tangent. Do thus from 
as many Points in the Afymptote, as is convenient, and a Curve drawn 
equably through the Points L— A— 0 , &c. will be a Logarithmic 
Curve, whofe Subtangent ( being conilant) is equal to Radius A  R.

1 7. L e t  « Í? be an Ordinate infinitely near and parallel to N  0. 
Op z= Nn the Fluxion o f  the A fym ptote ; OiT the T a n g en t, and T N  
the Subtangent to the Logarith. Curve in 0 . T hen 0 p : p 0 :: 0 N :
N T . But 0 N  =  s t, therefore op s t. p 0 =  m (the 

Fluxion o f the Meridian or A fym ptote.) So the A n alo gy is j - j -   ̂ : w •*: 

s 1 : N T. B y Se5l. 13, 14. j r. alfo. t : m : : s : r. and• • •
thencé . r + / :  m:: t s :r. wherefore h N T  { the Subtangent to 
L A O )  equal to Radius A R ? l  conilant L in e, and confequently the 
C u rv e L A O  \̂  the Logarithm ic Curve, and its Subtangent know n.

1 8. T h e  fame Demonftration ferves for L M  (any Ordinate on the 
other Side o f  A  R) only changing the Sine into —  ; and then it 
agrees with M r. James Gregory*s Prop. 3. pag. 17. o f  his Exercitations., 
viz. That the Nautical Meridian is a Scale of Logarithms of the Diffe
rences whereby the Secants of Latitude exceed their refpe£live Tangents, 
Radius being Unity. So here i?  yW is the L ogarithm  o f  M  L, the D if
ference o f  the Secant and Tangent o f  the Latitude, whofe M eridional 
Part is R M.

19. Suppofing the precedent C onilruition, i f  through any Point C 
o f the Curve AC B he drawn a right L ine G C /F p a ra lle l to M R , ter
minated with the Logarithm ic Curve in / F a n d  the Radius A  R i n G :
I  fay, that the fame right L ine G is equal to the intercepted Part 
o f the Curve L ine AC.

20. L e t w g  be a L in e infinitely near and parallel to  f V  Ĝ  and 
terminated by the fame L in e s ; and C  S, I V  a,  perpendicular to the 
M eridian ; C  5 in terferin g  in  2, and JV <r m y. L e t  C  M  be 
a Tangent to A C  m C-, /F t a Tangent to A W  \n W-, io  is 
C M  =  a-r. Becaufe o f like Triangles C z c ,  C  Í  M v  and Wy w, 
W  O' T > C S ’. C M : : C  2 : C  f  : alfo JV o- : c  t  t : W y : y w. But 
W ~  C S', (TT ~ C M \  C z  = f V y  •, therefore is y w the F luxion

GW,  equal to C f, the Fluxion of the Curve A  C, Confequently 
G W ^ ^ A C q . e . d ,

4:6o The Nautical Meridian Linê  &c.

3 21 . Ic
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Injlruments for finding the Meridian.
2 1. It may be noted, that this Equitangential C u rve gives the Q u a 

drature o f  a F igure o f Tangents (landing perpendicular on their R a
dius. In Fig. 2 14 . I c t A y T  be a C urve, whofe Ordinates as 
G  r ,  are equal to the Tangents o f  their refpedive intercept A rcs Ak^
J n .  L e t r  G  be produced to touch the C urve A C ' m C : then is the 
Area A  V G  equal to the Rédlangle contained by Radius A R  and G C  
the produced Part o f  the Ordinate ; ov A  T G =  A  R  % G C. T h e  
Demonftration o f  which, and o f  the fo llow ing Se5lion  ̂ 1 for B revity 
omit.

22. I f  we fuppofe the F igure A C B ^  & c . K R  (Fig. 2 14 .) infinite
ly  continued, to be turned about its A fym p tote  ÍR K  as an A x e , the 
Solid fo generated w ill be equal to a reótangled Cone, whofe A ltitu d e  
is equal to A R  •, and its C urve Surface will be equal to h alf the Sur
face o f  a G lobe whofe Radius is A  R .  So that i f  the C urve be conti
nued io ib  ways infinitely (as its N ature requires) the whole Surface w ill 1
be equal to that o f  a G lobe o f  the fame Radius A  R .

T h e Defcription o f  the R ular and W h eel, Fig. 2 13 . is fufficient for Fig, 213. 
the Demonftration o f  the Properties o f  the C u rve ; B ut in order to an 
aftual Conftruélion for U fe, I have added Fig. 216.  -where A  B is a Fig. 216;
Brafs Rular •, w h the little W h eel, which m uft be made to m ove freely 
and tigh t upon its A xe  (light a W atch-w heel) the A x e  being exaélly 
perpendicularly to the E d g e  o f  the Rular, s reprefents a little Screw- 
pin to fet at feveral Diftances for different R adii, and its other E n d  is 
to Aide by the E d g e  o f  the other fix’ d Rular, ^ is a Stud for the con
venient holding o f the R ular in its M otion,

N , B. M oji o f the Properties o f this C urve by the Name o f  la T raélrice, 
are to be found in a M em oire of M . Bom ie among thofe o f the R o yal A c a 
demy of Sciences for the Tear 17 1 2, but not -publifhed till 1 7 15  : Whereas 
this Paper o f M r. Perks was produced before the R o y al Society in M a y  
1 7 14 , as appears by their Journal.

VII, I,] I have lately thought of a new Inftrument for drawing a 
Meridian Line ; it is eafy in its Ufe, and fufficiently exadt.

T ak e the G nom on o f  an horizontal D ial for the L atitud e o f  the New 
Place, zná to tht Hypothenufa fix tw o Sights, whofe Centers m ay ht 
parallel to the fame : let the E ye-fig h t be a fm all H o le ; but the other’ s t̂yMr 
Diameter m uft be equal to the T an gen t o f  the double Diftance o f  the s. Gray, n.' 
North-Star from the P ole, (the Diftance o f  the Sights being made Ra- 268. p. 763. 
dims.) L e t  the Stile be riveted to the E nd o f  a ftraight R uler : W h en  
you would m ake ufe o f  it, lay the R ular on an horizontal Plane, fo 
that the E n d  to which the Stile is fix ’ d m ay o v e r-h a n g ; then lo o k  
through the E ye-figh t, m ovin g the Inftrum ent, till you  fee t>he N orth- 
Star appear to touch the Circum ference o f  the H o le  in the other S ight, 
on the fame H and w ith the G irdle o f  Cajfiopeia •, or on the oppofite 
Side to that,, whereoa the Star in the Great Bear’ s R u m p  is, at that

Tim e:



í̂ /)2 Infiruments for fmding the Meridian.
T im e : then draw a L in e by the E dge o f the R ular \ and it w ill be a 
true Meridian L ine, as it is eafy to demonftrate.

I do not hear that any o f the Occultations o f  Aldebaran by the
M oon were obferv’ d laft Year : I cxpeéled feveral, but was always hin
der’ d by the W eather from obferving any.

— í ; , fame 2 . ]  I  have fent fome farther T houghts upon the Inilrum ent for 
¿V ibe fame, draw ing a Meridian Line, and have im proved it fo far, that no other
’*'-7° P-^'5‘ wi l l  be made ufe o f than the one to obtain the H o u r and

M inute o f  the D ay or N ight.
L e t there be taken a Telefcope o f  about i6  Foot, or longer i f  you 

pleafe ; in the Plane o f its Focus place a R in g  o f  Brafs at right A ngles 
to the A xis o f  the Glafs, the Diameter o f  the inward Circle equal to the 
double Tangent o f  the Pole*Star’ s Diftance from the Pole *, the focal 
L en gth  o f the O bjeft Glafs being made Radius, as was faid in the 
Defcription o f  the Meridian In ilru m en t; let the R in g  be divided 
into 24 H ours, with their M inutes number’ d from the Right-hand 
towards the L eft, as in our co m m o n N o flu rn als; the E ye  Glafs m uil be 
equal in its Diameter to the H orary R in g  : but thi^ perhaps will be 
thought too chargeable, efpecially for fuch large Telefcopes as I am 
fpeaking of, which has made me think o f  this Contrivance : T h e  E ye 
Glafs muft lie in a broad Index towards one E nd, this is to turn on 
a Center Pin, that lies in the Center o f  the Glafs, and confequently 
over the Center o f the H orary R in g , from which it m uft be equal 
to the Diftance o f  the Focus o f  the E ye  G la fs ; then let the I 'u b e  be 
elevated to the H eight o f the Pole, and direfled to the Pole-Star, till 
by turning the Index through the E ye  Glafs, you perceive the Star to 
touch the H orary R ing on that Side the Star in the Great Bear's Rump 
lies, or on the oppofite to that in the H ip  of Cajfiopeia i but on the 
contrary, had not the Glafs inverted the O bjeét, then bring one o f  the 
twelves to be in a Perpendicular to the other by a Plum b-line ; fo will 
the Star ftand at its H orary Diftance from the Meridian ; or if  the L a ti
tude o f  the Place be unknown by the R ig h t Afcenfion o f  the Sun and 
Star, the T im e o f  its com ing to the Meridian will be eafily obtained j 
and then the H our o f the N igh t found, will as eafily g iv e  the Star’s 
H orary Diftance from the Meridian ; then elevate the T u b e  towards the 
Star, bringing the M eridian, or 12 and 12 into the Plane o f  the Per
pendicular ; turn the Glafs about, till you fee the Pole-Star ftand at its 
H orary Diftance from the M eridian; fo will the Inftrument when fixed, 
ihew the H orary Diftance throughout the whole D a y, or as long as

•  it remains in this Pofition, by the apparent M otion o f  the Star in the 
R ing. T h e  beft T im e to fix the Inftrument w ill be, when this, or any 
o f  the other tw o Stars above-mentioned, are about 6 H ours from  the 
M eridian. It is to be obferv’d , that the Latitude o f  the Place is now 
g iv en  with the utm oft Precifenefs: for the A x is  of the Glafs lies now in

the



the A xis o f the W orld  ; and i f  one o f the Sides o f  the T u b e  be parallel 
thereto, as it ought to be at the upper E nd , hang a L ine and P lum m et 
from the Point oí the Sufpenfion •, find another Point equal in D iilance 
to the L en gth  o f  the L in e , or a K not towards the lower E nd , the 
Diftance from  this K not to the form er Point w ill be but the Chord o f  
the Latitude •, and i f  from  the fame E d g e  o f  the Index, another L in e  
and Plum m et be hung towards the lower E nd o f  the T u b e , thcfe tw o 
Lines, when at reft, w ill be in the Plane o f  the M eridian.

T his Inftrument may be made to fhew the H o u r with as m uch F a 
cility as a C lo ck  or Sun-dial, i f  the H orary R in g  be made to m ove 
within a larger fixed one •, and the outward Circle o f  the form er be di
vided into the D ays o f  the M onth, refpcft being had to the R ig h t- 
Afcenfion o f  the Sun and Star : T hen  by bringing the tw o oppofite 
Points in the fixed Circle to the Perpendicular, which is done at the 
fixing the Inftrum ent, m ove the C ircle till the D ay o f  the M onth com e 
to any o f  thefe, and the R in g  is redified for that D ay ; and if  the A ir  
be clear, you w ill fee the Star ftand at the true T im e  o f  the D ay or 
N ight.

It may be objefted, that in a few Years, by the Annual Tncreafe 
o f  its Declination, the Pole-Star w ill, by m oving in a leiTer Circle, be 
brought too far from  the E d g e  o f the R in g , that the exaél H o u r and 
M inute cannot w'ell be diftinguiih ’ d : but this Inconveniency, when it is 
one, may be eafily remedied feveral W ays ; either by m aking a lelTer 
R in g, or by extending a fine Thread o f S ilk  crofs the R in g , till it cuts 
the Star, and at the fame T im e  it gives the H o u r •, or, which w ill yet. 
make this Inftrument com m odious for other Purpofes, there m ay be 
made an Index to m ove on the Center o f  the H our-w heel, w hich being 
brought to cut the Star w ith the E d g e  that proceeds from the Center,, 
it will at the fame T im e  cut the H o u r : A n d  now we need not be folli- 
citous about the exaft Diam eter o f  the R in g , provided it do but a 
little exceed the D iftance o f  the Pole-Star from the Pole, the focal 
Length o f the G lafs being made Radius.

M r. Flamjleed has difcovered, that there is a Parallaxis o f  the E arth ’ s 
Annual O rbit at the Pole-Star o f  about 40 or 45 Seconds •, whereby 
the Diameter o f  the Star’ s Parallel is greater in June than \n Decembery, 
by about i M in. 2 Seconds ; which he has evinced from  feven Y ears 
fucceflive O bfervations, whereby the E arth ’ s M otion is indubitably 
demonftrated, as appears from  his L etter to D r. JVallh on that Sub- 
jeft.

N o w  i f  on the E d ge  o f  this Index there be drawn a Scale o f  D e 
grees, M inutes and Seconds, to the Radius o f  the G lafs, we ftiall not 
only have a very accurate Inftrum ent for the H o u r, but be furniftied 
with one, whereby we ihall fee the T ru th  o f  the E arth ’ s M otion con
firmed by the A ccefs and Recefs o f our Star towards and from  the 
Pole, according to the E arth ’ s Place in the E clip tick , as that learned 
Perfon has difcovered j and that not only when the Star tranfits the

M eridian,,

Injlruments for finding the Meridian. 4^3



Infiruments fo?' fndhig the Meridian.
Meridian, but in clear Air at r.ny Time of the Day ; one iliall likewife 
oblerve that Annual increafc ot the Pole-Star’s Declination, caufcd hy‘ 
the Preceflion of the Equinox.

My own Obfervations aflure me, that the Pole-Star may be feen ¡a 
the Day time with a Telefcope of 16 Foot*, for with one of this 
Length I faw that Star on the 26th of Jpril 1701, from 4 o’Clockin the 
Morning till 7, and could have feen it longer, had not Clouds inter- 
pofed V and again the firft of Ma)\ I did not look for the Star, till the 
Sun had been up more than half an Hour, v iz. at 5 in the Morning, 
yet I foon found it, and faw it afterwards as oft as I pleafed, till half 
an Hour after 9 the fame Morning; fo that I doubt not, this Star 

H may be feen in a clear Day throughout the whole Year.
The Declination of the Pole-Star for the Year 1700, is 87° 42' 51 ,̂ 

as I find it by Ricciolus's Catalogue of fixed Stars, in the Appendix 
to Sir Edward Sherhourn'% Sphere of Manilius^ ^ c .  Hence its Di- 
ftance from the Pole at this Time may be affumed 2° 17'. the focal 
Length of my Objed Glafs is 15 Foot'6 Inches, fo that the Diameter 
of the Ring will be 14 Inches, and 84 hundredth Parts of an Inch, 
which is the natural Tangent of the former Arch 2° 1 7 'doubled; a 
Circle large enough to be divided into Minutes and Halves, which will 

, be fo magnified by the Eye-Glafs, that it will be eafy to diftinguiih
i the Time to a few Seconds.
I; It is true, there is fome DifBcuIty in fixing up this Inilrument; and

when it is fo, to keep it from varying from its due Pofition ; but yet 
it is not infuperable; But for fmall Inftruments, of about 2 or 3 Foot 
long, there cannot be a more accurate, eafy,, and expeditious Way 
than this for drawing a Meridian Line. But whether the many Be-

jj nefits that may accrue to Aftronomy, do not make the larger one worth
the Charge and Trouble of compleating it, I leave to the Confidera- 
tion of the Learned.

Inftrument VIII. Among all the Ways contriv’d for finding the Meridian of 
for finding the any Placc, the moil commodious, I think, is an Inilrument of Sir Chr.

.*■ Wren'%, or tw o of Mr. Gray\̂  or one pu b liih ’ d in the Appendix of a
i  haiii. n.' 29K Call’d the Artificial Clockmaker. 4
4 p. 157S. Sir C. Wren's Contrivance, I am informed, is t h u s : At one End ó f  a

¡ Rular, erefb a Sight, to fee the Pole-Star, through. At the other End 
fet up two Circles ot fmall Wire, one within the other ; the Diameter 
§ - of the innermoil, equal to the doubled Tangent of the Diftance of the
Pole-ftar from the Pole, the Diftance of the Sight being Radius and 
the Diameter of the outermoft Circle, equal to the double Tangent of

3 the Diftance of the next Star to the Pole-Star, from the Pole. Your
j Jnftrument thus prepared, if you look thro’ the Sight, and bring the

two Circles to the two Stars, whofe Diftances from the Pole they re- 
prefent ; a Line paiTing through a Sight and Center of the Circles, 
is the Elevation of the Pole ; and two Plumb-liiKS hung up, one over

the
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Injlrummts for finding the Meridian. 465
the Sight, the other over the Center of the two Circles, will exaftly 
lie in the Meridian of the Place.

Mr. Gray's Contrivances being printed, I need not give any Defcrip- 
tion of them.

The lait Inftrument is what I have made ufe of for feveral Years, and 
I would recommend it, upon my own Experience, for a very nice Way 
to find the Meridian of any Place, and to fee the Tranftts of the Cele- 
ftial Bodies over it, whether Northward or Southward.

The Inftrument is thus made of Wood, or rather Iron, or Brafs, to 
endure the Weather, without fwelling or contrafting, viz. Prepare a 
fmall flat Iron Bar, C, C, at each End of which rivet on two upright 
Sights, to turn ftiffly, at the Joints /, I. Let one of the Sights f, dy 
have a Perforation big enough to fee the Pole-Star through i t ; the other 
Sight a, by a very fmall Perforation, to fee the Sun through. Juft be
hind the Joints fix two upright Arms C, D, and C Z), but to bend 
oif, fo as to be out of the Way of the Sights, when you look through 
them. Thefe Arms ought to be long enough, for the Plumb-lines to 
reach the Polar-Star, on the one Side *, and the Sun at his greatefl:
Height, on the other Side, when you look through either of the Sights.
The Plumb-lines therefore are Tangents to their oppofite Sights, and 
their Lengths may be found by a Table of natural Tangents, and 
making the Diftance of the two Sights Radius. Thus in the Latitude 
of London̂  if the Inftrument be two Feet from Sight to Sight, the 
Southern Plumb-line hath need to be near four Feet, and the Northern 
Plumb-line near two Feet ten Inches. On the Tops of thefe two Arms, 
place two fmall crofs Pieces D £  and D £, to turn with a Point at Z), 
which crofs Pieces are to hold the Plumb-lines £  F  and £  F  and to turn 
off and on, fo as to bring the Plumb-lines to the Sights exaétly. Place 
this Inftrument on a Pedeftal H  to turn round on it ftiffly at the 
Pin G. ^

Your Inftrument being thus prepared, the Way to Set and Ufe it is 
thus; plant it in a convenient Place, where the Polar-Star may be feen 
by Night, and the Sun by Day. When that Star is on the Meridian,

Inftrument, which is thus to be done, viz.
Through the Sight with the large Hole c, d, look at the Pole-Star, and 
turn the whole Inftrument about, until you fee the oppofite Plumb-line 
nicely to interfeft the Pole-ftar. Or when you have brought the Plumb
ing near the Star, you may more eafily bring the Plumb-line to inter- 
edt, by moving the Sight f, dy backward or forward, at the Joint I, 

mitrad ot the moving the whole Inftrument. And that you may more 
eahly fee the Pole-Star through the Sight, let the Plumb-line be a very 
hne Cats-gut String or Horfe-hair, And if it be white, or fome 
luch light Colour, it will be the better feen, with the Help of a Candle 
mining on it by Night, when it is necelfary.

The Slight d, and oppofite Plumb-line being thus fet in a dired
V Polar^Star on the Meridian, it is manifeft, that the In-'̂
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ftrumcnt lietb exaftly  in the M eridian, fo as to fee any Star on the M e
ridian to the N orth. A n d  that you may fee the fame S o u th erly ; the 
next D ay, or when you pleafe, you may hang up the Plum b-line E , F , 
upon the Southern A rm  C, D , fo as that the Plum b-line m ay e xad ly  
interfeél the Perforation c, d. T his may eafily be done by m oving the 
top Joint, with the Plumb-line on its Crofs-piece backw ard and fo r
ward, till the Plum b-line hangeth to your M ind. I f  the S igh t w ith the 
lefler Perforation be not exad ly  under the N orthern Plum b-line, 
it muft be brought to be fo, by turning the Sight, by H e lp  o f its Joint 
at I ; and then all the Inftrument is fet right, fo as to fee the Sun, M oon 
or Stars, come on the Meridian towards the South.

But to fee the Sun tranfit the Meridian, it is neceffary to guard the 
E ye, with a colour’d Glafs, or a Glafs darkened w ith the Sm oak o f  a 
Lam p or Candle.

AG\̂ {%tolook Chufe two Pieces o f Glafs cut into the fame Size and F ig u re ; but 
through upon take care they do not refraét vitioufly •, which m ay be know n by m oving 
ihe Sun. before the Eye. I f  the Objedls you lo o k  on feem to dance

about, the Glaffes are falfe and refrad ; but true i f  all feems fteady. 
Smoak one o f thefe Glaffes over the Flame o f  a L a m p  or Candle, until 
it be obfcured enough to take off the Sun-rays fufficiently, but not fo 
as to darken it too much. T his may be feen by lo o kin g  upon the Sun 
with it, or upon the Candle. One o f the Glaffes being thus darkened, 
lodge them both together, and faften them in a little Cafe fit for the 
Purpofe, with the fmoaked Side innermoft, and an ed gin g o f  Card 
between, to keep the Glaffes afunder, fo as that the Soot m ay not be 
rubb’ d off, or difordered.

’ T is  good to have two Glaffes thus prepared, one for a ilro n g  Sun ; 
the other lefs darkened, for the Sun behind a thin C lou d , M iff, 
or,

W ith  one o f  thefe Glaffes held behind, or before the Sight a, h, you 
may plainly fee the Sun pafs.

—  the fame Inftead o f an intire Inftrument, prepare only tw o Sights (as in Fig..
218.) with Perforations as before. L e t thefe Sights be nailed or fcrewed

■ down, jupon the T o p s o f  two Stakes at 7, 7, fo as to turn ftiffly upon 
them. T h e Plumb-lines (one at leaft) may be hung up at the E n d  o f  an 

Fig. 218. H oufe (as at K , F ig . 2 1 8 .)  or on the B ough o f  a T ree  ( if  the W in d  
would not ihake it) or any where you fee f i t : A n d  the Sights muft be 
ftuck up, fo as to bring the Pole-Star to interfed, and all be perform ed, 
as hath been before direéled.

T h is, although in a Manner the fame w ith the Inftrum ent before, 
yet is more convenient in fome Refpefts. Chiefly becaufe the Plum b- 
lines may be made longer, and the Sights fet farther afunder, than in 
the Inftrument before can conveniently be d o n e ; w hich is fome, altho’ 
no great Advantage for feeing the Tranfits. A lio , thefe Sights may be 
made fo light, as to be eafily carried about •, or they m ay be eafily 
made;, or imitated in any Place where-ever you com e.

466 íiijlrufnents for finding the Meridian.
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To know when the Polar-Star comt  ̂ on the Meridian̂  the Way is this; ^n^’ujhen 
fubtradt the Right Afcettfion of the Sun from the Right Afcenfton of 
the Pole-Star, the Remainder giveth the Degrees, Minutes and Seconds ¡he Meridiai». 

when the Pole-Star tranfits the Meridian above the Pole. Divide thefe 
Det̂ rees by 15, it gives the Hours ; and every Degree under 15 mul
tiplied by 4, gives the Minutes; and every Minute multiplied by 4, 
gives the Seconds, of apparent Time of the Pole-Star’s Southing. I 
fcarce need fav, that it comes under the Pole at 12 Hours Diftance, 
only making ibme fmall Allowance for the Alteration of the Sun’s 
Right Afcet^on in that 12 Hours Time.

But you may ihorten your Labour, by ufing Tables of the Sun’s 
R. Afc. in I'imê  inftead of his R. Afc. in Degrees, &c.

If the Sun’s R. Afc. exceedeth the Pole-Star’s, add 360 Degrees, or 
24 Hours, and then fubtraét.

The R. Afc. of the Pole-Star is determin’d by Mr. Flamfteed to be 
o'* 33' oiTime, Anno 1690, and the Increafe of its R. Afc. in 
10 Years 1' \6" of Time. Therefore this prefent Year 1703, the 
R. Afc. of the Pole-Star is o*' 35' 2 2''of Tijne.

Or you may fee, when the Pole-Star cometh to the Meridian, b)' 
hanging upa Plumb-line, and obferving when the ‘ThillHorfe in Charles's 
Wain called Alioth, comes near the Line, together with the Pole-Star, 
on one fide the Pole; or the bright Star of the Third Magnitude in 
Cajftopeta'% Thigh on the other fide, as is reprefented i n 219.  pjg_ ,,<j.

The foregoing Inftruments may be fet by any other Star, as well as 
the Pole-Star. But the Pole-Star in our Northern Hemifphere, is moft 
convenient, becaufe it maketh but a'fmall Circle round the Pole,' and 
therefore moves flower, and confequently is longer in tranfiting the 
Meridian, And therefore a fmall Error in Calculation, or a little Ex
pence of Time in fetting the Inilrument, may be admitted.

I'he Ufes of thefe Inftruments are, i .  You may fee with all imagi- ufes o f  
nable Exaftnefs, when it is Noon, even to i, 2, or at moft 3 Seconds 7«̂ .;«̂  
of Time, For you may fee, when the very Limb of the Sun toucheth 
the Meridian, and whilft all his Difk is pafling it. So that by much it 
exceeds all Sun-Dials : fo far that if you once ufe this Inftrument, you 
will be ready to lay afide all Sun-Dials •, the beft of which (unlefs we 
except Mr. Molineux's) can never fhew the Time to one or many 
Seconds,

But befides all this, another vaft Conveniency is. That it will fit jnoji 
Latitudes. So that there is no Need of having a ftriét Regard to the 
Elevation of the Pole, nor any Danger of Error in making and fetting, 
as is in moft other Inftruments, but all is with Eafe and Certainty per
formed. Therefore,

2dly, Into whatfoever Place you come, you may eafily fee the Errors 
of the Sun-Dials there, and which go trueft, and which falfe.

3̂ 6') the Sun, fo alfo the fix’d Stars may be feen to tranfit the 
Meridian, whereby the Hour of the Night may as exaftly be known, as

O  o o 2 of
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o f  the D ay by the Sun, know ing the R . A fc . o f  the Star that tranfirs. 
For (as before for the Pole-Star) fubtradt the R . A fc . o f  the Sun from 
the R . A fc . o f  the Star, the Remainder converted into T im e , is the 
T im e  o f  that Star’ s Culmination or Southing. A n d  i f  12 H ours be 
added or fubtraiSted (m aking due Allow ance for the Alteration o f  the 
Sun’ s R . A fc . in that T im e) it Iheweth the exaft T im e  o f  that Star’s 
com ing to the M eridian Northward.

4 / % , T h e  H our o f  the D ay and N ig h t being thus to i ,  2 or 3 Se
conds, difcoverable by the aforefaid Inftruments, I doubt not, but that 
they may be ufeful in finding the exaél Differences o f Meridians^ either 
by the Eclipfes o f Jupiter's, Satellites  ̂ or the Occultation o f  the F ix 'd  Stars 
by the Moon.

I do not pretend, that thcfe Inftruments are any otherwife ufeful in 
finding the Longitude^ than by (hewing the exadt T im e  o f  the D ay or 
N ig h t ; which is one T h in g  abfolutely neceflary in this M atter. N ei
ther indeed w ill they ferve without a well adjufted Pendulum -W atch or 
P ocket-W atch, that w ill keep Tim e exaélly from one Obfervation by 
the Meridian-Inftrument to another. N or indeed are they ufeful on 
Shipboard, but only on L an d, where they remain fix ’ d. But on 
H ead-Land, or any where on Shore, they may be ufeful to  the Sea
man : A n d  indeed (until better Difcoveries are made) thefe M eridian- 
Inftruments may be U fe, where-ever long Telelcopes can be o f  U fe, 
for feeing the Appulfes o f  the Moon to the F ix 'd  StarSy or the Eclipfes 
e f  Jupiter’ s Satellites j which is only on Land : Unlefs (which I have 
thought feafible) a convenient ftanding for a M an, a T elefcope m ight 
be hung penduloufly in a Ship, which (efpecially in a calm Sea) 
may be as little fubjeft to Difturbance, as the Pendulum s o f  W atches 
are, which w ill retain their M otion at Sea.

Sthly, Y o u  may with all Exaftnefs continue a M eridian-Line for many 
M iles, by looking through either Sight, and feeing what Obje<5ls are 
interfered by the Plum b-Lines.

O f  a Meri- I X .  M onfieur Cajftni open’d the Jffemhly (o f  the Academy Royal o f
dian Line  ̂ Sciences, N ov. 1 2 . 1 7 0 1 .)  with a Difcourfe containing the Obfervations 
F r^ e  V oyage, with a D efign to determine the Paflage
C,mmunicated  ̂Meridian-Line (taken from  a Point in the Obfervatory at Paris) from 
by Mr. Geof- One End o f France to the other. In the firft Part o f  this D ifcourfe, he 
froy, n. 278. went back to the m oft ancient Aftronom ers, and recounted their O pi- 
P- >097- nions o f the Spheric F igure o f  the Earth, and their M ethods to know  

its Dim enfion j and then proceeded to thofe o f  the M oderns. A n d  in 
the laft Place, he related the M ethod o f the late M onfieur Picardy o f  
the Academy Royal, as the moft exaft. Then he fpoke o f  his own O b- 
fervations on the fame Subjed, o f  the U fe  he had made o f  the Satellites 
o f  Jupiter, more fit for this than the Eclipfes o f  the M oon , in that they 
are more frequ en t; and faid that his Obfervations had been confirmed 
by the like  made in China. H e  Ihewed the M ethod he to o k  to  deter
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mine the Paffage o f  the Meridian taken from  a P oin t in the O bferva- 
tory at Paris. B y  the Means o f  T rian gles, w hich he made through the 
whole Courfe o f  his Journey, and very  exaft Calculations, he deter
mined the Place o f  this M eridian, and m arked all the confiderable 
Places through w hich it paiTed, from  Paris to  the higheft M ountains 
o f the Pyreneansy which feparate Roujfillsn from  Catahnia% am ong 
thefe Mountains he obferved one o f  a prodigious H e ig h t, it  being 
1440 Toifes high. B ut the m o il extraordinary O bfervation was that 
o f the Inequality o f  the D egrees o f  the M eridian on the E arth ; w hich 
is fuch, that M onfieur Cafftni found that go in g  Southward one D egree 
furpaffed another an 800//& Part, w hich m ay g iv e  great Reafon to doubt ' 
o f theexaft Roundnefs o f the Earth. U p o n  this O ccafion he reported 
two different O pinions, the one o f  M onfieur Huygens and Newton^ the 
other o f  a M athem atician o f  Strajlurg named Eifenfchmidius. T h e  tw o 
former hold, that the E arth is flatted towards the Poles, fo that it is 
fomething o f the Shape o f  an Holland Chcefe : W h ich  they both con
clude by Phyfical and A lgebraical D ed u d io n s, from  an O bfervation 
made at Cape Verd ; that the Pendulum s, though o f  the fame L e n g th , 
make their Vibrations there m uch flower than in the N orthern C o u n 
tries. T h e  other M athem atician holds, that the F igure  o f  the E arth  
is Elliptique, fo that it is ftretch’ d out towards the Poles, and has thá 
Form  o f  an E g g . M . Cajfinl left the Q ueftion undecided. T h e  Cities 
through which he obfcrv’ d the Meridian o f  Paris to pafs, are Dunkirk.
Atniensy Aubignyy, Bourges^, AurillaCy RodeZy Alby^ Careajfione.

X . A  Paper Omitted.
Guilielini Mufgrave Regise Societatis Socii de Britannia quondam  11,352.p.ciy, 

Pene-Infuldy, DilTertatio..

C h a p .  V IL . 

M U S I C .

T T A v i n g  made the T ria l o f  a M ufical E xperim ent before the So- TheTviar̂  cf 
JLX cietyy I fhall g iv e  a farther A cco u n t o f  it that the theory o f  iMuiic reduced 

Muftc, w hich is but little know n in this A g r ,  and the Practice o f  i t A n t h m e d -  
which is arriv’d to a very great Excellency-, m ay be fixed upon the fure 
Foundations o f  Mathematical Certainty. ôrt?ons

The Pro'pofitions, upon w hich the E xperim ent was adm itted, were ; Mr. T . Saf- 
That M ufic confifted in Proportions, and the more exa¿t the Propor- 302.
tions, the better theMufic : That the Proportions offer’d were the fame ^’

that



 ̂ Theory of Muiic reduced ta
that the Ancient Grecians us’d : That the Series of Notes and half Notes 
was the fame our Modern Mufic aimed a t: Which was there exhibited 
upon Finger-boards calculated in Mathematical Proportion, This was 
demonftrated upon a Viol, becaufe the Strings were ot the greatelt 
Length, and the Proportions more eafily difcern’d ; but may be ac
commodated to any Inftrument, by fuch mechanical Contrivances as 
fhall render thofe Sounds, which the Mufic requires.

To prove the foregoing Propofitions, two Viols were Mathematically 
let out, with a particular Fret for each String, that every Stop might 
be in a perfeft Exaétnefs : Upon thefe, a Sonata was perforai’d by 
Mr. Frederick and Mr. Chrijlian Stefkins •, whereby it appear’d, that the 
Theory was certain, fince all the Stops were owned by. them, to be 
perfeft. And that they might be prov’d agreeable to what the belt 
Ear, and the beft Hand performs in modern Praétice ; the famous Jia- 
lian̂  Signor Gafperini., play’d another Sonata upon the Violin in Confort 
with them, wherein the moil compleat Harmony was heard.

The full Knowledge and Proof of this Experiment may be found in 
the two following Tables, wherein Mufic is fet forth, firft Arithmeti
cally and then Geometrically : The Mathematician may, by calling up 
the Proportions, be fatisfied that the five fofts of half Notes here fet 
down, do exaáily conilitute all thofe Intervals, of which our Mufic 
does confift. And afterwards he may fee them fet forth upon a Mono
chord, where the Meafure of all the Notes and half Notes comes exadlly 
to the middle of the String. The Learned will find, that thefe are the 
very Proportions which the old Greek Authors have left us in their Wri
tings, and the pradical Mufician will teilify, that thefe are the beft 
Notes he ever heard.

The Explication of the Firft Table.
Between the two loweft Lines, you have the Series of all the 12 half 

Notes in an Oftave, from A to A  lamirê  which added together make 
an 0 ¿lave or exaft Duple Proportion : The feveral Parts alfo added to
gether make all thofe Intervals of which it is conftituted. As for Ex
ample, the two half Notes from A  to A  ij, and from A to Byf 
make a Major Tone ®; to which if an Hemitone from B to C be 
added, you have a lefl'er Third

In like Manner between the two next Lines, you have the Series of 
all the 12 half Notes, in an Odave from C fa ut to C fol fa u t: The 
two firft Tones added together make a greater Third : And fo you 
may add a Tone or Hemitone, till you arrive at every Interval in the 
Odtave, which is fo call’d, becaufe eight Sounds are required for ex- 
prefllng thofe feven gradual Steps, whereby we commonly afcend to it.

It may be alfo obferved, that the Proportions falling upon the fame 
Notes in two Keys, one Finger-board will be fufficient for both.

It is acknowledg’d by all that are acquainted either with Speculative 
or Pracflical Mufic, that every Interval is divided into two Parts, where
of one is greater than the other: An Eighth { into a Fifth | and a

Fourth

jnED



Arithmetical and Geometrical Proportions.
Fourth Again, a Fifth j  into a greater* Third and a leiTer Third 
I. Thus alfo a greater Third f muft be divided into a Tone Major | 
and a Tone Minor The Leficr Third (to comply with the Praétice 
ofMufic) is rather compounded of, than divided into a Tone Major 
 ̂and an Hemitone, which is its Complement,

>  ’ p >

00I - : : OQ 3
1
>  ^ n>

p o1
M

V I I S ^ >
m
n

s >
t»1S

b a H (T)

M
3^

ON

n  ^
o - rt"

c r

M ' «
0 0  “V j n

n  * M
0 0

M
«v i ON In

1a 1«to 1 ^
O Iv o 10

Ü lO
G

VO 00
d  ^

1-4
1 ^ VO OO

O n Iu ^
w

M 1 M
O s 11

0 0

' O P
> n

to 1 M 
O  |v O

M
ON

OQ OQ
to NH

VO o o O VO

»3 OQ ^

V£> o o
>
3 d

c ? o
S )
w

“ 1
XH

H t:>
r t ^  1-n ON

; D -  S 1
O *•

s r

S > |
M

On

n

0
- S  §

^ 3. 2.^’ 0 3 
5 ^ 1-»

?T' 5"1 c-t ft

H>ta
r
w
rr

00

VO

>
O

E.

Xn
3 w I «
O
Dn

O

cSUo

1̂ 0 00 Od K>

3
gS|v=
ao

>

S'rt=r

tn I'M

3rD,vo j 00 c :i oo

o

DCn
3 « M

U\
o3m

OQ3-

rol

>

t30

r

w

Three



The T̂ heory of Mufic reduced to
Three Tones Major, two Tones Minor, and two of the aforefaid 

Hemitones, placed in the order found in the Scheme, exaftiy conftitute 
the practical Oftave •, which is io call’d, becaufe it confifts of eight 
Sounds, that contain the feven gradual Intervals. But it is alfo ne- 
ceffary to fet down the Divifions of the whole Tones, which are the 
true Chromatic half Notes, becaufe there is great Ufe of them in Pra
ctical Mufic.

To make all our whole Notes, and all our half Notes of an equal 
Size, by falfifying the Proportions, and bearing with their Imperfe- 
aions, as the common Praftice is, may be allow’d by fuch Ears, as 
are vitiated by long Cuftom : But it certainly deprives us of that fatis- 
failory Pleafure, which arifes from theExaftnefs of fonorous Numbers; 
which we fliould enjoy, if all the Notes were truly given according to 
the Proportions here affign’ d.

It is very eafie to fatisfie ooir felves in the Arithmetical Scheme, by 
thofe Operations, which Gajfendus has fet down in his Mamdu£iion to 
rhe ‘Theory of MufiCy Tom. V. pag. 635. As for Example, his Rule for 
Addition is. That two Proportions being given, if the greater Number 
of one be multiplied by the greater Number of the other, and the lefler 
by the lefler, the two Numbers produc’d exhibit the compounded Pro
portions. Thus take a Praftical Fifth \ and a Pra<5lical Fourth i for the 
two Proportions given, mukiply 3 by 4 and you have 12 : then mul
tiply 2 by 3 and you have 6: which compounded Proportion of 12 
to 6 makes the Practical Oélave 3.

Thus, according to his Arithmetical Operations of Addition, Sub- 
tradion, Multiplication, of Continuation and Divifion, is our w'hole 
Syilem proved, which for the more eafy Application to Pradtical Mu
fic, ihall be alfo fet forth Geometrically upon the fix Strings of a Viol. 

The Explication of the Sécond Table.
Thefe fix Lines reprefent the fix Strings of the Viol in the common

Tuning.

a

The founding Part of each String from the Nut to the Bridge is fup- 
pos’d to be 30 Inches long; the two middle Strings C and E are drawn 
out to 15 Inches, the half of the whole.

’Tis eafie to mealure every Interval with a Pair of Compaffes. Sup- 
pofe you are to take the 2otb Part of the String G ; ’ tis an Inch anc 
half for the firft half Note ; if you take the whole Note from G to A, 
’ tis the tenth Part, and muft be three Inches.

After thefe are taken away, your String will be but 27 Inches long, 
fo that if you advance one Note, or a Major Tone further, you muft 
take a <̂ th Part of it, which will be three Inches more, whereby you ar
rive at a greater Third, being the fifth Part of the whole String. Thus 
the Series ot all the Notes may be demonftrated.

Ail the Strings are Unifon at the Stops where the tuning requires: 
So that though the Proportions be carried on as far as the Frets allow,yet 
the String is open the lame with the Stop of that String to which it is

3 tuned i
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Arithmetical and Geometrical Proportions. 473 I
tuned; and accordingly the Series of the Notes proceeds as if they
were all upon a Monochord.

This Calculation ferves but for two Keys A  and C, whlc4i are called 
Natural, becaufe they have no eflcntial Flats or Sharps.

But becaufe the Compofer begins upon any Key, and the Series of 
Notes muft take its terminus a quo from thence the Inftrument-maker 
can provide fuch moveable Finger-boards as will ferve exadly for 
every Key. They are taken out and put in upon the Neck of the Viol, 
with as much Eafe as you pull out and thruft in the Drawer of a Table. 
Three, or at moil five of them, will be fufRcient to accommodate all 
the Keys that are made ufe of.

This Mathematical fixing of the Frets enables every Praélitioner, who 
ftops clofe to them, to give the Proportions of the Notes in a greater 
Exaftnefs, than can be done upon the Bafs-Violin, or Violin itfelf; 
Since they may be fet fortli more perfeitly by a Pair of CompaiTes di
viding a Line, than the niceft Ear can dired.

Though the Frets for the feveral Strings do not ftand in a ftrait Line, 
and the Places are alfo ihifted in different Keys, yet the Ear naturally 
direéts the Fingers to them ; infomuch that thofe Perfons, who have 
all their Lives Time been accuftom’d to ftop upon Frets, that go quite 
c r o f s  the Finger-boards of their Inilruments, do with very little Prac
tice fall right upon thefe. Such is the Power of a mufical Genius, 
as may be undeniably proved by thofe that play upon the Violin ; who, 
when they change the Key, fall upon the right Stops, though they 
have no vifible Diredion where to ftop, nor Time to alter, by the 
Ear, the Note they firft pitched upon.

By this Standard of Regular Proportions may the Voice be formed 
to fing the pureft Notes ; they are all the fame in Vocal and Inftru- 
mental Mufic •, if then the Inftrument which governs the Voice be per- 
feil, the Ear will of NeceiTity bring it to Perfedlion. It is pity that a 
good natural Voice Ihould be taught to fing out of Tune, as it muft do., 
if it be guided by an imperfect Inftrument; and this may be the Rea- 
fon why fo few attain to that Melody, which is fo much valued •, but 
fince we now know wherein Perfedlion lies, a conftant Praélice will 
come to the Attainment of it. The dividing Wholes into Chromatic 
Hemitones is very neceflary, but very difficult for the Voice to be 
broken to: If it learns from an Inftrument whofe whole Notes, and 
whofe half Notes are fuppofed to be equal, the Sound muft needs be very 
uncertain and unharmonical •, whereas the Proportions truly fixed, would 
bring it to a Perfedlion in the niceft and moil charming Part of Mufic.

The Chromatic Hemitones are the fmalleft Intervals our modern Mu- 
iicaimsat, though the Ancients had their Enharmonic quarter Notes, 
which they efteem’d their greateft Exccllency ; Thefe may alfo in Time 
be recover’d, fince we know their Proportions; for as the Diatonic 
Tone is divided into Chromatic Hemitones, fo after the fame manner 
may the Chromatic Hemitones be divided into thofe leaft Enharmonic 
Intervals, which were ever made Ufe of. But if we gQ no further, 
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474 Of the Ancient Greek and Roman liyre.
yet this Experim ent demonftrates the true T h eo ry o fM u fic , and brings 
the Practice o f  it to  the greateft Perfection.

Of the Ancunt II. Reading over lately the ’Third Ode o f  the Fourth B ook o f  Horace^

p'ain'il by Dr. ^ e m  tu Melpomene, & c .
r .Molyneux, x h e  Paflage I fpeak o f  is th is;

P* 0 'Teftudinis Aurea
'Dulcem quafirtpitum. Fieri., temperasÍ

0  Mutis quoque Fifcibus 
Donatura Cygni, f i  libeat, fonum!

A t firft it feem’ d to me a wild Rant, or extravagant W h im  for Ho
race, fo g rea ta  Judge and M ailer in the A rt  o f  Poetry, fo particularly 
remark’d for his Propriety o f T hought, in fo labour’ d and exquifite a 
Poem , to fay that his M ufe could give even to M ute Fijhes the melo
dious Voice o f  the Swan •, I look ’ d upon the Fancy as perfeflly  forc’d 
and groundlefs, founded upon nothing that was real or true in Nature: 
But upon a fecond Confideration, I fancied this m ight be the Meaning 
o f  the P a fla g e;

T hat, after he had in the Verfes going before, acknow ledged how 
much he was indebted to the Bounty o f  his M ufe, he here makes a 
fudden Exclamation to extol her great A r t  and M yftery, who by mix
ing various Notes, could compofe fuch fweet H arm ony on the 
Gilded Lyre or Teftudo, and by her furprizing Pow er, could give even 
to Mute Fijhes, or the hollow Shells ot the Tejludines Aquatica or Water 
Tortoifes  ̂ (a Sort o f Fifh o f  which I im agin’ d they made their Lyres in 
old Tim es) the fweet M elody o f  the Swan. A s  for the Comparifon to 
the Voice o f z dying Swan, though that be a F iftio n , yet a V ulgar Er
ror univerlally embrac’d, was ever fufficient A u th ority for a Poet or 
Orator to draw from it a Comparifon or a Simile.

This put me upon fearching for M atter o f  F aft, whether or no the
V ancient L yre  was made o f  the Shell o f a T o r to ife ;  and looking into

ancient Authors, I find that it was a current Piece o f  H iftory generally 
received among the Ancients, Ú\zx. Mercury was the firft Inventor o f the 
Lyre (whence Horace in his lo th O d e  o f the ift  B ook ftyles him Curv£ 
Lyra Farentem) and that he made it of the Shell o f  a dead Tortoife, 
which he accidentally found on the Banks o f the R iver Nile. Out of 
many, I will produce tw o Teftim onies to this Purpofe ;

Nicander, who wrote above lOO Years before Horace, in his Alexiphar- 
maca, fpeaking o f Antidotes proper againft the Poifon o f  the Salaman
der̂  recommends both \htSea zn á ú it MountainTortoife in thefe W erds, 

"Afj-i/lyinv exAioio x.a^s-^ri^evTcc ŝf^ooiW 
riuioig^ S ixttA mh Tr ecóyBcra'tVy
AA A o tS  S' ¿L/̂ eím xuri(TW¿fx,3, y)v t  (xxxk/^oc 

A u Sn eao ’ctv ot.vóoj'í'tnov lovcoiv

AioAovy a y K w a g  j  d'viu Tffotcejevoi.0
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'.I Thus turn’d by

' ' 'Cum curva auxilio •veniunt Teftudine----
Pelagi fluxus velocibus innatat alis,

Jut montana etiam Cytifo qua vefcilur, quam 
‘ ' Reddidit e muta modulanti voce ca>ioraai

Mercurius, piilo infontis qui Cortice carnem 
Exemit, geminumq-. Ancona intendit in oris.

Grevinus in his Treatife de Venenis in the Chapter de Salamandra, pag. 
i i 9< gives US a Comment on thefe Verfes, and relates at large the 
Hiltiory of the firft Lyre, but I cannot but take Notice that this Verfe 

'AuSnidaav í^ny.eu acvcíú-l ijTcy ■zvej erjcrccv ;
., . Reddidit e muta modulanti voce canoram---- Is fo home and ap-

pofite to our Purpole, and comes up lb dole to Horace's Thought,
O mutis quoque Pifcibus 

Donatura Cygni fi libeat fonum, 
that it does not only explain the true Meaning of it, but makes me in
clinable to believe,that Horace might have in his View this very Paffage; 
which he leems alio again to allude to (though not lb fully and exprei- 
iy) in his ;i/¿p d e of the d̂ Book, where he invokes his Lyre,

. 3’uque 7’e/tudo refonare feptem 
Callida nervis,

Nec Loquax dim ñeque grata---- -
The other Inftance is from one of Lucian's Dialogues, who writ above 

a hundred Years after Horace ; whence ’tis plain the Mechanifm of the 
ancient Lyre, and the Opinion concerning its firlt Invention, prevail’d 
fince, as well as before, Horace's Days. In this Dialogue he introduces 
/Ipollo and Vulcan talking after his jocofe way ot Mercury to this Purpofe.

A t, ŝÁct>vy¡v 'wú vty.̂ <xv sv̂ wv, opyoevov dir auTJis a-uyé7rni;cx.¡o, 'zmn̂ eis 7 ap 
wx̂ fjLcaai, v̂yMa-cci,iirtH,a éju.7ní̂ ct«,  ̂/xxyaJ'toy
¿vravcifj^^ STricc /otsAw/« -srai't; yÁaíf̂ û oVyCü H ( f ot-â ô'-íor.

Ap. Tejludinem mortuam alicubi offendens Inftrumentum ex ea concinnn- 
vit i Brachia enim adaptans Jugum oppofuit, deinde Clavos infigens, H<e- 
mifpharium repandum infra fubjiciens,feptemChor das extendebat, atq-, modula- 
hatur quiddam valde fonorum, O Vulcane, ad Muficx Melodiam compojitum.

Fig. 220. is taken from Father Alerfennus {Lib. i. ¿/í Inftrumentis,/1.7.) p;g. 22c; 
which he tells us he copied from the Sculpture ot an antique Gem, that 
belong’d to one Jacobus Gaffarellus. /1, A, ihew the of Lucian, the
ĥyK'júViS or Brachia of Nicander, made of the Horns of Ibme Beaft. B 

the Zyy®-, or Jugum, in which were faftened the jtóAa^oi Clavi, Pegs that 
raifed or depreft f, c, the yc^ou, or Strings, which were fix’d at their 
t’other End to D the ¡xayá̂ S'wv Hemifpharium or Belly : This is very like 
Figure 221. which is an entire Teftudo Aquatica or rather Fluviatilis, ta- p¡g, 2n.. 
ken from JohnJtonus de Animalibus as delineated in his eightieth Table de 
^adrupedibus; making Allowances for their different Poilure, one being 
reprefented full and flat, whilft only half of the other appears becaufe 
’tis Ihewn fide-ways.
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Fig. 220. The Belly of Merfennus‘% Lyre mark’d D, agrees nicely in Figure and 
fijj. 221. Shape with the Back or Shell of Johnftonus's Tejludo Aquaticâ  mark’d E.

They are both curioufly teffelated, checker’d into Areas or Scales F, F,
F, F, F, F, of fomewhat a Square Figure •, and each of thefe Scales again 
in both is neatly wrought about their Edges with a Line running paral
lel to their Margins g ,  g ,  g ,  g ,g ^  g ; and the Shell of the Lyre, as that of 
the Tortoife, terminates in a narrow Limb or Verge, cut into fmaller 
Scales b, h, i>, h incompafling the whole : fo that both thefe Fi
gures,though drawn by different Artiils, perhaps at two thoufand Years 
Diftance, do manifeftly own the Lineaments of the fame natural Original.

Paufamas too in his Defcription of Greece (as I find it quoted by 
€efner) mentions a Mountain in Arcadia called Parthenius Monŝ  qui Te~ 
Jludines exbibet ad compingendas Lyras aptijjimas; and in another Place, Ar- 
cadum ^erceta ingenti magnitudine Tejiudines exhibent̂  ex quibus Lyras con
ficeres aquales illis qû e ex Indica Tejludine componuntur. From whence ’tis 
plain the Ancients made their Lyres of the Shells ot T̂ ortoifes, perhaps not 
very curious in the Choice of their Materials, but might take promifcu- 
oufly the Land or River 'I'ortoife, which occafions Paujanias znd Nicander 
to mention the Mountain̂  whereas Horace fpeaks of the River T‘ortoije\ 

And indeed moil of the Inftruments, Úc. now in Ufe were at firft 
rude, plain, and fimple, tho’ improv’d by Length of Time, and Fancy 
of Artificers: Thus the Flutê  Flagelet, Hautboŷ  and Organŝ  are only 
Improvements of the ‘Tenues Avenge or Oaten-Pipes of the Field, or the, 
CaUmi impares JunSli of the Ancients, Reeds of unequal Lengths rude
ly put together ; thus their Trumpets were at firft made only of rude 
Horns of Beafts, and fometimes of the common Buccina Whelks or large 
Sea-ihells, hence Virgily

Rauco firepuerunt Cornua cantu. And PerftuSy
Buccina jam prifcos cogebat ad arma ^irites.

And thus their Lyres were at firft made of the Tortoife-Shell ; tho’ 
t in After-Ages the Number of the Strings was encreafed, and the Model:

alter’d; and the Inftrument tho’ improv’d,and very unlike its firftOri- 
ginal, yet ftill retain’d its Ancient Name.

This appears from thofe other Schemes Merfennus gives in the fame 
Table of feveral Sorts of the ancient Lyres (but thefe I take tô  
be more Modern than that which is here expreft) and from thofe de- 
fcrib’d by Leonardo Agoftini, in the Second Part of his Colleftion of the 
Gemme Antichê  which ihew us, that as the Fancy of the Workman, 
the Mode of the Times, real Convenience or an imaginary Beauty in 
the Inftrument determin’d it, they were faihion’d into various Shapes, 
and frequently like their Lamps of Old into capricious, fantaftical odd 
Figures.

476 Of the Ancient Greek and Roman Lyre,

lie End o f  the F i r s t  P a r t .
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I. rI ^ H E  Heat of Winter Air, when Water begins A  Scale o f  tbt 

to freeze. This Heat is known by rightly 
placing the Thermometer in Snow preffed „ “  ̂ í.kzL

together, at what Time it begins to thaw.
The Heat of Winter Air.
The Heat of the Air in Spring and Autumn.
The Heat of the Air in Summer.
The Heat of the Air at Noony about the Month of July.
The greateft Heat that the Thermometer receives by the 

Contaft of a Human Body. This Heat is much the 
fame as that of a Bird fitting upon her Eggs.

The Heat of a Bath, which is almoft the greateft that any 
one can endure long, with his Hand agitated and im- 
merfed in it. The ^me almoft is the I^at of Blood 
juft let out.

The greateft Heat of a Bath that any one can endure 
long, his Hand being immerfed and at reft in it.

The Heat of a Bath in which Wax fwimming and melt
ing, by moving about grows hard and lofes its Tranf- 
parency.

The Heat of a Bath in which Wax fwimming grows li
quid by the Heat, and is preferved in continual Flux 
without Ebullition.

The intermediate Heat between the Degrees in which the 
Wax melts and the Water boils.

The Heat by which Water boils violently, and a Mix
ture of two Parts of Lead, of three Parts of Pewter,

and
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0/ the Degrees of Heat.
and o f five Parts o f .  Bifm uth grow s ft lff ln  cooling. 
W ater begins to boil by a'FIeat o f  33 Parts, and in 
boiling conceives a H eat o f more than 34 i Parts. But 
Iron wi t h a  H ea; o f  35 0 ^ 36 Parts ceafes to excite an 
Ebullition, when hot W ater is dropt upon i t ; and o f

_g7 Parts, when cold W ater does the fame. '
T h e  leaft H eat by which a M ixture o f  one Part L ead, o f 

four Parts Pewter, and o f  five Parts Bifm uth, grows 
hot and melts, and is preferved in a continual F lux. 

T h e  leaft H eat by which a f i x t u r e  o f  equal Parts o f 
Pewter and Bilm uth melts. T h is M ixture cools and

• coagulates by .a H eat o f  47  Degrees.
A  H eat by which á M ixture o f  tw o Parts o f  Pewter, and
- one Parc o f  BUinuth is m elted, as allb a  M ixture o f  

three Parts o f Pewter, and tw o Parts o f  Lead. But a 
M ixture o f five Parts o f Pewter, and o f  tw o Parts o f 
Bifm uth, cools and grows ftifF with this H eat. And 
a M ixture o f  equal Parts o f  Lead and Bifm uth does 
the fame. • ' *

T he leaft H eat by which a M ixture o f  one Part o f  Bif
m uth, and eight Parts o f  Pewter is melted. Pewter 
aJone is melted with a H eat o f  72 Parts, and cools and 

I  grow s ftiiF by a H eat o f  70 Part^..
T h e  H eat by which Bifm uth is m elted, as alfo (a M ix

ture o f  four Parts o f L ead, and one P art o f  Pewter. 
. 1  But a M ixture o f  five Parts, o f  L ead , and one Part of 

Pewter, grows ftifF when melted, and cools,, in thij 

sHeat. . . ■
T h e leaft H eat by which L ead is melted. L ead  grows 
'.'hot and melts in a H eat o f  916 or 97  Parts, and cools 

and grows ftifF in a H eat o f  95 Parts.
T h e H eat by which Bodies heated in the F ire b y  cooling 

quite leave ofF to ihine in the D arknefs o f  the N ig h t, 
and again by grow ing hot begin to ihine in the fame 
Darknefs, but with a very faint L ig h t  which can 
hardly be perceived. In this H eat a M ixture o f 
equal Parts o f  Pewter and R egulus M artis w ill m elt *, 
but a M ixture o f  feven Parts o f  B ifm uth, and four 
Parts o f  the fame R egulus M artis, w ill cool and grow  
ftifF.

T h e  H eat by which Bodies heated in the Fire g ro w  red 
hot, but not.fo in the T w ilig h t. B y  this Heac a M ix 
ture o f two Parts o f  R egulus M artis, and o f  one Part 
o f Bifmuth, as alfo a M ixture o f  five Parts o f  R egulus 
M artis, and one Part o f  Pew ter, by cooling grpw s ftifF. 
T h e  Regulus by itfelf grow s ftifF w ith a H eat o f  146 
Degrees.

161
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41 The Heat by which Bodies heated in the Fire plainly 
 ̂ grow red hot in the Twilight, juft before the Rifing 

or Setting of the Sun, but not fo in open Day-light, 
or but very obfcurely.

The Heat of burning Coals in a fmall Kitchen Fire, 
made of bituminous foíTile Coals, and without blowing 
with Bellows. The fame is the Heat of Iron in fuch 
a Fire, that grows red hot as much as it can. The 
Heat of a fmall Culinary Fire made of Wood is 
fomething greater, perhaps of 200 or 210 Degrees. 
But the Heat of a large Fire is fomething greater ftill, 
efpecially if provoked by the Ufe of Bellows.

In the firft Column of this Table we have the Degrees of Heat in 
Arithmetical Progrefllon, beginning the Computation from that De
gree in which Water begins to freeze, as it were from the loweft De
gree of Heat, or the common Limit of Heat and Cold, and makmg 
the external Heat of a Human Body to be 12 Degrees. In the fecond 
Colunm are had the Degrees of Heat in Geometrical Progreflion,, fo 
that the fecond Degree is as great again as the firft, the third as great 
again as the fecond,. and fo on •, and tiie firft is the external Heat of the 
Body of a Man adequate to Senfe. Now it appears from this Table, 
that the Heat of boiling Water is alnioft three Times greater than the 
Heat of the Human Body, and that the Heat of melted Pewter is fix 
Times greater, and the Heat of melted Lead is eight Times greater,, 
and the Heat of melted Regulus is twelve Times greater,' and that the 
ordinary Heat of a Culinary Fire is 16 or 17 Times greater, than the 
fame Heat of a Human Body.

This Table was conftruited by the help of a Thermometer and a 
piece of red hot Iron. By the Thermometer I found the Meafure of 
all the Degrees of Heat, till I came to the Heat with which Pewter is 
melted, and by the red hot Iron I found the Meafure of the reft. For the 
Heat which red hot Iron communicates to cold Bodies which are conti
guous to it, in a given time, that is, the Heat which the Iron lofes in 
a given time, is as the whole Heat of the Iron. Therefore if the Times of 
cooling are taken equal, the Heats will be in a Geometrical Ratio, and 
therefore are eafily found by a Table of Logarithms.

Therefore firft I found, by a Thermometer conllrufted with Linfeed 
Oyl, that when the Thermometer was put into melting Snow, the 
Oyl took up a Space of 10000 Parts. The fame Oyl rarified by a 
Heat of the firft Degree, or by that of a human Body, took up the 
Space 10256 ; and b̂ y the Heat of Water juft beginning to boil, it 
took up the Space 10705, and by the ,Heat of Water boiling vehe
mently it took up the Space 10725, and by the Heat of melted Pewter 
cooling, when it began to be ftifF and put on the Confiftence of an 
Amalgama, it took up the Space 11516, and the Space 11496 whea 
it was quite ftiff. Therefore the rarified Oyl was to the dilated in the

Ratio,

A  Scale of the Degrees of Heat. 3



Ratio of 40 to 39, by the Heat of the human Body ; in the Ratio of 
15 to 14 by the Heat of boiling Water ; in the Ratio of 15 to 13 by 
the Heat of cooling Pewter, when it began to grow ftifF and coagulate ; 
and in the Ratio of 23 to 20 by the Heat by which cooling Pewter 
grows quite ftifF. The Rarefaction of Air with equal Heat was ten 
times greater than the Rarefaflion of Oyl, and the Rarefaftion of Oyl 
was about 15 times greater than the Rarefatlion of Spirit of Wine. 
And from w1iat is here found, by fuppofing the Heat of the Oyl 
proportional to its Rarefaftion, and for the Heat of the human Body 
writing 12 Degrees, the Heat of Water when it begins to boil will 
comc out 33 Degrees, and when it boils vehemently 34 Degrees ; and 
the Heat of Pewter either when it melts, or when it begins to cool 
and becomes of the Confiftency of an Amalgama, will be of 72 De
grees, and when it cools and grows hard, of 70 Degrees.

Thefe things being known, that I might find the reft, I heated a 
thick piece of Iron till it was red hot, and taking it out of the Fire 
with a hot pair of Pincers, I immediately put it in a cold Place, 
where the Wind blew conftantly ; and putting upon it little Particles 
of different Kinds of Metals, and other Bodies that would melt, I 
obferved the Times of Cooling, till all the Particles grow ftifF and loft 
their Fluidity, and the Heat of the Iron was equal to the Heat of the 
human Body. Then fuppofing that the Exceffes of the Heat of the 
Iron and the rigid Particles above the Heat of the Atmofphere found 
by the Thermometer, are in Geometrical ProgreiTion when the Times 
are in Arithmetical Progreflion, all the Degrees of Heat became known.
I placed the Iron in a Wind blowing uniformly, and not in a quiet 
Air, that the Air heated by the Iron might always be carry’d away by 
the Wind, and the cool Air might fucceed in its Place with an uniform 
Motion. For thus equal Parts of the Air would be made hot in equal 
Times, and would conceive a Heat proportional to the Heat of the 
Iron.

Now the Heats thus found will have the fame Proportion to one ano
ther with the Heats found by the Thermometer, and therefore we 
have rightly aíFumed, that the Rarefaitions of the Oyl are propor- 
donal to its Heat.

An Account o f  II. Dr. Hook̂  who has made many Attempts to improve the Baro- 
Dr. Hook’i jneter, and to render the minute Divifions on the Scale thereof more fen- 

fible, judging that it might be of great Ufe at Sea, contrived feveral 
F*^Haliey, n. Ways to make it ferviceable on Board a Ship one of which he explain- 
25g. p. 791. ed to the Royal Society at their weekly Meeting in Grejham-Collegê  Janu

ary 2. 166J. fince which Time he hath further cultivated the Invention, 
and fome Years ago produced before the faid Societŷ  the Inftrument I 
am now to defcribe.

The Mercurial Barometer requiring a perpendicular Pofture, and 
the Quickfilver vibrating therein with great Violence upon any Agi
tation, is therefore uncapable of being ufed at Sea, (though it hath

lately

4 Dr. Hook’s Marine Barometer,
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lately been contrived to be made portable.) So it remained to find out 
fome other Principle, -wherein'* the Pofition of the Inftrument was not 
fo indifpenfably neceflary : For this, all thofe that ufe the Sea are 
obliî ed to the great Facility Dr. Hook has always ihewn, in applying 
philofophical Experiments to their proper Ufes.

It is about 40 Years fince, that the Thermometers of Robt. deFluSlibuŝ  
depending on the Dilatation and Contraftion of included Air by Heat 
and Cold, have been difufed, upon Difcovery that the Air’s Preflure is 
unequal •, that Inequality mixing itfelf with the EíFeéls of the Warmth 
of the Air in that Inftrument. And inilead thereof was fubftituted 
the feal’d Thermometer, including Spirit of Wine (firft brought into 
England out of Italy by Sir Robert Southwell) as a proper Standard of 
the Temper of tiie Air in relation to Heat and Cold •, that íEthereal Spirit 
being of all the known Liquors the moft fufceptible of Dilatation and 
Contradlion, efpecially with a moderate Degree of either Heat or Cold;
Now this being allowed as a Standard, and the other Thermometer that 
includes Air being graduated with the fame Divifions, fo as at the Time 
when the Air was included, to agree with the Spirit-Thermometer in 
all the Degrees of Heat and Cold, noting at the lame Time the precife 
Height of theMcreury in the common Barometers: It will readily be 
undcrftood, that whenlbever thefe two Thermometers ihall agree, the (
Prefliire of the Air is the fame it was, when the Air was included and 
the Inftrument graduated : That if in the Air-Thermometer the Liquor |
ftand higher than the Divifion marked thereon, correfponding with that !;
on the Spirit-Glafs, it is an Indication that there is a greater PrelTure |j
of the Air at that Time, than when the Inftrument was graduated. And 
the contrary is to be concluded, when the Air-Glafs ftands lower than 
the Spirit, viz. that then the Air is fo much lighter, and the Quick- 
filver in the ordinary Barometers lower than at the fame Time of Gra* 
duation.

And the Spaces anfwering to an Inch of Mercury will be more or 
lefs, according to the Quantity of Air fo included, and the Smallnefs 
of the Glafs Cane, in which the Liquor rifes and falls, and may be aug
mented almoft in any Proportion, under that of the l îecific Gravity of 
the Liquor of the Thermometer to Mercury. So as to have a Foot or 
more for an Inch of Mercury, which is another great Convenience.

It has been obferved by fome, that in long keeping this Inftrument, 
the Air included either finds a Means to efcape, or depofits fome Va
pours mix’d with it, or elle for fome other Caufe becomes lefs elaftic, 
wliereby in Procefs of Time it gives the Height of the Mercury fome- 
what greater than it ought; but this, if it ftiould happen in fome of 
them, hinders not the Ufefulnefs thereof, for that it may at anyTime 
very eafily be correfled by Experiment, and the rifing and falling 
thereof are the Things chiefly remarkable in it, the juft Height being, 
barely a Cmiofity.  ̂ " J B &

V ol. IV. Part II.
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(5 A  New B'arofcope.
Ill thefe Farts o f  the W o rld , long Experience has told us, that the 

rifing o f  the M ercury forbodes fair W eather after foul, and an Eaiterly 
or N ortherly W in d , and that the falling thereof, on the contrary, figní- 
fies Southerly or W efterly W in d s, w ith R ain, or ilorm y W inds, or 
both ; which latter is o f  much more Confequence to provide againft at 
Sea than at L an d  and in a Storm , the M ercury beginning to rife, is a 
fure Sign that it begins to abate, as has been experienced in high L ati
tudes both to the Northwards and Southwards of the Equator, 

iig . I .  yi ^  reprefents the Spirit-Therm om eter, graduated from  o , or the 
freezing Point, through all the poiTibl^Degrees o f  the H eat or Cold of 
the A ir , at leaft in thefe Climates.

C D  is the Air-Therm om eter, graduated after the fame M anner, with 
the like Degrees.

£  F  is a Plate applied to the Side o f  the Therm om eter C  D ,  gra
duated into Spaces anfwering to Inches and Parts o f  an Inch o f  M er
cury, in the common Barometers.

G, a H and ftanding on the Plate at the H eigh t o f  the M ercury 
thereon, as it was when the Inftrument was graduated, as fuppofe here 
at 2 9 1 Inches.

L M a  W ire on which the Plate E F  flips up and dow n, parallel to 
the Cane o f the Therm om eter C D .

Ki any Point at which the Spirit ftands at the T im e  o f  Obfervation •, 
fuppofe at 38 on the Spirit-T herm om eter; Aide the Plate E  F  till the 
Hand G ilan d  at 38 on the Air-Therm om eter, and i f  the L iq u o r there
in ftand at 38 likewife, then is the Preflure o f  the A ir  the fame as at 
the T im e o f  G raduation; viz. 29, 5 but i f  it ftand higher, as at 30 
at I, then is the Prefiure o f the A ir  greater ; and the D ivifio n  on the 
Aiding Plate againfl the L iquor, ihews the prefent H eigh t o f  the M cr- 
cury to be 29 Inches 7 Tenths.

I had one o f  thefe Barometers with me in m y late Southern V oyage, 
and it never failed to prognoftick and g ive  early N otice o f  all the bad 
W eather we had.

j4 New Baro- HI. I have made a new Sort o f Barofcope, ’ tis cheap and very exaét,
fcope, by Mr. I here fend you its Calculation as it occurr’ d to m y T h o u gh ts before I 
Cafwell. n.  ̂ made it. Suppofe A B C  D  1% a B ucket o f  W ater, in it the Barofcope 
290- X r e z y  0 s which confifts o f  a Body x r s and a T u b e  e z y

Fig. 2. the Body and Tube are both concave Cylinders com m unicating with 
each other, and made o f  T in  (for W an t o f G la fs :) T h e  Bottom 
o f  the T ube z y  has a Lead-w eight to fink it, fo that the T o p  of 
the B ody may ju ft fwim even w ith the Surface o f  the W ater by the 
A d d itio n  o f  fome G rain-W eights on the T o p . T h e  W ater when the 
Inftrument is forced with its M outh downwards gets up into tiie 
T u b e  to the H eigh t y u .  There is added on the T o p  a fm all con
cave Cylinder, which I call the Pipe, to d iftinguiih  it from  the Bottom  

o fmall

j n



A  New Barofcope, 7
fmall Cylinder, which I call the Tube: This Pipe is to fuftain the 
Inftrument from finking to the Bottom, i/is a Wire, d E  zrc 
two Threads oblique to the Surface of the Water, which Threads per
form the OfBce of Diagonals: For that while the Inftrument fmks 
more or lefs by the Alteration of the Gravity of the Air, there, where 
the Surface of the Water cuts the Thread, is form’d a fmall Bubble, 
which Bubble afcends up the Thread, while the 5 of the common Ba- 
rofcope afcends.

T he Circumference of the Body is 21 Inches, therefore its Area 
=  35 : the Altitude j =  4, therefore the Body’s Solidity =  140, each 
Bafe X w, r s, has a Convexity whofe Altitude is 6.5, therefore the 
Conoid on each Bafe is nearly =  112, therefore d the whole Body is 
_  ( j^o +  1 1 1 -f- 11 5 =  ) 163, and ¿ the entire Altitude of the 

' Body =  ( 4  +  .65 +  .65 = )  5.3. The inner Circumference of the 
Tube is 5.014, therefore its Area « =  2 the Length of the Tube =  45, 
therefore the Tube’s Capacity =  9, therefore C, the Content of the 
Body and Tube =  163 -}- 9 =  172 Cubic Inches, that is almoft 2*
Quarts.

Suppofe the Air’s Preffure when greateft =  30.5 Inches of 2 =:
(30.5 X 14 = )  427 of Water, and / »  427, therefore f c  =  73444- 
Put a for the Depth 0 «, of the Air in the Tube when the Body is juft 
all immerfed, the Air in the Inftrument on Immerfion contraéis fome- 
what by the Cold of the Water j this Contraélion I find is nearly as 
much as would be produc’d by an Addition of i Inch to the 
Atmofphere’s Altitude 427 •, this in cold Weather, but in warm 
Weather ’tis probably twice as much : But we will now fuppofe 
it =  I ,  therefore the Depth of the Surface of the Water in the 
Tube below the Surface of the outer Water is =  ¿ therefore
the Preffure on that inner Surface, is as the Altitude of the At- 
mofphere above it= / -}-  b +  i -{■ a-=-F— a (putting !•)
Then for that the Spaces into which the Air is contrafted, are recipro
cal to their refpeftive Preffures, and for that while the Inftrument is 
out of the Water, the Preffure /  anfwered to the Space C, therefore,

P a f : \ C : =  Space which the Air takes up in the Inftru-
F -\ -  a ^ ^

ment under Water j therefore, ----- d —  that Part of the Tube
h a

which is poffeffed by Air ^  an  (fuppofing the Tube’s Area 2 == »),

Therefore f c ' ^ F d - ^ a d ^ ^ - F a n - ^ - a a n .  Therefore a a

Q^q q 2 X
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8  ̂ A New Barofcope.

X a z=í í j s Z - L i .  P ut F  +  —  =  2 therefore a a -¡r  ̂g a.

—  L i ^ — therefore a =  i  Z  —  S-

T h en  fuppofe the Atm ofphere’ s G ravity lefs, fo m uch as to fink the
5 i l n c h  =  1.4 o f  W ater, and therefore putting q. z = F —  1.4 , and in 
the laft Equation a  inftead o f  and y  inftead o f  g , you have a  =

and therefore « — .V^'Li------ Í ----^ y y : — y . T hus I find <? =  2.72
^  ' 05 —  2.94

a =  .22,  which .22 X n gives .4 4 'C u b ic  Inches, and (fuppofing a 
Cube-Inch =  253 Grains) .44 x 253 = 1 1 1  Grains W e ig h t o f  Water 
that was gotten up into the T u b e in the firft Cafe more than in the 
fecond, and therefore the Barofcope requires an A ddition  o f  1 1 1  Grains 
on its 1 'op to fink it with the L ev e l o f the W ater in the fecond Cafe 
more than in the firil, and this upon the finking o f  the 5 in the com
mon Barofcope only ^  Inch ; now i Grain in this new Barofcope is 
nearly as difcernable as /5 Inch in the com m on, and therefore this new 
Barofcope is more exaft than the common 111  T im es.

P u t / =  247 .c =  172 J  =  163 .« =  2 as above, only changed, 
put i 'i  put F  4 37.3 , fuppoie the Body funk in W ater 4 Inches
l o w e r i n  this Cafe a  =  208, therefore a —  a =  .64, which multiplied 
into « =  1.28 Cubic-Inches, which x ' 253 gives 37.4 Grains, and fo 
much the B ody’ s T o p  x m being funk 4 ’ nches under W ater, the Body 
becomes heavier, than while x m was at the Surface o f the Water.
Therefore this 1.28 divided by the aforefaid D epth 4 gives .32 the Area
o f  the T o p -P ip e , fuch as would ballance or buoy up the B ody at any 
Depth. Striftly  fpeaking, the Pipe Ihould be gradually b igger upward 
in order to fuftain the Inftrument at any D epth, but as to Senfe it is cy
lindrical,' and its Circumference =  2.005. But for that the leaft A lte
ration o f the A ir  would' make the B ody’ s T o p  x m  m that Cafe pafs 
through the 4 Inches (which 4 Inches I fuppofe, all the V ariety o f  Depth 
that the Inftrument has room given it in the B ucket to afcend or defcend) 
therefore the Pipe is made a fmall Matter bigger, ( v iz .)  its Circum fe
rence is 2 .14-; whereby the Pipe, according as the B ody finks more, 
gives more Refiftance to the defcending B ody, T h e  P ipe’ s Area is 
.3643 ; therefore the Capacity o f  the Pipe in 4 Inches A ltitu d e i s =  1.457. 
But as abovefaid'to g iv e ’ jiiftly  no Refiftance, its Capacity ihould be
1.28. Therefore this i.a8 taken from 1.4 57 , leaves . 1 7 7  the a<ftual 
Refiftancc-in 4 Inches D epth, v iz . ( .1 7 7  x 253 = )  4 4  Grains.

J . But
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But this Rcfiftance will not be the fame in all W eathers, in order t|ierc- 
fore t o  calculate what it w ill be when the 2 o f  the common.Ba-rofcope is 
very lo w : F or E xam ple, but 28 Inches h igh  =  392 o f  W ater •,/ m u ft  be 
fuppofed =  3 9 2 , t h e r e f o r e F = / + ¿ '+  I = 3 9 8 - 3 . and the reft as before-,

163,/c =: 6 74 2 4 . f i / =  649229. thence by the aforeiaid Equation

A  Nem Barofcope'l » ■̂ .«9

VIZ
2-59 j .  therefore a  — a =  .2 5, which x  « g ives .50 C ubic Inches,

which X 253 == 126 Grains. So that this Barofcope when the 5 is 
loweft, is m oreexaft than the com m on 12 6  T im es, fuppofing the B ody 
immerfed afreih when the 5 is fo low.

N ext while the 5 is fo very low , fuppofe the T o p  o f  the B ody de- 
prefs’d 4 Inches under W ater -, therefore (p =  i*'4 - 4 =  40 2.3 , the refl: 
are as before, v iz . f  c =  6 74 2 4 , then a  w ill be 19 : but before, while 
the T o p  o f the B ody was at the Surface, a  was 2.59 •, therefore the D ii-  
ference 69 x T u b e ’ s A rea 2, gives 1.38 Cube-Inches, w hich x 253 
gives 349 Grains, and fo much the Barofcope is heavier, when the 
T o p  X m is 4  Inches under W ater or w hich comes to the fame, fup- 
pofing that 2 at 28, and x m at the Surface this Barofcope by the 5 ’ s 
afcending -̂ ^Mnch w ill become heavier 349 Grains. T h e  P ipe’ s Capa
city in 4 Inches A ltitud e was 1.4 5 7 , from which take the abovefaid
1.38, the Refidue - -  .0 77, which x 253 gives 19 Grains in 4  Inches 
fo that the Pipe w ill fuftain the Barofcope, and alfo 44  when the 5 is 
305 high, and but 19 Grains when the 5 is 28 high. T h e  fewer Grains 
Difference there are in its finking, through 4 Inches, the more nice 
the Barofcope w ill be.

There where the Thread cuts the Surface o f  the W ater, is form ’ d a 
Bubble, therefore this Bubble while the Inilrum ent finks in W ater
4 Inches, which is all the room that I g iv e  it, the Bubble m oves on the
2 Diagonal Threads 20 Inches, it follow s therefore that Grains 
Difference would m ake the Bubble w alk  over 1 20 Inches, i f  the ThTeads 
were fo long, but as it has been above calculated, about 120 Grains 
Difference o f  W eig h t o f  the Inilrum ent is produc’ d b y  fo much o f  the 
Alteration o f  the A ir , as w ould m ake the 5 o f  the com m on Barofcope 
ra Inch therefore when the 5 afcends -,5 Inch, the B ubble o f  this 
new Barofcope afcends 1 20 Inches ; therefore this new Barofcope is more 
exaft than the com m on Barofcope by about 1 2.00 T im es, t.

1. W h ile  the 2 o f  the com m on Barofcope is often know n to be fta- Obfer̂ oatiom 
tionary 2 4  H ours together, the Bubble o f  the new Barofcope is rarely
iound to ftand ftill one M inute. ‘  “  arojcope,

2. Suppofe the A ir ’ s G ravity  encreafing, and accordingly the Bubble 
afcending, during the T im e  that it afcends 20 Inches, it w ill have m any 
ihort Defcents, o f  the Q uantify o f  | Inch 1, 2, 3, or more Inches, each 
o f which being over it w ill afcend again. T h efe  Retroceflions arc fre
quent, and o f all Varieties in Q uantity and D uration, fo that there is 
no ju d gin g o f  the general Courfe of the Bubble by bare Infpedtion, 
though you fee it m ovin g but by w aiting a little T im e.
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New Thtrtnofneier,
3. A  fmall Blaft o f W in d  will make the Bubble defcend *, a Blaft that 

cannot be heard in a Chamber o f the T o w n , will fenfibly torce the Bub
ble downward. T h e  Biafts o f  W in d  fenfible abroad caufe many o f the 
abovefaid RetroceiTions, or Accelerations in the general C o u rfc ; as I 
found by carrying m y Barofcope to a Place where the W in d  was per
ceptible.

4. Clouds make the Bubble defcend. A  fmall Cloud approaching to 
the Zenith, works more than a great Cloud near the H orizon. In 
cloudy W eather the Bubble defcending, a Break o f  the Clouds (or 
clear Place) approaching to the Zenith, has made the Bubble to af- 
cend ; and after that Break had paffed beyond the Zenith a confiderable 
Space, the Bubble again defcended.

5. A ll Clouds (except one) hitherto by me obferved, have made the 
Bubble to defcend. But the other D ay the W in d  being Norths and the 
Courfe o f the Bubble defcending, I faw to the W indw ard a large thick 
Cloud near the H orizon, and the Bubble ftill defcended, but as this 
Cloud drew near the Zenith, it turned the W a y  o f  the Bubble, m aking 
it to afcend, and the Bubble continued afcending till the C loud was all 

«paíTed, after which it refumed its former Defcent. It was a C loud that 
yielded a cold Shower o f  fmall H ail.

T his N ew  Therm om eter is compos’ d o f a B ow l or Bottle o f 
niometer, by Glafs, which has no other opening, but by a little T unnel at the 

t',?' A/r.GeofFroy. End ; and which defcends almoft to the Bottom o f  the Bow l. T his
V ■ E^274.p.y6i, Xunnel is open at both Ends B C . B  dips into the L iq u o r £ ,  which is

<  ̂ at tlie Bottom o f  the Bowl.
i T h e  Space o f  the Bottle o f  Glafs is fill’ d with A ir , w hich ha? no
Í Communication with the exterior A ir.

Fig. 3. W hen the A ir  contain’ d in this Space is ratified by the exterior A ir  
? which touches the Bottle, it preffes at the fame T im e the L iq u o r £ ,

and obliges it to rife by B  in the Tunnel B  C. O n  the contrary, when 
it condenfes by the exterior C old, by not preffing the L iq u o r E-, it 
permits that which is in the Tunnel to  fall.

T h e  Readinefs with which the A ir  condenfes or rarifies by C old  and 
H eat, makes the EfFedls o f  this Therm om eter m uch more fudden than 
thofe o f any other fo r t : Befides, the Effedls o f  this is m uch greater,
the A ir  being capable o f  a greater Rarefaélion, or o f  a greater Con-
denfation, than any other L iquor.

'Jht Caufe of V - Rtmarks on the Second Paper in the H ifto ry  of the R o yal Academ y 
the Variation Sciences,/or the Tear 1 7 1 1, concerning the Caufe of the Variation of the 

Barom eter; Shewing that the Wi^ of accounting for it in that Paper is in-
made ufe of to prove what is there

faguliers. n, afferted, does no Way prove it.
351, p. 570. ‘ ^he Paper is as follows.'] “  It appears b y  the Barom eter, that when it 

“  rains, or a little before the Rain, the A ir  com m only becomes

(jn^ED
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“  That it muft rain when the A ir  becomes lighter iseafy to im ^ in e  ;
«Í for the im perccivable Particles o f  W ater, that fw im  about in the 
“  A ir in prodigious Q uantity, not being fuíHciently fuftain’d when the 
“  A ir  has loft a certain Degree o f  its W e ig h t, begin to fa ll, and feveral 
“  o f them joining together in the Fall m ake D rops o f  Rain. So when 
“  about half o f  the A ir  is drawn out o f the R ecipient o f  the A ir-P u m p ,
“  (and confequently the remaining A ir  is as weak, again as at firft ) fome- 

thing like a fmall Rain falls. B ut w h y fhould the A ir  become lighter?
One m ight im agine that in the Place where it rains, it may have loft 

“  fome o f its W e ig h t and B u lk , by Means o f  the W ind s carrying away 
“  fome Part o f  i t : B ut M onfieur Leibnitz, in a L etter to the A b b o t 
“  Bignon, gives a more ingenious and more new Reafon for it.

“  H e pretends that a B (^ y , w hich is in a L iq u id , weighs with that 
“  L iquid, and makes up Part o f  its whole W e ig h t, fo long as it is 
“  fuftained in it ; but i f  it ceafes to be fuftained, and confequcntly falls,
“  its W eigh t no longer makes a Part o f  the W eig h t o f  the L iq u id , w hich 
“  thereby comes to weigh lefs. T h is  may naturally be applied to the 
“  above-mentioned Particles o f  W arer ; they encreale the W e ig h t o f  
“  the A ir  when it fuftains them , which is dim iniflied when it lets them 
*■ fall ; A nd as it may often happen that the Particles ot W ater that 
“  are higheft, fall a confiderable T im e  before they jo in  with thofe th.ic 
“  are low, the G ravity  o f  the A ir  dim iniflies before it rains, and tlie 
“  Barometer ftiews it.

“  T his new Principle o f  M onfieur Leibnitz is furprizing. F or m uft 
“  not a ftrange B ody, whether fuftained in a L iq u id  or not, always 
“  weigh ? Can it gravitate upon any other B ottom  than that w hich 
“  fuftains the whole L iq u o r ? D oes that Bottom  ceafe to carry a 
“  ftrange B ody, becaufe it tails ? A n d  is not that B ody all the while it 
“  is falling, pait o f the faid L iq u id  as to the W e ig h t?  A tth a t rate.w hilft 
“  a Chym ical Precipitation is made, the whole M atter ought to w eigh 

lefs, which has never been obferved, and fcarce appears credible.
“  N otw ithftanding thefe O bjeilion s the Principle holds good , when 
more clofely exam in’ d. W h at fuftains a heavy B ody is prefs’ d by it.
A  Table, for exam ple, which fuftains a Pound W e ig h t o f  Iron, is preis’ d 
by it, and is fo only becaufe it fuftains the whole A£tion and E ife i l  o f  

“  th eC au feo fG ravity ,(w h ateveritb e) to pufli that L u m p  o f  Iron lower.
I f  the T able  fhould yield to the A élion  o f  that Caufe ot the W e ig h t 

“  (or G ravity) it w ould not be prefs’ d , and therefore w ould  carry no- 
“  thing. A fter the fame M anner, the Bottom  o f  a V efle l, w hich contains 
“  a L iquid , oppofes itfelf to all the A d io n  o f  the Caufe o f  G ra vity  againft 
“  the faid L iq u id : I f  a ftrange Body fwim s in it,th e  Bottom  oppofes itfelC 
“  alfotothe faid A d io n  againft that B o d y, w hich, being in JEquilibrio w ith  
“  the L iqu id , is in that refpeit really a Part o f  it. T h u s the Bottom  is 
“  prefs’ d both by the L iq u id  and the ftrange B o d y, and fuftains them both.
“  But i f  the Body falls, it yields to the A étion  o f  G ra v ity , and confe- 
“  quently the Bottom  does no longer fuftain it •, neither w ill it fuftain

“  it.

Caufe o f the V ariation of the Barom eter. x
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•- Tie Caufe of the Variation
“  it, till the faid Body is com e down to the Bottom . Therefore du- 
“  ring the whole T im e o f the Fall, the Bottom  is eafed o f  the W eight 
“  o f that B ody, which is no longer fuftained by any T h in g , butpufh’j  
“  down by the Caufe o f G ravity, to which nothing hinders it from 
“  yielding.

“  Monfieur Leibnitz to confirm his N otion, propofed an Experi- 
“  ment. H e  fays, that two Bodies muft be tied to the two Ends of 
“  a Thread, the one heavier, and the other lighter than W ater, yet 
“  fuch as both together may fwim in W a te r : P u t them into a Tube 
“  full o f W ater, the Tube being tied to one E nd o f the Beam o f a 
“  Ballance whofc other End has a counterpoifing W e ig h t : Then if  we 
“  cut the Thread which ties the Bodies together (that are o f  unequal 
“  W eight) fo that the heavieft may prefently defcend, he fays, that 
“  in fuch a Cafe the T ube would be no longer in Êquilibrios but its 
“  counterpoifing W eigh t would preponderate, becauie the Bottom of 
“  the Tube would be lefs prefs’ d. It is plain, that the T u b e  muit be 
“  fufficiently long, that the falling Body may not reach the Bottom 
“  before the Tube has T im e to rife. In Chym ical Precipitations, the 
“  Vefiels are either too Ihort, or what is precipitated falls Ibmetimes 
“  toofaftan d  fometimes too (low •, for then the little Bodies are always 
“  (as to Senfe) in Êquilibrio with the L iquor that contains them.

“  Monfieur Ramazzini, the famous ProfelTor at Padua^ to whom 
“  Monfieur Leibnitz had propofed his Experim ent, has made it with 
“  Succefs, after fome fruitlefs Trials. M onfieur Reaumur (to whom 
“  the Academ y had recommended it) has alfo made it w ith Succefs.

Fig. 4. Remarks upon Monfieur Leibnitz’ j  "New Principle.] L e t A  B ht the
Bottom o f a Veflel full o f  any Fluid, whofe T o p  is cither wider than 
the Bottom as G  //, narrower as E  F, or equal to it as C D. The 
Preflure o f the Fluid upon the Bafe A  B  will be equal to the W eight 
o f C 5, or o f a Cylinder or Prifm  o f the fame F luid , made up o f the 
Area o f the Bafe multiplied into the perpendicular H e ig h t above it.

I f  the Fluid be equally denfe every way as W ater, or o f  a Denfity 
unitormly diminiih’ d as you go upwards, this Propofition (called by ' 
M r. Boyle the H ydroftatical Paradox) will hold good. T h is  is demon- 
ftratedjby all Hydroftatical W riters, 

fig. 5. L e t\ £  F  reprefent Part o f the Surface o f  the E arth, and G E  F H z
Pillar o f the Atmofphere, whofe H eight G E  the whole H eight of 
the A ir. L et us imagine the Vapours rifing out o f  the Earth to form

i themfelves into two Clouds A  and B, and to fettle in that Place 
where the A ir is o f the fame fpecific G ravity  w ith themfelves. 
It̂  is evident that they will caufe the A ir  to rife fo much higher 
as their B u lk  amounts to, and w ill therefore m ake the Surface wh'ch 
was zt. G H  to rife up to I  K\ fo that the B ottom  E  F  which was 
prefs d by a Pillar o f A ir  as G  £  F  is now prefs’ d by an higher Pil" 
lar as I E F K .  N ow  if  the Clouds Ay B, by any Caufe foever, change 
their Place, fo as to come downwards, (for E-xample to C, Ü)
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of the Barometer, 13
H eight o f  the P illar I E  F K  w ill remain the fame as it was, and there
fore the Bottom  E  F  w ill be prefs’ d as before by the foregoing P ropo- 

fidon.
Corol. I .]  I f  the C loud s A  5 defcend, and in their D efcent keep 

the fame B ulk  as they had before, the Surface I K  w ill remain the fam e, 
and therefore E  F  will be prefs’ d as before.

Corol. 2.] W hether a Body be fpecifically lighter or fpecifically hea
vier than a Fluid ; fo long as it is detain’ d in it, it will add to the 
Fluid as much W e ig h t as the W e ig h t o f  an equal B u lk  o f  that F lu id  :
Wherefore a B ody does not lofe all that W e ig h t w hich it added to the 
whole W eig h t o f  the F lu id , when it ceafes to  be fuilain’ d in the faid 
Fluid ; contrary to M onfieur Leibnitz^  Principle.

SchoL] I f  a Cloud (by any Caufe whatfoever) bccom es fpecifically 
heavier than that Part o f  the A ir  in w hich it fw im s, the E xcefs o f  its 
Gravity above an equal B u lk  o f  A ir  w ill m ake it defcend, and accelerate 
its M o tion  downwards i and then indeed it w ill lofe o f  its W e ig h t 
by the Refiftance o f  the Medium, till it comes to an uniform  (or 
fenfibly uniform) M otion : but all the W e ig h t that it w ill lofe 
will only be the E xcefs o f  its G ravity  above that o f  the A i r ; for |
with the reil o f  its W eig h t it will ilill m ake up Part o f  the W e ig h t o f  
the Air.

Experiment i .]  H a vin g  w ith a W 'eight in the Scale C  o f  the Fig. 6,,
Balance A  B  counterpois’d  the long Glafs o f  W ater E  /, with a 
Florfe-Hair I let down the leaden W e ig h t IV  into the W ater, w hich
from F G  arofe up to and therefore the W ater became heavier ,
by the W eigh t o f a B ulk  o f  W ater equal to the Lead. H a v in g
with another W eig h t in C  made up the Counterpoife to the w h ole, 
with fine SciiTars 1 cut the T hread o f the Plum m et •, and all the w hile 
the Plum m et was falling, the W ater defcended rather than rofe *, and 
when the Lead was at the Bottom  the W ater overpois’ d , becaufe it had 
then added to it all the E xcefs o f  W e ig h t o f  the L ead  above an equal 
Bulk o f W ater, w hich by E xperim ent is about t?  o f  its W eigh t. H a d  
MeiTieurs Reaumur and Ramazzini tried the Experim ent thus, the 
Succefs had been the fame ; but M . Ramazzini (as I underftood from  a 
Gentleman who was prefent) tried it in the fo llow ing M anner, as I 
have fince done.

Experiment 2.] M a k in g  ufe o f  the abovementioned M achine, after Fig. 7,’
I had balanc’ d the W ater and L ead  in it, I fix ’ d to the E n d  o f  the 
Beam B  the Thread o f  the Plum m et, which in the form er E xperim ent
I held in m y H and. T h is  added to  the W eig h t hanging at B , and 
oblig’d me to put into the other Scale a W e ig h t equal to t?  o f  the 
Fead, to recover the ^Equilibrium. T h en  cuttin g the Thread or H a ir , 
the Scale w ith the W eigh ts overpois’ d w hilft the L ead  was falling ; 
but the JEquilibrium was reftor’ d when it came to the Bottom . So that 
the Lead even then m uft have loft only its E xcefs o f Y /eigh t above 
Water.

V o l. IV. Part II. R r r Exft-
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' Experiment 3.] I tried the Way propofed by Monfieur Leibnitz in
the following Manner. r u-

Fig. 8. I took a Cork C weighing an Ounce, and lomething more than four
times lighter than an equal Bulk of Water, and a Ball ot Antimony fV 
about four times fpeciftcally heavier than Water, and of four Ounces 
Weight, The Cork laid upon the Water in the Veflel E A  B D rais’d 
the Water from SS to G (?, and added an Ounce to the Weight of the 
whole Water : then fufpending the Ball of Antimony by a String, and 
letting it hang in the Water at TV, it rais’d the Water from G G to 
H  //,°and fo added another Ounce to the Weight of the Water. Then 
tying the Antimony to the Cork, the Cork had added to it three 

Fig. 9. Quarters of the Weight of the Antimony which the Hand before had 
fuftain’d, and made it fink fo as to be almoft cover’d, and raifed the 
Water to ik  ̂ adding three Ounces to its Weight. Hanging this Vef- 
fel of Water upon the Balance, and a Counterpoife at the other End, 
upon cutting the String the Veffel of Ŵ ater was rais’d up, and the 
Mqiiilihriwn was not reffor’d till the Antimony came to the Bottom.

B y obferving that as the C o rk  (being freed from the W eigh t o f 
the A ntim ony) arofe, and that during the Fall o f  the B ody, the W ater 
funk to h K  it appears that this is, in Effect, the fame Experim ent as 
the former, and concludes no more. A s  to the real Caufe o f  the V a
riation o f  the Barometer, namely, the A ccun^ lation  o f  the A ir  by 
W inds over the Place where the Barometer rifes ; and Part o f  the A ir 

Vid. Supra, being blown away where the M ercury in the Barometer finks, fee Dr.
V . II. p. 20. //¿i//^’ s A ccount o f it in the ‘íranfa î. N um . 18 1.

Pojifcript.'] In m aking the firft Experim ent before the R . Society, of 
a Piece o f  Lead fufpended by a Thread, whilft it was w holly cover’d 
with W ater in the large T ube in which it hung (whofe L en gth  was four 
Feet) it was obfervable, not only that the E nd o f the Balance (to 
which the T ube o f  W ater with the Lead in it was fixed) did not rife 
when the Thread was cut, (to let the Lead fall from the T o p  to the 
Bottom o f  the T ube) as it mull: have done according to M . Leibnitz’s, 
Principle but that the faid E nd o f  the Balance began to defcend from 
the T im e  that the I.ead began to fall. Therefore to be fure that 
it was not the Plum m et’ s rubbing againft the Sides o f  the T u b e in 
its Fall, which caufed that Phenomenon, I hung to the Balance a long 
Glafs o f  three Inches Diam eter inftead o f  the T u b e, and m aking the 
Experim ent as before, it fucceeded in the fame manner : T h e  E nd of
the Balance, which carried the Veflel o f  W ater, funk as foon as the 
Thread o f the Plum m et was c u t; tho’ this Glafs was n o t above half 
fo long as the Tube.

When by holding of the String I drew the Lead upwards and 
downwards in the Water, there was no fenfible Alteration of the 
MquiVibrium. Neither was it alter’d by cutting the String of a Stone- 
Plummet, becaufe of the Shortnefs of the Glafs, and the little Excefs 
of fpecific Gravity in the Stone: for the greater the D ifference is

betwixt
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betwixt tfee Body made üfe of in this Experiment and Wattr, as weU 
as tiie bigger the Body_ itfelf is, the better the Experiment will fuc-

^^Henccv-it appears, that.Vvhen a Body, fpeoifically heavier than a 
Fluid, is (by what Caufe foever) detain’d in any Place of the faid 
Fluid, it adds as much to the Weight of the whole Fluid as an equal 
Bulk of the faid Fluid amounts to: And when the faid Body, by the 
Aftion of its Excefs of fpecific Gravity ' above the Fluid, defcends 
with an accelcrated Motion •, fo long as that Motion is accelerated, 
the Refiftance of the Fluid (which is as the Square of the Velocity^ 
takes off fomething of the whole Weight of the Body ? but as much 
as the Body lofes, fo much the Water gain», over and above what was 
given it “by its rifing on Account of the immers’d Body.

A Body therefore that falls in a Fluid is fo far from making the 
Fluid lighter as it falls, that it makes it prefs more upon the Bot
tom that fuftains it, when it is falling, than when it was at reft in the 
Fluid.

If the Veflbl ¿ f Water be lóng enough for the falling Body to come 
to*an uniform Motion before it reaches the Bottom, the Force im- 
prefs’d on tJic Water under the Body will make it prefs the Bottom, as 
much as if the Body were adhially at JBottom, the Body in that Cafe 
lofing all its Excefs of Gravity above that of the Water, and the Water 
gaining it.

Hence it follows, that a falling Cloud, when it comes to an uniform 
Motion, will not only add to the Weight of the Air ü s  much as the 
Weight of an equal Bulk of Air j but even as much as its whole 
Weight amoutits to, tho’ it be fpecifically heavier than the Air about 
it.

All the Diminution of Weight that can be allow’d in this Cafe is this.
If we imagine the Air to have a fmooth, regular Surface, as we have 
at firft fuppos’d, (or if that not allow’d, we may take ahy imaginary 
Surface of it above the Clouds) when a falling Cloud is diminiíh’cí in 
Bulk, (as when it is chang’d into Rain) the Surface of the Air will 
fubfide in Proportion to that Diminution, and therefore will weigh 
lefs, by fo much as is the Weight of a Quantity of Air equal to the 
Bulk that Cloud has loft : But when the Drops of Rain after Accelera
tion (occafion’d by their Excefs of Gravity above that of the Air) 
are come to an uniform Motion by the Refiftance of the Air, they re- 
ftore to the Air the Weight that it had loft. Now this uniform Mo
tion being acquir’d in about two Seconds of Time, and the Diminu
tion of Gravity in the Air being infenfible, when compared to near 
three Inches of Mercury (for fuch is the Variation of the Barometer 
with us) can no way be the Occafion of thofe fo fenfible Alterations in 
it, which happen fome time before Rain or Fair Weather.

c f  ithe Barometer. ?5

R r r 2 Add



i6
'AddtotUi, that the whole ^antity of Rain that falls in England and 

France, in the Space of one Tear̂  fcarce ever equals two Inches c/Mer
cury: And in moji Places between the the Rains fall  ̂ at cer.
tain Seafonŝ  in very great ¿^antities, and yet the fhews there
•very little or no Alteration.

Thefe Barometrical Experiments, for inquiring into the different 
mldfwitb the Elafticity of different Kinds of Air, were made by help of a Tube 32 
Barometer, Digits long, Faris Meafure, and 2 Lines Diameter, in different Parts 

of Switzerland, on occafion of an Excurfion upon the Alpŝ  undertaken 
in September 1714.

The firft Column Ihews the Air left in the Tube. The fecond tiie 
Height of the Mercury above the Superficies oí the Quickfilver. 
The third the Spaces of the expanded Air. The fourth ihews the 
Defcent of the Mercury becaufe of the Air that is left.

Sept. 6. At Zuricĥ  the Height of the whole Barometer zt 8 a-Clock 
before Noon was 26 Paris Digits, 4 Lines. But at 9 f it was 26

Experiments made m th the

Experiments

h  Dr, J. 
Scheuchzer. 

n 3H- p. 
j6(J.

mnL Column *11. Column III. Column IV.
;its. Digits. Lines. Digits. Lines. Digits. Lines.

3 ' 19 9 Twice. 12 6Í Twice. 6 . 7i
6 16 8 15 7i 9 «i

Q
16 7 i 15 8 9 9

12 ^ 1 1 II Twice. 20 3 Twice. 14 • 5 i
15 9 9 Twice. 22 6 Twice. 16 7 i
18 7 5i 24 8 i 18 11

7 6 : 24 8 18 lo i
21 5 3 27 0 Twice. 21 IÍ-
24 3 3 28 II Twice. 23
27 I 6 30 7 f Twice. 24 lo i
30 0 4 31 10» Twice. 26 0

Sept. II. in a Plain of the Alps call’d CcnnenCttoen gm atjetfn, near 
the Mountain Liber̂  under the Government of Glaryŝ  at one in the Af
ternoon, the Sky being clear, the Altitude of the whole Barometer was
23. 10 Twice.

Column I. Column II. Column III. Column
Digits. Digits. Lines. Digits. Lines. Dibits. ]

3 18 7 13 6 5 3
15 7 * 16 4 8 2Í

9 13 3 18 7 10 712 I I l i 20 9 12 8 t
15 9 0 22 9 14 10
18 6 II 25 0 16 11
21 4 u 26 10 18 II
24 3 0 28 10 20 10
27 I 4 30 5 22 6
30 0 2 31 8 23 8



Barometer in Switzerland.
1 2 .  A t  7  b e f o r e  N o o n ,. t h e  S k y  c l e a r ,  a u f f ^ C Í J É t r  a n  E m i n e n c e

* - — • r *7 . .1 1« jínI y r̂r 4 /« « O

1 7

Column I. 
Digits.

• I
9

'  J 2
15
1 8

21
24
27
30

C o l u m n  I I .  
D i g i t s .  L i n e s .

17
14
12
lO

8
6
4
2
I

o

555
79 -̂4
2

C o l u m n  I I I . C o l u m n  I V .

D i g i t s . L i n e s . D i g i t s . L i n e s .

1 4 6 4 2

1 7 3 7 I

1 9 6 9 2
21 6 1 1 3
2 3 6 ‘3 3
25 3 1 5 3
2 7 I 1 7 r

2 9 Os 1 8 l o L -

3 0 6 2 0 4
8 21 6

h e  S k y  c l e a r ,  auff Dem iBlattenWort

3
6

'9
12
»5
18 
2 1
24
27
30

17
14
12
10

8
6
4
2
I
o

5
6
5
4i
3
3

o

5
6

3^
I

l i

a n  E m i n e n c e  o f  t h e  M o u n t a i n  Liher, t h e  A l t i t u d e  o f  t h e  w h o l e  B a r o 

m e t e r  w a s  2 1 . 6 .

14 
17 
19
2 1

23
2 5  

2 7 ,
2 9

30

S e p t .  1 4 .  A t  1 2  w i t h i n  t h e  T r o n  M i n e  a t  5^ r « « í / < ? ,  a b o u t  3 0 0  P a c e s  

f r o m  t h e  E n t r a n c e ,  t h e  S k y  w i t h o u t  b e i n g  c l e a r .  _  T h e  H e i g h t  o f  t h e

2Í
54
4f
77
8
9
3
3 i

4
7
9 

11
12
14
1 6

18
20
21

II
II
10

933

n m c u a e  o r  t n e  i v i e r c u r y  m  m e  w n u i c  u d i u m c L C i ,  a n w  m  j  
D i g i t s  o f  A i r  t h a t  w a s  l e f t  i n  t h e  T u b e .  B u t  i t  m u i l  b e  o b f e r v e d ,  
t h a t  i n  t h e  i n m o f t  P a r t s  o f  t h e  M i n e ,  w h e r e  I  m a d e  m y  E x p e r i m e n t s ,  
t h e  A i r  w a s  r a t i f i e d  b y  m e a n s  o f  a  F i r e  l i g h t e d  t h e  D a y  b e f o r e ,  ( w i t h  

w h i c h  t h e  M i n e r s  m o l l i f y  t h e  H a r d n e f s  of t h e  V e i n , )  a n d  t h e  P l a c e  w a s  

m o d e r a t e l y  w a r m ’ d  l i k e  a  Stove.

„ i

. 3 18 9 . : 13 I 5 7
Í

1 ^
 ̂ 1

16 I 8 7
i 9 13 18' 5 10 II ■ .i

12 11 3 : 20 7 13 I

15 9 I , 22 9 *5 3
.  ̂ 18 7 0 24 ID 17 4

* 21 4 11 27) 0 1 9 5 4

. 24 3 0 28 10 21 4  ■'
27 I 4 3 0 6 2 3 0
70 0 3 1 6 24 I t

, Í
O u t  o f  t h i s  M e t a l l i c  M i n e , i n  t h e o p e n  A i r , I  o b f e r v e d  t h e  f a n j e

N. B.’



N . B; It is ftund h  mam ExferitmnU made iefore ihé R p a l Society  ̂ that the Elajite 
Farce o f  compréis-d Air is ts the comprefftng Weights direEily. By thejeOlferyattonsofthe learned 
Scheuchzer it appears  ̂ that the fame Rule obtains very nearly in renfied Air. For though fmie 
Difference is founds yet it is net fo great but that it may he owing to the unequal Diameters o f  
the Tube. Now ihat thefe Fxptrlments maybe rightly madv, it is necejjary,  ̂ that the Capacity o f  
the Tube be divided into equal Parts, by putting the Mertury in by degrees, inflead o f taking 
Parts equal in Length.

VII. Obfervations on the Weather in a Voy:!ge to China, 1709, hy Mr.
J. Cunningham, n. 292. p. 1639.

j g  Ohfervüthns on the W eather

W eather.

‘  i 

W inds.
1

'Jeedles In- 
;lin. or D e-1 
Dreffion of 
he N . or S. 
Point under 
the Horizon

^'eedles 
V aria 
tion E. 
or W .

L on gi
tude E .

from
iUjago.

^atitude 
N .o r  S.

Philof.
Baroni
A ltit .

Ther.
A ltit.
below

E x-
tream
Heat.

Day o f 
the 

M on.

Rainy and Cloudy. Variable Breezes, amd 
TO Hours calm.

iff.;8“ 30 N 5“ ib  t 1“ 2b N
,

;  D iv. Jan, • 

3>-

Rainy and cloudy 
with Lightning.

N  S by W  S W  S 
and 16 Hourscallm.

•;  ̂ ; 
I ■

6 1 1 E :i 18 N 4 Febr, 1

Fair. V'ariable Bieezes tind 
11 Hours calmj

r  ' 6 13 E 1 14 Í\ 5 2

fa irw ith R a in a t noon Variable. ' S Í 7E I 07 N 5,
fa ir  and cloudy, Rain 

in the Forenoon.
Variable. , | *• r • 5 49 E 0 27 N 4

Rainy and cloudy. Variable with 9 hours 
éalm.

5 44 E 0 00 4 S

Fair and cloudy with 
fome Rain.

V ariable with 4 hours 
calm.

5 55 E 0 30 4 6

f a ir  and cloudy. Small G ales from £ 
_ by S to S E  by S.

3 30 S 5 08 E I 46 S S 7
f a i r  and plealant. Eafy Gales from E 

by S to S E  by^E.
4 56 E 3 00 S 4Í 8

Fair and pleaiant. Eafy at E S E ,  snd 
S E  by E.

I 4 29S 5 9
f a i r  and pleaiant. Eafy at S E  by £ 

and S E.
ID 00 S 3 54 E 5 S7S 5 10

f a ir  and pleaiant. Fine Gales S E  by E . 20 17 E 3 05 E 7 1 0  b 6 1 1
Fair and pleaiant. E S E  fine. 2 20 E 2 22 E 8 46 5> 6 12
f a ir  and pleafant with 

one Shower.
E á.S a n d £  by S. 2 50E I 37 E lo  29 S 8 13

fa i r  and cloudy with 
fome Squalls.

E by S and E . 3 30 £ 1 20 E 12 05 s 7 '4
fa ir ,  with one Squall.] E by N  to E S E . 4 i z E I 10 1' 13 4 4 S .̂L

-J \ .
Fair and pleafent. E  by S and E. 19 CO S 4 10 E 1 10 b 1 5 09 s ^  I

/ a 16
f a ir  and pleafant. E. 4 52 E I 14 E 16 32 s 8 '7 ,
Fair and cloudy with 

one Shower.
E . ¿ h K 1 19 t i8 01 S 8 Í i 3

Fair with one Shower E by S to E by N . 30 00 S <; 42 E I 29 E 19 14 S Ik iq
f a ir  and cloudy with 

feveral Squalls.
S E  by E  to E by W 

fmall.
b i 3 E I 15 E 20 05 S 8 20

Fair with 2 Shbtvers. N N E  to E  by N  eafy. I 33 E zi 1 6 S 7 21

ilinED



ifi a Foyage to C liina. 19

Pay 
cf the 
Mon.

T ttr .
Altit.
below

Ex-
tream
Heat.

Í

Philof.
Barom
Altit.

Latitude 
N . or S.

L on gi
tude E 
from St 
Jago.

Necdlei 
V aria
tion E . 
or W .

Needles In 
d in , or De- 
preffion ©1 
th e N .o r S . 
Point undet 
theHorizor

W inds. W eather.

22 7 22 23 S ' 54 Í1, 7 02 E dif. N  N E  to E by N . Fair w ith  a Shower.

23 ■; 23 47 ^ 2 39 E( N  N  E  to N  N  W, Fair and plealant.

H 25 21 S 3 28 E| N  N  E  to N  E by £. Fair and pleafant.

2? 6." 26 38 s 4 0 9 E I  8 o o fc 39 GO S N E  by N  to N  N  E. Fair and pleafant.

26 6i 27 49 S 4 52l''l N  E  by E to N . Fair and pleafant.

27 8 29 16 S 6 0 7 E N  to Ñ  W . Fairfom etim es d ou d y

'28 3 30 01 s 7 3 4 E W  N  \V to W  S W . C loudy Sc fqually with 
Rain and L ightn ing.

29 lO i 31 26 Í5 1 0 2 0 E W  N  W  to N  by E 
freih.

Squally w ith  m uch 
Rain &  fome Thunder

March
I.

•2 Í 8 31 lo  S U 4 9 E N  W  to W  moderate. Uncertain w ith T h u n - 
der and Rain.

2 «3 10 11 16 S 13 i / E 4 5 0 E 42 00 S W  to N  W  m oderate. Fair and cloudy.

3 •7i '4 31 13 S 1 6 0 4 E W  to S frelh. C loudy and fqually^

4 z j i 18 30 26 b . 7S i E S by E  to S E  by E . Squally and cloudy.

26 •9i 30 q8 S 17 1 7 E E S E  and E  by S. Fair and cloudy.

6 '2+ 20 32 07 S 1 7 08 E 3 0 5 E E by S to E  by N  
moderate.

Fair and cloudy.

7 23 2b 33 0Ó S 1 6 S 4 E E  by N  to S E  by 
E fmall.

Fair and cloudy.

8 32 32 33 14 s I 8 2t) E 2 05 E S E  to SS W  moderate. Fair and cloudy.

9 33 3̂ ; 32 45 S 1 9 5 9 E S to S á W  blowing 
hard.

Cloie and fqually.

10 29 34 32 27 S 2 1 1 3 E S by E  &  S moderate. G ray and cloudy.
11 29 32i 32 01 s 22 32 E S by E  to S E by E . Squally, clofe and 

cloudy.
I z 2 S i  ̂ñ *. 32 36 s 1 2 23 E S S E to E  by S. D ry , clofe &  cloudy

~ iT 27 34 33 42 S 2 2 4 ’ f E  by S to E by N  eafy.' Fair and clofe.

H 2Ó 1| 3i 3+ c8  S 25 23 E 1 I S E V ariable and fmall. |Fair and d o le .

' 5 26 11 30 34 '0  6 25 26 E 0 s7  E N  t o N W b y  N  eafy.|Eajr and lerene.
16 24 30 34 4ti S 2 7 4 5  E 0 20 E N  by W  to N  N  E . Fair and ierene, 

fometimes clofe.'7 25 30 34 55 ^ 2 9 4 8  E 0 22 W iN by E  to N  N  W  
a fine G a le ,

Fair and ierene.

" i F 34 59 ^ 33 27 t I 19VV 47 00 S N to N  N  W . Fair and ferene, this 
Forenoon cloudy.

V " 34 3« 34 44 ^ 3 6 2 5 E N N  W  to S W  and 
S by W .

T h ic k  and fqually, 
this Forenoon fair.

20 26 11 3-v 34 22 S 3 7 4 ;  F 6 25 W S W  to N  W  ealy. Fair and cloudy.
21 28 11 33 34 29 S 39 0 4 E NVV by N  to W  eafy. Fair and cloudy.
22

i T

57 42 34 08 41 3' t W to S S E  fine. Fair and iometimes 
fqually.

30

261

36 j 4 3? ■’ 434« K 7 0 S V V S to W  S W  fine. Variable W eather.

- i i - 32 34 08 15 06 E S 8'j W SS W  to W S W  fmall. Fair and pleafant.
H 27 3ci- b 3 58  S 4 7 0 S E 8 5 2 W S W  by S 10 Ü E  by Variable.

S eafy.
WeathcjT
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20 Obfervatk

Weather.

 ̂ 1
W inds.

Fair and cloudy. S E by S to S by VV 
moderate.

Variable. i W  by S to S mo
derate. _

Fine moderate W ea
ther.

3 W  by S to S by W 
fmall.

fa ir  and pleafant. S E fmall, fometime.' 
frefti.

Fair and pleafant. SW  to SE molt Part 
calm.

Fair and pleafant. Variable Breezes and 
calm.

T h e  fame. S to S E  fmall.

T h e  fame. S E fmall.

T h e  fame.
S E and S E by S 

moderate.

T h e  fame. S E and S S E imall| 
and calm.

T h e fame. S E by S fmall, at 
‘ N ight freih.

T h e  fame. IS E fmall.

T h e  fame. Variable and calm.

T h e  forenoon foggy, 
Afternoon clcar’ d up.

Calm, at N ight blow
ing frefti.

Fair and hazy. S S E  and S by E 
blowing hard.

Fair and pleafant. S S E fine Gales.

Fair and gray. S E by S to N E  
moderate.

Fair and cloudy. Variable and fmall.

Squally. S S E  to S E  by E 
moderate.

V ariable. S E to E by N .

Fair and cloudy. E to E N  E  fmall.

Variable. S by E  to S W  by S 
fmall,fomctimes calm.

Variable. S S W  to E S E.

Fair and clofe. E by S to E N E  fmall.

F 'jir and cloudy. E by S to N  E by 
N  moderate.

O o u d y and overcaft. N E by E to E  by 
S moderate.

M oderate W eather. \  E by E to N E  by 
N  ealy-

Variable. vV S CV to S frelh.

i'a ir  and cloudy. i K to S S E Imall.

Fair and [iJeai.4nt. S h  to IN N E I'nuli-

__ _ ÁMmt 1 ««iUtC----

the Weather
eedles In- 
n. or D e 
ef. o f  the 
.o r S .P o . 
ider the 
oriy.on.

1
Needles 
Varia
tion E. 
or W .

Longl- 1 
tude E . 1 
from St. L ati

tude N . 
or S.

Philof
iarom
A lti
tude.

T h er.
Altit.
below

Ex-
tream
H eat

D a r  
o f  the 
Mon.

9 45' ' 4 8 3 2 E 53 35 Í zSl ■,r.y*-5i 26

lo  39 W 4 9 5 6 E J3 5" ^ 29 27 *•/

50 3 6 E 54 03 S 30-Í 3Si- 28

;o  36 E 34 03 S 34-Í 33 29

|8 o o  S 50 3ÓE 34 ^ 31 30 30

50 36 E 34 03 S 25 26 31

A t the Cape Jfr. I .

of 2

• Good- Hope. 3
4
5 r

6

7
34 30^ S

Longit. 
from the

9
Cape of 
Gmd Hapt

10

00 43W 3+ 45 29 3‘ 1 1

II 2Q W 00 25 lA' 01 S 28 2Í> 1 2

0OO8W 35 30 S 4 2 Í 33 •3 -

O 036W 36 52 S 44i 34i 14
00 1 3 W 37 r;i S 29 J 5l 15

I 2 40 W I 03 E 37 57 S 3«i- 27 16

2 38 E 37 41 Í5 '7
? 29 E 33 4-? s 38 31 18

4 5 0 E 39 53 ^ 34 26 19

S 5 8 E
)

40 42 S 39 31 20

7 4 9 E 4I 06 b 34 3̂ i 21

10 06 E '•q 52 S 45Í 40 22

19 o5 V, 11 34 E 3S 51 c 44 38

1 1 1 50 E 39 ®9 32 24

1 1A 57 E Süi- Urny



\
a  V o y a g e  to China.

.  1

Dayo
the

Mon.

Ther. 
A ltit. 

f below 
Ex- 

tream 
Heat.

Philof
Baro.

A ltit .

Latitud* 
N .o r  S

L o n g i
tude E . 
from th 
Cape 0 

Good- 
Hope.

Needles 
e V aria- 
f tion E. 

or W .

N eedles In 
d in . or D e 
preflion o f 
the N . or S 
Point unde 
the H orizoi

W inds.

r
1

VVeathei*.

26 46 55 38 00 S 17 06 I dif• W  by N  to S \V 
blowing hard.

' V ariable w ith  Rain 
and H ail.

37 36 45 37 4« S 19 loh Ó0 00 S Í! S W  by 8 to W  N  U  
frefti.

C lofc and cloudy.

28 3' 37 37 45 S 21 35 E 21 2 3 W W  N  W  to N  W  bj 
N  moderate.

' t  air fom ewhat cloudV
1

iq 25 37 27 S 23 32 fc N W  to S W  esfie. Variable.

30 23 33 37 30 S 23 5 7 E 2 2 2 7 W W  S W  to S E  b y  £ 
fm all.

i C lofe W eather. i!

Mas\ 33 42 37 58 S 25 2 4 E N N  E to E  fmall. C lofe and cloudy.

2 32 45 38 16 S 27 00 F 24 30W N  E by E to N  by 
E  eafie.

C lofe.

3 32 40 38 4 7 S 29 40 F "Ñ E  by N  to N  N  W  
frefli.

C lofe and fqually. i

4 30 3' i 38 50 s 33 20 E Ñ  N  W  to N W  freih. Fair and cloudy. ii

S 37 37 38 43 S 36 20 E 60 00 S 7N  W  to S W  freih. V'ariable and iqudlly.
•1

6 4?i- 38 3 i  ■>. 39 54 t N  W  to S W  eafie. Variable and fqually.

7 3S¿- 45t 38 1 7 S 42 07 E 69 00 S 8 W  N  W  to S W  m o
derate.

Fair Vv'eather.

8 46Í 53 37 4Í) S 45 51 E 24 20W W  N  W  to S W  by 
W  freih.

Variable.

9 35 40 38 48 S 49 «9ÍÍ S W  and VV N  W  
frefh.

V ariable. '!
\

10 32 39 38 JO S 52 4« E 24 o o W 72 00 S 8 W  by N to N  W  by 
W  freih.

Variable.

II 3S 16 38 09 S 56 o s  E W  N  VV and W  
freih.

Vfoderate with fome 
Rain.

12 32 42 37 25 S ;;8 16 t W  to S W  eafie. T h e  fame.

'3 33i 47i 37 25 S 59 II E 20 48 W S W  to N  N E  I'mall C loudy W eat her.

•4 34 4.5i 37 JO 60 54 E 20 oo\\ 75 00 s S W  N W  to N  W  by 
N  fm all.

Fair and pkalani^.

'S 30 
1 ^ 38 Í 37 '3  S 63 29 E 19 00 W W  N  W  to S W’ 

fine Gales.
Variable.

1 16 34 4» 36 S3 S 65 04 E 18 4 3 W 70 00 s 6 S W  to W  N  W
eafie.

Clofe and hazy w ith 
Rain. ¡1

J 7 3>v 36 Í 36 48 S 68 1 4 E 1 7 40W VV N  W  to N  W freih. Variable.

¡8 35 I 36 56 S 71 12 E 68 00 S 8 W  N  W  and W  by 
N  fine.

Fair and cloudy.

'9 3>t 4' 36 00 S 74 16 E W N  W  and W  freih. iModerate,

20 32 34 ;?5 01 S -6  39 E N VV by V\ to VV fine. T h e  fame.
1

21 32I 37 ;54 07 -8 32 E 14  28\^ Ü8 00 S 8 'W b y  S t o N  W b y N  'T he fame ||

22 27 2 ;i- :13 7 S i i i  c ^ E 14 00 v\ ]NT VV by N  and N VV 'T he i';:me. y

28i J 4i  i12 5Í ?3 5 8 1, 3 3  W 1 VV by N  to N  E 'Variable. Q

H 35 33 5;i 35 S i¡5 . 3 E IV by E  to W  by S r h ic k  and fqually. Q

*5 3° i  310 11 S Í!6 28 I', :i8 00 S 8S) W to W  N  W  1l^ariable. ^

3'
, 1V . p

34x 2 
art I I .

9 2 , 17 0Ó É 110 04 vv
S f  f

ViW  by W  &  S W  by t> '̂air and pie fant. 11  

W eather I



22 Obfervations on the W eather

W eather. W inds.

Needles Ir 
din. or De 
prefiion of 
the N . or ? 
Point unde 
the Horizo'

I-
Meedles 
V’aria- 

i tion E. 
r o r W .
1

Longi- 
: tu d eE . 

from th 
Cape 0 

Good- 
Hope.

!•

1’ Latitudi 
f N . or S

eP h i’.ol 
. Bare. 

A ltit.

T h er. 
A ltit. 

■ beloM 
Ex- 

tream 
Heat.

 ̂ D ay o f  
the 

M on.

•the fame. S W  to S E fmall. dif. 87 59 h 28 01 Í! 35 33
3 1

Variable. S E. and S E by E. i 58 U 2 4 E¡2 5  55 S 30 28

Squally & Rainy wit! 
Thunder & Ligíunin!

1 S E  by E to S S E.
f

90 29 E: z 3 5 9 S 20 27 29

V.\riable. S E and S E by E. 8 62 00 . 12 W'9 1  32 E 22 40 s 24 25 30

>air and ierene. S E to S S E. 7 00 w ■92 42 E i t  2 3 8 22

' 9~

22 3 1
Fair and plealant. S E and S E by E. 5 3Í W i93 ^ oE 19 54 8 '9 June I

T h e  fame. S E by E and E S E. 94 10 E 18 02 8 •7 17 2

I ’he fame S E by E and E S E. 4. 40 W 9 -̂ Í 5 H 16 30 8 >3 14 _ 3_4T h e  fame. E by S to E  by N. 7 s3 00 S (. 50 W 9C 19 I' 1 5 02 8 10 1 2

T h e  fame. E by N  to E by S. ; 12 W 95 U  I*- 13 4 0 S 7 7i 5
fThe iame. E to N  E by E. 4 52 0 0 ; 5 20 W 95 42 E 1 3 o t  8 3 5 6

“Irhe fame. E by N  to E S E. 15 W 95 5̂ t 12 59 S 3 5 7
T h e  fame. E by N to S E.  ̂ 42 VV 96 17 E 12 6 8 3 5 8

T h e  fame. E S E  to E  N  E. 4 26 W 96 28 E II 43 8 1 5i 9
T h e  fame. E by N  and E. j  52 W 96 34 E II 1 0 8 I .5 to

T h e  fame. E by N to E  S E. 5 32 w 96 54 E 10 18 8 0 4 11

T h e  fame. E by S :o E  S E. 6^46 00 8 3 26 W 97 37 E 8 45 8 . 5 12
T h e  fame. E by S to N  N E . 3 12 W 97 21 E 7 52 8 I 5i 13
T h e  fame. E S E to N  N  E. 95 5 6 ^ 7 23 8 0 4i •4
T h e lame. S S E to S E. 9 ;  16 E 6 45 8 0 5 *5
T h e iame. S S E , SSW and calm- Betwixt 0 4 16
T h e  iame. S S W , S E and calm. ya’va

Head
0 17

'i'he fame. S E and E. by S. and 0 2 18

T h e. fame. E N E and S E. Bata’via 0 2

I
1 9

T h e fame. V E by E to S S E. 0 20

T h e  lame. N N  E to S. 3 40 00 S Longit.
from

Batavia

0 I 21

T h e la.Tie. ■M to S S E. 30 0 5 W 0 • i 22

T h e  fame. N W  by W  and S W . DO 47 E 5 27 8 0 4i 23

Cloudy with fome 
Rain.

S by W and S E 
by E.

I 48 E 5 24 8 0 z 24

^ u a lly  withThunder 
Lightning and Rain.

É S E to N  by E. I 55 E 5 51 8 0 3 25

Cloudy with Rain. E S E to N  E by E. '»■138 00 S 1 51 Ej 6 1 2 8 6 i z6

Y h e fame. iCalm. I 59 E 6 1 6 8 0 5 2 7
Variable. 1Eby N  ro E S E fm all. 2 02 E 6 29 8 0 _ 5. _5

S4

28

Fair. iK S E and S E  fmall. 2 18 E 6 2 1 8 0 2 9
Uncertain. ’̂ ^ariable Breezes. 2 33 6 29 8 0 3°

Jufú
2

3
_ 4 ,

Fair with fome Rain. 1S by 8 to N  E by E 2 43 E¡ 6 44. S 0

Fair with fome Rain, i E  by E  to S E by E. 2 55 E¡ 6 '■ 0 4i

Fair and ferene. Í'^ E b y  E t o S E b y E . 3 34fi 6 Í Í S 0 3Í3lT h e  fame. INÍ E  to S S E . 3 49 6  -> i> 0
a  tf i „ .  XI t  Ü !1 i r n n S A 49 E 6 35 S “ 0  1 S



in a Voyage to C iiina. 2%

Day
of the 
Mon.

miei.
Altit.
below

Ex-
tream
Heat.

Philof.
Barom
A ltit.

L a ti
tude N . 
or S.

Longi
tude E . 

from 
Bata-
•via.

N eedles 
V a r ia 
tion E. 
or W .

Needles In 
d in , or D e- 
preflion of 
th e N . or S. 
Point under 
the H orizon

W inds. W eather.

~'s~ 2 6 1 2 ? 4 07 E dif. 8 E fmall. 1  he i.4iTie.

7 6 0 6 21 S 4 z8 E S E  by 8 to E. T h e fame. | |

6 0 6 2 2 8 4 43 E 8 E by E to E N  E T h e  fame.

9 6 I 6 28 S > 13 K E  by 8 to E  by N . 'I ’he fame.

10 8i- 3 6 i;o S 5 37 E I 25 W 41 10 8 2 8 E b y  E t o E b y  N . T h e  fame.

II 6 0 6 44 S 5 47 K E N  E to 8 8 E . T h e  fam e, w ith fem e 
Rain.

7T ~
1
1 6 2 ^ 8 5 0? E E by N  to 8 E. Fair and ierene.

'3 Í 0 6 OÍ 8 6 1 7 E 8 E to E  by S. T h e  fame.

" i4 6 2 5 10 8 0 5 4 E 8 E  to E  8 E . The fame, with feme 
Rain.

T T 4 0 4 20 8 7 09 E 8 E  by 8 to E S E . Fair and cloudy.

i6 S 0 4 oS 8 7 27 E S E b y  E t o N  E b y  E- Fair and ferenc.

•7 5 0 4 00 8 7 30 E A t the 
Banjar

B ar o f 
on Borneo

E  to S E  and calm . Fair and cloudy.

iS 8 4 4 00 8 7 30 E E to 8 E  by 8 fmall. Clofe and cloudy 
w ith R ain.

'9 7 z I 4 00 8 7 30 E 8 E  freih. C lofe and clearing up.

20 6 0 4 1 5 8 7 06 E 40 00 8 0 8 8 E to 8 E Fair and ferens. ij

21 5 0 4 51 8 1; 08 E 8 E  by 8 and 8 E. Fair and cloudy. '
22 2 i 0 4 59 8 5 I 2 E 8 E by E to E  by S. T h e  fame.

23 4 0 4 45 8 1 25 E S by E to E  by 8. Clofe with (bme Rain.

24 7 4 4 o g  S 0 17 E Variable. 8qually w ith 'l ’hunder ;

*5 0 4 01 8 0 1 3 E 35 00 S 6 8 to E by 8. Fair and clofe w ith 
Lightning.

26 •i- 0 3 32 ^ E by 8 to 8 E by 8. Fair and fcrcne.

27 3 0 In the Streights E N  E  to 8 by E . Variable.

28 5 0 o f Banca. S E by 8 to 8. F'air and Icrene.

‘9 4i 0 I 59 8 S E  by E  to 8. T h e  fame.

30 4 0 0 31 s Longit. I 50 w 8 E  to N  N  E T h e  fame.

3‘ 4 0 I 25 N t r u m  futo Candare. 31 00 8 S 8 E to 8 E  by S. The fame.

0 3 >9 >- 1 36 'A 8 8 E to S by W . Fair and d o le .

* I 0 5 07 ^ 0 52 W 8 by W  to 8 E. V^ariable with Thun^ 
der and L ightning.

3 1 0 6 0 4 ,N 0 2 ; W Variable. Fair and clofe.

4̂ I 0 7 47 N 0 08 i'. S S  VV to 8 W h y  8. Fair and pleaiant.

3i 0 9 16 N I 25 E W to S W . Fair, clo ie and hazy^

6 2 0 ,0  1 4 N 3 07 t •) W  by W  to W . Fair and hazy.

. 7 I 0 12 04 N 4 33 t 5 30 8 12 SW  by W t o 8 W b y ! > Fair and ferene.

8 I 0 24 05 N 5 58 1* 4  00 8 >3S W  and 8 W  by W . T h e fame.

o 16 1 5 N 7 02 I W by 0 to 8 W  by S. Fair and cloudy.
10 0 18 14 N 7 20 B Variable. Squally.
I I

■i 0 . 9 4 9 N 7 12 E W 8  W* to W  N  W.  
blow ing hard.

Squally and m uck 
overcaft.

12 Xt 0 z i  17  N 7 02 E 2 30 8 I W  8 W  to 8 S W . 
moderat».

Fair and d ofe  w ith  
fom e R ain.

c rr  - Wc.ith f



.24
Obfervations on the W eather

Weather. W inds.

Needle? In- 
clin. o rD e 
pref. o f  the 
N .o r S .P o . 
under the 
Horizon.

Needles 
V aria
tion E. 
or W .

Longi
tude
from
Pulo

Condort

L ati
tude N . 
or S.

P hilof
Barom
A lti
tude.

Thtr.\
A ltit.
below D ay 

E x- o f  the 
tream Mon. 
H e at.l

Fair and ferene. S S W  to S E  by S 
fmall.

dif.

2

6

7 3 6 E 21 58 N above
Extr.

i-i 1 13 
H eat. 1

Fair and pleafant with 
one Shower.

S E  to N  N E. 6 oo N 747 E 22 15 N 0 I be
low

H

Fair and pleafant. E by N  to N  E by É. 8 0 9 E 22 18 N 0 I

T h e  iame. Variable and calm. I 20 W 8 4 3 E 22 32 N 0 0 16

Fair, with feme driz- 
ling Rain.

W  S W  to S W  eaiy. 9 48 E 23 10 N 0 1
"f >7

Fair and ferene. Variable and fmall. 1004 E 23 32 N 0 l i 18

T n e  fame. N  to N  E by N  frefli. 10 18 E 23 56 N 0 2i »9
Fair and hazy. N  by F. to N  E by N 10 28 E 24 1 2 N 0 4 20

T h e  fame. N  E by E to N  by E. 1 2 oo N 10 4 3 E 24 22 N e I 21

T h e  fame. N  E  to N  N  E. 11 01 E 24 32 N 0 3 22

Fair and pleaíant. N  E  by E to N  N  E 
eafy.

[ 1 15 E 24 47 N 0 4 i 23

Variable. E N E t o N E  b y N  
freih

11 2 8 E 24 56 N 0 6 2 4

Fair and pleafant. E N  E to N  by E 
moderate.

11 38 E 2 ; 09 N 0 5 2 5

T h e  fame. N  by E t o N E b y E . 12 08 E 25 09 N 0 6 26

T h e  fame. E N E  to N  N  E. 12 2o E 25 07 N 0 5 27

Variable. E by N  to N  N  E. 1 1 50 E 25 29 N 0 5 28

Variable. N  E by E  to N . 12 02 E 25 37 N 0 4 29

Clofe and fqually. N by E  to N  E  by E 
freih.

I I  47 E 25 49 N 0 3i 30

Variable. N  E by N  to E  by N . I I  5 3 E 26 02 N 0 2 3 1

Fair and pleafant. N  N  E  to N  E by E. 11 56 E 26 05 N 0 Sef. I .  
2

3
4

T h e  fame, with fome 
Rain at N ight.

N  E  fmall. A t Cro 
Ifland.

codile

Fair and pleafant. N N  E  fmall.

T h e  lame. N  by E to N E.

Fair and cloudy. N  E moderate. 5
T h e  fame, at N iglit 

much Rain.
N  E freih, at N ight 

S W  blowing hard.

6

Cloudy with fome 
Rain.

N  E  freih and mode
rate.

7
Fair and plcalant, at 

Tim es overcaft.
N  E  moderate. 8

Fair and hazy. N E  moderate. 1 2 3 8 E . 5 4 4 N 0 3 9
10

T h e  fame. N  E  by N  to N  E 
by E.

12 1 3 E 26 I I  N 0 3i

T h e  lame. N  E  to N  N  E. 1 2 4 7  E 26 I I  N 0 5 1 1

Fair and pleafant. N  E by N  to E by S 
fmall.

1 2 3 7 E 26 22 N 0 4 i I Z

Fair.^ E N E  to N  E mo 
derate.

12 4 0 E 26 26 N 0

Fair aud cloudy. Tní N E to E N E. I Z 59E 26 37 N 0 6 i  14^
Da



i
a  V o y a g e  to  C h i n a .

'  1

Day 
of the 
Mon.

iTher.
Altit.
below

Ex-
tream
Heat.

Philof.
Rarom
Altit.

Latitude 
N . or S.

L o n g i
tude E. 

from 
Pu/o 
C ndore.

Needles 
V aria
tion E. 
or W .

Needles In 
clín. or De- 
prefllon of 
t h e N . o r S .  
Point under 
theHorizon

W inds. W eather.

J T
i6

? 0 27 05 N 13 II E dif. N  E by E to E by N F aird o fe  and cloudy.

7 0 26 55 N 14 01 E K N  E  to N  by W . Fair and cloudy. ||

17 8 0 27 07 N 14 1 3 E Ñ  to N  E  by E. T h e  fam e. ra

18 10 7-5: 27 26 N 14 13 E Ñ  E  to N  by E . Variable.

‘9 9 6^ 27 42 N 14 02 E N  by E  to N  E by E. Fair.

;o 7i 4 27 46 N 1 4 2 5 E N  E  by E  to N  by 
E  freft.

Fair and cloudy.

21 12 10 :8  03 N 1 4 2 S E N  E  to N  N  E mo
derate.

Fair and pleafant.

22 '5 27 49 N 15 31 E Si E  by N  to N*" by E- Fair w ith feme Ram .

2} '7 H 27 5 1 N i ; ® i  E N  N  E  to N  freih. Fair and cloudy.

24 4 »3 27 53 N 1 6 2 6 E N  by W  to N  by E 
fm all.

Fair and m uch over- 
caft.

2? >4 I z 28 10 N r 5 3 6 E N by E to N E  by N- Fair and clofe.

26 ‘ 3i >3 28 47 N| 1 5 04 E N  by E  to E by N . Variable.

27 H '3 29 06 N 1 4 4 9 E 1 7 3 0 N 5N  N  E to N  E by E- Fair and pleafant.

28 >7 28 5,- N I 5 09E ICO K N  N  E  to N  E. Fair and cloudy.

29 >3 29 02 N 15 0 9 E N  E by N . Fair fometimes clofe.

30 >5 >7 29 43 N 15 19 E V ariable from S S E 
t o N  W .

Fair pleafant and 
cloudy.

05. 1. 29 ; 6  N 1 4 5 5 E W  N  W  to N  E by E. Fair and clofe.

2 29 56 N I4S > E N  N  W  and N  Imall. T h ic k  and foggy 
w ith R ain.

3 N  N  W  to N  W  
fmall.

Variable, Forenoon 
fercne.

4 1 N  to N  E  moderate. Variable.

S N  N  W  to N  
blow ing freih.

Fair and cloudy.

6 Forenoon calm . A f 
ternoon S E freih.

Fair and ferene.

7 N  N  E  to N  E. Cloudy w ith Rain.
8 1 N  to N N  W . Cloudy and orercall ^

.9 1 N by W  to N  E. C loudy luizy &  Rain P
1 10 20 20 29 56 N 1 4 5 5 E 1 N  E to  S E moderate Cloudy and fair.

1 I L . 12 16 30 29 N 14 20 E 1 S E  to S W  fmall Fair and ferene.
1 2 >7 ; o  25 N 14 20 E M  Chufan. S W  fmall. The fame.

32 \ iN N  E  to N  E . Fair and cloudy. ;

24 30 30 z?  N 1 4 2 0  E 00 <;6 E 21 o o N i\ E moderate. Fair and cloudy. <

1 N  fmall. Fair and cloudy.
16 25 29 N  E  to E  moderate. Cloudy w ith  fame 

Rain
16 >4 S E  imall. Thick and h a zy  with 

Rain.
T T “ '5 •3 S E  m oderate. I ’hick and hazy w ith  

much R ain.
W eather



s6 Ohfervations on the W eather

W eather.

l-'air and cloudy.

T h e  fame.

Cloudy w ith iome 
Rain.

Fair and cloudy. 

ta ir  and pleal'ant.

T h e  fame.

T h e  fame.

T h e  fame.

Cloudy with fome
Rai n . ________

T h ic k  and hazy with
R a i n . _____

T h e  fame.

Fair and cloudy.

T h e  fame.

W inds.

Needles Ifi- 
clin. o rD e  
pref. o f  the 
N .o r  S. P o
under the 
Horizon.

«íeedles 
Varia
tion E. 
or W .

L o n g i
tude
from
Pulo

Condore

L ati
tude N . 

or S.

P hilof
Barom
A lti
tude.

T her,
A ltit.
below

E x-
tream
H eat

D ay 
o f  the 
Mon.

N E fmall. dif. 3' 2 3 Í »9
N  N  E to E N  E . 30 24 20

N  N  E to S K. 29 24 21
N  to N  W  ireih. 1 30 2? 1 2
N  by W  to W  N W 

fmall.
30 2Ó 23

S and S S E fmall. 32 27i 24

S E moderate. 28 24 2<:

SE to S by E moderate 26 22-i 26

N W  to N by W  
moderate

• 27 20 27

iN W  fmall, fome- 
times frefli.

I 4S 28

N  W  to N  moderate. 1 5« 29

N  N  W  to N  by E 
fmall.

59 46 30

N W  fmall. 1 65 47 31

Note I. That the Altitude of the Spirits in the Thermometer and Philofo- 
phical Barometer was commonly taken at Noon.

Note 2. That the Account of the Winds and Weather at Sea, is from 
Noon to Noon.

Note 3. That the middle Inclination of the Dipping-Needle is fet down 
with the Difference alfo which was made, as either Side of the Compafs was 
turn’d Eaft or W eft: Which Difference at firft was not taken Notice of.

From whence this Difference ihould arife, I cannot determine, the Compafs 
feeming to be juftly pois’d and equally divided.

For the few Chafmata in the Columns of the Thermometer and Barometer, 
there needs no other Apology, than that I was not on Board to take an Account 
of them my felf.

Regijler of VIII. Note I .  The Ifland Chufan is in 30° 2 5 'N. Latitude upon 

C h i-
fan j« C hina' Note z. That the following Obfervations were of a portable Ba- 
1700. ly Mr. rometer from England j which by a Barometer let up here were al- 
J. Cunning- ways Á  of an Inch lower.

8 Barometer ftood about 18 Feet above the Su-
’ perjicks of the Sea at high Water.

I. Grey

iL n m



T G rcv cloudy W eather, very  cold  and moderate Gales from  N W  ^oojtmhtr

N
2. G rey cloudy W eather w ith moderate Gales from  N  W  to N , 

and very cold.
3. G rey clou d y W eather, ve ry  cold  and fm all Gales from  N  b y

W  and N  N  W . A t  N ig h t little W in d  and more ferene.
4. G rey cloud y W eather, very  cold  and moderate Gales at N N  W

and N  by W .
5. Fair and ferene W eather w ith fm all Gales from  N  N  W  to N .

The Air temperate.
6. Fair and pleafant W eather, w ith  fm all Gales at N  W  and 

N N W .
7. Fair and pleafant W eather, fom ewhat h azy, and fm all Gales at 

N  N W . A t  N ig h t calm .
8.- Fair and pleafant W eather, w ith fm all Gales at N . A t  N ig h t 

little W ind.
9. Fair and ferene W eather, w ith fm all Gales at N . A t  N ig h t 

calm.
10. V ery ferene and warm  W eather, w ith  fm all Gales at N  by W .

In the N ight calm .
11 . D ry and ferene W eather, w ith  fm all Gales from  S E . A t  N ig h t

calm.
12. Dry and ferene Weather, with fome fmall Northerly Breezes. Ac 

Night calm.
13. T h e  M orn in g fo g g y , all D ay ferene w ith fm all Breezes at 

N N W .
14. T h e  M orn in g grey  and clo u d y, toward N oon th ick  hazy W e a 

ther with d rizling R ain till 8 at N ig h t. A l l  D ay treih Gales from  W  
b y S t o  N  W . A t  N ig h t lefs W in d  and fair.

15. G rey cloud y W eather w ith m oderate Gales from  N  W  to
N.

16. Fair and pleafant W eather w ith fm all Gales from  N  to N  
by E.

17. D ry  and ferene W eather with fm all Gales at N  N  W .
18. G rey cloudy W eather, w ith moderate Gales from  N  W . In 

the N ight cold.
19. D ry W eather fom ewhat cloud y, w ith fm all Gales from  N  W  to 

N. Cold at N ig h t.
20. Dry and pleafant Weather, with fmall Gales at N N W .
21. Fair and pleafant W eather, w ith Imall Gales from  W  by S 

to N ,W .
22. Fair and pleafant W eather, fom ewhat hazy w ith  Gales at 

SE.
23. Fair and pleafant W eather, the A fternoon overcaft, w ith m o

derate Gales at N  W  to N .

*The Weather at C hufan  in C h in a, 27

24. Dry



2 4-. D ry  W eather, fomewhat cloudy, w ith moderate Gales from  

\V  N  W  to N .
25. Fair and pleafant W eather, with fmall Gales from  N  by W . A t

Night calm  and cold. . .  ̂ ixr r  ,
26. Fair and pleafant W eather, with fmall Breezes at N  W , for the

m oft part calm. 5 Altitude 30 iV.
37. G rey cloudy M orning, with fmall Gales at W  N  W . 5 A ltitu d e

50 X*. In the Afternoon fair and pleafant with fmall Southerly Breezes.

^ \ ? .'^ F a ir  and pleafant W eather, w ith fmall Gales at N  W . ? 30 tV. 
'rh e  Afternoon fmall Breezes at S W . A t  N ig h t calm , and the Breezes 
veering to N , the A ir  temperate.  ̂ 30 A .

29. Fair and ferene W eather, with Calm s. 2 30 aV. In the A fte r
noon fmall Gales at S E . A t  N ig h t grey cloudy W eather, the Gale
veering to N . 2 30 Á .

30. A  grey cloudy M orning, with moderate Gales at N W  and 
W  N  W . 5 3 0  Á .  A ll  D ay more ferene. In the E ven in g overead, 
and fome Rain at 9 o f the N ight.

Dectmhtr j.. G rey cloudy W eather all D ay and N ig h t w ith freih Gales from
1700. N  to N  E . 5 30 falling to 30^7.

3. In the M orning fair and ferene. 5 30 iV. Since overcaft and 
grey cloudy W eather, with moderate Gales at N  N  E  and N . In the 
Evening fome Drops o f Rain, and fometimes blow ing freih in the 
N ight, and very cold.

4. G rey cloudy W eather, with moderate Gales at N  to N  W . 
530  at N igh t falling to 30 i i ,  then almoft calm.

5. A  grey cloudy M orning, towards N oon more ferene. 5 30 U . 
Freih Gales at N  E . In the E vening overcaft, with fom e D rops o f  
Rain. L ittle  W ind all N ight.

6* A  grey M orning fomewhat cloudy, and a fmall Breeze at N  N  E . 
5 30 In the Afternoon overcaft, w ith the W in d  at S , and 
fmall Drops o f  Rain. T h e  2 falling to 30 Some R ain in the 
N ight.

7. Clofe thick W eather with drizling Rains all D ay and N ig h t, and 
fmall W inds at N  N  E  and N . 5 30 vo-.

8. A  grey cloudy M orning with fome d rizling Rain, and moderate 
Gales at N  and N  by W . 5 rifing above 30 A ll  D ay and N ig h t 
o v e rc a ft; the 2 as before.

9. A  grey cloudy iharp M orning, and fmall W inds at N  N  W . 
5 30 Á .  Cloudy all D ay, and towards E vening clofe W eather and 
calm. 2 30 ^o.

ic .  D ry  W eather fomewhat grey and cloudy, w ith fm all Breezes 
a t N N W .  2 3ot*o. A ll D ay overcaft with variable Breezes inter
m ix’ d with Calm s. 2 as before.

Weather at Chufan in C hina;

2 i i . F ’air

ü n f D



Tl̂ e iVeather at Chufan in China. 29 !
1 1. Fair and pleafant in the Morning, fince overcaft with variable 

B r e e z e s , the 5 as before.
12. Grey cloudy Weather, in the Forenoon fmall Gale at S E. 5 30 

In the Afternoon the Gale frelhning at N W. 5 30 jV With fomc 
Rain all Night.

13. Grey cloudy Weather, with moderate Gales from N W  to N.
5 30 2V Cold all Night.

14. A lharp Morning and fair pleafant Weather, with fmall Oaks 
N N W and N. 5 30 At Night calm. 5 30 /5.
I F a i r  and pleafant Weather, with moderate Gales at S E. 5 30

A‘falling to 30 i'5.
j 6. The Morning fomewhat cloudy, with fmall Gales at S E. 2

30 5j. At Noon veer’d to N W , and the Sky overcaft ; at Night fome 
Hain, much Wind and Cold. »'
• 17. A lharp Morning and grey cloudy Weather, with moderate 
Gales from N W  to N N W, 5 30 All Day overcaft, at Night 
little Wind and much Rain.

18, Thick clofe rainy Weather, all Day and Night, with fmall Gales
at N  W .

ig. Grey cloudy Weather, with moderate Gales at N W  to N. 5 5*.
Some Rain at Night and very cold.

20. Grey cloudy Weather, with moderate Gales at N N W . 5 30 
At Night little Wind.

21 Grey cloudy Weather and cold, with moderate Gales from 
NN W to N W. 5 30 At Night drizling Rains. 5 30 .

22. In the Morning dolé Weather, with drizling Rains and mode* 
rate Gales at N W  and N N W. 5 30 The Afternoon dry, grey
and cloudy. ‘

23. A  grey cloudy Morning and calm, 2 30 towards Noon more 
ferene and a fmall Breeze at E S E. In the Evening overcaft with fome 
Rain and freíh Gales, all Night at N N W.

24. Grey cloudy Weather, fomewhat clofe, with freih Gales from 
NN W  to N  W by W.

25. Grey cloudy Weather, with moderate Gales at N W.
• 26. Clofe Weather with drizling Rains, and fmall Breezes at N E, 
for the moft calm. In the Night the Gale freihned at N. 5 30

27. The Forenoon grey cloudy Weather, and fmall Gales at N N E .
5 30 The Afternoon and all Night clofe Weather with drizling 
Rains, the Breeze veering to E N E.

28. Grey cloudy Weather with fome drizling Rains, and fmall nor
therly Gales. 5 30

In the Morning fomewhat fair, then overcaft w ith drizling Rams 
and clofe Weather all Day and Night, fmall Gales from N N E to j :
NE. $ 3 0 ^ . I.
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go. A  grey cloudy Morning, with Gales at E N E. 2 30 All
Day the forefaid Weather. r 1. 1’ c t-

31 •. In the Morning fair and pleafant, with fmall Gaks S E. »
30 In the Forenoon overcaft, Í  falling to 30 The Afternoon 
and Night clofe thick foggy Weather, with fome drizling Rain and 
calm-

7â ur,ry 1 / Dry Weather, fomewhat clofe, with fmall Gales at S E. 5 30 5*.
1701. ’ The Afternoon overcaft and clofe Weather, with fmall Gales at E S E.

2 falling to 29 and much Rain in.the Night.
2. Clofe Weather and drizling Rains, with moderate Gales at N N E.

5 30 Vg. At Night blowing freih, 5 rifing to 30 j‘¿.
3. Glofe and cloudy Weather, with drilling Rain, and moderate 

Gales at N. 5 30 /5.
4. A grey cloudy Morning, with moderate Gales at N E. 5 30 

Afternoon jclolc and thick V'» eather, with drizling Rains. Í 30. Much 
Rain in the Night.

5.' Thick clofe rainy Weather, with moderate Gales at N E. 2 30 
■,*5. At Night fair and cold.

6. A grey cloudy Morning, with freih Gales at N E. S At
Koon 30 /o- At Night 30 55, and fome Rain.

7. CJofe and cloudy Weatlier, in the Morning. 5 30 Tow^ds 
Noon drizling Rains, and encreafing in the Alternoon, with fmall 
Winds at N E. 5 30’̂ .

8. Thick clofe and cloudy Weather, with drizling Rains »nd fm ^ 
Gales at N E. 2 30 i

9. Clofe and cloudy Weather, with drizling Rains ^ d  fmall Gales 
M E S E. 5 30 At Night fair. 5 30 k-

I o. A grey cloudy Morning with freih Gales at N. 5 30 In 
the Evening and all Night rainy Weather.

11. A  clofe and cloudy Morning witjh drizling Rairjs and fmall Gales 
at N. $ 30 All Day (the aforefaid Weather.

12. Thick clofe rainy Weather all Day and Night, with moderate 
Gales at N N W. 530  Much Rail) at Night.

13. Very thick clofe rainy Weather, with freih Gales at N W . 
5 30. In the Night cold.

14. A iharp cold Morning, with much Snow falling and clofe Wea
ther, with freih Gales at N W. ? 30 Continu’d Snowing a little 
all Day and Night following. ? 30

15. Fair Weather, freezing hard, with fome Sun-fliining and freih 
Gales at N N W and N by W. 5 30

16. Fair and ferene Weather all Day and Night, freezing hard, with 
«noderate Gales at N N W. 5 30 The Sun melting the Snow.

17. Fair and lerene Weather, (the Sun diiTolving moll of the Snow) 
with freih Gales at N by W. 5 30^. At Night fomewhat cold, 
freezing hard.

^  Weather at Chufan in C h in a/
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F ^he Wiaiber at Chufan V« Cliiná.. .3»
■ 8 Grey cloudy Weather, freezing hard, with moderate Gates 'it  

K by W. 5 30 At Night rifing to 30
ig. Grey cloudy Weather, with little Froil, and moderate Gales at

N N W.  ̂ 3*̂ 2»'
20. Grey cloudy Weather, fomewhat clofe, with moderate Gales at 

jsj jNj W. 5 30 5’ , freezing in the Morning, and inclining to thaw aC

^'21. In the Morning fomewhat fcrene, the reft of the Day overcaft, 
with moderate Gales at N  W , and fome Thaw. 2 29 5%

22. Fair and ferenc Weather, with fmall Gales at W N W. SF 30 
thawing all Day with the Heat of the Sun, at Night cold, but not
freezing. 5? as before.

23. Grey and cloudy Weather, with fmall Gales at S E, thawing a 
little. 2 30 /5. At Night much Rain and calm. 2 30 /5.

24. A  fair and ferenc Morning with fmall Gales at N N W  and N,
3 30 3̂ . All Day overcaft, and drizling Rains all Night.

25. Clofe hazy Weather, with drizling Rain and no Wind. 5 30
At Night much Rnin.

26. Very clofe hazy Weather, with drizling Rains and fmall Breezes 
at SE. 5 30 In the Afternoon falling to 29 jl, at Night much 
Rain< the Wind veering to N N W. blowing fometimes in Gufts.

27. Clofe Weather, with drizling Rains and moderate Gales at 
N W. 2 30 3V In the Afternoon fair, and at Night freezing.

28. Grey cloudy Weather, freezing hard all Day, with moderate 
Gales from N W to N. 2 30 -*y 'This Da  ̂b6ng New Moon̂  begun the
Chincfe Nr^ Tear.

29. Fair and ferene frofty Weather, with moderate Gales at N by 
W.  5 3 0 ^

30. The Morning fair and' lcrene, all Day overcaft with moderate 
Gales at N tó N VV. 2 30 Frofty Weather.

31. Fair and ferene Weather, freezing hard, with moderate Gaks at
W N W .  2 30/5-

1. Fair and pleafant Weather, with fmall Gales from W , veering to fSruery 
SSE,  and at Night to N N W , but no Froft. 2 30 j*.

2. Fair and pleafant Weather, in the Morning, little Wind, in the 
Forenoon fine Gales at N W . 2 30 At Night little Wind. ^

3. Dry Weaither, fomewhat overcaft, with Imall Gales at N W.
5 30 At Night little Wind- p ^

4. Dry Weather, forrvewhat clofe» with friiall Gales at S r .

5. Fair and cloudy Weather', with fmall Gales atN  W. 2 30 }̂ .
6. The Morning clofe and overcaft, the Afternoon ferene, with 

fmall Gales at> N W . SI 30'
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r *1, Fair and cloudy Weather, with fraall Gales at N N W. ^ 
30

8. Fair W eather, fomewhat cloudy, with variable Breezes round the
Com pafs. 5 30 »̂ 0.

9. Fair and pleafant W eather, with finall Breezes at S E . 2 30 x?. 
A t  N ig h t little W in d  from N  N  W .

10. C lou d y Weather, with moderate Gales at N  by W , in the A f - ■
ternoon and all N ight drizling Rains. 5 30 tIj.

1 1. Clofe W eather, with drizling Rains and fmall Gales at N  by W .
2 30 »̂ 0. A ll  N igh t much Rain.

12. Clofe W eather, with fome drizling Rains and fm all Gales at> 
N b y W ,  a n d N N W .  5 30

1 3. Fair and pleafant W eather, w ith fmall Gales from  N  to S S E .
5 30

14. Clofe and cloudy W eather, with drizling Rains, and fmall Gales 
at N  N  W . 2 30 ib. Afternoon and N ig h t fair, pleafant and calm .
5 as before. .. r

; . 15. Fair and ferene W eather, and no W ind. 2 30 T h e  A fte r
noon overcaft, with clofe W eather, and moderate Gales at S E ,  and 
fome Rain. 5 30.

16. C loudy W eather and fomewhat clofe, with fmall Gales at N N W .
5 29 In the N igh t freiher Gales.

17. Grey cloudy Weather with moderate Gales at N  N  E . 5
18. G rey cloudy W eather, with moderate Gales at N . 2 30/5-.
19. G rey cloudy W eather, with moderate Gales at N  N  W . 5

30
20. G rey cloudy W eather, with fmall Gales at N  by W . 2 30 Á .. 

Very cold with fome Snow at N ight.
21. Grey cloudy W eather, with fmall Gales at N . 2 30 Som e 

Snow this M orning, whitening the T o p s o f  the H ills  and ly in g  all 
D ay.

22. In the M orning fome Sun-lhining diffolving the Snow ; all D ay 
grey cloudy W eather, and temperate with fm all Gales at N  N  W .
5 30

23. D ry W eather, fomewhat cloudy, calm in the M orn in g, at N oon 
blowing freih from N  W  till N igh t, then little W in d . 5 30 A .

24. Fair and pleafant, with fmall Gales at S E , the A fternoon calm , 
at N ig h t moderate Gales from N N W .  2 30

25. Fáir and pleaíánt,'¡with moderate Gales at S S E  a n d S E .  5- 
30 /0.

26. G rey cloudy W eather,', w ith drizling Rains all D a y  and N ig h t,
and moderate Gales at S E . ; 5 30 „

27. Fair Weather, clearing up with fmall Gales at S E .

^2  The Weather at Chufan 'in China.
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28. Fair and pleafant Weather, with fmall̂  Gales N W. In the 

Afternoon veering to W S W , and about to S E. 5? 30 A .

1. Dry Weather, fomewhat cloudy, with moderate Gales 2XS'E. March.
5 20 - . ,

2. The Morning fair and very ferene, the Afternoon overcait with
fniall Gales at S E. 5 30 A . _

o. The Morning fair and ferene, the Afternoon overcait with mo
derate Gales at E S E and S E. 5 30

4. Grey cloudy Weather with moderate Gales at S E. At Night j
blowing frelh from N E. ? 30 _ |

c. Grey cloudy Weather, with fome Rain, and moderate Gales at 
S E. At Night fome Thunder, Lightning and Rain. ? below 30.

6. The Morning ferene and temperately warm, with fmall South
wardly Breezes. The Forenoon and all Day overcaft, in the After- j
noon fome Rain, clofe hazy Weather with fmall Gales at N by E and ; |
N. ? 30. . I

7. Grey cloudy Weather, with fmall Gales at E S E. At Night ’ •
much Rain. 2 30. . , , ^

8. Grey cloudy Weather, fomewhat hazy, with moderate Gales at !
N and N by E. $ 30 A .

9. Fair and pleafant Weather in the Forenoon, with fmall Gales at 
S E. 5 30 Vo. The afternoon overcaft, and little Wind all Night.
-S 30 ,

10. Dry Weather, fomewhat clofe, with fmall Gales at S E, in the
Evening fome Rain. 5 30 In the Night much Wind and Rain.

11. Clofe and cloudy Weather, with fmall Rains and moderate Gales ¡
at NNW. ,  530^^. _ j

12. Clofe and cloudy Weather, with moderate Gales from S E  to I
N E. 9 30 A. _ '̂

13. Grey cloudy and clofe Weather, with fome Rain and fmall I
Gales at S E . P 30.  ̂ i

14. Grey cloudy and clofe Weather, with fmall Gales variable from 
S E t o N W .  30 tV.

15. Very clofe hazy Weather, calm all Day. 2 29 ik  A t Night 
fmall Gales at W  N W with fome Rain.

16. Clofe and cloudy Weather, with Imall Gales from N W  to N.
5 30.

17. Fair and ferene Weather, with fmall variable Gales. 5 
30 ili.

18. In the Morning overcaft with moderate Gales at N W, pre- 
fently veering to S E, with drizling Rains all Day. 5 30 tV, falling 
to 25 xJ.

19. Grey cloudy Weather, for the moft part calm. 5Í 29 .17.iOm

20, Very



34-
20. V e ty  thick fo g g y  W eather ail D ay, with fm all variable Bree¿es, 

for the moft part calm.' 5 29 -It. •
2 1. In the M orning fo g g y , the reft fair and ferene W eather, with 

fmail Southwardly G d es  ̂ 29 to.
22. The Morning fair and fercne, the Afternoon overead with fomtf 

Rain and variable Gale .̂ 5 ^o.
23. G rey cloudy W eather, the Afternoon and all N ig h t d rizling 

Rains and moderate Gales at N N  E . 5 30.
24. Clofe W eather with continuM drizling Rains, and at N ig h t 

niuch Rain with moiierate Gales from N  N  E  to N , and very  cold.
5 30 20.

25. T he M orning fomewhat cloudy, the Afternoon ferene, with 
moderate Gales at N . 5 30 to.

26. D ry W eather, fomewhat cloudy, with fmall variable Gales. ¥
30

27. Grey cloudy Weather, with fmall variable Gales, fometim es 
calm. 5 30 Ti.

28. Clofe hazy W eather, with fome Rain and fmall variable Gales, 
fometimes calm. 5 29 i l .

29. T he Forenoon grey cloudy W eather, the A fternoon very clofe 
and hazy with much Rain. 2 29 fJ. Small variable Breezes, tor the 
m oil part, calm.

30. Clofe and cloudy W eather, with moderate Gales at N  N  E . 5 
29 lo. A t  N igh t rifing to 30, and the Gale freihning.

31. Fair W eather, fomewhat cloudy, with fmall variable Gales.
'2 JÓ,

1. T he Forenoon overcaft. Afternoon more ferene, w ith fm ail 
Southerly Gales. 5 30 2̂ 0.

2. Fair and pleafant W eather, w ith fmall Gales at S W . 5 30 w .
3. Grey cloudy Weather, blow ing frelli in the F.orenoon at N  F«. 

Afternoon moderate. 5 30 ts .
4. Fair and ferene W eather, the H orizon fomewhat clofe, w ith  eafy 

Gales at S. 30 -és. In the Afternoon the Gale veer’d to W , and 
the S k y  fomewhat hazy.

5. Clofe and cloudy W eather, with fome drizling Rain in the Fore
noon, and fmall Gales from S to E  S E . T h e  N ig h t calm  and rainy. 

 ̂ 30.,
6. Clofe fo g g y  W eather, with d rizling Rains and calm . ?

pleafant W eather, fomewhat cloudy and calm . In ths 
E ven in g fmall Gales at E  to N  E . A ll  N ig h t clofe fo g g y  Weather» 
^  29 U .

8. Clofe foggy W eather, with fm all N ortherly Breezes, fo r the m oft 
part calm . ? 29 lO.

9. T h e  Forenoon clofe and cloudy. Afternoon fair and pleafant, w ith 
fm all Gales at N . In the E vening calm. 5 2 9  i i .

J O .  Fair
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Weather ¿7/'Chufan in China. 35
Fair and pkafant Weather, fomctimes overcaft, with fm^I Gales

in

from S W to S. ? ’ 9 il .
11. Fair and pleafont Weather, with fmall Gales from S to S E.

B 30.
12. Fair Weather, fometimcs overcaft, with moderate Gales at N.

J JO iV.
13. Dry Weather, fomewhat hazy, with frefh fliarp Weftcrly Gales.

5 30 In the Evening fercne and little Wind. 5 30 iV.
14. Fair and pleafant Weather, with fmall Gales at S E. 5 30 xV.
15. Fair and pleafant Weather, with fmall Gales from S to S E. In

|he Evening calm. S 30 tV.
16. The Forenoon fair and pleafant, with moderate Gales at S E. !j

5 30 -iV. In the Atternoon overcaft, with fome Rain and fmall Gales 
atNW, 5 30.

17. The Forenoon fair and pleafant, with moderate Gales at S E.
Si 30 T5. The Afternoon overcaft, and the Gale freihning at Night. i
ji 30. 1

lit. Fair and pleafant Weather, fomewhat cloudy, with fmall Gales
itSE.  5 3O' ’<■

19 Cloudy Weather, with a hazy Sky, ai)4 fmall Gales at S B .
5 29 il.
' «0. Dry cloudy Weather, with fine Gales at S E. 829 i¿.

21. Grey cloudy Wcathfr, with fome jti.aii) in the Forenoon, and 
fmall Breezes at S E, for the moft part calm •, the Afternoon fair. 2 29.

22. Clofe and cloudy Weather, with hazy, and calm j in the After
noon fome Rain and fmall Bretzes at S E. Í 29 il .

23. Dry Weather, fomcwh^at foggy and cloudy, with fmall Gales at 
S E. 5 29 12. In the Evening thick foggy Weather. -

24. Grey cloudy Weather, fomewhat foggy, with moderate Gales at 
S E. 5 2 9  ii.  A t Night much F’og.

25. Cloydy and foggy Weather, with fine Gales at S E. ? 29 I i .
At Night much Rain, Thunder and Lightning, with little Wind. 5
29 it.

26. Clofe and cloudy Weather, with fmall Gales at N W. 29 il.
In the Afternoon fomewhat hazy, with fmall drizling Rain.

27. The Weather clearing up with eafy Gales at S E. 5 29 st.
■The Afternoon overcaft, and n the Evening much Rain with fome 
Thunder and Lightning, the Wind veering to N W , and back to S E.
5 2 9 'd.

Grey cloudy Weather, with fome Fog, and ünall Gales from 
W to N W. ? 29 U.

29 Clofe r.nd cloudy Weather, with fmall Gales from N W  to N.
 ̂ ii. A i Night fome Rain.
30. Grey cloudy Weather, fomewhat clofe, with frefh Gales at N W .

5 29 U.
I- ^
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May» I .  A 'fa ir  and ferene M orning, with fmall Breezes at W  by S. >
29 \l. A ll  D ay and N ig h t fair and pleafant, with fm all Breezes at 

•N W . 5 29
2. Fair and ferene W eather, with fmall Breezes at S E , and -fome- 

■times calm. ? 30''. In the Afternoon and all N ig h t frefli Gales. 1
3. T h e  W eather fomewhat cloudy, with treih Gales at S E . 2 29

l l  In. the Afternoon falling’ to  29* i^.' T h e ' W ind veering to 
W  N  W , had much Rain with Thunder and L igh tn in g  all N ig h t.

4. T h e  M orning clofe fo g g y  Weather, almoft calm. 5» 29 T he 
Afternoon clear’d up, blowing treih from N  to N  E . 5 30 53.

5. Fair and pleafant Weather, fomewhat cloudy, w ith  moderate
•Gales* at S E . 5 30'*.

6. Fair and ^pleafant W eather, • fomewhat cloudy, w ith moderate
*1 Gales at S E .  2 29 Towards Noon little W in d . In the A fter-
V- noon'a fine Gale at 8 E  by E , and at N ig h t th ick  fo g g y  W eather, g

 ̂ 2 9 ,
7. Grey cloudy Weather,^ fomewhat fo g g y , with fmall Gales at S E , 

5 below 29
|i ■ 8. Fair and pleafant Weather, fomewhat fo g g y  on the H ills , and

fmall variable Breezes from S W  to N  W . 5 29 j-f. A t  N ig h t much
V F o g.

9, Fair and pleafant W eather, with' fome F o g  on the H ills , w ith 
fmall variable Breezes from S W  to N  W . Í  30“. T h e  A fternoon 
ferene.
‘ 10. T h e  Forenoon fair and pleafant, ? falling from  29 ^  to 29 

«i T he Afternoon overcaft with fmall Gales from S to S E .
I I  G rey cloudy W eather, with fmall Gales N E .  5 29 y .  In the

( Afternoon fome Rain.
12. Fair and pleafant W eather, fomewhat cloudy, w ith fm all N or-

¡I therly Gales. 2 29
13. Fair and ferene W eather, with fmall Gales at S W ,  fometimes 

calm. 5 above 29 53. ♦
14. Fair and ferene W eather, with fmall Gales variable from  W  to 

N  E . S 30''. T h e  Afternoon fomewhat overcaft.
15. Fair and pleafant W eather, w ith fmall Gales at N  E . 5 29 

A t  N ight calm.
16. Fa'ir and ferene W eather, with fmall Gales from  N E t o S E .

I* ?? falling to 29 In the E vening overcaft with fome F o g .
1' 17. T he M orning fome F o g  on the H ills, all D ay fair and ferene,
j- w ith fmall Gales at S E . 5 29 ||. A t  N ig h t calm.
j| 18. T he M orning fomewhat clofe and fo g g y , all D a y  fair and plea-
j fant w ith fine Gales at S E . ? 30^

19. Fair and pleafant W eather, w ith fine Gales at S E . 5 30^
20. Fair and pleafant W eather, w ith freih Gales at S E ,  the Sky 

fomewhat hazy. 2 29 ’j|.

26 Weather at Chufan in China.
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21. Grey cloudy Weather, with freih Gales at S E. 2 falling be- 
ÍOW 29 iS- At Noon fome fmall Rain.

22. Cloudy hazy W eather, w ith Iniall d riziing Rains and moderate 
Gales at S E .  5 below 29

23. Clofc and cloudy W eather, with moderate Gales at S E . ? 29
1633*

24. Thick hazy Weather, with continual Rain, and frella Gales from 
NNE to S E. 5 falling below 29

25.  Clofe and cloudy Weather, with moderate Gales from E to N E .
5 29

i6. The Forenoon thick hazy Weather, and the Afternoon grey 
cloudy Weather, with fmall Gales at N E. 5 rifing above ig  ÍJ.

27. Grey cloudy Weather, with moderate Gales at S E. 2 above
29 if. Some Rain at Night.

28. Grey cloudy Weather, with the Wind from S to S S E, fome- 
times fmall Gales, and fometimes blowing freih. 2 29 ¿J. Rain at 
Night.

29. Grey cloudy Weather, with fine Gales at S E, and driziing 
Rains. 5 29 5̂ . At Night fmall Gales at N E, fometimes calm with 
thick Weather.

30. Thick foggy Weather, for the moft Part calm, and fmall driz
iing Rains. ? 29 At Night fmaH Gales at S E.

31. Grey cloudy Weather, fomewhat foggy, with fmall Gales at S E.
29 i*. At Night fome Rain.

1. Grey cloudy and foggy Weather, with fome Rain in the Fore- Junr, 
noon, and fmall Gales at W. 2 29 y. In the Afternoon, rifing to
29 y. The Wind veering to N, and the Weather clearing up.

2. The Forenoon fair and pleafant Weather and calm. 2 29 l¡\.
The Afternoon overcaft, w ith fom e fm all R ain, and fmall Gales at S E .
5 falling below 29 A t  N ig h t fom e Rain.

3. All this Forenoon clofe thick rainy Weather, with fmall Gales at 
NE. 5 falling below 29 U  The Afternoon dry, cloudy and calm.

4. Fair and pleafant W eather, w ith fine freih Gales from  S E  to  
SSE.  2 above 29 §|.

5. Fair and ferene Weather, very hot, with fmall Gales from W  S W  
to N W. if above 29 jj.

6. Fair and ferene Weather, with variable Gales round the Compafs.
® 29 ĵ . The Afternoon fomewhat cloudy, and at Night calm.

7. The Forenoon overcaft and foggy, with fmall Galrs at S E, and 
fmcc Noon driziing Rains. S falling to 29 Much Rain in the 
Night, blowing in Gufts.

8. Clofe hazy Weather, with driziing Rains all Day, and fmall va- 
fiable Breezes, for the moft Fart calm. 2 29 j|. A t Night fair.

T’he TVeather at Chufan in China. 3 7
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q. This Morning cleáring up, with fome Drops of Ram and calm.
9 rifing to 29 5*. Tiie Afternoon overcaft, and fonic Kain m the

"orev cloudy Weatljer, fomewhat foggy, with f.nall Gales at SE, 
fomttimes calm. S 19 i>. The Afternoon and Night drizlmg Rains.

1 1 This Morning cloudy and foggy, with dnzhng Rams and calm. 
5 beiow 29 i*. Thé‘Afternoon clofe and foggy, with dnzhng Rains
;̂ ld fmall Gales from E S E to S E. 5 .

12 Clofe foggy Weather, with little W ind at S E, and lometimes 
calm.' 5 29 The Afternoon and all Night very much Rain.

13. Cloie foggy Weather, with much Rain in the Forenoon, and 
iziinf̂  iii the Afternoon, with fmall variable Breezes, fometimes calm.

the Weather at Chufan in C hina.

ii

drizling 
T 29 ii

14.'Vhe Morning clofe and foggy, the Forenoon clear’d up, with 
fair and pleafant Weather, and fmall Breezes at S W. 5 29 ij. The 
Afternoon overcaft, wTth fmall Gales at S E. In the Evenmg fome ve
hement Thunder, with Lightning and much Rain.. 2 , below 29

15. The Forenoon clofe fo g g y  Weathér, the Afternoon grey and 
cloudy, with fmall Gales from S E to N E, fometimes calm. 5 be- 
low 29

: 16. The Forenoon clofe and foggy, with fome Rain-, at Noon
cleared up with fmall Gales from SE. 5 above 29 At Night 
cloudy with fome Lightning. ':

17. The Morning very hazy and cate, the Forenoon clear’d up 
with fmall Gales at S E. 2 above 29 y. The Afternoon overcaft, witi 
the Gale veering to N by E, much Rain, Thunder and Lightning. 
5 as before.

18. G r e y  c l o u d y  Weather in the Morning, and cleared up in the 
Afternoon, with fmall Gales at S E. 5 29 if. The Afternoon over- 
c ift with freih Gales continuing all Night. 5 as before.

19. This Forenoon grey cloudy Weather, fometimes clearing up, 
with freih Gales at S E. 5 29 i-.

20. Fair and cloudy Weather, with moderate Gales at 6 E. ? 29
ii-

21. The Forenoon fair and fomewhat cloudy, the Afternoon ferene 
and pleafant, with fmall Gales at S E. 5 below 29 if.

22. The Forenoon fair and pleafant, with fine Gales at S E. 5? be- 
low 29 The Afternoon grey and cloudy, with little Wind.

I 23. Fair and pleafant Weather, with fmall Breezes at S E, for the
ii moft Part calm, with fome Lightning in the Night. 2 29 i|.
Ii 24. Fair and pleafant W eather, with fmall Gales at S E ,  fometimes

ialm. 2 29 it  At Night overcaft and calnl, with fome Lightning*.
25. Fair and ferene Weather, with fmall Gales at S E, in the Fore

noon. 2 29 The Afternoon fine freih Gales from S  E to S by E,
and blowing very freih all Night.

3 26. Fair

in £ D ______________________________
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r Pajr and pkafant Weather, blowing very freih from S by E to 

qbv 'w  about Noon little Wind. 5 below 29 if. The Afternoon
moderate Gales at S E .

27. Fair and ferene W eather, w ith  moderate Gales at S E . 5 below

29 ¡3 as

T h e

2T. Fair and ferene W eather, w ith  moderate Gales at S E .

^̂ 2̂ 0.' Fair and ferene W eather, w ith fine Gales at S E . 5 29 
Evening overcaft and b low in g freih all N ig h t.
' ,0. Cloudy W eather, and fom ewhat h a zy , w ith  frefh Gales from 

e s e  to N  E . 5 below 29 I*. T h e  Afternoon m uch R ain and blow ing 

hard all N ighc at S E . 8 2 9  Jj.

I .  Cloutly and hazy W eather, w ith fome R ain  and hard Gales at 

S t  5 29 5*.
2 The Forenoon fair and fom ewhat cloud y, the A fternoon ferene, 

wicli fine freih Gales at S E . 2 below 29 A ll  N ig h t cloudy.
3. D ry W eather, fom ewhat c lo u d y, w ith fine Gales at S E . 2 2 9

3-
4. Fair and ferene W eather, w ith  fine frefli Gales at S E . 5 29 5̂ .

The Evening overcaft. . , r 1, cu
5. Fair and pleafant W eather, fom ewhat cloud y, w ith a Imall bhower

in the Forenoon, fom e T hunder and eafy Gales a tS  E . 5 above 29

At N iglit little W in d . r> t- 16 a
6. Fair and ferene W eather, w ith fm all Qales at S E . 2 29 A t

Night little Wind. r- ^ 1
7. Fair and'pleafant W eather, fom ewhat c lo u d y, w ith fine Gales ar

SE . 2 29 5<. ■
8. T he Forenoon overcaft, w ith fome Rain and G ufts o f  W in d  at 

S E ; the Afternoon fair and pleafant, w ith eafy Gales at S E . 2 above

29 U. A t  N ig h t fom e fm all Rain. _ . , c 1 •
9. Fair anci pleafant W eath er, fometim es clo u d y, w ith fine Gales at

SE. 5 above 29 n r • j  r  t
10. T he M orn in g fom ewhat hazy and cloudy, all D a y  fair and' le-

rene Weather,, with eafy Gales at S E. 5 below 29 y .
II. Fair and pleafant W eather, w ith fmall Gales at S E . 2 below  29 

j" The Afternoon overcaft; and little W in d . 5 falling to 29 55. Some

Thunder and L ig h tn in g .
12. T h e  Forenoon fair and pleafant, w ith fm all Gales at b h.. be

low 2 9 1|. T h e  Afternoon overcaft, w ith  feveral fm all Showers ot

H în and little W in d , all N ig h t calm .
13. Fair and bleafant W eather, w ith fome Clouds and calm . 2 29 

Towards N oon  overcaft, and the W in d  in fm all Gales veering to
with dole rainy Weather all the Atternoon, in the Evening dry 

cloudy  ̂ with fmall Gales at W. 9 29 it-

U u u 2 14- TKis
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14. T his M orning and Forenoon clofe and cloudy W eather, with 

much Rain and fm all Gales at W . 5* 29 T h e Afternoon dry and 
cloudy, the W in d  and 5 as before.

15. Fair and pleafant W eather, with fmall Breezes from W  to S W ,
fometimes calm. 5 29 i*.

16. D ry cloudy W’ eather, with fmall Gales at S E . * 29 -it.
17. Fair and pleafant W eather, fometimes cloudy, with fine freih 

Gales at S E  by S. 5 above 29
18. Fair and pleafant Weather, fometimes overcaft, with frelh Gales 

at S E . A t  N igh t blowing very hard. 5 29 i t .
19. Fair and pleafant Weather, with fmall Gales at S E . 9 29 vl.
20. Fair and ferene W eather, with fine frefh Gales in the Forenoon, 

and fine freih Gales in the Afrernoon. 9 29 U .  A t  N ig h t calm.
21. Fair and ferenc W eather, with fine Gales at S E . 5 29 i i .
22. Fair and ferene W eather, with fine Gales at S E . 5 29 i l .  A t  

N igh t fometimes little W ind , at other Tim es blow ing freih.
24. Fair and ferene Weather, with fine Gales at S E. 829 {-§. Af

ternoon blowing freih.
2¿;. Very fair and ferene W eather, with fmall Gales at S E . 5 29 U-. 

A t  N ight fome Lightning.
26. G rey cloudy Weather, with fmall Gales at S E , at N ig h t calm 

and fome L ightning.
27. Grey cloudy Weather, with fmall Gales at N  N  W  in the Fore* 

noon, veering to N  E  in the Afternoon. S 29 i i .  A t  E ven in g m uch 
overcaft, with Thunder, L igh tn in g and fome Rain.

28. Fair and pleafant W eather, fomewhat cloudy, with fmall va
riable Gales from N  W  t# N  E . 8 2 9  f*-.

29. Grey cloudy W eather, with fmall variable Gales from N  E  to 
S W , fometimes calm. 2 29 H . In the E ven in g a fm all Shower o f  
Rain, with fome Thunder and L ightning.

30. Fair and ferene W eather and calm. ? 29 In the Aftemoonr 
fmall Gales at N  N  W , very hot and fultry *, at N ig h t little W in d  w ith 
fome Thunder and L ightning.

3 1. Fair and pleafant W eather, fometimes cloudy, with fihe Gales , 
at S E . 5 29 i l .  Some Thunder and L igh tn in g in the Afternoon.

.iuguft. I- T he M orning fomewhat overcaft, all D ay fair and"pleafant, .with-, 
fmall Gales at S E . S 29 i f .  T h e  Afternoon fihe Gales.

2. Very fair and ferene W eather, with fine Gales at S E . ? 29 H .
3. Fair and ferene W eather, with fine Galés at S E . 5 29 i f .
4. Fair and ferenc W eather, w ith  fine Gales at S E . 5 29 ^2-..
5 . T h e  Forenoon grey cloudy W eather and calm , the Afternoon i 

ferene with fmall Gales at S E  by E . 9 29 ü .
6. Fair and ferene W eather, with fmall Gales at N  N  W . ¡Í 29,H . 

T h e  E venin g overcaft, with fome L ightning.
7. Fair W eather, fometimes overcaft, with freih G a le i f r o m 'S t o .  

5 S E .  2 2 9 ^ - .
S. F dtfr

m m
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8. Fair and pleafant Weather in the Forenoon, and cloudy in the 

y^fternoon, with fmall Gales at S S E . 5 29 i i
a. Fair and ferene Weather, with fmall Gales in the Forenoon, and 

frelhning in the Afternoon at S E . 5 29 --ao«*1^ - -----------—  - - —  —
10. Fair and ferene Weather, with fmall Gales from S E to E by S.

S 29 At Night calm.
11. Fair and ferene Weather, calm in the Forenoon, and fmall va

riable Gales in the Afternoon, and Lightning at Night. 2 29 H.
12. Fair and ferene Weather, with fmall Gales at S S E, at Night

calm and hazy. 2 29 i l .  . . , ^  j  r n
13 Fair and ferene Weather, calm m the Forenoon, and Imall

variable Breezes in the Afternoon. 2 29
14. Fair Weather, fometimes overcaft, with fmall Gales at N W  by

W.  5 29
15. Fair Weather, fomewhat clofe, and fome Rain in the Afternoon,

whh fmall variable Gales. ^
16. Fair and ferene Weather, calm in the Forenoon, and fmall va

riable Breezes in the Afternoon. 5 29 jS-
17. The Weather cloudy and overcaft, with fome Rain in̂ the A f

ternoon, and fmall variable Gales round the Compafs. 5 29 ü*
18. Grey cloudy Weather, with fome Rain, and eafy Gales at N E.

5 29 is In the Night very frefh Gales from N E to S E, and fome
times at N W. _ j r rt. / -  1 r

19. G rey  clo u d y  Weather, with fome Rain, and freih Gales irom»
S E t o E S E .  5^29!  ̂ ^

20. Fair and pleafant Weather, with fine Gales at S E.- Í 29 »o«
21. Fair and pleafant Weather, with fine Gales at SE. 9 29
22. Fair and ferene Weather, with fmall Gales at S E. 9 29
23. Fair and pleafant Weather, with fmall Gales at S E. In the A f

ternoon fomewhat cloudy, and the Gale freihning. 5 29 iS- In the
Night blew, very freih. t i

24. F air and ferene Weather, with moderate Gales at S E. In the
Evening much ovcrcaft, and at Night much Rain with fome Thunder 
and Lightning. 'The Wind at N W. 5 29

25. The Morning grey and cloudy, all Day fair and pleafant, with
fmall Gales at N W. In the Afternoon veering to S E, and at Night
calm. S 29 is- _ o T-

26. Fair and pleafant Weather, with fmall Galés at S E. 5 2 9  ,0.
27. Grey cloudy Weather, with drizling Rains this Morning and 

Forenoonand fair in the Afternoon, with fmall variable Gales: 
5 29 5Í.

28. Fair and pleafant Weather, with fmall Gales from N t o N E .  
5 ay Ü. At Night calm.

2.9. . Fair pleafant Weather, with fmall Gales at N  E. 5 2950* • 
At Night feme drizling Rain.. .
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‘  3Ó. F a ir  and pleafant W eather, fomcwhat cloudy, w ith eafy Gales at

N  E . 5 29 41. .  ̂ ^
Grey cloudy Weather, with ibme Rain  ̂ and moderate Uales at

N  'E. In the N ig h t blow ing in Gulb. 5 29 i t
i j -

S.ptmher. i .  Fair W eather, fometimes overead, with freih Gales from N  to

Í N N W .  5 2 9 1 5 .
I 2. C loud y W eather, with feme Rain» and bluftenng Gales ati

N  N  W . 5 29 IS.
3. Fair and p l e a f a n t  W eather, with moderate Gales at N N  W , iome^

times overcaft and'bloAving freih •, at N igh t little W ind . ÍÍ 29 i t
4. Fair and pleafant W eather, with fmall Gales from  N  W  to N . '

A t  N igh t calm. ?  29 io.
F a ifa n d  pleafant W eather, with fmall Gales at N . 5? 29 i l .

6. Fair^and pleafant W eather, with fmall Gales at N  and N  by W ,
5 zg  a .

7. Fair and pleafant W eather, with fmall Gales at N  by W  and 
N  N  W . 2 below 29 tI.

8. Fair and pleafant W eather, with fmall Gales at N  N  W . 5 below

29 • ‘
9. Fair and ferene W eather, with fmall Gales at N . ? 29 io . .
10.‘ Fair and ferene W eather, with fmall Gales at N . 5 29 f l .
IK  Fair and ferene W eather, with fmall Gales at S E , and at N ig h t

veering to E 'N  É . 5 2 9 -i*.
líí. fa ir  and ferene Weather, with fmall Gales at S S E . 5 29 -íSt

13. Tl^e Forenoon fair and pleafant, the Afternoon grey cloudy
W eather, with fmall Gales at E  S E. 9 30“. ' * •'

1 4 . ,G rey cloudy Weather, with fmall Gales from E S E  to E  N  E , 
y  fometimes. calm. 2 30*. In the N igh t variable Gales with fom e
ifi Rain.” '-'V ' 1

** j 5̂  Grey cloudy W eather, with fmall Gales from N  E  to S E  b y

16. T he M orning cloudy and overcaft, all D ay clear’d up w ith eafy
^ n tie  Gales at S E . ? 30^ . i  ,
- 17 . Fair and ferene W eather, with moderate Gales at S E . ? 30*'.

18. Fair and ferene W eather, with moderate Gales at S E . ' 5  30'’.
19» Fair and ferene W eather, with fmall Gales at S E .  S 29 iaf.

,  ̂ 20, Glpfe hazy Weather, with fmall Gales from N  E . 5 30 In
the Afternoon fome Rain.  ̂ .

2 1. Grey cloudy W tather, w ith  moderate* Gales at N  by E  and
N N E .   ̂ 2 js . . L j the E vening little W ind . .i

22. D ry  temperate W eather, fomewhat grey and cloud y, with fmall
Gales ^  N  by W . 5, ^  /0. .. ' s  .

23. F air and pleafant W eather, fomewhat cloudy, - W>iih fm all-Gales
at N  N. W . 5 30 /0-. > , .

24. Fair
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24. Fair and pleafant W eather, w ith fmali Gales at N  N  W . 5

a
Fair and pleafant W eather, w ith fmall Gales at N N W .  5
Fair W eather, fom ewhat c lo u d y, in the A fternoon fome Showers 

of Rain, and fm all Gales from  N N  W  to N  W  by W . 2 30 tV, ri-

fin<> at Ts'ight to 30 
?7. Fair and cloud y W eather, w ith fm all Gales from  N N W  to N .

 ̂ Fair and pleafant W eather, w ith fm all Gales from  N  by W  to

N  by E.
29. D ry  and cloudy W eather, w ith  fm all Galea at N  N  W .
00. Fair and pleafant W eather in the Forenoon, w ith fm all Gales at

N N  E , the Afternoon overcaft w ith G ufts o f  W in d  and fom e Showers 

o f Rain.

1. T h e  M orn in g overcaft, all D ay fair and pleafant, w ith fmall Ojioier.

Gales from N  N  E  to N . , , r • 1.
2. T he M o rn in g  grey and clo u d y, all D a y  fair and plealant, with

fmüll Gales at N  by W . xt j
y  Grey clou d y W eather, w ith  moderate Gales at N  and N  by b ,

fometimes blow ing freih •, at N ig h t th ick  and hazy w ith fom e Rain.
4. T h ic k  hazy W eather, towards N oon clear’ d up. A fternoon over- 

cail with Rain and dark W eather. Sm all Gales at N  N  E .
5. G rey cloudy W eather, w ith fm ali Gales at N  N  E , m clining to

6. T h ic k  hazy W eather, w ith m uch Rain and fm all C^les a t 'N N E ,

2 below 30'’. . n • j
7. T h e  M orning clofe and cloud y W eather, w ith fome R am , and 

fmall Gales at N  and N  by W . 2 below  30". A ll  D ay tliick  hazy

Weather, with drizling RainS. t xt t-
8. H a z y  W^eather, w ith  d rizlin g  Rains and fm all Gales at N  N  E

a n d N E .  5 30
9. Clofe hazy W eather, w ith d rizlin g  Rains, and fm all Gales at N  E.

5 30 1+Í7. 2 at N ig h t 30
10. C lofe  áhd clou d y W eatlier, w ith fom e R ain , and moderate Gales

at N  E .  ̂ 30 Tc. 11 r- 1
11. G re y  ckiudy W eather, w ith fome R ain at N ig h t and fm all Gales

at N  N  E . 5 3 0
12. T h e  M d rn in g ferene, w ith fm all G ales at N  E . ? 30 1 he

Afternoon grey cloud y W eather. 5 30 ^
13. D ry  cloud y Weather^ w ith fm all Gales at N  by E . ? 30^0.

The Afternoon more ferene and alm oft calm .
14. G rey cloudy W eather, w ith moderate G ales at N  E ,  fometim es

blowing freih. 2 30 ic.
15. Grey
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i-v G rey cloudy W eather inclining to Rain, with moderate Gales at 

N by W . 5 30 /3. A t  N igh t much Rain.
16. G rey cloudy W eather, with fem e Rain at N igh t, and frefli Gales 

at N  and N  by W . 5 30
1 7. G rey cloudy W eather, With moderate Gales at N  by E , blow ing

freih in the N ig h t at N  N  W . 5 30
18. Fair and pleafant Weather, with moderate Gales at N  W  by N .

5 30 5V
j q. Fair and ferene W eather, with fmall Gales at N  W . 5 30 '
20. Fair and ferene V\ eather, with fmall Gales at W N  W  and W

by N . 5 30 t,.
2 1. Fair and ferene Weather, with -fmall Gales at’ N  E  and N  E  by

E . 5 30 I'
22. Fair and ferene Weather, with fmall Gales at N  and N  by E.

^ 30 é-
23. Fair and ferene W eather, with fmall N ortherly Breezes, fome- 

times calm. 5 30
24. A  grey cloudy M orning, blowing frelli at N  N  W . A l l  D ay 

fair and pleafant, with moderate Gales at N . 2 30
25. T he Forenoon overcaft, with fine freih Gales at W  N  W , and 

Jharp W eather, the Afternoon more ferene and fmaller Gales. 2 30
r53'

20*

26. Fair ferene W eather, with fine iharp Gales a t N N W .  5 30

Stvmber.

27. Fair and ferene Weather, with fmall Gales at E  S E  and S E ,  
fometimes calm. 5 30

28. Grey ^ oudy W eather, with freih Gales at N  N  W  and N . 5
30 h-

29. Fair W eather, fomewhat cloudy, with moderate Gales from N  
by W  to N  W . 5 30 /5

30. G rey cloudy W eather, with moderate Gales at N  W , 5 30 5®.
31. Fair and ferene Weather, with moderate Gales at N  by W  and

N . 2 30 V ery cold.

1. Fair and ferene W eather, with fmall Gales at W  N  W . 2 30
2. Grey cloudy W eather, w ith fome Rain in the E ven in g, and m o 

derare Gales at N  N  W . 2 30 {5.
3- Fair and ferene W eather, fomewhat hazy, with very freih Gales at 

N  by W  and N  N  W . S below 30
4. Fair and ferene W eather, with fmall Breezes at N  by E . 2 30 

Í¿. A t  N ight calm.
5. Fair and ferene W eather, with fmall Breezes at S E . Som etim es 

calm. H 30
6. Fair and ferene W eather, w ith fm all Breezes from  W  S W  to  

W N  W . 2 3 o ¿ .

7 . Fair

P E D



Fair and ferene Weather, with fmall Gales at N W. 5 30 
\  This Morning foggy •, all Day ferene, with moderate Gales troni

s W t o N W .  5 30^.
Fair and pleafant Weather, fomctimes overcaft, with moderate 

Gales at S E  and E S E. 5 30 3̂. A t Night little Wind and calm.
10. Fair and ferene Weather, with moderate Gales at S E. 55

Grey cloudy Weather, with fmall Gales at N and N by W. In
the Evening calm* 2 3® 50*

12. Fair and pleafant Weather, with fmall Gales at N. In the
Evening calm. 5 30

13. Fair and pleafant Weather, with fmall Gales from S by E to
SE. 2 30 5V A t Night calm.

14. Grey and cloudy Weather, fomewhat hazy, with moderate Gales
from 'w  N W  to N W . 2 30 /3.

15. Grey cloudy Weather, with frefli Gales a t N N E ,  and fome
fmall Rain. 2 30 1 r c c ir

16. Fair and plealant Weather, with moderate Gales from S to S E.
5? 90

Í7.^Grey cloudy Weather, with moderate Gales from S by W  tó 
ESE.  5 30 /5. At Night blowing hard, and veering to N W , with

Ĝ rTy cloudy Weather, with freih Gales at N W. In the After-
noon blowing very hard. 2 30". „  6

ig. Grey cloudy Weather, with moderate Gales at N VN . +3® 55*
At Night rifing to 30 5°.  ̂ ^

20. Fair and pleafant Weather, with fmall Gales from N to L,
and about to S E. In the Evening little Wind. 2 30 falling to

^°zi. Grey cloudy Weather, for the moil Part calm, with fmall Nor
therly Breezes. 2 3 0 ^

22. Grey cloudy Weather, with moderate Gales at N W. 2
3 0  5 •

23. Grey cloudy Weather, with fine Gales at N W. 5 30 .
24. Grey cloudy Weather, with eafy Gales from W N  W  to N W.

2 o A
25.’crey and cloudy Weather, with eafy Gales at N W. 2

S .  Fair and ferene Weather, with fmall Gales at N W , fometimes
calm. 5 30 3V „  . .

27. Thick hazy Weather, with dnzling Rams, and at M p t  
much Rain, with fmall Southerly Breezes, for the moft Part calm.
5 30 "

28.*Hazy Weather, with drizling Rains all Day and Night, and
fmall Gales from N to N N E. 2 30 rifing to 30 3*«.
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29. Grey cloudy Weather, with fmall Gales at N N E .

1701.

" r t  S- So"
30. Grey cloudy Weather, with fine Gales at N. 5 30 j*.

December, j .  Grey cloudy Weather, and very cold with fine Gales at N. 5
30 55. Some Froft at Night.

2. Dry Weather, fomewhat cloudy, with moderate Gales at N N W. 
5 301.

3. Fair and ferene Weather, with fmall Gales at N W. 5 30 /g.
4. Fair and ferene Weather, with fmall Gales at N W  and W  N W,

5 30 5¿. At Night overcaft.
5. Dry cloudy Weather, with moderate Gales at N by W. 5

30
6. Fair and pleafant Weather, with fine Gales from E to S E, and

at Night calm. 2 30 falling to 30
7. Grey cloudy Weather, with frelh Gales at N W  and W  N W.

^  3056* .

8. Fair Weather, fomewhat cloudy, with freih Gales at N W. 2 
30 50-

9. Fair and pleafant Weather, with fine Gales at N N W. 2
30 35-

10. Fair and ferene Weather, with fmall Gales at N W  to N. 3
30 y. At Night calm.

11. Fair and ferene Weather, with fmall Gales at N W. 5
30 .

12. Fair and ferene Weather, fometimes cloudy, with fmall Gales 
a t N W .  ^ 3 o i .

13. Fair and ferene Weather, with fmall Gales at N W . 5 30 
At Night calm.

14. Fair and ferene Weather, with fmall Gales at N W. 2 qo 
At Night calm.

15. Fair and ferene Weather, with fmall Gales at S S W . 2 50 
At Night the Gale freihned from S S E.

16. Grey cloudy Weather, with moderate Gales at S E . 2 30 
At Night fome Rain.

17 Grey cloudy Weather, with drizling Rains, and fmall Gales at 
N W . 230/3. At Night calm.

18. Grey cloudy Weather, with moderate Gales at N W. 5 20 L  
Some Sleet in the Night.

19. Grey cloudy Weather, with moderate Gales at N W . 5 
3 ®  20*

20. Fair and ferene Weather, with fmall Gales at N W. 2 20 A. 
At Night 30 A

21. The Forenoon fomewhat hazy and calm. 2303S. The Af
ternoon ferene, with fmall Gales at N W. 2 30

22. Fair

w n E D
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22. Fair and ferene W eath er, freezing, w ith frcfli Gales at N  N  W .

5  3 0  » 0 .

23. Serene W eather, freezing hard, w idi frefli G ales at N  N  W . 5 
oQ Y5. A t  N ig h t little W in d .

24. Serene W eather, freezing hard, w ith moderate Gales at W ' N W .

)

5 3 0  * “ • ^
25. Fair fro ily  W eath er, w ith m oderate (iales at N  W . f

I o

 ̂ 26. Fair frofty Weather, with fmall Gales from W N W  to N N W.
5 30t§. At Night Fog.

27. Fair and ferene Weather, freezing with little Wind at N W , for 
the moil part calm. 2 30

28. Fair and ferene Weather, freezing with fmall Breezes at N, 
and fometimts calm. 5 30 -sV.

29. Fair and ferene Weather, freezing with fmall Northerly Breezes, 
for the moil part calm. 5 30 io. At Night fomc Wind and 
Rain.

30. T h e  M o rn in g fo g g y , all D a y  fair and plcafant, w ith  fm all Gales 
from S E to E by S. 5 30 it.

31. Clofe and clou d y W eather, w ith  drizU ng Rains, for the m o il 
part calm. 5 30 »*0-.

1. T h ic k  hazy W eather, w ith d riz lin g  Rains, for the m oil part calm , JaiMaru 
with fmall variable Breezes. 5 3 0 ” »

2. Grey cloudy Weather, with fome Rain, and fmall Gales at N E,
5 3 0  r e .

3. Grey cloudy Weather, with fmall Gales at N and N N  W. 5
3 0  i V .

4. G rey cloud y W eather, w ith fmall N ortherly G?Jes. 5 30 iV
5. Grey cloudy Weather, with fmall Northerly Gales. 2 30 tc. 

Afternoon and Night ferene.
6. Fair and pleafant Weather, with moderate Gales at S E. In the 

Evening and al Night calm. 2 30
7. Clofe and hazy Weather, with fmall Gales at E S E and S E, 

fometimes calm. 2 30 -h.
8. Clofe and cloudy, in the Morning little Wind, towards Noon 

blowing fomewhat freih at N N W , and in the Evening moderate. 5
30 iV, rifing to 30 -sV.

9. Grey cloudy Weather, with fmall Northerly Gales. 5 30
10. Grey cloudy Weather, with fmall variable Gales, fometimes 

calm. 2 30 A.
11. Fair and ferene Weather, with fmall Breezes at S E. 5 

IQ jV.
12. The Weather overcail, with moderate Gales at W N W .  *

30 _  .

X  XX 2 13- Fa'*"



48 The U^eather at Chufan in China.
13. Fair and plcafant Weather, with moderate Gales at N W. 5

30 k.
14. Fair and ferene Weather, with fmall Gales at N. ■ 5 30 it.
1$. Fair and ferene Weather, with Imail Gales at S E. 5 30 A.
16. Grey cloudy Weather, with finall Gales from S S W  to S E.

'I’he Afternoon clofe and hazy, with fome Rain. 2 1%.
17. Clofe hazy Weather, with moderate Gales from N W  to N by 

W. 30 i6. At Night little Wind. “The Chinefe New-2~ear began 
this Bay.

18. Clofe and cloudy Weather and calm. 2 30 tV. The Afternoon 
fmall drizling Rains.

19. Grey cloudy Weather, with frelh Gales at N by W , and a little 
Snow, 5 30 iV.

'20. Grey cloudy Weather, with fmall Gales at N W, the Afternoon 
ft rene, and freezing hard at Night. 5 30 is.

21. Fair and ferene Weather, freezing, with fmall Gales at N N  W, 
lor the moil part calm. 2 above 30 ts.

22. Fair ferene Weather, freezing hard, with fmall Northerly Breezes,
for the moft part calm. 2 30 iV. *

23. Grey cloudy Weather and calm. 5 30 A.
24. Clofe hazy Weather, with drizling Rains and calm. 5

30 »V.
25. Grey cloudy Weather, with fmall Gales at N E. 2 30 »‘5. 

At Night little Wind and fome Rain.
26. Clofe and cloudy Weather, with fmall Gales at N E. 5 30 tV. 

At Night calm. 30 tV.
27. Thick hazy Weather, with drizling Rains and fmalh Gales at 

N by E. 2 30 x̂ , blowing freih at Night.
28. Grey cloudy Weather, with freih Gales at N N W. 5 30

At Night 30 1̂ . ' '
29. Grey cloudy Weather, with fine Gales at N W. 5 30
30. Fair and pleafant Weather, with moderate Gales at N W. 5

30
31. Fair and ferene Weather, with fmall Gales at N W  5

30 «T.

0/ IX. I herewith fend you a Copy of my Regifter of the Weather at
ftZ T z  7. 9^̂  of December 1691, to the End of the Year
A/r.J. Locke, * 92- I fliall firft explam fome Things in the Table,
n. 298. p. ’ The Firft Column having D at the Top, contains the Day of the
1917. Month.

The next with H, the fítpur of the Day, which beginning from i 
0Í the Clock in the Morning, I count round in one continued Series to
24, which is 12 of the Clock at Night,

Un£D
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The Colum n 'Tber is that o f  the T hcrm ofcope, w hich was a fta k d  
one, whereof you  w ill find a larger A cco u n t hereafter.

The Colum n Bar m arks the height o f  the Mercury in the Barofcope.
The firil N um ber is the Inches o f  its heighr, the fecond N um ber 

m arks the 20th Parts of an Inch above that Inch m ark ’ d by the firil 
Number.

The Colum n Hyg is that which m arks the M o ld u re o f  the A ir . T h e  
Inftrument I us’ d was the Beard o f  a w ild  O at, o f w hich each T u rn  
was dividcc4 into fixteen Degrees.

The Colum n o f  the AVind m ark’ d the Point the W in d  was in, but 
n o t  always exaélly, becaufe the W eathcrcock vifible out o f  m y W in 
dow, was ftiff, and turn’ d not eafily •, nor was the H o u fe  it ftood on 
fituate exaftly  E aft and W e ft •, fo that it was not eafy by the ftanding 
of the W eathercock, to know  exactly  the Point o f the W in d  : W h ere
fore I contented m yfelf to fet dow n barely one of the 4 Cardinal Points, 
when the W in d  was pretty near it •, and when it was more rem ote, the 
two Cardinal Points between w hich it was, putting the I .etter o f  the 
Cardinal Point firft to w hich it was neareil j as when the W in d  was be
tween the South and the W e ft, i f  it were rrearer die W eft than the 
South, I writ W . S. and fo o f  the reft.

I m ark’d befides, the Force o f  the W in d , which I divided into four 
Degrees, i .  W hen it ju ft  m oved the Leaves. 2. W hen it blew h 
pretty frefti Gale. 3. W h en  it was hard and w hiftling W ind . 4.
When it blew a Storm . T h o u g h  thefe D ivifions were not made wi th 
that Exacftnefs as they m ight have been, had one had an Inftrum ent on 
purpofe, yet they m ay g iv e  fom e I le lp  to thofe who w ould m ake O b- 
fervations from  fuch R egifters as thefe, (o ) was when there was not 
Wind enough to m ove a L e a f as I could fee.

A s to the W eather, Cloudy fignifies more o f  the S k y  (vifible out o f  
the W indows o f  m y S tu d y, w hich were E aft and South) cover’d with 
Clouds, than not. Fair  the contrary. Between when it was uncertaui 
whether more o f the S k y  was covered or clear. Cover'd when no part 
of the clear S k y  appear’ d. Clofe when the S k y  was cover’ d with one 
uniform th ick  C loud.

I have often thought that i f  fuch a R egifter as tliis were kept in every 
County in England^ and fo conftantly publifhed, many T h in g s  relating 
to the A ir , W 'inds, H ealth , Fruitfulnefs, m ight be collected from  
them, and fcvcral R ules and O bfervations concerning the E xten t o f  
Winds and Rains, be in T im e  eftablifti’ d , to the great A d vantage 
of M ankind. F rom  this folitary one there is little to be collefted, be
fides the ordinary O bfervation, which I fet down com m only every iMor- 
ning, there feldom  happen’ d any R ain, Snow , or other remarkable 
Change, w hich I did not fet down.

N . B.

TT̂ e fVeather in EiTex. 49



50 The, Wgather in EiTex.

December, 
1691.

t

'V. B. That the Thermofcope mark’d 4, which I made ufe of 
till Af<3r. 7. 1701. was one of thofe fold by Mr. Tompion̂  wherein 
o mark’d Temperate, and the Figures from thence increafing both 
upwards and downwards, fliew’d the Increafe of Heat and Cold 
from Temperate. Sept. 22. 1701. I began to ufe a new fealed 
Thermofcope, adjufted to a Scale made by Mr. John Patrick̂  who 
places o at the Top, fuppofing it to be the Heat under the Line, 
and fo the Figures increafe downwards, with the Increafe of Cold. 
Temperate being placed at 45. This Thermofcope is mark’d 5 in 
my Regifter.

Weather.D.

9
IC

'11
12
13

H

16
1/
IC
c
s

Ther.
4

Bar. H y g Wind,

i I. 2
' 2. I 
’ 3- 1 
3- Í 
3- 4

30- 2% 
4 
i . 
/

30.0

S ■ ‘ 
S E 
S E

E ]

14 9 3- 7 29.17 E Ü
*5 9 4,- 2 39- c E
16 9 4- 4
17 '9 4. 6 ' E 3
18 9 4- N E  1

'9 9 3- 3 N E  ]
U 29.19 1

§ 0 “lO 3- 4 18 N j
21 ' 9 3. e 19 N 1
22 94- 18 N I

24 10 2. 6 14 S W  2
25 21 2. I 15
26 21 7 13 W 2

24 12
27 18 I .  6 6

28 f 2. 6 9 * ;SW  2
22 .
24 7 {S 2

29 9 3- . 4
19.2. 7 4

30 8 : 7 10 1S W

3  ̂ ' 9 ^̂  7 12 .]S W  C

I73’ 3 10 (5 E I

Fog.
Fair.
Fog.
Froft, Clofe. 
Clofe.

2iFroft, Fair. 
Froft, Fair. 
Froil, Fajr. 
Froib, Fair. 
Clofe.

Fog, Thaw.
Cloudy  ̂ a little Rain next Morning. 
Clofe.
Fog, Froft.
Clofe.

Cloudy.
Fair.
Clofe.
Rain before next Morning.

Fair. ; -
Rain.
Rain hard.
Clofe,. and fome Time after Rain.

air.
Fair, hard Froft.

unm



l 7)e Weather m E iT ex, 5 1

D. H Ther.
4

Bar. H yg Wind. Weather.

I q 7 g. 11 47 S E  1 Clofe, Snow at l O .  January

2 Q^ 7 14 43 W  1 Fair. ‘ 692. ;

3 9 3- 5 8 41 S 2 Clouds.
4 8 3. 6 11 43 S I Cloudy.
5 9 3- 7 43 S 1 Cloudy,

6 8 4* 3 1 1 36 S 2 Clofe.
16 +• 8 36 ^ 3 Clofe.
2C 4- 2 6 41 Snow.

7 10 4. 1 7 45 E 2 Clofe.
4 3- 7 »7 Clofe.

S 9 +• I ?o. 45 N E  I Clofe.
9 9 2. 6 29. 18 50 S 3 Clofe.

zo ^5 Rain,
i 10 p 2. 7 18 44 S W  I Fair.

12 26 In the Shade.

11 P 2. 6 30. 4 48 W N  I Clofe, with a little Fog.
2. 5 30. 8 41 Very fair all the Afternoon, now clofe.

12 9 7 9 44 N I M iily.

>3 9 3* 4 9 46 S I Clofe.
M 9 3- 7 7 48 E I Fog.

15 9 4- 4 6 31 E  1 Fog, Froft.
16 9 4- 5 2 45 N 1 F'air, hard Froft.
17 10 4. J 29.18 43 N E  2 Clofe, hard Froft.
18 8 4- 1 12 35 N W  2 Fair,Rain &Snowforan Hour about i 6 .

»9 9 3* 7 9 44 N W  2 Snow till 13.

20 8 4* 6 43 N W  2 Fair. Some Clouds. Snow in the After-
21 9

'  «y

5- 7
w'6 N 2 Fair. Snow in the Afternoon.

22 9 5. 6 9 18 N W  2 Â ery fair, hard Froft.
10 5. 2 1 1 In a Northern Clofet without Fire at

any Time.
-

• 2 4 < > •  53
T

In the fame Clofet, very hard Froft.

23 9 5' 7 1 1 3 ^ N W  2 Fair, Snow a little at 14.
2 4 9

^  /
1 1 28 N W  1 Cloudy, hard Froft.

2 5 9 5 .  6 1 0 3 ^ N W  1 Fair, hard F>oft.
26

l i
6 .  0 9 32 N W  1 Cloudy, hard Froft^

27 7 5- 3 7 33 N 1 Cloudy, hard Froft.
28 9 4. 6 4 33 N 1 Snow in the Night,, and Snow ftill.
29i 9 5 -  6 2 3 2 W  1 Clofe, Snow all Afternoon..

k n c D
N.B.



52

February.

March.

I'he Weather in EiTex.
• .

N. B. I fufpeft that from the 23d to the 29th inclufively, the Hy- 
grofcope has been counted 16 Degrees, i. e. one whole Turn too high, 
it being all that while very hard Froil. • *

D .

30
31

H Ther.
4

-25

Bar. Hyg.j Wind. Weather.

N W  
[N W

now.
Clole.

I 8 5 . c 1C) 1 9 w
2 9 5 - 6 1 1 1 9 v v 1

3 8 5 - / 1 1 2 0 w
1

4 9 5 - 5 9 E 2
5 9 5 - 4 7 2 6 E 3

6 9 5 . I 2 9 .  0 2 0 E I

• 7 9 4 - 6 2 N I
8 9 4 - 6 2 9 .  0 40 N E 2

9| 5- 3 2 9 .  0 NE 2
10 9 .5- 5 _  I NE 2

11 8(5. 8 W I

12 9 7 . ó 1 1 NW
1 3 9 4 . 2 5 SW I

Fog.

5g-

3*Clofe* Snow in the Evening.

Snow.
Clofe Fog, little Thaw at 12. 
Fog, Snow in the Night. 
Snow.
Clofe.

9 --------- ^  — . J
fe Thaw. It may be obferv’d be

tween me 1 ncrmoicope to-aay ana yefterday Morning, there'is the 
Difference of two whole Degrees and | a greater Rife than one ihall 
ordinarily find. The Thermofcope was unmov’d in a Corner of a 
very large Room  ̂ out of all Reach of the Fire, whereby it might be 
alter’d.

14 7 Clofe.
16 12 IC Clofe.
17 9̂ S Fog.
18 12 5 W Snow.
26 2 1 1 W 2 Clofe.

27 9 2- 3 29. S W 2 Fair, Rain from 15 to 19.
28 9 3- I 6 W I Clofe, Snow laft Night.
29 9 3- 6 6 S W  2.Cloudy, Snow laft Night.

1 8 7 28.17 S W  3 Fair.
2 8 3- Í ¿9. 5 S W  3Fair.
3 7 6 8 W S 2 Fair.

J

16 f. 4 8 W S I Rain very gently till 20, hard till 23.
0 i- Í >4 'N E  2'The Ground cover’d with Snow. Clofe,

UXI£11



'The Weather in EíTex. S 3
D.H Ther.

8
9

10

11 
12

13

»4

15

16 

»7

18
‘ 9
20

21

22

Ü

24

93
92

16
22

93
12 
9 3-
83
9 

172

1 +
16
23

12

16

'9
23

8

14

'7

2.
2.

92

8 4

93 
'3 
93  

‘ 3 
182

2.

83-
I .

83.

83.

2.
83. 
I

Bar. Hyg

9̂
530- I

30. o 
729.19 

16

18
1 1
9

10
10

9
M
15
*9
I Í 5

3̂ 
1 1
11 
Í3 
16

H
13
8
7
6

5
41
1
3
2

16

10
5 2 9 . 1 4

Vol.  IV. Part II.

25
17
>9

25
23
24 
40

Wind.

\V
VV
W

W

W N  
W 
S W  2
s  
sv

27
2 5
2 6

25
20
2 5 N E

S E

29
35
41
3 4 S W  
3. s

26

20 S W  
24 S W

Weather.

Cloudy.
Rain till 16.
Rain.
Fair.
A little dropping.

2 Snow for i  Hour. 
Fair.
Fair.
Fair.
A  little Rain.

W N  
N W  
W N 
W N  
N W

Clofe.
Clofe.
Clofe. Small Rain at 15 till 16, 
Very gentle Rain.
H ard Rain for 3 or 4  H ours pait.

W N  
N W 
N W 
N E  
N E

Very gentle fmall Rain. 
Fair.
Clofe.
Fair.
Clofe, Froft lait Niglxt.

N  W  
N W

Clofe. 
Fair. 

ijClofe. 
Cloudy. 
Clofe.

W S

29
27 N E 2 
27 N E 1

Rain in the Night.

Small Rain.
Clofe. Much Rain in the Night. 
Clofe.
Cloudy. (dropping.
Cloudy. Rain laft Night, Houfes yet

Clofe.
A  very little Shower.
Clofe, a little. Very little Snow in the 

Afternoon, 5 rifing.
Clouds.

I Clofe.
Very fair, littleSnow and Hailabouc 

12, the falling a little.
Y  y y 25
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jlpril.

D. H Ther.
4

Bar. Hyg. Wind. Weather.
1 t

25 8 2. 7 IC 27 5 W  2; Fair.
2 6 8 I. 6 1 35 3' Rain very little at Night.

12 SW  4 Clofe.
1 8 1. 0 7 2 9 SW  2Clofe.
2 4 7 34 1 Hard Rain, the 5 a little fallen.

27 8 I .  0 7 7̂ W S 2 Clofe.
17 , 0 .  2 2 W 1 Small Rain.

2 8 70- 7 12 W I Clofe.
1 6 0 .  p, 12 ^ 0 W .1 Fair.

2 9 8 1. 6 1 0 32 W 1 Rain. Rain a great deal lail Night.

8 2 N 1 Clofe, mining Rain all this Morning
till now.

f5 7 N , Clofe.
22 I .  6 5 31 Fair,

30 8 2. I 32 W 2 Clofe Rain laft Night.

15 2 N W  3 lain as almoft all this Morning,
19 3 N W  3 Rain gently, as the great Part of this

Afternoon.
2 4 6 !̂ air.

3Í 9 3- I 6 2 9  ]SÍW I î air.

24 3 Clofe, Rain in the following Part of
the Night.

][ ( 2. t; 2 52 s I
2̂ I

2' s I. 7 28.16 39 S E 2

16 I 17 S W 2
24 19

3 9 2. 2 29. 0 23 N 2
14 I . 7 2 32 N W 3

4 8 1 4 10 3Ó N 2
S 8 ! 1

D * 2 19 26 N W I
14 z. I 19 26 N W I

1[4s 1 *9 26 S E

Small Rain.
The greateft Part of the foregoing 

Day gentle Rain.
Clofe, Rain a great deal laft Night, 

fo as to make a Flood.

Fair.
Clofe, Rain in the following Part of 

the Night.
Clofe.
Small Rain.

Fair.
loudy.
.ain, the 2, a little rife 
lafted about an Hour.

U Q £ D
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d . h

1 7 2 .

M-
83-

9
10
11
12

3̂

24
8
9
8
8

14

J5
16
17

230.- 
18 190.

Ther.i Bar. 
4

1
2 30. 
o

2.

Í9

I . 7|
0,29-
330-
4

8 r. 
130.

8 i.- 
» 3 0 .

70
o
o .

- 3
3 

-6

1 8

1
1
15

Hy g . W i n d . W e a t h e r .

26

27 
25 
25 
23

S  E  • 1 
N  E  1 
N  1

N  E  1

R a i n .
C l o u d y .
F a i r .
C l o f e .
C l o f e .

22

21

* 7
12

N E  1 
N  E  2 
N E  1 
N  E  1

C l o f e .
A  l i t t l e  F o g .
F a i r ,  \l\ 23
N o t  a  C l o u d  16 1 ÍÍ*
S c a r c e  a  C l o u d  15

7  
3

10
8

N E  I 
E  I

N E  I

N o t  a  C l o u d .
N o t  a  C l o u d ,  b u t  a  t h i c k  A i r  c a l l e d  

a  r e d  W i n d .
H i g h  C l o u d s .
C l o u d s .

9
8
6

7
18

N E  I 
W  2 
S W  2

S W  2

V e r y  f a i r .
V e r y  f a i r .
V e r y  f a i r .
S m a l l  R a i n  f o r  a  l i t t l e  w h i l e .  
C l o u d y .

In the Clofet on the North Side of the Houfe.

»9
20

»5
2S
9

160.
9 0

o .
0.
1.

3
2 

O
5

— 2

21

22

I9 0 -
230.

8  I .

30 24:2.

14
14
15 
15
5̂

29. o 
4

1 6  

18 
18 
1 6  

16

18
27

17
21

S W  2Clofe. 
Rain. 
Fair. 

S W  3Clofe.
W Fair.

S W  2|Clofe, a little Rain this Morning.
2,Rain, as it had been moil part of the 

Day.

2|

N E 3'Rain, and all the Day before Rain. 

8| 29 |N E 2|Cloudy.__________________

In the Chamber on the South Side of the Houfe.
2 8 2 .  I

i S  3  

3 9 1

12

11
14

2 9

2 7

2 9

N W 2 Cloudy, Rain laft Night, 5 was at 23 
laft Night as now.

I
1 Fair, two or three Showers fince 8.

N E 1 Fair.
Y  y y 2 4



5^
D. H T h e r .

4
B a r . Hyg. Wind.

4 11 I. 14 26 N W  I
8 2. 6 16 23 N W  2

6 8 6 16 24 N W  1
7 80 .----2 ' 14 21 W I

‘ 9 13

8 9P ' 3 »7 16 N E  I
q 80 '9 3̂ N E  I

» »
10 7 2. 2 19 12 N E  2

17 0 t 19 5 N E  2
M 10 Í. 0 19 12 N E  2

15 9 0 * 19 12 N E  I
16 0 * 19 13 N E  I

16 70 17 13 E I
*7 80 4 29.14 8 N E  1

i8 70 ^>9.12 5 S I
*9 Q0 5 12 6 W 2

20

.7

9 3 10 5 S E  1

T̂ he Weather in Eíléx. 
Weather.

Fair.
Clofe.
Fog.
Fair.
Rain.

C lo u d y.
Fair.

Fair.
Fair.
Fair.

Rain a little.
A  few Drops, the 

little.
Fair.
Not a Cloud.

5 funk a very

Clouds, a little Shower about lo. 
Cloudy, i. e. more Clouds than clear 

Sky.
Cloudy.

N. B. Cloudy fignifies more of the Sky cover’d than clear. Fair 
fignifies more open Sky than cover’d with Clouds.

Cloudy.
Rain for about an Hour.
Clofe, z. e. the Sky no where to be 

feen for Clouds •, a Shower about 
17-

21 9'o 9 6 S W  I
180 9 5 S W  I

22 80 ^ 12 6 N E  I

23 6 0 ; 18 7 W I

9 2 18 8 S W  I

15 I 1 
• 18 7 W N  2

17 I .  I 18 7 S W  2

24 7 0  4 17 8 N E  I
2 5 8 5 1 4 8 S E  1
26 8 I .  1 1 0 6 EN I

18 3 l o t 8 N E  2

Fair, i. e. more Sky than Clouds. 

Very fair.
Hard Rain about i  of an Hour. 
Hard Rain.

being rifen t o n .
27

UnED
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D. H Ther. Bar. Ilyg. Wind. Weather.

4
77 7 7 12 7 N E  2 Qofe.
2S 7 , 0  • 14 7 N E  2 Cloudy.

12 0 7 *4 9 N E  2 Cloudy.
2Q 8 I .  I >3 1 0 \V 2 Cloudy.

13 I- 3 ‘ 3 1 0 W 2 Rain.

2 0 6 0 » 15 8 W S 1 Clofe.
0

ii!o Í 3 8 S W  3 Rain till Night.
' 0 1 1 9 S W  3 Rain.

2 1 3 3 H 3 Rain hard.
24 3 2 9 . »7 4 Clofe.

7P  3 I 14 W 4 Cloudy.
24 2 W 4 Cloudy.
24 1 4 1 2 2 Fair.

I 7 0 -( 6 • 1 2 W 3 Fair.
2 7 0 4 »3 W  2 Cloudy.

1 0 0 * 4 1 3 W  4 A  Shower for about half an Hour.

Several Showers in this Day.
5 a little raifed.

3 8 0 1A ' 3 14 W 1
9 0  —

s
1 4 1 4 W 1

4 6 0 7 1 4 >3 S I

2 3 0 ( 7 1 3 I

5 9 0 4 t 1 3 S W 3
1 2 0

6 4 1 4 S W 2

6 7 0 52 9 - 5 1 4 s  w I
1 0 0 3 5 1 4 S w 2

7 7 0 3 6 »3 S E 2

[ I 0 I 6 »3 S E 2

8 80 4 7 *3 0
9 9 0 ] Í5 W  S 1

24 0 6
1 1 18 2

10 9!o 4 12 18 . 0

Clofe.
Rain a little. 
Fair.
Clofe.
Cloudy.

Elard Rain  ̂ Hour, feveral fuch 
Showers this Afternoon, 

loudy.
Hard Rain x Hour.
Betwixt Cloudy and Fair.

Hard Rain a Hour, and a very 
great Shower i Hour, 5 (land
ing as it was.

Fair. (all this Mom.
Rain a good part of laft Night, and

Rain all the Afternoon till 20 or 21, 
the 2 all the while rifing, now 
clofe.

Clofe, Rain the pad morning.
U '



r S8

Auguji.

TVmther in Eflex.

D. H Ther.
4

Bar. Hyg. Wind. Weather.

11 9 0 3̂ 19 S W  2 Cloudy,
11 0 ^ 14 19 S W  2 Rain i Hour.

12 9 0 ’ 17
I
, »7 S W 2 Very Cloudy.

13 S 0 ’ 17. 19 W •. I Cloudy.
14 18 I I ,6

1 W I Cloudy.
r

*5' 7 I. 0! 15' 18 N ilVery fair.

In my Abfence, the Thermofcope being obferv’d, it was found from 
the 15th of to the 11 th of never to get fo high as 3,
and was very often below Temperate j fo cold was this Summer.

Í9 2 6 29.1c Cloudy, Rain about 21.
M 9 t 5 29,1c S W 2 Cloudy.

1 1 I 6 29.I C 17 s w 2 Rain.
I 0 12 17 Fair.

5̂ 9 I 2 8 25 E 2 Cloudy, Rain laft Night.

12 1 5 7 26 S E 2 Rain.
16 8 0 s 12 25 W 2 Fair.
17 8 0 2

1 5 21 S E 1 Fair.
18 7 I I 1 4 22 SW j Cloudy.

¿4 2 I 1 3 22 Small miftyRain.

•9 9 I 4 1 5 2 2 W 2 Clofe. 1
2 0 8 I I 18 2 0 S W 1 Very Cloudy.
2 l 8 I 0 16 >9 s I Fair.

1 0 I 3 16 19 W I Very fmall Rain.
1 2 I 5 ’ i6 W 1 Very Cloudy.

22 8 I 6 18 18 N W
1

2 Fair.
2 3 9 0 5 3 0 .  0 16 SW 1 Not a Cloud.
24 8 0 — 3

3 0 .  0 Í 5 c Not a Cloud.
25 8 I 1 29.19 1 5 s w 1 Not a Cloud. { fince Yefterday Morn
26 8 I 2 16 S E 1 Not a Cloud, 2 gently finking evej

^7 3 A 1 6 I Fair.
27 7 I 5 14 12 Thick Fog.
28 8 I 1 29.16 12 N W 2 Very fair.
29 9.0 7 16 1 0 N W Very Cloudy.

1 rac.S E

*7
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The Weather in EiTex. 5 9
D.H

3 0

3'

17
8

20
8

9
12
14

I .

I .

I .

30-

4
5

18

19
2 0

21

12

23

90- 
2 .8

8

2 2

9
9

i S

_9

- 4

I .

16 
9 I 0  

15I0

Ther.
4-

Bar. Hyg.

I- 3 *5 1 2

I  . . 5 *3 1 2

0. 0 12 13
0 *3 1 2

Wind.

o
N W  2 
N E  1 
N W  I

Weather.

Clofe, fomc fmall Drops. 
Clofe.
A little Rain.
Very fair.

11 
11 
1 1

23
»3
»3

11

14
Í5 
16

29.11
4
5 
2

10

2 4 9 0  5

'4 0  J

2 5 8 0

1 5 0  5
2 6 9 0

2 7 9 I .  I

2 3 0  7

2 8 9 I .  c

2 9 9 1 .  1

0  7

3 0 9 2 .  I

3 1 8 3-  0
I ] 2 .  6

15
16
17 
17
16

*5 
16

30- 
29. 19 

16

*3
13

*5
17
18 

30. I 
29.19

18

S W  3 Cloudy.
S W  3 A little Rain.
S W  2 Hard Rain for i Hour, and foft 

till 17.
W 2 Fair.

10
8

W

SfptembfT.

Cloudy. 

Very fair.

16
»7

1 6

37
33
33
2 4

27 
30 
30
29
28

27
27

W
S
S W  2 
S W  4 
W N  2

2
3 Rain.

Very fair. 
Rain.
Not a Cloud.

W S 
W  S 
S W 
S W

S W
S W
W
W
W

0¿¡ober.

Rain.
3 Cloudy. 

Cloudy. 
Cloudy. 
Fair.

Fair.
Small Miil. 
Clofe.
Scarce a Cloud. 
Cloudy.

W 1 Clofe.
1 Clofe, a little miflingRain good part 

of the Afternoon.
28 N W  I Cloudy.
28 E ijClofe, a little Fog.
29 E 1 Clofe, a little gentle Rain about 15.
26 E 2 Cloudy.
18 iN E lÍFair.
19 ‘N E  I Hard Snow, which lafted till paft

Midnight. I



6o

NavtKffer

The JVeather in EiTex.
D. H Ther.

4
Bar. ^yg Wind. Weather.

I 9 2q. 9 19 N E  I Fair, fcarce a Cloud.
2 11 4. 0 7 20 S W  j Froit.

15 3- 6 7 20 S W  I Snow, which began at 13, and lafted
to 20.

3 • 9 3- 5 7 23 W I Clofe.

12 3- 0 2̂ W S 1 Riiin, which began at 11, and lafted
till 17.

24 2. 0 I 9̂ 3 Clofe, Rain before i, and fo the
greateft Part of the Night.

4 9 f- 5 r
c

40 S 2 Clofe.

q I. 4 36 N  E I Clofe, Rain laft Night.
6 2. c l i 3̂ N E 1 Clofe,

2. 2 16 32 N E 0 Clofe.
q 2. I M 32 E N  1 Clofe.

16 2. c M N E  I Rain, which began at 14, and conti
nued till 2A.

5 912. 2 13 33 N 2

* • w & & A Am  •

Small Rain but for a very little
while.

10 g 2. 4 17 32 N W  1 Not a Cloud.
11 9 2. 4 17 30 W 1 A little Fog.

i6 I. 6 14 32 Hard Rain.
12 9 5 10 33 W 1 Rain.
I ; 9 3* I 30 W 0 Fair, Froft.
14 9 4. 2 12 28 N W  2 Very fair, hard Froil.
15 9 4. 6 16 26 W 0 Very fair, hard Froft.

16 10 4. I 8 31 S 3 Clofe, Snow laft Night from 1 1 the
greateft Part of this Day.

17 9 3- 7 8 34 S 1 Very Cloudy.
[ 3- 0 6 35 S W  2 Rain.

18 8 4 . 0 10 37 0Fog, in the Clofet on the North fide
of the Houfe.

26 2 Í 4. 2 I ? 3 Clofe, in the Clofet on the North
fide of the Houfe.

27 10 .. /Í] 16 34 E 2 Cloudy.
28 9 18 32 E 3JFair, Froft.
29 94. 6 16 31 E 3 (:iofe, Frcft.
30 9 |4 .  5 18 33 E 3 (-loudy, Froft.

UMD



Wzather %n EíTex.

D H Ther
4

Bar. Hyg V înd. Weather.

Í <) 4- 630. 0 33 E 2 Rain mix’d with Hail, the Rain as it
fell, troze, and continued miiling
till 14 or 15.

2 9 4- 1 30. 0 38 S E 2 Rain, which began laft Night, and
lafted all this Day.

«7 3- 4 29-17 39 Fog.
3 9 3- 6 ^9 45 S \V 0 Thick Fog, Froft.
4 9 2. 6 A» 48 S 2 Rain all the Morning.

12 2. .3 3 49 s  w 2 Cloudy.
5 1 0 2. 4 5 54 s  w 2 Cloudy.

6 11 2 7 53 w 2 Cloudv, fome Rain this Morning.
7 9 3 3 54 \v 2 Clofe.
8 9 I . 4 18.18 56 s w 4 Rain and Stormy Wind all this

Day.
23 0 15 58 s w 4 Hard Rain.

9 9 4 1 6 55 s w 3 Cloudy.
17 5 15 53 3 Hard Rain.

. 24 2. 1 15 52 3 Fair.
10 1 0 2. 4 29. 1 52 s  w I Very Cloudy.

24 3- I 1 1 52 0 Very Fair.

11 9 3- 4 3̂ 53 w 0 Very Fair.
18 2 13 52 E I Very Fair.

12 103- 0 10 54 s 3 Clofe.
15 2. 6 53 S E 3 Rain a little and iliort.

13 9 3 4' 54 S E Clofe.

14 9 I . 6 5' 5 6 S 2 Rain all Day.
18 I . 4 3 57 2 Rain yet.

5̂ 9 2. 0 11 5 6 W I Very Fair.
•5 I 13 5 6 W I Thick Fog.

1 6 9 4 11 54 S 2 Clofe.

15 2. 0 11 57 S W 2 Rain from 12.
7̂ 9 1. 6 H 56 S W I Cloudy.

6 i

Deetmher.

18
9̂

V o l .  IV. Part II.

In my Chamber on the South Side of the Houfe.
Fair.
Fair.
Very Fair, Hoar Froft.
Mift. A  Mift is when the Drops 

manifeftly fall.
Z  z z  20

ti 1 15 54 W N  I
17 4 *7 49 W N  I
10 2- 7 30- 3 43 E 0
9 3- 2 0 43 S 0



62 Obfervations on the Weather  ̂ Ratn̂  Windsy 8cc.

D. H T her.

4
Bar. Hyg. W ind . Weather.

20 8 2 . 6 i g . 1 7 45 N  E 0 M ift, as it was all D ay yefter-
day.

21 0 4 12 46 S W 2 Clofe.

I Q I 4 48 s  w 3 Rain.
22 9 1 6 48 s I N ot a Cloud.

rl í; 0 42 3 Rain.

23
“ T-

9 3 28.10 51 w 4 Rain, which had been all N igh t.

24 10 '3- 2 19 45 w i.C lofe.

25 1 1 U
r

3 29.12 40 w I iFair, Froft.

26 Q 2, 0 3 57 s  w 3 Rain all laft N igh t.

’ 7
y
9

1
6 3 5 1 s 3 Clofe.

/
1 1 0 0 5 1 S W 4 Clofe.

1 2 J .iS .ig 5 ^ S W 4 Rain all D ay.

28 I I 3 -
i 8 4 8 S W 2 Rain.

29 9 6 29. 6 48 s I Fair, Froft.

24 2 28.19 47 s 4 Rain.

3 0 9 2. 3 I I 57 w 4 Rain very hard all laft N ig h t till
now.

24 3 1 7 48 4 Fair.

3 1 9 6 1 5 46 w 4 N o t a Cloud.

20 5 29. 8 39 2 Rain.

24 4 10 40 1 Cloudy.

Oh/ewations M r. 7 ¿>íí;«/í̂  having communicated to me an A cco u n t o f
ontheWez.  ̂ the Weather, ¿sfc I ihall compare, m y Obfervations on that S u b je il, 
ther. Rain, made at Upniinjier in Effex̂  w ith thofe which he made at ‘Townley in

l yot ’ Í702’ A s to the moft remarkable W eather, efpecially Rain o f  170 2 , and 
hyMr.W. ’ th e EíFeíls thereof: M r. rownley tells me, that it is a general Com - 
Derham . n, plaint in the N orth o f  England̂  that there were but fm all Crops o f 
28 . p. 1443, which Calam ity befel the Southern Parts alfo •, the Caufe

whereof may be perceiv’ d by the follow ing firft T able  o f  M on th ly 
R ain ; in which the grow in g M onths o f  March and April appear 
to have been dry M onths in Lancajhire, and May no w et M onth , 
confidering the Quantities o f  the other M onths, and o f  other 
Years. H ere at Upmirtfter̂  April was fortunately a w et M on th , till 
the 23d, or elfe, no doubt, we ihould have fufFer’ d m ore than we 
did in the W an t of H ay *, for the grow in g M on th  of March was a 

3
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^  ^
Qhférvations on the Weather^ Rain  ̂ Tf̂ indsy &c. ^3

dry Month, by the following Table; and May fwhich by the farqe 
Table fcem eth  to have had near a due Quantity of Rain) was 'ii vefy 
dry Month : For very little Rain fell from April 23 till May 29, and • 
then fell in great Showers, the greatefl: Quantity of that Month’s Rain.
Mr. Toivnley doth not tell me Particulars, but I gucfs it to have been 
after this manner with them in the North of England \ for bcfides that 
March and April were dry Months with them, and May fomewhat niorê

' wet; y e t  probably the Wet of did not fall early mMay, for it 
appears by the following Table the third, that the Mercury was high, 
and on fomewhat a fix’d Station on May 13.

Tlius much for the Weather in the S p r in g - Months of the Year 1702, 
and the Effeds it had on Hay, which Efftdls Í have fome rcafon to think 
extended to many Parts of this Kingdom.

As to the other Months, there is little remarkable, befides the vaR ^
Difproportions of Rain between Lancajhire and Ejex  ̂ which I fliould 
fcarce take notice of, if it was not what happeneth almoft every Year, “
as will appear by the following Table the firil: The Caufe of this 1 
cannot judge of, unlefs it be that Lancaflyire is a more hilly Country than 
Ejfexy which fort of Lands, as they more need Wet than Vales and low 
plain Countries do, fo have greater Shares of it than thefe have ; and 
perhaps fomething may be attributed to the W'eftcrn Situation oí Lan
cajhire near the Sea ; trom which Quarter the Winds in England blovs- 
more than from the Eailward.

At the Foot of the Table of Rain, befides the Quantity which fell 
in cach Year, I have added the Depth thereof in Inches ; or what Depth 
it would have been of, if the Earth had not imbib’d it, but it had ilag- 
nated on the Surface thereof.

I have added two Tables more, of the Stations of the Mercury m the 
Barometer dX I'c'MiUcy in Lancajhirê  and at Upminjler in EJfex̂  with the 
Differences thereof; and  this o b f e r v ’ d  at three times ot the Day, viz. 
in the Morning, and about three in the Afternoon at Townleŷ  but at ^
Noon at Upminjler̂  and at nine a-Clock at Night. One Table to the 
firft Day of every Month ; the other the moft remarkably low, high 
and more fettled Stations of the 2 the lail Year 1702.

By thefe Barometrical Tables it may be feen how far true that Opi- TL' Mcrcury 
nion is of fome learned Men, viz. ‘That the 5 ajcendeth and defcendeih rifes andfalh  

in all Places at the Jame rime, and in the Jame Proportion. It is maniteil, 
that the 9 doth commonly rife and fall in one diftant Place, when it Time, f>ui not 
doth fo in another, but not alike : Alfo when any confiderable Varia- 
tion is in one Place it is fo in another ; when remarkably high, remark- Proportion, 

ably high; when low, low; when a great Afcent or Defcent, generally 
•he fame elfewhere; but only the Ditfercnccs ot all taefe are not in

¿ T Z 2 fq u a l



^4 Ohfervatíons on the Weather  ̂ Rain, Winds y & c.
equal Proportion in all P la c e s; all which fcemeth reafonable to  be ex- 
peited , by reafon o f  the Difference o f  W eather in different Places, elpe- 
cially as to wet and dry.

^emarUhle There is one thing more in the follow ing third T able, which I think
w/rcur ^  deferves R em ark, becaufe I believe it to be the m oil confiderable A lte 

ration o f the M ercury, that hath ever happen’ d fince the. Invention o f  
the Barofcopê  and that was the Defcent on Febr. and ^th 1 702 ; con
cerning which, M r. Townley in a former L etter gives me this A ccount, 

T h a t on Febr. the i  was at three in the M orning at 29. 15. at 
3h. 28. 50. and at 10 at N igh t at 27. 5. T h e  next D ay it fell yet 
lower, and about 12 was at the loweft, viz. 27, 39 •, but for an H o u r 
before, and as much after, it varied only fo much as to m ake it fen- 
fible that it was fallen, and began to rife ag ain ; the loweft he had 
ever feen it before was on JViw. 18, 1674 , when it fell to 2 7 . 6 3 .  
T h at M r. Flamjieed at the Obfervatory obferv’d as remarkable a Ete- 
fcent o f his 5 ; and that it happen’d about the fame T im e  o f  the 
D ay, viz. tw o o f the C lo c k  in the Afternoon at both Places.
A n d  laftlŷ  he tells me, “  T hat the Defcent in Febr. laft was the 
greateft that has been fince the filling his T u be, which was in March 
1665.”  T h e  Particulars which I obferved here zt Upminjler about 

that Defcent were. T h at on Febr. 2 the ? was high, viz. 29. 80. the 
next M orning 29. 50. at N oon 29. 16. at N igh t 28. 43. the next M orn
ing, (viz. Febr. 4.) at feven o f  the C lo ck , it was fallen to 28. 5. and 
was globofe, as i f  it had rifen, or was inclin’d to r ife : B ut it conti
nu’ d in the fame Station till Afternoon, and then began to rife about 
tw o o f  the C lo ck , and rofe haftily. T h e  W eather accom panying was 
fair on Febr. 3d in the M orning, hazy at N oon, and Rain at N ig h t, 
and a violent T em peft in the N igh t, and all the next M orning, o f  
Febr.

t a b l e
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T A B L E  I.

A  Table, fhevving how many Pounds, and 
Centefimals o f  a Pound T̂ roy o f  Rain, fell 
at Town ley in Lancafljire, and at Upmin- 
Jler 'm EJfexy in each Month of the Years 
1699, ^ c ,  with the Quantity and Depth 
every Year.

Obfervatíom on the JVeathery Rainy TVindŝ  See, 6 5

t 1699 1700 1701 1702

Townl. Upmr. Tcwnl. Upmr. To'jonl. Upmr. ‘TowrA. Upmr.

Januar. 17 9> 8 9 ' 20 84 3 91 22 41 14 96 21 10 9 81

Febru. 32 70 60 5 Í9 12 7 64 16 78 8 78 21 27 7 30
t
MarchI 17 92 5 63 7 58 1 55 7 10 3 91 2 48 2 37

jApril 10 47 3 44 18 65 7 60 6 11 I 43 5 34 10 90
1
May 4 00 2 67 n 92 6 9 Í '9 67 9 11 8 81 6 49

June 10 37 40 13 15 7 60 1 1 34 5 79 23 00 13 46

July 16 51 6 36 Í5 26 4 24 17 58 9 49 25 3 Í 43 09

Auguft 19 77 8 57 12 05 8 14 23 66 6 57 20 12 6 88

Sept. 16 53 8 06 23 52 85 21 30 5 63 23 01 8 05

Oftob. 18 90 13 49 26 44 '7
1

i 5j24 59 10 21 28 57 7 92

Nov. 14 65 1 9 >13 69 5 24
1
25 60 8 22 37 11 H 05

Dcc. 16 78 5 77 26 88 1 0 30 10 19 9 35 41 63 10 27

Total 196 5i 75 55 2Í5 30 95 13 206 33 93 45 257 75 l O I! 89

Depth 39 302 15 I  I C 43 060I19 026 41 266 18 69c 51 5 5 I 2 0 3 7 8



6 6 ‘ O h f e r v a t io n s  on th e  W e a th e r ^  R a i n ,  W in d s y  & c .

T A B L E  I I .

T A B L E  I I I .
A  T a b le  (hewing the Lo<voefl Sta

tions oí  the 5 in the Y e a n  702, at 
‘To’uftley and Vpminfier; wit h the 
Difference o f  the ?  at both Places

A  T a b le  fliewing the H eight o f the ?  at 7ownky 
anJ Vpminjler, on the firll D ay o f  every Month 
in the Year 1702, three times a D ay, 'viz. about 
7 in the M orning, and 9 at N ig h t; and about 
3 Afternoon at Tawn/iTi, with the Difference o f 
the 5 ’s Variation, and its Difference between

D ay 
o f  the 
Month.

?  at 
T o w n .

§  at 
U p m r. Differ.

Feb. 3
29 15 
28 50
17

29 50 
16

28 43

1 35 6693
both Places.

° S
4 39 66

Firil 
Day 

o f  the 
Month.

§  ! 5f 
Height H eight 

at at 
T ow n . Upm r.

Daily
Differ.

at
T ow n .

Daily
Differ.

at
Upm r.

5
lower

at
Tow n.

Dec. 2 3
77
90

18 
1 2 
10

25

3*4'35
Jan.

29 06 29 28 22 H igh Stations o f  5  An . 1702.
28 90 21

r ÍÍ in
11 3-

07 
11

3'
52

Upmr. ( T o w  n . 1

30 25

25•9
29 95 

95 
83

30
30
36

Feb.
29 5S 904°| 9' 

30' 80
l a
IC

05 
11

3>
S '
50

Jan. 30

Mar.
36
36
40

68
66 00

04
02
08

32
30
18

Mar. 12
3335
32

30 02

05
07

3'
30

25

April
70
68
69

79
7379 02

01
06
06

09

° S
TO

0£l. 21
0 7
18
22

29 9499
30 00

«3>9
27 I

i
2C e i “2. 1

M o r e  lettJed btat.  An. 1703. ‘

M ay 49 J49 02
 ̂* 1 own. Upm r.

oq 44- I I 05 3S
Apr. 27

30 04 30 Í 3 09 i

June
S t 22 GO

02
15
16

IS
14

61 82 Of 04 21 03 16 «3
‘ July

84

90
98 

30 01 06 03
H  
11

23 01

29 99 >5 16
92 1 1 07 01 IQ 98 15 »7

A ug.
62

-19
29 80 74 '3 06

18

25

29 93
8 t

•3
oO

20
204: 67 02 07 20 78 29 89 11

Sept.
92

9':

30 09 
12 03 03

J7
17

U ay I ; 7274 8 '

87
>5>3

Qc 11 CO 01 16 30 68 03

O dob.
29 74 

76 02
iS June 1C 4T44 7>

70
3'
2675 07 01 21 S° 70 2 C

N ov.
4(.

5̂ 71

75 0
25
2S
lii

1 1 5'59 72
70

21 
I 1

76! OS 01 45 86 4 '

1 Dec.
3 5°,341 16

'5 vug.30 5759
86

88
29
29

4 10 0 9 ’ 3 «: 25 01
Sept. 27

73 9 ‘ 18

7 -’7 91 1 8

ijnED 28
74
78

9*
f.C

'7
f 1



2.] A  FrofpeSt o f the W eather, W in d s and H eig lit o f the M ercury in Obfervation* 
the Barometer, on the firft D ay o f the M onth •, and o f the whole Rain in 
ê iery T^lonth in t ie  Tear 170 3 , and the Beginning o f  1704. Obferv'd at '
Townley in Lancafhire, by R . T o w n lc y , Ef^-, and at U p m in fttr  in EiTcx, ¿r Mr. W . ’ 
iv hu'. W .  Derham . i)erham. n.

2 9 7 .  p .  1 8 7 7 .

Ohfcrvations on the Weathery Rain̂  lVÍ7idŝ  &c. 67

r ’r
M^n-

JVeathcr
at

T o w n .

Weather
at

U pm in.

Winds
at

T o w n .

Winds
at

U pm infl.

Jan. Overcaji Overcaji S E  5 S E  I

Feb. Overcajl h'roJianA
fa ir S S E  3

E  I 
Clouds. S

Mar. Chequer'd
t'roji ana 

fa ir. 
Snow

w  s  w  
N E

N  W  I

A p r.
Chequer'd

and
Cloudy

ta ir
Cloudy
ta ir

W
W  S W  I
W  4

M ay Cloudy
dtuáy 
TLkrder 
vntb HjH 
and Huin

N  N  E
N W ¿;fN 3 
N ^ W  3

June Cloudy
Cloudy
Clear S

0
S 1

July Cloudy Fair S S E .S E  
E  I

E  I 
N  /^ E  2

Aug. Cloudy
Thunder 
and Rain 
Fairer

S E  1

4
4

N 2 
N  ¿y W  2 
Clouds.SE

Sept.
Clear

Chequer'd
Cloudy
Fairer E

W N W i  
N  W  1

Oft. Chequer'd F a n N
N N  W 4  '.

Nov. Overcafi Cloudy E
N  ¿y I 2

Dec. Overcaji
Cloudy

Overcajl
Rain

W  3

Barom } Barom., Rain Rain
at at at at

. T ow n,. IJpni. Town, U i ^ m .

2 9  0 4 29 39
2 8  g i 35 8 8 9

80 2 2

2 9  2 9 6 2

‘ 37 15 88 6 41
47 68

6 4 8 2

6 7 83 2 0  0 2 4 75
73 9 2

59 i 93
1 7  6 3■ 59 91 1 2 49

55 91
I 4 9 66

1 7  6 4: 0 0 70 2 0 77
6 0 7 6

3 « 6 1

2 4  0 649 75 H 55
63 8 8

84 99
8 0 9 6 3  6 5 H 9 0

77 9 0

57 72
3655 7 2 1 4  2 1 3

5 8 6 9

bo 30
8 60 0 4 0 3 2  4 0 14

18 4 0

2 8  7 6 87
«3 7  0 4 9 55
8 6 3 0  0 8

2 9  57 2 9  7 2

51
52 6 9 2 8  5 6 7 2 7

3 6

45 1 0  2 4 2 14
48 8 1 -----

1[ 9 6  6 0 r i 9 94

if



6 8 Obfervattons on the Weather̂  Rain̂  JVindŝ  &c.
T'he
Mon.

170^
Jan,

Feb.

M ar.

IVeather
at

T o w n .

Overcaft

Overcajl

Overcaft

A pr.
Cloudy

and
Chequer’ d

IVeather Winds Winds Barom. Barom. Rain Rain
at at at at at at at

U pm in. T ow n . Upm inft. T ow n. U pm . T ow n. U p m .

Overcaft

S b E  
S E  2

E  0 
S E  E 1

80
8a

85

30 07 
10 
10

3  ̂ 39 4 06

Mifting
Cloudy

VV N W ^ N i 90
02
02

23
26
26

5 93 2 19

Overcaft
Fairer

S S E ^ E o  
S E  1

29 11 29 58

45
40

20 78 16 04

Rain 
with hail 

Fair

W  4
N  W  7

S ^  W 4
Clouds
S W l y W

i8  72

94
07

^7
18

38

From  thefe Tables it is to be obferv’ d,
I. T hat much more Rain falleth at Townley than Upminfter.
I liave an Extracft o f  the Rain at Paris and Lijle, as far as the French 

have publifh’ d their Obfervations. A n d  by com paring the Rain o f  one 
Place with that o f  another, I find that there is about tw ice as m uch 
Rain falleth at Townley, as doth either at Upminfter  ̂ Paris, or Lijle. M r. 
Townley hath form erly obferv’ d, that as much more Rain falleth at 
Townley as Paris. A n d  M . de la Hire obferves, that more R ain falleth 
at Lijle than Paris. But Townley doth far exceed.

A t  Lijle, one Year with another, the Depth o f  the Rains amounts to
22 Inches 3 Lines, Paris Meafure, or 2^ in 3 /. which m ake about 23 \ 
Inches Englijh, or 24 f. A t  Paris, one Year with another, they am ount 
to 20 Inches 3^ Lines Paris M eafure, which is near 22 Inches Englijh. 
But at Townley, one Year with another, according to M r. Townley'sCom - 
putation formerly, the Rains amount to above 41 Inches D epth. A n d  
by taking eight other Years, in which the Rain was obferved both at 
Townley zná Upminfter (v iz. ixora 1696 to 1704) I found that all the 
eight Years Rain at Townley amounteth to above 1700/, Tr¡^, at Up
minfter % 2 i l  only. W h ich  faid Sums being divided by 8, g iv e  212/.^ 
one Year with another, zt Townley, and L zt Upminfter. E ach  o f  
which Sums being doubled, and m aking a Decim al Fraélion o f  the 
laft Figure, doth nearly g ive  the N um ber o f  Inches, which all the 
Rain would have rifen to , i f  the Earth had not fw allow ’ d it u p , v iz . 
42 f  Inches at Townley, and about 20 i  Inches at Upminfter. W herefore 
the Rain at Upminfter is lefs than at Paris, at Paris than at Lijle, and at 
every one ot the Places lefs than at Townley by much. T h e  Reafon o f  
which vaft Surmount at Townley, is doubtlefs from the H eig h t o f  the 

^ i l l s  thereabouts, wliich retard or ftop the W efterly  C louds : F rom
which



which Point the W in d s b low  m ore than any other here in England.

But,
2. N otw ith ilanding the great D ilproportion  o f  Rain between one 

Place and another, yet there is a great A greem ent between our Baro
meters ; one rifing or falling when the other doth and that m uch, or 
little, as the other doth ; altho’ not always fo e x a d ly  in  the fame P ro 
portion.

And this is what I find M onfieur M araldi hath obferv’ d , by com 
paring his O bfervations at Paris w ith mine at Upminfter^ in the Years 
1697 and 1698. O n ly  at Paris the 5 is com m only three or four L in es 
lower than at Upminjier. A n d  fo it appears to be at Townley  ̂ from  this 
and feme other T ables, v iz . three or four T en ths o f  an Inch low er at 
T'ownley than an Upminjier. W h ic h  is an A rgu m en t that Townley and.
Paris arc fituated higher above the Surface o f the Sea than Upminjier 
(which is nearly in the fame L e v e l w ith London) is.

3. There is fom e A greem ent between the W in d s 2XTownky and Up- 
minjler. W h ich  altho’ not always exaélly in the fame P oin t, yet do 
often tend the fame w ay, b low ing within a Poin t or tw o perhaps o f  the 
fame Courfe •, efpecially when the W in d  is fom ewhat ftrong. O r  i f  the 
W inds have differ’ d , yet the Scudd (as the Seamen call the Current o f  
the Clouds) hath com m only ihown the M otion o f the upper A ir  to  agree 
thereto.

This doth often happen, tho’ not always. A n d  this M onfieur M a 
raldi hath obferv’ d at Paris in the aforefaid Years, v iz . “  T h a t there are 
“  a great many D ays, during the different Seafons o f  the Y ea r, where 
“  the W inds are the fame in both Places, [x. e. Paris and Upminjier.]
“  When the W in d  was the fame, both in one part and the other, it 
“  was ordinarily pretty ftrong, and o f  lon g Continuance. A n d  alfo 
“  he obferved that the W in d s had changed alike in both Places, yid.
Hijl. de I’ Acad. Roy. des Sciencesy An. 1699.

Obfervatiom on the Weather̂  Rain, Windsy 6cc, 69
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7 0  
Tables of the 
Weather, l¿c. 
for 1705, by 
tht fame. n.
309. p. 2378-

Obfervatiojis on the Weather^ Rain^ Winds^ &c.

i

T A  N  U  A  R  Y .  ' j  . . .  1 2  . . .  q

W eather W in d
Courfe of 
theClouds

Barom. T h . Rain

5
F rolt
Fair
C loud y

N  h W o  
1 N E

j o  H17
1Ó

79
yo
«7

1 0
F ro il with tliick 
A ir

W  0 
E  b S o

2 X 
2 2 
25

82
93
«7

^ 5
H ard Froft 
and cloudy 
Thaw

W b N  I 
S W  0

00 
29 97

93
74
«5

_95
73
96 
82

~92
103
9 -
87
97 
90

2 0
Froft and fine 

W eather
E  I

E b S  I
30 03 

06

13

2 5

M ift
Brighter
C loudy

E  b S I 
E S E  I

29 79
80
81

0 36

3 0

Cloudy
Snow
iCloudy

N  I
N  b E  I

N  b E 30 03
02

22 99
1.

I 11

F  K B R T  ̂ R r. 7 . . .  12 . . .  g

W eather W ind
Courle o f 
theClouds Barom. T h . Rain

5 Rain
S 2

S E b S  2
28 89

77
78

98
102
_93

97
107

2 68

1 0
Fair
Cloudy
Rain

S S E  I 

S 5 S W  b S
29 85- 

S i 
66

1 5

Froft
Sun-ihine with 
thin M ift

N  b W  0 30 39 
31

84

88
92

100
9

2 0
M ifty

Cloudy

E b N  2 03
29 97 

86

2 5

Froft
Fair
Rainy

S b E  I 
S 2

S S W 28
27

19

8.
I '-5
95

3 0 T h e  Sum  o f  
the Rains

].

5 53

inED



Obfervations on the Weather^ Ratn  ̂ IFinds  ̂See.
M  A  K  C  H . 6 . . . 12 . . .  9

5

W eather W in d
Courfe o f 
the Clouds

Barom . T h . Rain

Cloudy

Fair

N  N  E  3 N  E 29 61 94
90 

86 
1 12 

90

94

1 0
Froft
Sun-lliinc
Cloudy

S 0
E  N  E  1

W b N 41
40
40

1 5
Rain

E  I S 24

17

2 0

D ark w ith Storm s 
o f Snow

N  b E  2 65 88

2 5

Brighter with fmall 
Snow

N  b W  2 21

33
48

83
104

81

116
127
108

•

3 0 Turbid and rainy
S b W  3 
S W  8

35
30
22

1.

55
_

A P R I L .  5 . . .  12 . . .  9

W eather W in d
Courfe o f 
theC louds

Barom . T h . Rain

5
C loudy
D irty
Drops

W S  W  I 
S W  5

29 72 
70 
66

102
122
120

1i

1 0 Rainy
E  b N  1 S b W t 34 

32 
25

98

^117
106

1 5

Froft with
Sun-fiiine
Cloudy

N  0 ' 82 
90 
96

79
1 1 6

98

20
Cloudy

M ilder

W  b S 1 
W  2

91
92 

«5
101

134
120

2 5

■ k

30

H oar-froft 
Thunder w ith 
much Rain

W  Ü
I

N  b W  
N  b W

70
80

87

86

125

ICO

109
Fair and warm

W  b N I b8

73
 ̂ • 1.

1 .  ^5
4 A  2 M A Y .



Obfervations on the Weather^ Rain, Winds^ See.
M A Y .  B . . .  12 . . .  q

W eather W in d
Courie of 
the Cloud?

Barom. T h . Rain

5 A  cloudy D ay
S W  b S I 
S b W  2

29 61
56
55

115
150
120

l O
C lou d y

Fair

S S ,W  I 
W  b N  2

N  W 30 07

05
29 98

104
142
124

1 5

Showers o f  H ail 
and Rain

N W b N 2 80

9 ^

92

97 0 22 }

2 0
Cloudy

Fair

N  I
N b E 2

7«
78
80

106
124

2 5

3 0

Cloudy and
Cold
Clearer

N b E  2 
N  2

N N  E «5
91
96

93
120
lO l

1

Cloudy and cold
W b N  I

>
7 '

85

98

99
1.

2 03

J U N E .  5 - . I 2 . . . Q

W eather W ind Courfe o f 
the Clouds

Barom. T h . Rain

5
Cloudy and
W arm
D ropping

S W  I 
N  N  W  I

W  
W  N  W

29 62

65
64

119

143
126

1 0
Sun-(hine with 
Heat
C loudy, R ainy

E  S E  2 
E  b S  2 S E b S

30 03 
01

29 94

n o

'53
T 26 0 30

1 5

M ift
H ot
Sun-ihine , . .r

W b S  I
2

92
92

93
12 7
155
132

2 0
Cloudy
H o t
N ot fo hot

E  1 95
94

125

^37
Í5 12 5

C loud y
Drops
Showers

S W b W 2  
W  3

62

59
50 0 08

3 0  '

M ift
Sun-ihine
H ot

N  0 
W  I

84
62
04

106

'5 6 1.
3 29

J U L Y .

inED



Obfer-'vatmis on the Weather^ Rain  ̂ Winds^ &c. * 73
J U L Y .  5 . . .  12 . . .  9

W eather W in d
Courfe o f  
theC louds

Barom . T h .

122

^39
1 16

Rain

5
Sun-llnne
Rain

W  0 
N  W  Í

N  W 30 08 
08 
10 0 82

1 0

1 5

2 0

Cloudy
Showers and not 
fo hot

N b VV 3 

5
29 79 

88
30 80

112
120
118

Sun*lhine 
Very hot

li. b S 0 
S 2 N

29 96

93
90

1 1 2 
163

145
Sun-lhinc w ith
H eat
C loudy

S W  b W o  
N  N  W  2

30 03

03
03

“ 5
164
136

n o
170
148

116

2 5

Sometimes Sun- 
ihine, fometimes 
cloudy

W  b S 0 
S b W  3 W

29 72 
69 
66

3 0

Sun-ihine 
Cloudy 
Lefs cloudy

W  b S I 
S W  2

79
82
82

1.
5 56

A U G U S T .  5 . . . 12 . . Q

W eather W in d
Courfe o f  
theC louds

Barom. T h . Rain

5
C loudy 
L efs cloudy

W  S W  I 
W  b N  I

W 29 80 
86 
86

133
158
148

1 0
Sun-ihine
W in d y
M ifty

S S W  3 
S W  6

S W 48
56
44

158
138 1 00

Í 5
T h ic k
Cloudy

S W  0 
S S W  I

97
94
82

109

*53
132

20
Sun-ihine
Drops
Lefs cloud y

S 1 S w 61

6 5

120

129

2 5

Sun-ihine 
D rops 
Lefs cloud y

W  I 
W N  W 6

N W 34
42
49

105
128
1 1 7 0 07

3 0 M uch Rain
S I

S b  W 4
s s w 68

7 *
74

12 7
142
12 4

1.
JO 81

S E P T E M .



74 Ohfervaticns on the Weather̂  Rain̂  JVindŝ  See.

ill
■I'l
,11

«:i
ii

. S E  P r  E  M  B K  K.  0 . . .  12 . . .  g ^

; W eatlicr W in d
Courl'e o f  
tiie Cloud'

Barom. T il. Rain

'5
Sometimes Sbii- 
fhiiie, fpinotimes' 
ilo n tiy

S W 'b W c . W  S W 29 88’ 
88 
84

107
144
118

-

C lou d y

Showers

ScS W  0 S W  abovt 
N W below

‘ 77
r

86

102

108

=

^5
C loud y
M ifty
Cloudy

W Ñ  W o  
'W  I

N  b W  
N W

30 13 
15 
15

119

145
I 2Q

2 0

• j

Cloudy
E  I

E  b N 4
25
25
2 2

124
138
I  2 8  

I  1 0  

1 2 2  

Í I 3

•

2 5
Small Rain

S W  b S J 
S S W o

2 9  3 6

3S
4 0

3 0 H oar-froft and 
Sun-ihine

IN W  0 
W  b N  I

.

48
50
42

93
I  12 
9 ¿

1.
0 04

.

Q C T Q B . E R .  7 . . .  1 2 . : ; ; , '

W eather • * '̂ '̂ .Ind
1

Couri'e o f 
tlieX^louds

Barom. T h . Rain

5
Sometimes ihpwt'fs 
fometimes Sun- 
fliine

S i
S b W  2

28 93

99
29 10

1 1 1 
127 
111 0  5 6

1 0
T h ick  M ift 

Sun-ihine

S E  0 
E  S E  0

93
98

30 05

lO I
128
108

1 5

Cloudy

Sun-ihine

W S  W 2 W
. 29 75

78

98

108

2 0

1

Sun-ihine 
C loud y 
Thunder, & c.

S E  I ' 
E  b S '2  
IL N  E  2

S E b E
2 18 

16 
22

86
1 1 2

108 5  6 9
I

2 5  'Sun-ihine and cold
y>

N  2  < ' 

3
86
92

.30 0 4 -

89
103

87
J

3 0  f
:‘Xo{t w ith Sun- 
hine

N b S  2̂ 29 94

30 GO

87

89
1..

1 6  0 1

N O V E  M-



Obfcrvations on the JVeatber^ Rain  ̂ IVinclsy See. y£
N Ü  V K M  B K  R . 8 . . .  1 2 . . .  9

W eatlier W in d
Courfe ot 
the Clouds

Barom . T h . R ain

5

1 0

Frofl: and 
Sun-ihine 
Cloudy

E  N E  I 
E b N i

E 29 68 
72 
72

83
103
lOI

^03

120

C loud y

Rainy

S 2

6

80

44 0 27

1 5

Froity
ami

Sun-lhine 30 05 80

” 89
89
98

79
’̂5

.7 6
102 
112  
1 11

2 0

T h ick  M ift 
Rain and 
T urbid

N 2 
W  I

9
29 57

57
35 0 91

2 5

Froll and 
thin M ift

W 0 65
^7
71

3 0

i'h in  M ift
Cloudy
Rain

S b W  2 
4 S S  W

10
JO

28 S4
1.

5 84

D  l i  C  E  M  B H K . 8 . . .  12 . . .  9

W eather W in d
Courfe o f  
the Clouds

Barom. T h . Rain

5
Sometimes cloud y, 
lometimes fair

W  2
W  b N  3 N  W

29 10

25
46

92
102
92

88

89

100
101

_95
94

100
84

1 0 C loudy
¡N N  W  I 45

61

1 5

Sm all Rain 

Rain

S W b W  
VV b S  3

34
36
31 1 2 1

2 0
Rain
Clear
Froft

S I 2S 73

73
76 I 83

2 5

Cloudy
Rain
Snowy

N  b E  I
N N E

29 72
76
90

96
S8 0 48

3 0 jiDark
S E  b S I 
S E  I

*

92
90
86

87
88 

85

I.
21 70



Ex;li(atioH of Jn thcfe Tables I have feleifled only every fifth D ay o f  every M onth, 
tht fables, yyiiich may give a com m odious V iew  o f the whole Year.

Thefe Tables cannot want much Explication beyond their T itles, ex
cept in the Colum ns o f W inds and Clouds, in which I have made ufe o f 
the M arks in Englijh. F o r their V ariety was not know n to the Romans.

T h e  four principal Quarters are denoted by thefe L e tte r s : N  the 
N orth , S the South, E  the Eaft, and W  the W eft.

T h e  intermediate Points are denoted by a Conjunélion o f  thefe L et- 
j ters i N  W  denotes the W ind which Seneca calls Corus  ̂ we the N orth-

W e ft, which he fays blows from the W eftern Solftice ; S W  Africus^ 
( or the So u th -W eft; S b W , South and by W e ft, denotes that Point
Í which lies next to the South ; S S W , South-South-W eft, the next to

th is ; S W  b S, South-W eft and by South, the next to this, or that 
which lies between this and the South-W eft : And fo o f  the reft.

T h e  numeral Figures annexed to the W inds fliew the Strength o f  the 
jT- W inds. T h e  Cypher o denotes the T ranquillity o f  the A ir , or that no
jjjt W in d  b lo w s : i denotes fo mild a W in d , that it would hardly extin-

guifti a lighted Candle: 2 is a ftronger W in d  : 7, 8, í¿c . as far as 15
♦ or 20, denote more violent and raging W inds.
* A s  to the Colum n o f  the Therm om eter, it is to be obferved, that the

Degree o f Freezing is about 85. But Hoar-froft will happen about 90,
j or fomething higher.

In the Colum n o f Rain, fumetimes I have put down the W e ig h t o f  
the Rain that has fallen on the rainy Days m ark’ d in the T able. A n d  
at the End o f every M onth is fet down the Q uantity o f  all the Rain 

 ̂ fallen in that M onth. In this whole Year there fell 84,62 Pounds o f
Rain, o f  thofe Pounds which we in England call Troy W eig h t.

T h e  Funnel which receives the Rain is circular, the Diam eter o f  which 
is equal to 12 Englijh Inches.

L aftly , Thefe Obfervations were made three times in a D a y , except 
I was abfent or otherwife em ploy’ d. T h e  H ours o f  obferving, both 
before and after Noon, are m ark’ d at the T o p  o f  each M onth, 
r, Felruary, and the greateft part o f  M arch, our

Ac. ’ were generally fcized with a D ifficulty o f Breathing, and a Cough.
L e t the Phyficians ju d g e  whether this m ight not proceed from  the 

W ind , together w ith a cold and m oift T em per o f  the H eavens,
I , which the Tables fliew were then cold but not frofty.
i  ! • ^pr. I. in the M orning Parelia were fcen by fom e, but I did not

happen to fee them.

: :  T h e  M onth o f  June was fo hot and dry, that the Springs fail’ d, the
 ̂ Fruits languiih d, and the Grafs was d ry ’ d up. H oney-dew s were alfo

j rrequent. L ikew ife the Corn was blafted.

was fo fierce, that it did great Injury to the Fruitsof the Trees.

A n d  though Plenty o f Rain fucceeded, yet the Ponds were dry in 
i>eptember,̂  and there was a great Scarcky o f  H ay.

B ic .

7 6 Obfervations on the JVeather̂  Rain, fî inds, &c.
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December 19. T h is  M orn in g (I think) was the greateft Defcent o f  
‘the Mercury in the Barom eter, in the fo llow ing Manner.

S ’* I In the M o r n in g ----------28,28 Inches. ,
1  0 -------------------------------------- 28,06
1  1 ---------------------------------------2 7 ,9 4
H i -------------------------------------- 2 7,9 4
1 2 Í -------------------------------------- 28,03

I A fte rn o o n ----------------------- 2 8 ,13
I 1 0 '---------------------------------------i s
I 2 0 'W in d  W e ll 7 -------------------20
2 \ V i n d W e f t 9 ------------------------------------3 4

I'he Changes o f  the Heavens and o f  the W eather were not To re
markable as thofc o f  the Mercury. O n ly  in the Afternoon the W in d  
was violent, and much Rain fell in the N igh t. But we heard that D ay 
there was a dreadful T em pcft at Corbeil.

T his greatoll Dcl'ccnt o f  the Mercury was obferved by others. In 
the Obfervatory at Greenwich the Mcrcury defcended to 27,80  Inches ; 
in the C ity  o\ Canterbury to 27,90,

In the R eckoning o f  tlie Rain I had alm oit forgot to mention the 
Depth o f  the Rain. I f  the Earth had not abforb’ d it, it would have 
arofe to 16 ,924  Englijh In ch es: Therefore this Y ear is to be accounted 
a dry Y t a r : For the mean Proportion o f  Rain every Y ear is about 2c|
Inches at Upminjler-, and 42  ̂ at To^vnley in Lancajkire \ alfo 22 ntPart) 
in France, and 24 Inches at I.ijle a C ity  o f  Flanders, as I obferved 
above.

XI. T h e Society having put into m y H ands D r. Sckeucbzer's Obfer- 
vations o f  the W eather, i¿c . made at Zurich in the Y ear 1708, 
having received from D r M ich. Angelo n i l i  the Q uantity o f  Rain which 1708! Z  zxx- 
he obferved to fall at P ifa \  I have com par’ d thefe Obfervations with Swit- 
mine made at the fame time at Upminjler ; and have put what I could ^
of them into the annexed Tables. In the former o f  which, I have re- 
)refcntcd D r. Scbenchzer'^ and m y Barometrical O bfervation s: In the and Zurich,’ 
atter, his Rain O bicrvations, thofe o f  D r. M . A . Tilli, and mine own Upmin- 

all rcduced to our Englijh M eafure. But becaufe I am not as yet cer- 
tain o f the true Proportion between the ^ufcan and Englijh W eig h t, I 
have theretorc given D r. M  A . f i l l i ’ s Rain, both in the Tufcan Pounds n.34.. p,342. 
and Ounces, as he fent it me •, as alfo reduced to our EngliJfj Troy Pound 
and Centefimals o f  that Pound, according to M r. Greaveses Proportion, >
which iy different from that aíTigned by Sir Jonas Moor. Coij'

A s for the Thermometer, it would have been in vain to have com 
pared Dr. Scheiuhzer's Oblervations with mine, by Reafon we have

Vol. IV . Part II. 4 B  notmometér.
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not yet a Standard for Therm om eters, as wc havL " j rr ueters: 
they being every where in all, or mofl; Rdj'xiCt? iffereni '■ ..h final!
Bottles o f  S p irits; fome accordingly with longer, *,i Oiortc-r ;
fom e w ith wider, fome with narrower Canes or Shar  ̂ • omi.- fill’ d 
with more h ighly reA ify ’ d, and conftquently more exp . ..ve Spirits ; 
fom e with more phlegm atic and duller Spirits.

T h e  Difference particularly between D r Scheuchzer*^ and rny T h er
mometer is, his is about one Foot long ; that 1 obferved witli ull a.ong 
( ’ till it was broken this Year) about tw o Feet and a halt and that I 
now obferve with three Feet and a Quarter ; the Bore o f  the Stalk is 
fm all, and the Ball is large, and confequently the R ang great, anfwer- 
ing every the leaft Alteration o f H eat and Cold.

But yet, thus much I have been able to obferve by com paring 
D r. Scheiichzer's and m y Therm om etrical Obfervations, v iz . T h a t 
notwithftanding the Alpine Snows have m ighty Effeéts on the W eather 
in Switzerland, and other conterminous Places, yet there is m uch more 

' Agreem ent between the Heats and C old  at Zurich and Upninftery than
before com paring them I im agin’d. (I fpeak with relation to the laft 

i Year only, having no other Obfervations.) F o r in W inter, altho’ I
imagine we have more warm D ays than th e y ; and in Sum m er, that 
they have greater H eats than we ; yet I obferve that the C olds and 
Heats in both Places, begin and end nearly about the fame T im e  : And. 
that oftentimes any remarkable W eather (efpecially if  o f  fom ewhat lo n g  
Continuance) afFefteth one as well as the other Place. T h u s, for In- 
ftance, Jiine^ which was (fome part o f  it at leail, particularly the very  
D ay after the Solilitial-D ay, June 12.) remarkably cold in England^ 
feems to have been not very different at Zurich D r. Scheuchzer's T h e r
mometer divers T im es that M onth (tho’ not on the very fame D ays 
perhaps) defcending as low , or rather lower than in the M onth be
fore, yea, as many Days in the W inter M onths. I obferved too, that 
all this M onth their cold W eather conilantly preceded ours here about 
tive or more Days. A n  Indication that the W eather in both Places

i was influenced by the fame Caufes, whether from xht Alpine H ills  and 
Cold,^ or the Influx o f the M oon and other heavenly Bodies, or any 
j other Caufe.

A n d  as in June there was a great A greem ent in the unufual C old , 
f fo in Auguft there was not much lefs Agreem ent in H eat i the Heats
i m both Places being great, and beginning to abate about the fame
* T im e , only a little fooner here than there.

In W inter alfo, although I imagine we have a greater N um ber o f 
' warm er Days than they, yet I find that a warm W inter M onth there
¡ is fo here and a cold one there, is a cold one here likewil'e. T h u s in

February and Marchy October and November, a great A greem ent feems 
to  have been between the H eats and Colds o f  both Places, fom e Days 
cxcepted. B ut January was at the Beginning not fo conftantly cold ,

for
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for the Seafon at Upminfter. as it feems to have been at Zurich. A n d  
J)ecember lail, w hich from  the eigh th  D a y  to Cbrifimas-Vidc^^ was here 
moderate and open W eather, and after that more intenfely cold  than 
even in the Long-froft^ Anno 1683, by the fewer Therm om etrical O b- 
fervations w hich D r. Schcuchzer made then, than in other M onths, the 
grcateil part o f that M on th  feems to have been intenfely cold  at Zurich, 
as the latter part thereof was with us rem arkably in England.

A s to the Winds^ which I did not enter into T ab les, becaufe it m ay — of *ht 
be fufficient to obferve in general, that although m any D ays they agree 
in both Places, yet there are m any more in w hich they differ. W h en 
they do agree, I find it is chielly when the W ind s are ftron g, and o f  
long continuance j and m ore, I th ink, when N orth erly and E a ile r ly , 
than in the other Points. A lfo , 1 have obferv’ d, that a ftrong W in d  
in one Place hath been a w eak one in the other.

A s to the Earo-.netrical Ohfervations^ I have thought it worth while ^>,ftbe Bara
to fperify them. M ine own O bfcrvations I fc le iled , w hich were made metrical Oh 
at Noon ; and D r. Scheuchzer\ as near N oon as m ight be. F o r  which '̂ '̂^*^ "̂”'̂ ’ 
reafon, I com m only to o k  his M orn in g O bfervations, becaufe made, 
for the m oil part, about ten or eleven a -L lo ck . A lfo  I took  thole 
jnade with his bent Barometer •, becaufe they feem ’ d to m e (efpecially 
at the beginning o f  the Y ear) to be the m oft accurate.

T h e  Altitudes ot this Mercury he meaiureth by the Paris F o o t, w hich 
I have reduced to our Engliflj M eafure ; tor w hich reafon I have alio all 
along noted their Differences.

k  is m anifeil from  the T ables, that throughout the w hole Y ear, the 
Mercury was low er at Zurich  than at Upminfter^ by fom etim es one, 
lometimes above tw o Inches EngliJJj. T h e  m oft rem arkable Difference 
was at the latter E n d  o f  September and Beginning o f  O£iobery when the 
J^iffercnce was for a good while above tw o Inches Englijf}. T h e  reafon 
of which, I guefs, was becaufe at Zurich^ I im agin’ d the A ir  was m ore 
inclin’d to w et, at that T im e , than at IJpminfier \ as alfo, becaufe the 
W inds were then at N ortherly and K afterly w ith us, w hich, ’ tis w ell 
known, do m ake our Barometers rife, even in our wet W eather. B ut the 
mean l!)ifference between D r. Schcuchzer's and m y Barometers, I take 
to be about half an Inch Engliflj. F rom  whence I conclude, that the 
Situation o f  Zurich  is near a Q uarter ot an Englijb M ile  higher than 
that o f L'pwinjler above the Surface o f  the Sea *, or elfe that that Part 
o f the terraqueous G lobe, ly in g  nearer the L in e , is (according to the 
receiv’ d O p in io n ) higher, or farther diftant trom  the Center, than ours 
is, lying nearer the Pole.

It may be obferved from  the Barom etrical T ables, that (as near the 
Equinoctial the Barometer is obferved to ftand nearly at a Stay, but the 
more N ortherly the L atitu d e, the greater the R a n g  o f  the Mercury, fo) 
at Zurich, the D ifference laft Y ea r was not fo great between ih eh igh eft 
and lowell Stations o f  tlK; ? ,  as it was either z i Paris or Upminjier.
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F or at Zurich, the Difference was only one Inch Paris M eafure ; at 
Paris, D r. Scbeucbzer laith, ’ twas one Inch two Lines and an h a lf ; but 
at Upminjler it was eighteen Inches, (and fome Years it is more) which 
is greater than either o f them.

I obferve, although there be fome, and that a pretty deal o f  A gree
ment between the rifingand falling o f  our Barometers, one being very 
often high or low , when the other is fo •, and one oftentimes rifing or 
falling when the other doth fo and one rifing much or little, or fal
ling m uch or little when the other doth ; yet it is not fo certainly fo, 
as it is nearer home. I have before given a T ab le  o f  fome H eigh ts o f 
the Mercury obferved at Upminjler, and at 200 M iles diftance in Lan- 
cajlnre at the fame time. A n d  in the R ijl. de I' Acad. Roy. des Scien. 
Anno 1699. M onfieur Maraldi, by com paring his Obfervations at the 
Parts Obfervatory with mine at Upminjler, takes notice, “  T h at there 
“  is a great Agreem ent between the Variation o f the H eigh ts o f  the 
“  Barometers in both P la ces; that he finds almoft always that when 
“  one rifeth or falleth, the other doth fo too, although not alw.iys 
“  alike : T h at the D ays in each M onth whereon the Mercury hjt!i [jccn 
“  higheil or loweft, it hath been the fame at Paris as at U  minjicr, but 
“  ordinarily fomewhat more than three or four Lines lower at Paris 
“  than Upminjler. ”  But the Agreem ent between the Variations o f  
D r. Scheucbzer*s Barometers and mine, although often great, yet is not 
fo conftantly, nor fo certainly great as nearer home, v iz . at London, 
Lancajbire, Paris, and other Places, w ith which I have made the C om - 
parifon.

'«/A/Raii>. obferved at Ptja  in Italy, by D r. M ich. Angelo ‘Tilli
‘ and at Zurich in Switzerland, by D v.J .  J .  Scbeucbzer, and by myfelfat 
Upminjler in EJfex.

T h e  Rains for the moft part are more frequent at Upminñer, thcrt 
either at Zurich or Pija  ; I mean, we have more R ainy D ays than
they. But yet the Rains in both thefe Places are much greater in
Q uantity, in the whole Year, and in fome M onths, efpecialiy the 
Autum nal and W inter M onths, than our Rains are at Upminñer. 
May, June, and July, and a great part o f Auguñ, in 170 7, feem to
have been very dry, and I fuppofe fearching M onths at Pifa, as in
fome meafure fome o f  them were h ere : A n d  in that T im e  lefs Rain 
fell there than here. But the follow ing Autum nal M onths made at 
Pifa  fufficient A m ends, either by the great Q iiantity that fell at a 
T im e, I fuppofe in Thunder, or fuch like haity large Showers ; or 
elfe by the Q uantity and Frequency o f  both. W h at a prodigio.is 
Quantity was that, for inftance, o f  above 32 Pounds o n A u g u Q i . )^ .  
( I f  it all fell on that, and not fome on the preceding D ays). But we 
find very large Quantities at a time to have fallen on divers D avs, where 
it is manifeit the Rain was weighed every D ay, viz. ten Pound, nine 
Pound, and other large Quantities for feveral D ays together, in the

cooler
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cooler Autumnal M onths. B ut as the W eather grow eth warm er, I 
imagine their Rains at Pifa  are fewer ; and what falleth, falleth in large 
Quantities. F o r which reafon the Q uan tity  o f  Rain in the Sprin g  
Months o f Marcb^ Aprils and May^ 170 8, (oftentim es drippin g 
Months in England) is nearly the fame both at Pifa  and Upminñer.

As to the Rain at Zurich, I oblcrve, that altho’ their Rains are lefs 
frequent than ours in EJfrx, yet they feem to be more frequent than 
theirs at P ifa : But the Q uantity at Zurich  is greater than at Upminftery 
and Itl's than at Pifa.

’ T is D r. Scheuchzrr's O pinion, “  T h at more Rain falleth in Swit- 
“  zcrland than in France ; at Zurich  than at Paris. ”  T o  confirm  w hich, 
he giveth us this T ab le  o f eight Years Rain at Peris, to which I lhall 
add" mine for Uptnlnfter.

Ohfervations on the TVeather-̂  Rain, Windŝ  &c. 81

’The Rain at Paris in eight Tears. ^ ; U p m .

Depth in Depth in Depth in Depth in
The Lines o f Inches o f Englifh Engli ih

Year. Paris Paris Inches íá Inches i s
Miafure. Meafure. Cent e/m. Centefw:.

Inch Lin.
1699 224 T 18 8 i 19 93 15 11
1700 240 t 20 i 21 37 19 03
1 701 256 i 21 4 1 22 77 18 69
1702 196 i- 16 4 i »7 45 20 38
1703 208 i 7̂ 41- 118 51 23 99
1704 238 , 19 l O i 2 1 20 15 80
1705 266 1 13 10 1 14 82 i i6  93
1706 183 Í *5 3 i 16 3 * 24 29

Tota/ Depth 142 10 ; 152 36 154 22

It is manifeft from  this T a b le , that the Zurich Rain lafl: Y e a r  (altho* 
it amounted not to  the Q uantity which fell at Pifa  in a whole Y ear, 
yet) exceeded both the Paris and Upminfter annual Rains o f  eight Years 
^fore. But whether it conftantly doth fo or not, w ill appear from  
future Obfervations.

I take notice too, that there is a greater Difference between thefe lafl 
^ght Years R.ain at Paris and Uprninjler, than I found in the eight 
Years, in which 1 formerly compared the Rain of Townley  ̂ Paris,

Liflc



L i p  and Upminfier together j for by that Com parilbn it appeared, that 
lei's Rain tell at Upminjier than at either o f the other three Places. But 
according to thtl'e later eight Years in the T able, a fm all M atter more 
falletli at Upminfier than at Paris. F or the mean Proportion for Paris 
(w hich according to former Years was above 20 Inches Paris M eafure, 
or Q.̂  Inches Englip) is according to thele laft eight Years, no more 
than 17 Inches, q Lines M eafure, or 19 Incites E nglijh: A n d

K ain, which I form erly com puted at, Y ear by Y ear, about 
20 Inches and an half Englijh^ is for thefe eight Years m uch the lame, 
or a little more than that at Paris.

T h e Proportions therefore which I fliall now lay down for the yearly 
Rain o f  all Places, whofe Rain I have had Information of, are th e fe ; 
for Zurich ( ’ till farther Obfervations are made) 32Í In ch e s; for Pifa  
(’ till farther Obfervations) 43^ Inches-, ior Paris ̂  19 Inches; iov Lijle^ 
4 Inches-, for 1 ‘o’ivnley in Lancajhire^ 4 2Í In ch es; for 19Í
Inches j all the fame, that is Englijb Meafure.

T h e laft Obfervation I make is, the great U fe o f  C old  to the m aking 
of Rain. T h at Exhalations and Vapours are the M atter o f  R ain , is 

I not to be doubted; how they are raifed, I lliall not en qu ire; it is
! ■ fuificient for my pfefent Purpofe to fay, that when thofc Vapours are
i raifed, they are conftipated and condtnfed into C louds and Rain,
! chiefly by the C old  o f  the A ir  to which they are elevated. A n d  the
i greater the Q uantity o f  Vapours raifed is, and withal the more intenfe
j the Cold o f  thofe airy Regions, the greater is the Q uantity o f  Rain.
\ N ow  this is manifeft from the annexed Tables, com pared w'ith D r.
I Scbeuchzer's and m y W eather, ^ c .  Obfervations. T h u s for in lhnce
I January^ which D r. Scheuchzer frequently obferved was fometimcS
* warm , Ibmetimes cold, and appeareth farther to have been fo by his
I Therm om etrical Colum n, and which was the fame with us in South B ri

tain, that M onth, I fay, had Plenty o f Rain at Zurich, Upminfter, and 
Pifa  too. T h e  fame m ight be faid o f  February for Zurich, and pro
bably Pifa  too. So alfo for December in 170 7 , at Pifa  and Upminñer ; 
and December laft at Zurich and Upminñer. But with us February was 
for the moft part a cold M onth, and the Rain the lefs, by reafon tlie 
Vapours either could not be raifed in P lenty enough, or not be carried 
high enough, or fufpended long enough to be united, but foon were 

9 precipitated back again to the Earth.
From  thefe Caufes afiign’d, the Plenty o f  Exhalations and Cold  o f 

the airy Regions, I conceiv’ d it is, that at Upminñer, about the E q u i
noxes, we have often more Rain than at other Seafons. B ut I cannot 
fay this is certain and conftant. T h u s it was at the autumnal E q u i
nox in 17 0 7 , not only at Upminñer, but at Pifa  too : So at Zurich, Pifa 
and Upminñer, about the Vernal in 1708 ; and at Zurich  and Upminñer 
the laft autumnal E q u in o x : A n d  this i^ th  o í  March 170 9 , is a preg
nant P ro o f o f  this. F or, not only unufual C old  o f  the W in ter hath

been
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been fucceeded by as unnfual C^antities o f  Rain all this M onth , but at 
this very T im e  the W eather is open ; but withal cool. Particularly 
March 26, m any Vanours arofe, lb as to fiH the A ir  w ith a warm  
ftinking F og. T h e  N ig h t fo llow in g a fm art Shower o f H ail fell, a 
manifcft Indication o f  the C old  r f  the M id d le, or T o p  o f  the lower 
Region o f the A ir. A n d  the D ay after, v iz . March 2 7, proved fo 
wet a D ay, that alm ofl five Pound o f  R ain fell through m y T u n 
nel, a large Q uantity for the Com pafs o f  tw elve Inches D iam eter 
in fourteen or fifteen H ours T im e . T h e  W in d s and C loud s were 
all the while calm and ftill, and frequently changing from  Point 
to Point, near round the whole C o m p a fs ; and the Rain that fell, 
fell thick in fm all D rops. W^hich m akes me th ink, that the warm 
foggy Vapours, raifed in great P lenty the D a y  or tw o before, as foon a.s 
they were mounted aloft, met with fudden extrem e Cold  o f  the m iddle 
Region, and were thereby haftily condenfed, and the A ir  being at the 
fame T im e very light (the Barom eter being then very low j they fpeedily 
tumbled down in fm all and thick D rops o f  Rain.

And this I take to be the very Cafe o f  the Vernal and A utum nal 
Rains, that in Spring, when the E arth and W aters are loofed from  
the Brumal Conftipations, the Vapours arife in great Plenty. So alfo 
in A utum n, when the H eats that diflipated them in Sum m er, and alfo 
warmed the luperior R egions, are abated, the Vapours raifed then in 
great Plenty are foon condenfed by the C old  o f  the fuperior R egions, 
and fo are forced dow n in more plentiful Rains, than at other Seafons, 
when either the Vapours are fewer, or C o ld  o f  the fuperior R egions 
lefs.

For a farther Illuilration o f  this, let us cáft an E y e  upon June la il, 
a Month as unfeafonably W e t, as ’ twas unufually C old . T h e  C o ld  
thereof I have already taken notice o f ; and the w et W eather accom 
panying it was fo unfeafonable to us in South Britain^ that altho’ we 
had great and w elcom e C rops o f  H a y  after a great Scarcity the p re 
ceding Y ear, yet we had fcarcely any good  W eather to m ake it in.
So Dr. Scheuchzer faith it was w ith them  in Switzerland^ in his R em arks 
on that M onth ; This Month, as appears from nieajuring the Rainy voas 
mm than ordinary wet, to the hyury both o f  Alen and Vegetables. M uch  
Hay was rotted, the Corn alfo that was not yet cut grew too luxuriant.
The Vines and their Blojfoms received much Damage from the continual 
Rains \ their tender Buds fe ll  off, their Leaves were canker'dy and there 
appear'd but fm all Hopes from the approaching Autumn, & c .

H aving confider’ d the U fe  o f  C o ld  to  the Produétion o f  R ain, I 
ihall remark one T h in g  concerning the Alps', and that is, I cannot but 
think that thofe, and all fuch like  high M ountains, and the Snows they 
are cover’ d w ith , are o f  great U fe  to the neighbouring, and more d i- 
ftant Countries, in generating their R ain, and perform ing other great

Oificcs
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Offices o f  Nature. From  fome Obfervations I have m ade in com par
ing D r . Schetichzer^s and m y own larger I'ables, having fo frequently 
obferved the R ifing and Fallings o f the Barometer, fome o f  the m oll 
confiderablc Variations o f  the W ind , the m oil remarkable Alterations 
o f  H eat and C old , and o f  W e t and D ry ; I have lb often obferved 
m any o f thefe to precede in one Place what hath followed in another, 
that I am apt to think that even England may fometimes partake o f  the 
E ffe ils  o f  the Alpine Mountains upon the A ir  and Vapours. It is cer
tain that their very cold W eather in December lalt, and the Relaxation 
thereof preceded o u rs ; W h ich  makes me inclin’ d to think it m ight 
probably be derived from them to us. A ll  the former part o f  that 
M onth, efpecially from about the D ay till the 24/^, was here m ild 
and open. But on Chriftmas D ay it began to be colder, and the fo llow 
ing D ays to freeze harder and harder ; infomuch that on December 30, 
m y Therm om eter was a great deal lower than ever 1 had feen it be
fore. A n d  tw o Perfons in London told me, that the Spirits in their 
Therm om eters fell feveral Degrees lower tliis lall W inter, than they 
had done in the felf-fame Therm om eters during all the long and re
markable F ro il in the Year 16^3. W hether at Zurich the C old  was 
more excefilve than it ufed to be in other Years, D r. Scheuchzer doth 
not fay ; but he noteth the A ir  to have been exceíTively cold, and 
his Therm om etrical Obfervations ihew it to have been fo fome tim e 
before, in, and after Chriñmas. A n d  Dr. Newton, in a Letter to me 
from  Florence, fays, “  T h e  Cold was there fo great, that for tw enty 
“ Years pail they had not been fenfiWe o f  greater-, it wanting on 
“  Twelfth-day but half a Degree o f the Extrem ity T h eir TzvelfiJt- 
day,, I reckon, fell on December 26, 0 . S. and confequently their fo 
eminenly F reezing D ay preceded ours about four Days.

A n d  as their C old , fo by Dr. Scheuchzer's O bfervations, I find the 
Relaxation thereof preceded ours a ihort T im e. For about the latter 
E nd o f December, the W eather appears to have been milder, at Icail 
lefs intenfely cold with them. A nd  fo was ours at the B eginning o f 
January, about as many Days after theirs, as their C old  preceded 
ours.

T hus I have given one eminent Inilance o f  what I found lefler E xam 
ples frequently, as I run over D r. Scheuchzer'% lail Y ear’ s O bfervati
ons. But whether there may be any farther Reafons for any fuch Con- 
clufions about the influences o f  the Alpine Eminences and Colds upon 
far diftant Places, future Obfervations w ill determine. But as to their 
Influences nearer home. D r. Scheuchzer faith, The A lp s are not onU the 

fru itfu l Mother o f Rivers and Clouds, but alfo o f Snow and Rain It is 
very credible, that fuch Places as are near the Sea and the A lp s, abound 
more with Rain than Places which are more remote.

T o
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. Obfervations on the Weafher'y Rain^ Windsyixjc.
T o  thefe R em arks I m ight add D r. Scheucbzer's O bfervations o f  the 

Occurrences in cach M on th , o f  what was curious as to M eteors, the 
State o f H ealth  vand Difcates, , A lfo  the Increale and D fcreafe o f  
their Zurich R iver, tlie Limat^ w hich (lik e  other R ivers that have their 
Source in the Alps) he puts beyond all D oubt {.in m y O pinion) to receive 
greater Increments frohi the m elting o f  the Alpine Snows, than from  all 
the W et proceeding from  their Rains. B ut for them , I refer to his Ofa- 
fervations at large.

From D r. ‘?77//’ s T ab le  o f  Rain, ,com par’ d w ith the other T ables, it 
appears, that although, in the Y ear betore, June and other Sum m er 
Months were d ry, y e t  lad June was a wet M on th  at Pifa, as well as Z u 
rich and Upminjlcr ; aiid fo likew ife was it about the A utum n al E q u i
nox^ A n d  for the fame Reafons I im agine, w hich i have already m en
tioned.
■ A s to the E xcefs o f  the P ifa  Rain above that o f  othrr Places, he at- 

tributeth it to the fame Caufe, that 1 did that o f  hancafhire, nam ely, the 
Height o f the Hills, and the Blowing o f the Winds for a long Time from fome 
one '^ nrter. H is O bfcrvation is this, /  eafily allo ĵi\ that our Rain ahvays 
er fo r  the moft part exceeds yours, fo r  the Reafcn you have obferved. And  
efpecially i f  the rough Corfican Mountains, at the Time o f Autumn, are co
vered early w ith Snow. Then the Southerly Winds and Showers prevail fo r  
a long Time. But it plainly appeal's that the North Winds blov} more fre
quently about the Hills o f  Florence than the City o f  Pifa. For this City is 
furrounded with Hills on the North-fide, and is dijiant about five Allies from  
the Sea at an equal Interval.

T he fame A cco u n t o f  the Situation o f  P ifa , and the great Q uantity 
of Rain falling there, I rem em ber I had fom e T im e  fmce from  a ver\' 
ingenious M em ber o f this Society, M r. AJion, who hath been there.
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A ta b le  Jhewing the H eights o f  the M ercury in the Barometer in E ngliili 
Inches and Centefimals o f an Inch, both at Zurich in Sw itzerland, and 
at U pm infter in South Britain, together with the Differences o f thofe 
Heights, fo r  the Tear 1708.

86 Obfervathns on the Weather, Rain, Winds, &c.

January. February.

D. Zurich Upni./nl/i»/''. /»
»/ r> Engl. Eng!. Engl.
AÍ. Inches. Inches. Inches.

1 28 1 59 4 I 3!
2

3 17 14 97
4 26 43 r 17

5 17 42 I 25

6 I 28 I  27

7 17 43 I  2 b

8 27 9 9 5 I  6

9 64 28 78 I  14
1 0 46 50 I 4
I I 46 97 I 51
12 99 29 38 I 3^
3̂ 73 23 I  / ; o1 ^

'4 73 1 1 I 38
15 2 7  9 9 2 8  9 9 1

1 6

*7 2 8  1 7 2 9  1 9 I  2

1 8 8 2 8  8 9 8 1

19 2 7  9 0 29 3 I 13
2 0 9 0 15 I 25

2 1 8 1 28 80 99
22 73 95 I 2 2

2 3 99 29  1 2 I  »3
•24 9 0 20 I 30

25

26

2 7 81 57 I 6 6
28 81 95 2 1 4

29

30

3 ^
28 08 76 I 68

Zurich |Upni./> D if. in 
in Engl.^Kngl.
'Inchet. Inches.

8
17

Í 7
75
17
12

8
40

15

29 59
52
53
39
3:

4 +
3 5
40
<’7
87

U  
27 90

83 29 67
28 
27 82

Engl.
Inches.

I  59 i 

I 44- 

1
I 22 
I 12

27
2j;

32
27
72

4 9

45

88 
12 
84
49

I 63

M arch.

84 4 7 I 63
81 32 I 5 1

2 7  9 5 33 I 38
81 3 6 I 5 5

28 2 5 I 2 5

1 7 8 9 1
38 4 1 r 3

35 48 I 13

»7 4 7 I 30

20 2 5 1 5

15 22 I 7
27  9 5 28 99 I 4

8^ 9 4 I 9

Zurich 
in Engl. 
Inches.

Engl. 
Inches.

27 90
28

27 85
82

s

27

12
6

81
81

85

Hif. in
Engl.
Inches,

29 22

23
42
64

7 3

4 4

7 3
30 12
29 46 

18

75
81

85
85

28 6

»3
8

27 90
28 6

27 85
72
72

85
81

7 5

85
28 4
27 9c 

9 5

28

30
50
5 9

4 5

3 7

I 32 
I 23

57
I 83

73
I 32
1 67

2 31
Í 65
Í 33

4 7
52
3 3  
21

34
8

6
34

29
l b
38
37
6

14

5 5
69

7 4
60

31

Í 34
I 44

' 43 
I 15

49
36
4 '
21

53

I 54 
I 31 

I 34 
I 47
I 11
I 14

Imm



Obfervations on the Weather^ Rairty TVinds  ̂ &c. 87

A p r i l . M a y . J u n e .

p. Zurich Upm.»/ D , / in Zurich Upm.in D ,f. in Zurkh 1Upm./w D ,f., 1»
i f Engl. Engl. Kngl. im Engl. Engl. Engl. 1« Engl. Engl. E«gl.
M. Inchts. Inchts. Incbn. Inc bet. lucha. Inchet. Inchtt. In<bes. Inchii.

1 28 28 9 7 0 9 7 28 0 29 5 3 I 5 3 2 7  9 5 29  6 5 I 7 0
2 27  9 5 9 4 0 9 9 6 6 9 ( 6 3 28 6 5 5 I 4 9

3 9 0 29 28 I 3 « 2 7  8 j 86 2 5

4 81 5 3 I 7 - 8 5 0 I 4 2 83 3 0  7 2 2 4

5 90 4 5 I 5 5 0 4 4 I 4 4 3 5 2 9  9 6 2 6 1

6 S 5 i>5 I 80 8 4 1 I 3 3 9 0 6 9 X 7 9
7 90 ^3 I 7 5 6 3 6 I 3 0 28 8 52 I 4 4
h 28 5 0 I 5 0 2 7  90 5 « I 6 0

0 00 60 I 6 0 2 6 62 ( 3 6 9 0 5 6 I 6 6

1 0 2 7  64J 62 I 98 1 2 63 I 5 * 28 0 5 6 I

1 1 7 5 7 7 2 2 0 4 6 I 4 6 2 7  9 0 58 1 68
12 72 6 2 1 9 0 2 7  9 0 6 6 I; 7 6 1 2 8  6 5 9 5 3

»3 90 80 1 9 0 8 1 7 9 I 98 2 7  S i 3 ^ I 5 5
14 2 8 9 ' I 9 1 7 5 83 2 , - 8 i

85 4 9 I 6 4

15 6 89 I 83 7 2 6 8 1 9 6 9 0 6 0 I 7 0

1 6 8 88 I 80 5 4 6 6 2 1 2 85 4 7 I 6 2

‘ 7 27  9 5 9 3 I 98 28 3 4 4 4 «

1 8 9 5 « 5 I 9 0 6 4 4 4 I 8 0 2 7  81 4 0 I 5 9

«9 28 89 1 8 9 72 58 1 86 81 4 7 1 6 6

20 6 88 I 82 9 0 7 4 I 8 4 85 7 3 88

21 6 28 0 8 1 I 8 1

22 £ 30 I 9 ^ 0 5 9 I 5 9 9 0 7 0 i 80

23 0 0 2 9  8 0 I 8 0 2 7  95 54 I 59 97 7 0 I 73
2 4 2 8  8 6 7 I 59 8 5 4 3 I 5 8

2 aw 8 8 0 I 7 2 »7 8 0 I 6 3 9 6 45 I 4 9

2 6 1 2 8 5 1 73 i >5 8 6 I 7 1

¿7 2 7  8 5 8 4 I 99 . 7 2 8 1 2 9
2 8 6 7 6 I 7 0 2 8  8 ’ 8 1 I 73 73 99 2 2 6

2 9 0 8 / I 8 7 7-2 9 8 2 2 6

30 0 0 37 I 37 1
0 8 4 I 8 4 75 8 0 2 5

3 1 I 2 7  9 0 7 8 ( 8 8

4C 2 July.

r e a



S!| Ohfervations on the Weather̂  'Rain, Winds, See.

J u l y . September.
/>. .¿urich Jpni./j i)if. .in Zurich Upm.M D if. i?; ZuriLti £>.y: »«
C Í  1n Knjjl. Engl. Engl. 1« Engl. Engl. EngJ. rff Engl. Engl. Engl.
M. h.cbn. hchii. Inches. Inches. hchts. Inches. 

___L-
Inches. Inc hi J . Inches.

1

1 28 • 29 72 I 7 - .27 85 3 0 -  2 -> 1 7 28 1 6 2 9  58 I 52
2 2 7  9 5 92 t 9 7 81 ■29 84 2

J 00 5 4 I 5 4

3 9 7 8 9 I 92 85 }T0 I ^5 1 7 5 0 I 33

4 9 5 80 I 85 28 6 7 1 I ^6 8 48 I 40

5 '28 6 7 I 6 7 1 0 6 7 1 5 7 2 7  72 6 1 I 89

6 2 7  7 5 69 I 9 4 8 5 6 I

/ 8 1 72 I ■ 9 1 0 5-7 I b ; 7 2 4 5 I 73
8 28 ' bq I 69 2 7  81 9 3

1 ii 2 7 2 4 9 I 7 7

9 8 68 I 60 85 98. 2 ‘ 3
IQ 1 2 80 I 68 9 0 62 I ¡72 8 1 45 I 64

I 1 0 84 I 84 9 5 66 I .'7 Í
12 2 7  81 9 0 2 9 28 8 .89. I 81 ' 6 4 6 7 2 3

93 83 I 90 0 9 3 I -93 4 6 4 8 2 2
1 4 28- 6 68 I 62 2 7  8 5 9 i

2 8 7 2 4 3 I 7 ‘
1 5 7 5 8 4 2 ■ 9 - 85 28 6 5 0 80

1 6 7 2 80 2 8

' 7 ¿ 7  9 5 63 I '68 7 3 ■55 I 82 t  ̂ 72 2 9  30 r 5 8
18 9 0 77 f 8 7 7 a 19 1 4 7

! 6 9 i>7 r 98

1 9 28 7 6 I 7 6 90 6 i I , 7 * ■
20 2 7  7 ? 84 2 12 9 5 81 I ' 8 6 72 88 2 1 6

21 ,28 6 6 I . 6 6 / - 9 3 2 ' 2 1 7 5 86 2 1 1
22 () ' 5 0 I 4 4 • 81 : 7 7 I , 9 6 - 75 85 2 >9

I ) 56 [ ■39 90 95 2  ̂ 3 . » 75 96 2

*--r b 84 I 7 6 95 53 Í ' 5 8 8] 30 20 2 39
^5 - é 7 S I ;67 28 0 0 I 5 1 ■ 5 6 1 7 2 61

1

26

Í 8 2
00 ; I 1: 5 ! 50 12 2 6 i

2 7 95 I ■87 1
2 7  9 5 .5^ Í j 57 1 6 4 ' 8 9 2 2 i

-  *5 I 6g •8-5 1 ^3 >■! 78 ■; ' ''8;j : 94 2 '• 1 !

. ^ ',915 I 6,6 I 7 * . ,  2:8 . ' 5 1 I 5 1
}
1

p o : ^5: I 61 I 76 ■ -» 2 7  -8Í5 ; ' ^ 2
. M 77Í ■

■ 72 ’ 73 2 ■ i

1 1 „  ¡ 81 .  ■ 9 ^ 2 ' > 2«  : 6 1

Oiftober.

U11£D



Obfervations on the TVeather^ Rainy JVinds^

V,; -Ail

'v Engl-
lucía.

1
2

4
Í5
,6
7

,S

9
lo

12

»3

.O ftober.
Ü p in ./*f

Engl.
Incbts.

27 72 
69

'7
[I

*9
zo

21
22

23
H
25

26
27 
¿8

^9

.72

85

81

• 72

64
72
I
90

29 92 

• 93

73

30 5 

29 9 4  

86

/)»/. in 
Epcl.
IncotJ.

20

24

I

20

13

14

87
28 6 

00 
27 72

86 
30 t

»

29 4T

79
59
49
70

72
90
95
95
64

S5
81
81

'00

30 00 
2

29 7̂6

.74
'89

30 27 :9o

22

34

51

92

53
49
98

I ,  N ovem ber.

28 
1 2 
81

79
■25

Iso 
-  6, 

Í63 
164 
.80

3i|7« .ogh-. ;7 .t

95
80

74
: '̂4
90

Zurich 
in Engh 
Intbtt,

Up m. w I 
Engl. 1 
Inchtt. J

28 22 3 0  21

24 18

15 6

08 1 2  :

1 *•/ 2 9  86

2 2 3 0  8

■7 1 0
1

22 29 78

22 3 0  1 0

17 0 0

¡22 >5
26

2 2 29  88

22 50

27 77 27
9 0 6 0

28 1 7 84

I  ‘ (
•* 1 “==•i

■ * !
Í

(1 ¿ 
I 26 ■'45

ngl.
\ches.

99
94

9 >

I ,69 i
I 86

‘  93

I 56

r R8I 
1 ’S i ’

Engl. 
Inclfej.

|93

I 66

I  : 2 8

50
70

*67

IQ

{ . A I  Í .

28 26

30 
22  

27 99

73

77 
85

! 99
28 13

15,

(jpra.^jP/y. 1»

29 36
. . 45

10

8J
28 95T0 7̂

92

29 11

19

I 54

oS 
27 99

IfiO

73

75
90

95
99

28 6
6

27 99-
28 17 

26

2Í2

*7
15

[J I I 26
“ 5 I 16
124 ' 9
'24 ri- 9)

------i—
¡23 I 20
¡40 I  4 »

!^9 f 69
-  ¡8i 10

74 I 9 '

77 } 77
■52 Í 57
60 I 61

61 I 55
50 I 44

77 I 78
28 I 1 1
36 I 10

30 14
—  2 8 ri-

29. 83
80

7

I 66 
I 6 a



A  Table o f the Rain at P ifa in Italy, both in T ufcan and E nglifh  Troy 
JVeigbt, wbitb fe ll through a Tunnel o f half a Brace fquare, from M x f  
till the End o f  Decem ber 1707 : J s  alfo the ^ a n tity  o f Rain at U p - 
minfter in E flcx  at the fame Time  ̂ which fe ll through a round Tunnel o f  
12 Inches Diameter^ in Pounds Trcy  ̂ and Centefimals of a Pound.

90 Obfervations on the Weather̂  Rain, Winds, &c,

May. June.

1

1

July.
D.
V
A/.

Pifa 
Rain in 
Tufcan 
iVtigbt.

Pifa 
Rain re- 
ductd to 
Eng. if'.

at
Upmin-
Ikr.

!fain at 
Piia in 
I'uftan 
If'ei^ht.

Pifa 
Rain re
ducid to
En g. ; r

at
Upmin-
fter.

P./a 
Rain in 
r ufcan 

fTcii^t.

Pila 
Ram rr- 
ductd to 
Eng.W-'.

Uptnin
ftcr.

I. oz /. dec. /. uec. I. oz. I. dec. 1. dec. I. oz. I. dec. /. i/ff.
1
2
/

4
5

6

7
8

9
10

0 1 7 
2 90 
0 0 ;

0 1

0  92 
D 4c 
0 25

5 7 5 12

0 5 5  

0 0 6

I 0 I 84

1 1
12

‘ 3
H
15
7 6

17
18

1 9
20

21
22

23
24 

L 5
2 6

2 7

28
29

30
31

0 2 

0  2 9

0 60 

0  12  

0 3

0 3 0  2 3

0  1 7 

0  1 6

0 9 0  Í 9 2 7 0
I 26  

0  1 7 0  85  
0  4 2

0  9 4  

0  ' 6 5

0

0  5 6

0 33 
0  23

0 81

0  92 

0  20

Tot.wt 0 6 9 5 25 5  1 2 6 68 2 7 6 37
\Dep.inInch 0 12 * 0.6 0  88 i _ 1 4 0  2 5 I 27

\m£ü



Obfervatiom on the Weather̂  Rain̂  Windŝ  See, 9»

A u g u il. Se 3tcmber. ü d o b e r 1

D I’ifa Pifa /íflí* at /7am at Pifa /?>!/» <7/ at Pifa Rain at
Raiti in Rain rt- Upmin' Pifa in /iafVi rt' Upmin- *ifa 1« Rain rt- Upmin-

V

M Tufcan iu c t i  to Her. I'ufcan ductd to fter. Tufcan ductd to iler.
Iftight Eng. if'. tvright. Engjr. H'eight. Eng. A#'.

I. OZ. I  dec. I. dec. /. CZ. I. dec. /. ¿ if. I. OZ. /. ¿ff. /. dec.

1
2 I 1 I 0 I 90  ̂ 54
3 4 8 3 28

4 0 76

5 0 09 0 69

6 3 34 0 51

7 0 16 7 7 6 96
8 0 45 0 02

Q 0 81 0 04

lO I 40 Í 9 I 61

i 1 0 50 0 38 0 70
12 ¿ 3 2 06

13 0 10 0 4 0 31 0 5 *
H 0 0 ; 2 I 1 2 68 0 06

«5 3 10 3 5 2

i6 1 8 I 63

‘ 7 I 68
i8 0 10

•9 32 5 29 75 0 10 0 87
20 I 8 Í 53 I 02 3 Í! 3 36

21 7 9 7 I 65 I 62
22 10 0 9 18

23 3 Í 2 91 0 80

24 I 4 '  *3 6 10 6 27 2 73 0 26

^5 0 85

26 0 46

^7 2 76
28 5 io 5 35 0 71

29 0 31 I 84

3? 0 oq

Total. 33 5 * 88 37 55 14. 50 19 66 6 62

Dcp.inlnch 5 7^ 2 176 6 45 2 90 3 4 3 I 324.



^2 Oifi^attóns  ̂ the Weather\ Rain̂  ÍFindŝ  &c.

N ó v e i h b ^ . 1 Decem ber.  ̂ ®

Rain at Pila* Rsin-at J Fi£i Pila 'kain 'iti
Piik ifi[ Ráhtré- Upmin- 1 ‘Rkin in re- Upmin-

M. Tufcaá duted tt fter. Fufcan dicc/-:/ ^ ftír.
K'figbt.

?
Ü g .fT . 1

m
¡Fright.

i '

/. í t . /,. í/ff. 7 . í/ff. i. - o z . /. i í f . /. dec.
—:----1

r --- i-:- --------- ■ 'iS , — a—

ií 1 i1 i i

2 !
1
i

1 2 U 2 4 ?̂ 0  4 4

 ̂ 3 i 0. 33
i
I 1♦ 6 65

H- 1
)
I

!5 1! 1
»
1

\ r
L _

;6
I

I, 84 0 63
7 0  25
8 1 5 4 4  89

■9 9 4 ¿  57 1
1

■ t 0  84
'10 2 10 2 60

- ——

1 1 ; i \
12 í

1 - - 1 2 8 2 4 5 I 6 7

*3
1

* 4 t 0  5 3 I

15
i

I 2 4

i 6 3 10 3 5 2 0  9 6

17 0 32
i 8

19 3  . 9 3  4 4
!20 5  6 5  0 5 0  82

2 1 0 86 I 38
22 0  22

23 9 5 8 6 4 0  2 5
24 0 6 0  4 6 3 08

2 5 a 4 2 1 4 0 1 6

26 0  28 3 a 2 9 1
27 I 5 I 30 7  3 6 65 0  6 2
28 I 9 8
29 0 50 7  5 6  80

1 ? 0 03
31 Tot.wt 2 4  5 5 5  90 3 7  3 2 12 14
Dep.ininch 4  22 r 18 6 39 2 428

m í D



Ohfervations on the Weather^ Rain  ̂ Winds^ See.
J  Table o f the Rain at Z u rich  in Sw itzerland, at Pifa, and U pm infter, 

in the Ttar  170S. A ll reduced to the Depth in E n g l i i h and 
Centejimals o f an Inch.

January.

D.
'’f
M.

1
2
34
5

6

7
8
9

10

11 
^2

*3‘4
15

16

17
18

'9
20

21
22

23
24.

25

26

27
28
29

30
3*

Tot

D,p

Rui» at 
Zurich.

Inches.

18

Riiin at
Pifa.

/. OK

8 5  20

6 58

i\/

Pifa Ra}Rain at 
rtduced, Upmin.

A tiec.

5 74

/. dec.

o  97 
o 29

o

O 53 
2 48

I 26 

I 91
I 8 8
o 4

5 ’
2

6 5  21

3 75

22

37 33

6 41

o 92 

r 26

o 91

o  80

»4 39

5 88

February.
Raitt at 
Zurich.

at
Pifa.

Pifa Ra. 
reduced.

I. dec.

Rain at 
Upmin.

Inches. /. 0*. /.

2 \ 

I i

3 3 

0 10

2 98 

0 76

0 22

2
1

2 4 
I 8

2 14 

I 53

2 i  

JX

0 9 0 69

1
0 18

Í i

4 1 1 
2 2 I I 90 0 54

7 2 6 58

0 51

0 64 

0 19

i

18 1

9 2 52
0 22

19 10 2 30

I 65 3 28 0 46

93



94 Obferuations on the Weather, Rain, Winds, &c.
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Ohfervations on the JVtather  ̂ Rain̂  JVtndŝ  5cc. 95
M a y • J u n e ,

D. at Pifa a  a. Rain at Ra n 7/' Rain / .’ ifa Ra.

i

Zurich. Pifa. rtductd. Upmin. Zurich. Pifa. reJucfA. Upmiii.

Lines. /. 0«. I. dee. I. dec. Lints. /. 0*. I. dec. /. diC.

I I i
2 4- I 3 7 5 0 66
3 I 0 9 2 2 t 9 9

4 5  I 4  6 6

5 0 2 7 2 i 3 4 3 0 6 1

6 4  4 3  98 2 8 2 4 5

mmm . ■ -

7 3 *0 3 5 ^ 3  28 0 6 0
8 0 82  ̂ \ 3 3 2 98 0  20

9 0  I 1 0  9 0
10 0  9 0  6 9 0  I 1

11

12 I 4- I 6 6

13 0 32 1
2 0 1 5

1 4
1 2 I 2 6 3 0  7 6

1 5 I I I 
•

3 i 0  10 0 7 6

16 0 82

' 7
1
3 0  0 1 0  0 1

18 0  9 6 11  1 l O  1 7 0  9 3

*9 5  ¿ 0  0 4

20 3 i ' 9

21 0  5 3 2 6 6
22 • 0  7 9 I

23 I 2 3

24 6  i 0  8 0

25 3  4 3 0 6 0  4 4

26 I 5 0  38
27

28 I1
29 I

30 2 1 0 2 0 6 6 i 0  08

31 4  f I 8 * 5 3

Tot 2 1  i 1 9  3 5 1 0  1 1 66  3 28 5 3 1 1  6 1

Dcf I 9 1 3  3 3 2 0 2 5 9 1 4  9 0 2 32

4 D 2
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9« übfervations on the Weather̂  Rain̂  Windsy &c.
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A  ?roJpe£t o f all the R ain in the foregoing Tables^ in every Montb^ H a lf  
Tear  ̂ and the whole Tear^ from  June i .  N . S. or M a y 2 1. 0 . S, 170 7. 
to the End o f the Tear 1 708.

Ohferoatiom on the TVzather  ̂ Rain̂  Windŝ  &c. 99

i

M ay.
June.
J u ly .
A u g u ft .
Septem ber.
O élüber.
N ovem ber.

1

o f the
Pifa
Rain.

Utptb 
o f the 
Upm. 
Rain.

Depth 
o f the 
Zurich 
Rain.

Eng],
Incbts.

Engl.
Inches.

Engl.
Inchet.

0  1 2  
0  88 

0  3 6

5 7 6
6  4 5

3  4 3
4  22!

I 0 5

I 3 4
1 2 7

2 18  

2 9 0  

f 3 3
I 18

f be H a lf Tear*s Rain. ,21 2 2 11 2 5

Decem ber.

A nn o 1 7 0 8 .

January.
February. • 
M arch.
A p ril.
M ay.

6 3 9

5 * 4 1

3 28
2 6 5

* ^ 5 ,
3  3 3

2 4 3

2 88 

0  4 6  

2 0 3  

0  9 6  
'2 02

I 6 4

I 6 5  

Í 5 »
4  6 9  
I 9 1

The H a lf Tear's Rain. 2 3  3 1 1 0  78

Depth o f the whole Tear's Rain. 4 4  53 22 0 3

June. 4  9 0 2 32 5  9 1

1 ‘ht H a lf Tear's Rain. 1 0  6 7 1 7  31

Ju ly.
A u g u il.
September.
O élober.
N ovem ber.
Decem ber.

2 2 7  
7  2 1

5 33 
0  13

1 1 1
2 9 4  

I 4 6  
0  2 2

0  86

1 9 7

3 5 0  
3 1 5  
3 02  
2 4 4  
0  6 2  

2 6 2

The H a lf Tear's Rain. 1 9  84 8 57 1 5  35
Ih e  whole Tear's Rain. 1 9  2 4 32 66



l o o *The Rain at Upminfíer for 1 8 Years.
Jn Account /  X I . T h c  U ll Year ^1714) hav-

rem arkably dry, that 
hereabouts are for the 

A/r. W. b e r - m od part d ry, and the Springs 
ham. n. 341. gc-nerallv ei her very low or'quite 
P- ‘ 3̂ - tailing, Í made an Extract (out o f 

m y Rcgiftcrs o f  the Weather, iifir.) 
o f the of Rain which fell
at Up->ihtjier the laft 18 Years. 
T h e  Particulars o f which, every 
Year, may be feen in the Table. 
In one ColuRin o f which, the 
W eigh t o f the Ilain in Pounds 
Troy, and Centefimals o f Pounds, 
may be feen; in the other, the 
Depth o f  it in Inches and Cente- 
fimals o f inches, or what T L ig h t 
it would have been, had it not 
been imbib’ d bv the Earth, or 
lefien’d by Exhalations, but been 
luffer’d to have ilagnated on the 
Ground.

Remarks on A m ong the Dry Tears  ̂ 1 70+ 
the Dry 1 ear ^^5 complain’d o f for O n e ; which 

I remember the News-Pap. rs re
ported to have been fo confider- 
able at Venice, that they were 
forc’ d to fetch their W ater in 
Barks five Leagues off, as far as

A  T a i5r, E o f  Rain which fell at 
Ufminfter, from the Year 1697, 
to the Year 1714.

1704.

Year. W eig h t Depth.

/. Cent. Inch. Cent.

1697 77 Go 15 52
1698 122 32 46
1699 75 54 15 1 1
1700 95 19 03
1 7 0 1 93 45 18 69
1702 101 89 20 38
1703 119 94 23 99
170. 79 02 Í 5 8 1

84 62 16 93
1700 121 43 24 29
1707 81 55 16 31
1 70S 96 09 ^9 22
1 7 0 9 32 82 26 56
1 7 1 C 91 ?4 18 37
1711 118 0 23 60
171 2 1 . 8 7 8 23 76

i 7 '3 ’ >5 80 23 16
1 7 1 4 5 t 95 11 Í 9

the Brenta; fo that publick Prayers were put up for Rain. Y e t  we 
may obferve, that feveral other Years were drier that that with us at 
Vpminjier. But am ong them all, none comparable to the laft Year 
1 714.  In which the whole Q uantity o f  Rain was no more than 
5 5 *̂ 95 Hundredths, or 11 Inches 19 Hundredths j whereas the leaft 
Quantity o f any ot the preceding 18 Years, exceeded 15  Inches in 
Depth.

W hat Effb6ls this D rought hath had in the Bodies o f  Anim als, I 
leave others to judge. It is well known how contagious and fatal a 
D iftem per hath raged am ong, not only our own black Cattle, but in 
many other Parts o f  Europe. A n d  1 obferved thf‘ lu h  was Epidem ical 

. am ong the poorer Sort, at the Beginning o f  the Y ear •, that the Meajles 
were very comrnon fome Parts o f  the Year •, and that Pleurifies and 
Malignant Fevers infefted a great m any, efpecially in the Sum m er Months. 
B ut how far thefe Diftempers m ight be ow ing to the dry Seafon, 1 leave 
to the Phyficians.

To
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Rain at París.

T o  compare w ith thcfe, we have 
colleítcd out o f  the Memoirs o f  the 
Hoyal Academy o f  Sciences  ̂ the Q uan
tity o f Rain and dilTolvcd Snow 
which has fallen at the Obfervaiory at 
Paris for 23 Years together ; accord
ing to the accurate O bfervation o f  
M. De la Hire, and have reduced the 
French Meafure to our own. But it 
is to be obferved, that the D iverfity 
of Slile makes the Years not exact
ly the fame, though, as to this M a t
ter, the Difference may fcem very 
iiiconfideruble.

French Englijh.

A nn o Inch L in . Inch Cent.

1689 18 i i i 20 23
1690 23 3i 24 87
1691 U «5 40
1692 22 7i 24
1693 22 8 24 18
1694 '9 9 21 07
*695 19 7i 20 96
1696 19 5* 20 76
1697 20 3 2 1 68
1698 2 I 9 23 20
1699 18 «5 '9 93
1700 20 o\ 21 38
1701 2 I 4? 22 78
1702 l6 4 *7 42
^703 >7 4j i 8 5 »
1704 *9 lO i 21 20

‘ 705 lo i 14 82
1706 15 3Í 16 32
1707 n 11 19 11
1708 18 3i >9 51
1709 2 I 9» 23 21
1710 «5 Si 17 10
. 7 1 1 25 2 26 84

l O l

n e  Rain mf 
Paris for 
Tean.

X III. yj^on^uefdayy the i6/¿ D a y  o f  July 170 6, about E ig h t o f ^ W * ^  
the C lock in the M orning, it began to rain in and about D enbigh^^hich  
continued inceflantly for 30 H ours, but not very violently, till a te u t  ̂ .
Three or F our a-C lock in the M orn in g upon JVednefday, when it ram d p. 
fomewhat tailer, attended with a terrible N oife (like  T hunder) w ith 
feme Flaihes o f  L ig h tn in g , and a boifterous W in d . A b o u t Break o f  
Day the Rain and W in d  began to abate ot their V iolence, w hich lel- 
fen’d gradually every H o u r, till about O ne or T w o  a-C lo ck  in the 
Afternoon, and then it perfectly ceafcd, and the A ir  became clear and

fomewhat cálm . .
U pon ruefday the W in d  blew South W e ft j but on IVednefday it was

come to the N orth W eft. _ r  . j  l
T he E ffed s o f  this great Storm  were difm al, for it occafion d the

overflowing o f  all the R ivers in Denbighjhire, Flintjhire, and Merioneth-
Jhire, & c . which fpoW d  a great deal o f  C orn, and took  o ff  all the
H ay that was m ow ed, near the Banks o f  the R ivers, w hich was
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carried by the Stream in liich vail Quantities down to the Bridge3» 
ch o a k ’ d the A rchcs and Inlets, infomuch that it broke down 

above a D ozen great Bridges. Great C)aks and other Urge Trees were 
unrooted and Ivvtpt away, with ieveral (^ lickfet H e d g e s; and fonis 
Q iiillets by the Side o f  the R iver Elwy, lb covercd with Stones and 
(gravel, that the Owners can’ t well tell whereabouts their H ed ges and 
Landm arks flood •, and the fame R iver has alter’ d its Courfe it\ Ibme 
Places, lo as to rob the Landlords on one Side o f fome A crer, and 
bcftcwed as much on the oppofite Side. T w o  or three R ivulets, that 
convey’ d W ater to fome M ills, have been fo choak’ d up w ith Stones 
and G ravel, that the Owners don’ t think the Profit w ill countervail 
the great Charge o f clearing them.

It is affirmed by many, that tl^e great Floods were not fo much 
the E lfe d s  o f the Rain, as the breaking out o f an infinite N um ber 
o f  Springs, in fuch Places, as they were never know n to flow from 
before. In the T ow n o f Denbigh a great many broke out in the 
Houfes and Stables, el'pecially in that Part which lies next the Caille 
on the N orth Side o f it ;  fome o f which broke out with a great 
deal o f  Violence, and in fuch a Q iiantity, that it is affirmed by fe- 
veral Men o f  the T o w n , that three o f thefe new Springs, which flow- 
ed out o f the Stables o f  three Inns, were fufficient to turn any Corn 
M ill.

A t  a fmall D iilance, Northward o f Denbigh, lies Park-Snodiog, a 
R o ck y  H ill, out o f  which broke out a great many Springs, which 
flowed fa plentifully for nine or ten D ays, that the Cattle water’d in 
th»em for that T im e ; whereas before and after, the People wcr¿ 
forced to  water them all Summ er long at a W ell in the H igh w a y, at 
fome Diilance from this Park-Snodiog. There are Ieveral deep H oles 
a nd  Trenches cut in the H ighw ays adjoining to the R iver £/cc.;v, ( jc.  
fome fo very large, as to hjde three or four H orfes, which is not attri
buted fo much to the overflowing o f  the R iver, as to the breaking 
out o f  Springs in thofe very Places.

In Comb Mountain there is a P it o f a circular F orm , which in 
the Summer time ufed to have little or no W ater in it, and in W in 
ter, as much W ater as would fwell the Surface to about fourteen or 
iixteen Yards crofs o v e r ; But now in the m idil ot Sum m er it rofe 
up at leail a Yard and a half higher than it was ever know n to do 
in the wetteil W inters •, and overflowing its Banks, it fell down the 
H ill with fuch Violence, as to penetrate into the ve ry  B ody o f  a 
R o c k y  Road, and dug Pits in it, that w ill bury the biggeft Horfes j 
and the Road, which was a com m on H igh w ay, is now become irre
parable.

103 ^  Sitnhn' fl/ Rain.
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JVaUr-Spouis, i ̂  3
X IV . I.] In the M onth o f  March 1 7 0 1 , in the Forenoon, ^

the Hoiirs o f l O  and 1 1 ,  I oblVrvcd a remarkable fVater-Spout in the JX  D o w n s ,
Downs. It bore N  by E  oiF our Ship, about tw o Leagues diftancc by Mr.WGov- 
Eftimation ; the W ind at E  N  E . a T o p -fail G ale, and very  cold, don, n. 270.
The H orizon was entirely o p a i and i'erene, except the Northern Parts P- 805. 
thereof from N  N W  to N  E  by E . or thereabouts. T h e  higheft Part 
of the C loud appear’ d to m ake an A n g le  o f  45 D eg . o f  Elevation.
About one half o f the C lo u d , {viz.  the upper) was very  w hite, and 
the other extream ly black. T h e  Spout itfelf, (w hich hung from  the 
lower Part o f  the whitifh C loud) iiovered up and down for about 20 
Minutes, and during tw o or three M inutes o f  the T im e , that Part o f  
the Sea exa¿lly upder the Spout, did fparkle up W ater to a confider- 
able H eight. T h e  fp arklin g  run along to the Leew ard, (the Cone o f  
the Spout m ovin g that W a y , and m aking, it feems, a D ifcharge, tho’ 
not vifible to us in its Fall) and continued running along for fix Ships 
length. Afterw ards the I'ody o f the Six)ut did q u ick ly  contradi it- 
ftlf, and then difappear’ d. A b o u t tw o H ours afterwards the H eavens 
were intirely overead, and during that Afternoon there fell abundance 
o f H ail, and both W in d  and C old  jncreafed. I have feen feveral 
W ater-fpouts in the Mediterrnnean fome Years ago, and thole ufually F
during the I ’ime o f  a Hark Calm  and hot Sum m er W eather •, but to f
fee one in our Northern C lim ate at this T im e  o f the Y ear, and du- 
ring W eather both C old  and W in d y , is, I think, a little un- 
ufual.

2.] T h e  27th o f Augufi 1701 .  being upon the Coaft o f Barbary^ Spouts in the 

to the N orthw ard o f  the T o w n  o f  Bona., upwards o f  10 Leagues 
diftance at Sea, about 7 a-C lo ck  at N ig h t, foon after Sun-fetting, there n. ¡I
appeared in the N  E . (w hich was direétly up the G u lf  o f  Lyons from  277.?. 107-’ . S
us) great and continued Flaihes o f  L ig h tn in g  one after another, w ith 
fcarce any Intermifiion, and this without T hunder continued till the 
next M orning ; the Flailies o f  L igh tn in g  fometim es reprefenting the 
fudden Appearance o f a Star, and at other times o f  a F lam ing Sw ord, 
and again o f  a S ilver C o rd  ftretched along the C louds, or as the irre
gular C rack  o f  a W all from Top to Bottom .

A bout eight next M orning we had T hu n d rin g, w ith  a Continuation 
of L igh tn in g o f  the K ind and Appearance above-m entioned, all from  
the N  E . or thereabouts.

A bout nine the fame M orn in g, fell down from  the C loud s (w hich 
look’d difm ally b lack, low ring, and, as it were, heavy w ith Rain) 
i n t h e f a i d N E .  quarter, three W ater-fpouts, that in the m iddle be
ing the greatcft, feem’ d as b ig  as the M a il o f  a Ship, and I ju d g ’ d I
it to be at leaft a L eague and a half diftant from  us •, fo that in itlelf, 
no doubt, it was b igger than three M ails. T h e  other tw o  were not
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by half To big. A l l  o f  them black, as the C loud from  whence they 
f e l l ; all o f  them fm ooth, v/ithout any K not or Irregularity ; only at 
firft falling, fome fell perpendicularly down, and fome obliquely, and 
all o f  them fmaller at the lower end than above, g iv in g  the Reprefen- 
tation o f  a Sword j fomctimes allb one o f  ’ em would bow irfelf, 
and again become ftraighr, and alfo fomctimes became fmaller, and 
again increafed its B ulk ; Ibmetimes it would difappear, and imme
diately fall down again ; fometimes it becaine extenuated to the Small- 
nefs o f  a R ope, and again became grofs as before.

T here was always a great boiling and flying up o f  the W ater o f the 
Sea, as in a Jette d'eauy or W ater-w ork ; or this rifing o f  the W ater 
had the Appearance of a fm oaking Chim ney in a calm  D ay. Some 
Yards above the Surface o f  the Sea the W ater Hood as a Colum n or 
Pillar, and then fpread itfelf, and was diíTipated as Sm oak : A nd  the 
Sw ord-like Spout from the Clouds either came down to the very middle 
o f  this Pillar, and as it had been joined with it, as the greateft, which 
fell perpendicularly down, ilill did from beginning to end : O r elfe it 
pointed to this Colum n o f  W ater, at fome Diftance, either in a per
pendicular or oblique L in e, as the ocher two lefler.

There were three or four Spouts more, which appear’ d at the fame 
time in the fame Quarter o f  the Heavens, but neither for B u lk  or D u 
ration like thefe th ree: T h ofe  appear’d or difappear’ d fcveral tim es, 
during the Continuance o f thefe three.

It was hardly diftinguifhable whether the Sw ord-like Spout fell firft 
down from the C loud, or the Pillar o f  W ater rofe firlt from  the Sea, 
both appearing oppofite to one another all o f the fudden, as in the 
tw inkling o f  an Eye. O nly I obferved o f  one, that the W ater boiled 
up from the Sea to a great H eight, without the leaft Appearance o f  a 
Spout pointing to it either perpendicularly or obliquely, and here the 
W ater o f  the Sea never came together in the ]-orm o f  a P illar or a 
Colum n, but did fly up fcatteredly, tha Sea being in a boiling Rage 
round the Place. T h e  W ind being then N  E . the faid boiling advan
ced towards the S W . as a flitting or m oving Bufli upon the Surface o f 
the Sea, and at lail ceafed. T his proves that the boiling or flying up 
o f  the W ater o f  the Sea may begin before the Spout from  the Cloud 
appears to us : A n d  indeed if  there be any fmall M atter o f  Priority 
betwixt thefe two Appearances, the boiling or throw ing up o f  the 
Sea-water has it : W h ich  begins ' firil to boil, and then frames 
it felf into a Pillar o f  W ater, efpecially on the lov/er Part there
of.

It was obfervable o f  all o f  them, but more perceptible o f  the great 
one ; that towards the enii it began to appear like a hollow  Canal, 
only, black in the Borders, but white in the M iddle ; and though at 
firft it was altogether black and opaque, yet now one could  very  dir

ftinftly
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Spouts in Mediterranean. 105 |
ftinclly perccive the Sea-W ater to fly up along the M id d le o f  this C a- ^
nal, as bm oak up a C him ney, and that with great Swiftnefs, and very P
perceptible M otion . A n d  then loon after  the Spout or Canal brake 
in the* M iddle, and difappear’d by little and litt le ;  T h e  boiling u p , 
and the Pillar-like Form  o f  the Sea W ater continuing ftill the laft, 
even tor fome c o n fiderable T im e  after the Spout difappear’ d , and per
haps till the Spout appear’ d again, which it com m only did in the fame 
Pl.icc as before, breaking and form ing itfclf again feveral tim es in a |
qu irter ot an H ou r, or half an H o u r’ s T im e. I

The M iddle one o f the three, exceeded all the reft in Bignefs, Per- ^
pendicularity, Conftancy o f  Form  and Situation, as well as Duration j  H
but at laft vaniilied. If

I know not, i f  any has accounted for this Phanomenon^ but I im a- 
s;ine it may be fo lv ’d by Suétion (im properly fo call’ d) or rather P u l- 
Son, as in the A pplication  o f  a C upping-glafs to the F lelh , the A ir  be
ing tirft voided by the kindled Flax.

It was farther obfcrvable, that the oblique Spouts pointed always 
from the W in d  ; that is, that the W in d  being at N . E . the oblique 
Spouts always pointed to the S. W . tho’ at the fame T im e  and Moment- 
there were others perpendicular, w hich remained ftill fo, notwithftand- 

ing the W ind.
A lfo  that fuch as were curved had ftill the C on vex fide trorn  ̂ the

W ind, and the Concave towards it i that is, the W’ ind being at N . E .
the Concave was towards the N . E . and theC on vex towards the S. W .

It rained a great deal during the Continuance o f  thefe Spouts, and 
after their total Difappearance we had half an H o u r’ s violent G ale o f  t.
W ind from  the N . E . with very little R ain , the W eather afterwards j|

clear’ d up.
^he Explication o f  the ’Tables.

A  T h e  Spout o f  a b lack  C olou r, falling out o f  a b lack C lou d  per- Fig. 10. 
pendicularly.

B T he W ater o f  the Sea, fifin g  in the F orm  o f a P illar or C olum n  
in the M id d le, and fcatter’ d round about the faid m iddle C olum n, 
in form o f  S m o ak , or rather like  the falling o f a Jette ^eau. T h efe  
two meet one another diredlly, and the C olum n o f  W  ater from  the 
Sea is com m only groffer than the Spout from  the Clouds.

A  A  curved Spout, jo in in g  w ith the riling W ater o f  the Sea at B . Fig. u .
A  Reprefents a b lack Spour, falling obliquely from  the C louds o f  the Fig. 12. I

fame C olour.
B Reprefents the afcending Colum n o f  the Sea-W ater as in Fig. 10. ¡

with this DiiFerencc, that here the Spout and C olum n  o f  W ater m eet

E and W  in this Fig. fignify Eaft and Weft. *5*
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io6 Spouts in the Mediterranean.
fig- 13' 1 2 3  Reprefent the fucceíTive ProgreíTion o f the boiling o f  the Sea

from  E aft to W e ft, or from N .E .  to S. W . and that without any 
Ap p e a r a n c e  o f  a Spout from the Clouds, pointing to either o f  thefe 

Places.
Fig. 14- A  Reprefents the b ig  perpendicular Spout a little before its breaking,

white in the M iddle.
B  T h e  Colum n o f  Sea W ater joining therewith.
2 2 2 2  T h e  W ater o f  the Sea, afcending in the Form  o f  Sm oak up 

a Chim ney, all along the Colum n at B to the Clouds.
F ig ->5- A  T h e  breaking o f  a perpendicular Spout, com m only beginning in

the M iddle at A .
B  T h e Rife o f  the Sea W ater, which begins to fail, and the middle 

Colum n to difappear.
Fig. 16. A  A n  oblique Spout, w hich-after reaching to the Sea in a curved

L ine, or obtufe A n gle , docs foon after break at A ,  and difap
pear.

B the R ifing o f the Sea W ater alfo beginning to ceafe.
Fig. 17. A  A  perpendicular Spout beginning to tall.

B The beginning Afcent o f  the W ater o f the Sea under it.
Fig. 18. A  A n  oblique Spout beginning, or darting itfelf out o f  the Clouds.

B T h e  rifing or boiling o f the W ater, anfwering to it in an oblique 
Line.
Thefe fometimes reach down to the Sea or rifing W ater, and fome- 

times they do not reach thither, but continue a while, as here repre- 
fented.

A  Water- 3.] On the 1 5th o f  Aug. 1 687. about tw o in the Afternoon, appear- 
ed a Sfout in the A ir  at Hatfield in TorkJhire\ it was about a M ile  off 
com ing d ire illy  to the Place where I w a s ; I took m y Profpeftive

Abr.’ de \i . Glaflcs to obferve it as well as I could.
Pryrae.n.zSi. T h e  Seafon was very dry, the W eather extreme hot, and the A ir
p. 12+8. very dow dy, the W ind aloft, and pretty ftrong, and (w hich is re

markable) blowing out o f  feveral Quarters at the fame T im e , and 
filling the A ir  hereabouts with m ighty thick and black Clouds, 
layer qpon la ye r; the W in d  thus blow ing foon created a great 
tex  ̂ Gyration, and W h irlin g  am ongft the Clouds *, the Center o f 
which every now and then dropt down in the Shape o f  a thick 
Jong black Pipe, com m only call’ d a Spout i in w hich I could di- 
ftin d ly  view  a M otion like that o f  a Screw, continually drawing 
upwards, and fcrewing up (as it were) whatever it touch’ d. In its 
Progrefs it m ov’d  flow ly over a H ed ge-R o w  and G ro ve  o f  young 
T rees, which it made to bend like  H azle  W in d s, in a circular M o 
tion ; then going forward to a great Barn, it tw itch ’ d o ff  in a M i
nute all the T hatch, and fill’ d the whole A ir  therewith. Com ing

to
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ro a V .ry great Oal> T ree , it made it bend liice the foregoing T rees,
and b r o k e  ons, o í':tUe greatcft arid ftrongtft Branches, that would m l  
vitld CD its F u ry , and tw iftin g it about, flung it a v tr y  coouderable « 
i)iit.mce o i l ; then com ing to the Place where 1 (lood, within 300 
YanU <-t r.ir, I b '̂Ucld tlu$ oild Phenomenons and found that it pro- 
tcetrcd irom nothing but a G yration o f the Clouds by contrary W ind s 
m e r t i n g  ui at*t>itit or Cc nt vTv and, where the greateft Condenfation 
and Gravitation w af, falling down into a P ipe or great T u b e  (fotyiC' 
thing like the (^fchka Jrcbimedis) and that in its w o rkin g  or w hirling 
Mociun, e.thiT lu cks up W ater, or d tllro ys Ships, ^ c .  having travell’ d 
about a (^¿lart.r o f  a Nlile farther, it diíTolv’d by the Prevalency o f  the

ind that can»e out o f the E all. |

Of Water-Spouts. 107

' ,4.1 i  h^ve. fern another Spout iii the fame Place, which very much 
c o n f l r m s  m e in m y N otion o f  the O rigin  and Nature o f  them. T h e^  ĵ̂ ĝ  p ’

WeatÍKr here in this Part o f  the Country, hath been exceeding wet and ,33,. 
cool, iniom-JC^i that it fecm ’ d rather to be Spring than M idfum m er i_ 
y e t  t h e  21 o f  7 ««  ̂ 1 7 0 2  was pretty w a rm ; on the Afternoon ^ot 
which D ay, abt>ut tw o o f the C lo c k , no W in d  ilirring below, tho it 
was fomewhat g rc-t in the A ir ,  the C louds begun to be m ightily  agi- jj
tited and driven togetiier •, whereupon they b^cainc very black, and P
were (m oll vifib ly) hurried round, trom  whence proceeded a m oil 
audible w hirling N oife, like that com m only heard in a M ill. A fte r  a 
while, a lo n g  T u b e or Spout came down from the Center o f  tlv; con
gregated C louds, in w hich was a fw ift fpiral M otion like that o f  a 
Scrcw. or the Cochlea Anbimtdis^ when it is in M otion, by which 
fpirul Nature and fw ift turning, W ater afcends up into the one as w ell 
as iüco the other. It travell’ d  rtowiy from  W e ft to N o rth  Eaft, broke 
down a great O a k -T re e  or tw o, frighted lom e out o f the Fields, and j
made others lie down flat upon their Bellies, to fave being whirl d 
about and k ill’ d  by it, as they faw many Jackdaw s to be that were
fuddenly catch’ d up, tarried out o f  S igh t, and then caft a great way
a m ^ g ft the C o rn ; at laft it pafs’ d over the T o w n  o f  Hatfield^ to the 
great T error o f  the Inhabitants, filling the whole A ir  w ith the T h atch  
that it plut-k’ d o ff from  fome o f  the P loufes; then touching upon a 
Corntr o f the Church, it tore up feveral Sheets o f  L ead , and roll’ d  
them ilrangely together *, foon after w hich, it dilTolved and vaniihed
without dom g any further M ifchief.

By all the Obfervations that I could m ake o f  this, and the form er,
I found that had they been at Sea, and jo in ’ d to the Surface thereof, 
they would have carried a vaft Q uantity o f  W ater up into the C louds, 
and the T u b es w ould  then have become m uch more ftrong and opake 
than they were, and have continued m uch longer,



It Is com m only laid that at Sea the W ater co lle ils  and bubbles up 
a F oot or tw o high under thefe Spouts before that they be joined ; 
But the M iftake lies in the Pellucidity and Finenefs o f  thofe Pipes, 
w hich do m oft certainly touch the Surface o f  the Sea before that any 
confiderable M otion be made in it, and that when the Pipe begins 
to  fill with W ater, it then becomes opaque and vifible.

A s  for the Reafon o f  their diíTolving o f  themfelves after that they 
have drunk up a great Q uantity o f  W ater, I take it to be through 
the great Q uantity o f the W ater that they have carried up, which rnuft 
needs thicken the Clouds, and impede their M otion, and by that Means 
diflblve the Pipes.

AY:^ofiVa. W e  have frequent Accounts o f  D am age done at Sea by Spouts 
S^^7 />Lan rarely happening at L an d, induc’ d me to take the
cafctc%'Dr. follow ing Relation o f  a remarkable one, which fell on Emott-more, 
R . Richard- nigh Coin in Lancajhire^ onTuefday the 3d o í  June 17 18 , about T en  in 
fon. n. 363. the M orning-, when feveral Perfons, who were em ploy’ d in d ig g in g  
p. 1097. Place where this A ccident happen’ d, upon a fudden

were lb terrified with an unufual V oice in the A ir , that they left their 
W o rk  and ran H om e, which was about a M ile from the Place : But 
to their great Surprize, they were intercepted by W ater ; for a fmall 
Brook in the W a y  was rifen above fix Feet perpendicular in a few M i
nutes T im e, and had overflown the Bridge.

It is to be obferv’ d, that there was no Rain at that T iin e  on Emott- 
tHorê  only a M ill, which is very frequent upon thofe high Mountains 
in Summer-time. There was a great Darknefs in the Place where the 
W ater fell, without either Thunder or L igh tn in g, (as I had m y Infor
mation from an Eye-witnefs.) T h e  M eadows at IVicolae were fo much 
floated, that the like had not been feen in feveral Years before, tho’ 
there it was a very bright Day.

I went to view the Place where the W ater fell *, tho’ I believ’ d this 
Inundation m ight proceed from an Eruption o f  W ater out o f  the Side 
o f  the Mountain ; fuch being not unfrequent, where L ead or Coal 
have been dug, but neither have ever been fought for here. T he 
Ground was torn up to the very R o ck , where the W ater tell, which 
was above fcven Feet deep, and a deep G u lf  made for above half a 
M ile, and vaft H eaps o f  Earth caft up on each Side o f  it, fome Pieces 
remaining yet above twenty Feet over, and fix or feven Feet thick. 
A bou t ten Acres o f Ground were deftroyed by this Flood. T h e  firft 
Breach where the W ater fell is about fixty Feet over, and no A ppear
ance o f  any Eruption, the Ground being firm about it, and no C avity 
appearing. T h e  Ground too on each Side the G u lf  was fo ihaken, that 
large Cbafm  appear’d at above thirty Feet Diilance.

On
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Storm o f  Hail, ro^

X V . O n the yth o f  June 1 7 1 1,  there happened a very great Storm  A Storm cf
of H ail, accompanied with terrible Thunder and L ig h tn in g , ¡t be-
gun about Rotherham (a little beyond which was lom cthing o f  a 
Hurricane) where it burnt a noted T ree. A b o u t O ne o f  the C lo ck  n.’335.p 5i4. 
it reached IVentworth-tVoodhoufe. T h e  H ail-ftones were from 3 to
5 Inches in Circum ference, and fome fay larger, which killed fcve- 
ral P igeo n s; but the ch ief D am age done here was in the Glafs- 
Windows. In Wajh F ield , about tw o M iles from thence, it did 
vaft Damage. Som e Part o f  the Field efcaped, and the Barley re
ceived no D am age ; but the Generality o f  the IVheat was cut oft', 
about halt a Y ard  trom the G round, and the Rye about tw o Feet.
The Stubble, tho’ green at firft, turn’ d w hite, that it lo o k ’ d like a 
Field newly Ihorn. T h e  Rye was afterwards m own, inftead o f  (hear
ing, and yielded not above a Bulhel o f  Corn in a W ain-load. Som e 
ot the IVbeat to o k  R o o t, and grew  up. T h e  Breadth o f  this Storm  
was about half a M ile , as appear’ d by the E ffe ils . In Places ad
joining there was no H ail, but large D rops o f  Rain. A  Joyner 
meafured one o f  the Flail-ftones w ith his CompalTcs, and it was an 
Inch and half in L e n g t h ; but thefe were not G lobular, but m oftly 
Oblong. T he Generality o f  them at Bolton-upon-Dearne were o f  the 
Bignefs o f Cherries ; tho’ one was taken up that was an Inch and h alf 
in Diameter, and round, not long, and fomewhat flat, as the others 
were. Great Quantities o f  T w ig s  and fmall Boughs were beaten ofi' 
the Trees.

X V I. I.] H a v in g  receiv’ d from  M r. Townley an A ccou n t o f  the State Obfervauoni 
of the Atm ofphere in Lancajhire^ during the late great Storm , I ihall 
compare his Obfervations with mine zt Upminjler : I fhall not g ive  a 1̂°
long H iftory o f the D cvaftations, but ihall m ake a few Rem arks
of a more Philofophical Confideration. ham. n. iSg.

T o  look back then to  the preceding Seafons o f the Y ear, A p r ils  May^ P- ' 53̂’ - 
June and July were w et M onths in our Southern Parts. In April there 
fell 12, 49/. o f  Rain thro’ m y Tunnel. (A n d  about 6, 7, 8, or 9 /. I 
efteem a moderate Q uantity for Upminjier.) la  M ay there fe ll  more 
than in any Month o f any Tear ftnce the Year 1696, v iz . 20, 77 1. June 
likewife was a dripping M onth , in which fell 14 , 55/, A n d  y«/v, 
altho’ it had confidcrable IntermiiTions, yet had 14, 19 /. A b o v e  
11/. o f  whicii fell on July 2Sth and ig th  in violent S h o w ers; and 
I remember the N ew s Papers gave A cco u n t o f  great Rains that 
Month from divers Places o f  Europe; buE the N orib c f  England 
(which alfo efcaped the Violence o f tjie late Storm ) was not fo re
markably wet in any o f  thofe M onths •, at leaft not in that great 
Proportion more than we, as ufually they a r e ; as I guefs from the 
Tables o f  Rain, which I had from  M r. Townley: Particularly July

V o l . IV . Part. II. 4 F  was
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was a dry M onth w ith them, there being no more than 3,65/. o f Rain 
fell through M r. I ’oionlef^ Tunnel o f  the fame Dia.ncter with nmne.

September was a wet M onth, efpeciaily the latter Fart o f  it ; there 
fell o f  Rain in that M onth 14,86/.

OElober and November, tho’ not rem arkably wet, yet have been open 
warm M onths for the moft Part. M y  Therm om eter (whofe freezing 
Point is about 84) hath been very fcldom below 100 all this W inter,
and efpeciaily in November,

I have given this A ccount o f  the preceding D ifpofition o f  the 
Y ear, particularly as to W et and W arm th, bccaufe I am o f  O p i
nion, that thefe had a great Influence in the late Storm not only 
in caufing a Repletion o f Vapours in the Atm ofphere, but alfo in 
raifing fu d i Nitro-lulphureous or oth. r heterogeneous M atter, which, 
when m ix ’ d together m ight make a fort o f  E xplofion  (like fir’ d G u n 
powder) in the Atm ofphere. A n d  from this E xplofion , I ju d g e  thofe 
Corufcations or Flaflies in the Storm to have proceeded, which 
moft People, as well as m yfelf,' obferved, and which fom e to o k  for 
Lightning.

On Thurfday, Nov. 25. in the M orning was a little Rain, the W inds 
high i ' the Átternoon S. by E . and S. In the E venin g there was 
L igh tn in g, and between Nine and T^n o f  the C lo c k  at N ig h t a v io 
lent but ihort Storm  o f  W ind and much Rain at Up;ninficr, and o f  
H ail in fome other Places. There fell in that Storm  1 ,6 5  / o f  Rain. 
T h e  next M orning, Friday Nov. 26. the W ind was S. S. »V. and high 
all D ay, and fo continued. A bou t 12 at N ig h t the torm awaken’ d 
me, which gradually increas’ d till near T hree that M orning. A n d  
from thence till Seven it continued in the greateft E xcefs •, and then 
began flow ly to abate, and the Mercury to rife fw iftly . T h e  Barom e
ter I found at 12 h. i  P . M . at 28,72, where it continued till about 6 
the next M orning, or 6t, and then haftily rofe ; fo that it was g o t to 
8  ̂ about 8 a-C lock, as in the Tabie.

H o w  the W in d  fate during the late Storm , I cannot pofitively fay, 
it being exceflively dark ail the while, and m y Vane was blown down. 
But by Information from fome that were forc’ d to venture y\bro;id, 
and by my own G u e f', I imagine it to have blow n about S. W . by S. or 
nearer to the S. in the Beginning, and to veer about towards the W eft 
towards the End o f  the Storm , as far as W . S. W .

T h e Degrees o f the W in d ’s Strength being not meafurable, but by 
guefs, I thus determine, w ith R efpeft to other Storm s. O n Feb. 7. 
1697 was a terrible Storm that did much D am age. T h is  I number 10 
Degrees ; the W4nd then W . N . W . A nother rem arkable Storm  was 
Feb. 3. 1 70-Í, at which T im e was the greateft D efcent o f  the 5 ever 
know n. T his I number nine Degrees. But this laft o f  November, I 
n urn bo: at leaft x 5 Degrees.

<) As
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A s to 'November i-^th (w h ífécn  M r. To^nley mentions a rio lcn t 
Storm in Oxfordfhire) it w as a ftorm y Afternoon here at Upminjler, 
accom pany’ d  w ith Rain, but not violent, nor 5 very low. Novem- 
¿(«r the i i t b  and M th  had both higher W ind s and more R a i n an d  
the 2 was thofc D áys lower than even in the lafl: Storm  o f  November 
ibth.

I have had A ccounts o f  the Violence o f  the Storm  at Norwich^ 
Becclesy Sudbttrj  ̂ Colchtjier^ Rochfard^ and feveral other intermediate 
Places.

Ohfervaihns on thé gréñt Stórm, ’ Ill

A  T able, fhew ing the H eig h t o f  the Mercury in the Ba
rometer, at Tcwnlrj and Upminjler, before, in, and af
ter the Storm .

Townley. Upminfier,
L»uy. H ou r. H eight o f  ? D ay. H our. H e ig h t o f  5

N ovr.

25
7
3
9Í

28 98
64
61

N o vr.

25

8
12

9
29 50

39
14

26
7
3
9i

80
70

47
26

811
9

I2i

33
28
10

28 72

27

1

7
3
9

50
51

95
27

7 i
12

9
82

29 31 
42

28
/
3
9

29 34 
62 
84

28
8

1 2 

9
65
83

20 07

29 7 88 29 8 2.-5
I have receiv’ d an A cco u n t from  a C lergym an at Lewes in Sujfex  ̂

nbt only that the Storm  made great Defolations thereabouts, but 
“  That a Phyfician travelling foon after the Storm  to Tifebyrft^ a- 
“  bout 20 M iles from  Lewes, and as far from  the Sea, as he 
“  rode p lu ck ’ d fom e T o p s o f  H ed ges, and chew ing them , found 

them fait. Som e at Lewes hearing this, tailed fom e Grapes that 
“  were ftill on the Vines, and they alfo had the fame R elilh . T h e  
“  Grafs on the Downs in his Parilh was fo fait, that the Sheep in 
“  the M orning w ould not feed till H u n ger com peli’ d them , and 
“  afterwards drank lik e  F iihes, as the Shepherds report. T h is  he
“  attributeth to  Saline Particles driven from  the Sea.------------H e

4 F  2 “  lieareth
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** heareth alfo, that People about Portfmoutb were m uch annoyed 
“  with fulphureous Fumes, com plaining they were almoft fufFocated 
“  therewith,

_ontheiamt 2.] W e  live ten M iles o ff the Sea in a direct L ine, and yet can
¿n Suuex, hy fcarce perfuade the Country People, but that the Sea W ater was blown 

thus far, or that during the T em pelt the Rain was faJt, for all the 
' T w ig s  o f  the Trees the D ay after were white, and tailed very f a i t ;

as I am inform ’ d almoft by every B ody, though I did not tafte them 
time enough m yfelf, nor obferve it, and that not only upon this H ill 
where we live facing the Sea, but in all other Places within 14 or 15 
M iles o f the Sea, as well in the Vallies, between which and the Sea are 
leveral high H ills, as on the H ills  themftlves.

— ovtL fame 3-1 O n the 8/^of December 1703, we had a dreadful Storm  from the 
,̂i//-.LevvLu- South-W eft, infomuch that the W ater mingled with fmall Particles o f 

JiocK, ittd. C halk and Stone, was fo daih’d againft the Glafs-windows, that many 
o f  them were darken’d therewith.

T h e lower W  indows o f  my H oufe, notwithftanding that they look 
to the North Eaft, and fo ftood from the W ind , were fo cover’ d with 
the Particles o f  the W ater, which the W hirlw ind caft againft them , 
that in lefs than half an H o u r’ s time they loft moft o f  their Tranfpa- 
rency. Suppofm g this m ight be Sea-water, 1 view ’ d thefe Particles 
w ith m y M icrofcope, and found they had the Figure o f our com m on 
S a lt : A s  to the upper W indow s, where the Rain had beat againft 
them, there was little or no Salt to be found ftick ing upon them.

D uring the faid Storm , and about eight o f  the CJock in the M o r
ning, I caft m y E ye on m y Barometer, and obferv’d that I had never 
feen the Mercu y fo lo w ; but h alf an H o u r after the Mercury began 
to  rife, though the Storm  was not at all abated, at leaft to any A p 
pearance ; from whence I concluded the Storm  would not laft long,
which accordingly fo happen’d. *

Some think that the fcattering o f  this Salt W ater will do a great deal 
o f  harm to the Fruits o f the Earth -, but I am o f  Opinion that a little 
Salt fpread over the Surface o f  the E arth, efpecially where it is heavy 
Clay-ground, does render it fru itfu l; and fo it would be i f  the Sand 
out o f the Sea were made ufe o f  to the fame Purpofe.

-----on the -Í-1 From  the W aves o f  the Sea, which the W in d s had carried over
fame, hj the our M eadows and O rchards, I prefaged a fruitful Year. Since that fe- 
famc, n. 295. veral Perfons concern’d in T illa ge  and G razin g  have aflured m e, that
P’ ' 793- they never knew fuch a plentiful Y ear for G rafs, as alfo for Pcafe and

Beans, as the laft Summ er was.

I f 2 Obfervations on the great Storm,

X V II. The

l i H j E D



X V II. T h e  Society having put into m y H ands fome Papers relat- Tbt Hiftory
ingto  the \:ittgreat 'trojl and having m yfelf receiv’ d A ccounts there- 
of irom my Friends at home and abroad, I ihall endeavour to g iv e  an °Der̂
Account o f  the Degree and EffeEls o f  this remarkable FroJl. haJn. 3,^]

p- 4 S4 -
A s to the Degree o f this Froft, I believe it was greater (if  not more The Drgree of 

univerfal alfo) than any w.thin the M em ory o f  M an. T h e  greatcil that ® 
hath happen’ d within our M em ory, was the Long Froji in 1683 *, but '
the late Froft, although o f  ihorter Continuance, was more intenfe than 
that. M y  Therm om eter was lower on December 30. (-f) than it had (+) Fid. Su-
evtr been fince 1697, when I firll began m y Therm om etrical O b - S .  XI.
lervations; I ’he felt-fame I'herm om eter in our R epofitory in Grejham- 
College VÍÁS lower than ever it was b e fo re : [T h e  Particulars o f  its grcat- 
eft Defcents are thefe ; January zC. 1696. 41 Gr. January 5. 1683.
40 Gr. and January 3. 1708-9. 43 G r.] A n d  iaftly, that in another 
ielf-fame Glafs in London  ̂ [M r. J .  Pú/m ^ ’ s] the Spirits were four or 
five Degrees lower than in : 68

In London the greateft Contraiflion o f  the Spirits was on January 3. 
which was an exccíTive cold D ay at Upminjler alfo : But the tar greateft 
Contradtion with us was on December ^o. before. T h e  Reafon o f  the 
Difference is, becaufe m y Therm om eter is always abroad in the open 
A ir, where no Sun-ihine touchcth ; but thofe two London-Glajfes are 
within D oors, in R oom s where no Fires are made. A n d  it is eafy to 
obferve, that the F roft doth not prefently exert its greateft Force, nor 
fo loon abate its Force within D oors, as w ithout.

C Í  this Intenfcnefs o f  the C old  with us, I have receiv’ d Confirm a
tions from other Places in the Southern Parts o f  our Illand.

I'he Defcent o f  the Spirits in m y Therm om eter on December 30. 
was within O ne tenth o f  an Inch as great as the D elcent effeóled at 
another T im e  (and that in a Cold Day too) with artificial Freezings 
performed both w ith '•now and Salt, and alfo Snow and Spirits.
Both which M ixtures I have feveral T im es made ufe of, and find them 
nearly o f  equal Pow er : I f  any Difference be, I have fometunes 
thought the Pref«rence due to the M ixture o f  Spirit o f  W ine with the 
Snow.

A lthough the P'roft was fo rigorous in the Southern Parts o f  o u r  Degree o / r i#  
lile, yet: the N orthern felt little thereof •, as I have been certified 
by i erfons that have com e from thence, as well as by leveral Letters.
Dr. Sloane writes to me in general, that he hath received many In
formations from  thofe Parts, w hich do all agree that the W in ter was 
no way cxtrtm eiy cold there, but as other W inters. T h e  L o rd  BiJJjcp

o f
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1 1-4 tíiftory of ths Froji.
o f Curlijlf in a T.etter to D r. IVocdward^ fays, “  n January lail, I had 
“  a iulTK'iont Occafi'on W  ta k t 'N ótice ot A e  F ro il and C old  being 
“  moré ínténfe in the S o tth irn  Part¿ than here, and the Snow m uch 
“  thicker. 1 began m y Journey on the 2t> th ofthat M ontn,
“  three D ays before the T h aw , and ofliire you that for icveral M iles 
“  (near the Banks o f  the R iver Eden, in both the Counties o f  Cum- 
“  herlami and IVeftuioreJaUd) m y H orfes hardly ever trod upon Snow. 
“  W hen we came lo  Stanemoor, on the Confines o f  7'orkjhire  ̂ we found 
“  the Ground covered pivtty thick, and the deeper ffil] the iarther 

we came to the South. N one o f  our R ivers or L akes v/ere frozen 
“  ovj^r ; and the extraordinary F locks o f Swans that refortcxl hither 
“  (nothing o f the like having been fecn by the eldcft M an liv in g ) 
“  was a fure A rgum ent that the Tem perature o f  Clim ates was itrange* 
“  ly  inverted.”

From  Edinburgh, S\X Robert Sibbald fays, “  I can learn no extraor- 
“  dinary EfFefts o f  the cold . eafon here. It was a long W in te r: T h e
“  Cold came early in O^ob. and continued till near May. There was
“  much Snow, which lay long upon our South H ills near this Place. 
“  W e  had not much Snow to fpeak of, and it lafted not lo n g .”

In Ireland. In Ireland  ̂ I am inform ’ d, the F ro il was very favourable, by a L e t
ter from M r. S. Molyneux, who fays, “  T h ey  had there an harder W inter 
“  than ufual, but judgeth  they fufFered not fo much as their N eigh - 
“  bours; T h ey  had two or three pretty hard F roils, and fom e Snow , 
“  but not o f  any remarkable Continuance, as he remembers.”

Degree o f the jp  thg Comparifon made before between Tir.Scheucbzer'% Oblervations 
Parui/EV^ at Zurich, and mine here, I faid (*) T h at he noted the C old  to
rope. have been exceffive there ; but whether more than ufual he faith not.

In Switzer- But by a L etter I have lately feen from his Brother, it appears to have 
Su unufual Excefs there, as here it was w ith us.

pra. s! X l "  ̂ obferved, to what E xcefs the F ro il arriv’ d in
in Italy. “  T h at the Cold  there was fo great, that for 20 Years pail,

“  they had not been fenfible o f  a greater ; and on ‘Twelfth Dcty it want- 
“  ed but half a Degreé o f  the E xtrem ity.”

/« Denmark. A s to Úit Northern Parts, D r. Woodward tells me, that in a L etter 
he received from M r. Otho Sperling, from Copenhagen, he calls it Hy- 
ems Atrocijfma. A nd  I find it noted in the M inutes o f  the Royal 
Society o f  May 4 .  i  y o p .  “  T h at D r. Judichar faid the Ice was frozen 
“  in the Harbour o f  Copenhagen 27 Inches ; and that /}pril 9.

N . S.̂  People had gone over between Schonen and Denmark on the
Ice.”  W hich Accounts g ive  me a better (opinion o f  fom e P a

pers I have by me, which were Ihew’ d to the Society, concerning 
the F ro il at Copenhagen, faid to be taken from  the O b fe rv iti-  
ons o f  M r. Romer. ’ T is  faid there, «  T h a t fuch a F ro il hath

“  not
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not been "Icnown in the M em ory o f  M  a in thefe Countries, and 
that the Ofi J am aiy  7. and February 23. 1705. did-very nearly 

“  iipproacli th« Point o f  Artificiftl F reezin g.’ * j|
In the N ortiicrn parts o f  Genvany it was m uch the fame.; o f  w h ic h ----/« Ger- *

I have a ^vintecj A cco u n t, T h e  T itle  o f  the B o ok is, Cenfideratio ^
phyfico Maftcmatica Hye.ms proxime pr^lnlapfe^  being an Acade- ^
niicjl Kx rcáfe, perform ’ d in the* U ñivc rfity o f  Ilally Ju w  i^ . 1709.
by G. Remus, a D antzuker, and printed at the fame Placc [ H a U  Mag- 
¿¿burgua. 1 I 'h is  Diftcrtation being, I luppofe, in but few H ands, I 
ihall g ive  a ihort A c i ount o f  it.

T he A u th or havin ' om|)lain’d p f  the D e frd s  o f  M eteorology, and 
M eteorological Inftru cnts¿ and given fome D ircclions concerning ob- 
ferving the ¡nds, Í5c. tells q5, Ji • had the H elp  o f the O bferva- 
tions o f thrfe eminent Persons in his Diflertation about the W inter, 
o f D r. IVolfius.sá 1L R \  D r. Ubmbsxger o f  the U n ivcrü ty  o f  ^ma\ 
and Reverend M r. ‘Teiu >■ o f  Ciza, 'I'he W inter he diftributes into 
five Periods. T h e  firtt o f which he begins at O£lober ig .  J70S. at 
which T im e he fays th( - old ^^'tather began with them, the N orther
ly W inds then b lów in g, and frofby W eather accom panying it. But 
with us at Upminjler, it beg •; fo o n er: F o r all the latter End o f  Sep- 
temher, the W inds were Tv( ch.-rly, and an H oar-Froft on Michael
mas, and the fo llow in g D ays. A fter which, a great Part o f  O£lober 
to the 2^d D a y, m y K egifter ih: ws the Weather to have been, for 
the moft part H oar-frofty , or T ro lly , very agreeably to M r. R m u s \
Obfervations. T h e  End ot this firft Period he placeth on November 
5. the fame w ith our OHcber 2 ?. 0 . 5. their Stile, I nerceive by d i
vers Com parifons, anti H ints in his *’aper, being the N ew  Stile.

r-s to his neYt P trio d , w hich w ith its Interval takes in November 
and December, I find a pretty d o l  ot A g re en ’ cnt between his O b 
fervations and mine, the W eather often being warm , or cold here, 
as it was tht re, and the W in d s alfo not very differcr^t. O n ly  I obferve 
the Cold in one Place com m only to precede thf' other. A lfo  the tu- 
rious VN ind, that he faith blew the N ig h t before December 13. was 
not perccivuble here ’ till the fecond D ay after, viz. December

■ c" about N o o n ; A t  w hich T im e  it had m uch fpent itfelf, and
 ̂ U. 0.

was only a briik  E .Jli.rly  W in d , but no Storm.
T he third Period h¡ begins on January O f  which he faith,

7he ĉene was prefently chcngid, and to the jjlomjbment o f all Europe a 
Pti'icd began, which was very rr^narkahle fo r  its tinufual Cold. T h e  very

fapie 5- vViad and V\ either began, here to change, as there
i J j e c . i ^ .  , - • , V .. - -

he faith it d id , and the C o ld  alfp. to inr.\:afe. T h e  m oft rcm w kahle
Deprcflions o f  the Spirits there, nw y be Icen w ith xniije in this Table.
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i i6 T̂ he Hijlory of the great Frofl,

Day o f the 
Month.
0 . S.

Degree o f  the 
Thermometer at 
H a ll, at ID*** 
p. M .

Degree o f the 
Thermometer 
at U pm infter, 
at p"* p. M .

•

Dec. 2 7 65
28 8 4 75
29 84Í 38
30 9 - i 45
31 ICO 5 ^

Jan. I T otu s intra 63
2 Sphsram . 54

It is to be oblerved that the Scale o f  their Thermometer runs d ow n 
wards from fome Point above, down towards the Ball. But the Bally 
or the Bottom o f  the Stalk, being a certain Place that all T h erm o 
meters agree in, and every one is acquainted with, I therefore m ake 
the Degrees o f  the Scale o f  m y Therm om eters to begin at the T o p  
o f  the Ball, or (which is all one) at the Bottom  o f  the little T u b e, 
or Stalk, and fo reckon upwards ; every Degree being one IV n th  o f  an 
Englijh Inch ; the Freezing-Point in m y old Therm om eter (here noted) 
at ^2 gr. equal to 8 Inches two Tenths from the B a l l ; and the m oil 
intenfe Cold at 44 gr. But in m y later Therm om eters (w hich I now ufe, 
and are much nicer than m y old one) the Freezing-Point is at 100 gr. 
ten Englijh Inches from the Ball, and the m oft intenfe Frojl near to, or 
ju ft in the Ball.

It may from the foregoing T able be perceived, that the F roft kept a 
pretty equal Pace in both Places at its Beginning. A n d  m y Notes <rive 
me R^afon to think it did the fame the greateft Part o f  its Duration : 
But I cannot be very fure thereof, m y old Therm om eter (the only one 
I then had) happening to be broke on January 1 1 . F or which Reafon 
I am unable to g ive  fuch another Therm om etrical T able  o f  his next 
Period, as I have done in this.

25 N . S.
14 0 . S. w ith a 

W ith  us

T h is third Period he makes to end January

W efterly  W ind , and a T h aw , which held for a f iw lo ly s .' 
the W in d  was Southerly at the fame T m ie , and a T h a w  accom pany
ing It for a few Days likewife.

T h e  fourth Period he begins January
. o  ̂ ^ 120 O. S . ,

u ' n  *1 j  * j   ̂ great A greem ent between our O bfervations as to 
the L o ld ; - and thofe D ays on w hich he noteth the W efterly  W inds

to

• in which I ob-
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to have been ftrong, it was the fame here. A n d  fome Agreennent al- 
fo, but Icfs, is in the coafting and ih iitin g o f  the W in d s throughout 
this Pcriotl.

T he fifth and lail Period he placeth between February

and March  ■ 0  5 W eather

returned,  and continued lo n g : A n d  the fame it did with us. But as 
to the End o f  this Period, I find fome Difference, and fom e A g ree
ment between our O bfcrvations. T h e  Snow was more with them than 
u s ; the W in d s changed with us from the Eafteriy Points, to the W e - 
fterly and Southerly, a D ay or two fooner than with them ; then 
agreed with them ; and foon after veer’ d alx)ut to the E afteriy and 
Northerly, as it did with them. A n d  I obferve, that when the W in d s 
agreed in both Places, m y N otes fliew the W in d  to have been o f fom e 
Force here.

A s to the W arm th  o f  the W eather all this tim e, I find a pretty 
deal o f  A greem en t; only as the W in d  changed tw o D ays fooner 
here, fo we had the m ild W eather, he mentions, tw o D ays fo o n e r:
Then it grew  colder here, as he faith it did with them. A n d

whereas he noteth J p r il  / q ‘ 5 t>een the firft D ay on

which the Spirits rofe to  the Point o f  W arm th , I found by m y 
Therm om eter the D ay before to have been as warm as that, as alfo- 
were the fo llow ing D ays •, and each o f  them warm er than had been all 
the preceding W inter •, but yet that we had divers warm D ays before 
that T im e , particularly March 12 , 13 , 14» 18, 19, 28. 0 . S. were 
warm D ays, but the rell in that M onth for the m oft part cold.

T h e W aters were the firft T h in g  that felt the dire E ffefts o f  this T h e  EffeAi •
Froft. A n d  thefe were in many Places frozen to an extraordinary *
D epth; although I hardly believe to that D epth, as in the L o n g  F roft ‘
in 1683. O f  w hich F roft we have a fufficient Inftance in our R iver o f 
Thames; whofe W aters were fo frozen, that above Bridge, ’ tis well "
known, m any Booths were erefted, Fires made, and M eat dreis’ d ; and 
on January 10. i6 8 |, I faw a Coach and tw o H orfes drive over the 
River into Southwark, and back again, a great N um ber o f  People ac
com panying it. But this laft W inter the Cafe was greatly different, ac
cording to the A cco u n t I receiv’ d from  M r. Lowthorp, who fays, “  FIc 
“  faw fcveral People crofs the Thames at fom e Diftance above the 
“  Bridge : B ut t h a t . was only towards L o w -w ater, when the great 
“  Flakes o f  Ice that came dow n, ftop p ’ d one another at the B ridge,
“  till they made one continued Bed o f  Ice from  thenCe alm oft to the 
“  Tentple, But when the F lo o d  cam e, the Ice bro ke, and was all car- 
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ricd with the Current up the R iver. I was told the like happened 
between Wejlminfter and Lambeth^ a little above JVhitebalL 
A s  for other W aters, they alfo had their Share-, efpecially where 

they lay expofed to the N ortherly and N orth Eafterly W inds. T h e  
Sea-waters were cover’ d w ith Ice in many l^laces near the Shore, in 
H arbours, and where they lay calm and ilill. O f  this I have already 
given a pregnant Inftance in the H arbour o f  Copenhagen, and the Sea 
between Denmark and Scbonen. A nd  in a Letter from D r, Newíc», he 
tells me, “  T he Sea was frozen both on the Coaft o f  Genoa and Leg- 
“  born.

A s  ibr the Northern Parts o f  Germany, the lail cited DilTertation 
■gives this A ccount o f its E ifefts on Fluids : JVater was frozen into Ice 
beyond the ufual Depth, and other Liquids appear'd to he congealed, which in 
M idji o f Winter are thought to be out o f Danger o f freezing. A  Fountain 
m a certain Village o f which tho' at other times was found to he
tocl ill Summer and warm in Winter, yet this Winter it was cover'd w ith  
pretty thick Ice, to the great Wonder o f every one. The puhlick News 
have foiuetimes told us o f hot Baths anverted into Ice. Tho' this cannot
happen to thofe that are very hot---- at H all we faw  Iceicles adhere to the
Salt Fountains, which is reported not to have happen'd fo r  an Age. D . 
Breynius affures me by Letter, that the Sea itfelf was cover'd with Ice on 
the 8/i> c / A p r il, as fa r  as his Eye could reach. He expofed a U xivium  
to the Air, which had been plentifully impregnated with Pot-afh, which by 
thofe who had ufed it fo r  many Tears was affirm'd never to freeze  ; yet in a 

Jhort time it was found converted into Ice. He adds, that a certain Friend 
o f his had ohferved, that a dephlegmated Spirit o f Tartar had froze. The 
Obfervations o f  H all relate, that Spittle hardly difnifs'd from a M an's 
Mouth became Ice. The Rivers were froze thrice, even thofe which for  
their Rapidity were always Proof againfi freezing. T hus far D . Remus.

T hefe Effedls, I am apt to think, the W aters felt not only in Eng
land, Denmark, Germany, France and Italy, but in all the Northern 
World alfo, excepting Scotland, Ireland, and probably fome other Iflands, 
or Places near the Sea •, altho’ even fome o f thefe appear from the fore
goin g A ccount to have been great Sufferers too. I 'h is  U niverfality o f  
the Froft, I fu fped  from the M ultitudes o f  divers kinds o f  Birds (ut
ter Strangers to thefe Parts, and many o f  them Inhabitants o f  the N o r
thern colder Countries) which were feen and k ill ’d in many Parts o f  
England In our Effex-Marfhes, we had many w ild  Swans, Brent-Geefe, 
m any o f the rarer G u ll-k in d , and divers other forts o f  Birds, utter 
Strangers to thefe Parts. M r. Bellers gave D r. Woodward this fo llo w 
in g  Catalogue o f  Birds k ill’d within four or five M iles o f  Coin St. A ld-  
wins, or Edwins, in Glouceflerfhire, between the Beginning o f  Novem
ber, and the latter End o f  March 1 708, which he faith are never found 
there in moderate W inters.
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1. iMTitHS cinereus major  ̂ the greateft Butcher-Bird, or M a tta g e fs ; 
fometinics feen in Derby/hire  ̂ but com m only in Germany  ̂ as M r. W il
loughby faith. 2. Fringilla montana  ̂ the Bram bling. 3. Numenius^ fiv e  
/IrquatOy the Curlew . T h efe  Birds, though Strangers to the inland 
Farts, I have feen com m on enough on the Sea-coalls o f  B jfex: A nd  
D r. Woodward fays, he faw them feveral T im es this lail W inter at the 
Poulterers in London. 4. Gallinula Erythropus major  ̂ the Red-ihank^ 
or Pool-Snipe. 5. Gallinula Hypoleucos Gefneri, the Sand-piper. 6.
Sch êniclos  ̂ the Stint. 7. Corvus aquaticus minor  ̂five Graculus Palmipesy 
the Shag. 8. Merganfer^ the Goofander. 9. Mergus cirratus longi- 1
rojier  ̂ the D un-diver. 10. Mergus major cirratus^ the Sm ew, or white |
Nun. I I .  Colymbus major  ̂ the Greater L o on . 12. Larus major  ̂ the |
Greater G u ll. r .̂ CygnUs fcrus., the E lk , or H ooper, or wild Swan.
14. Brenta., the Brtnt-G oofe. 15. Anas niger Aldrovandi \ M á o m  j
in England, but frequent \n Norway. \6. Tadorna, the Shell-D rake, I
or B urrough-D uck. 17. Anas I uligula prima Gefneri, the T u k c d - D u c k .  I
18. Anas fera fufca Gefneri, Penelops Veterum  ̂ the P oker. 19. Anas |
Platyrbynchos mas Aldrov. the G olden-E ye. 20. Anas Platyrbyncbos 
rojiro nigro plano., the Cad wall.

In the Diflertation before-cited, we are told, how Anim als fuffered EffiJtsof the 
both with them , and in other Places •, “  T h a t the Freih-water were 
“  every where k ill’ d in their Parts, and that a vaft Deftrudlion befel ' ,
“  their fm all Birds. Both w hich, he is inform ’ d, happen’ d in his own j
“  Country alfo at Dantzick. N ay, fome did not ftick  to affirm, that
“  they faw Birds, as they flew along, drop down out o f  the A ir , their
“  Strength failing : T h a t the Lufatia Letters faid, many C ow s were 
“  frozen to üeath  in their Stalls. A n d  many Travellers on the R oad 5
“  were fome quite frozen to D eath, others lo il their H ands, Feet, Í
“  Nofes or E a r s ; and others fainted, and were in great D anger o f  L ife  i
“  or I >imb, when brought too foon near the Fire. O f  thefe Particu- 
“  lars, he gives divers Inilances from their N ew s P a p e rs ; o f tw o 
“  Gentlemen, and a Smith in England., and above 60 M en, and many 
“  Cattle near P a r is ; and the like at Venice., and 80 French Soldiers

near Namur^ all k ill ’d on the R oad, w ith the C o ld .”  W hether any 
fuch Pcrfons periihed on our Roads in England, I have not heard: But 
we were told o f fome that did •, particularly fome P o il-B o ys, and, I 
think, fome D rovers. O ur Frefli-water F ilh  were, many o f them , de- 
ftroyed, in Ponds that were lhallow , and efpecially i f  long frozen 
o v e r ; fome for want o f  A ir , where the Ponds were not kept open ; and 
fome with the cold A ir  at the H oles in the Ice, where in great N u m 
bers they came to get Breath. O n the Italian C o ail fome o f  our “  M a- 
“  riners on Board our M en o f  W ar, died o f  the C o ld  i and feveral loft 
“  Parts o f  their I;ingers and T o es ; A s  D r. Newton informs me.
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B ut the greateft Sufferers in the A nim al-K in gd om , were Birds and 
TnfeSis. Robin Redbreajlsy which before the F roft were numerous, are 
fmce that very icarce about us •, and notwithilanding their Recruits in 
the fo llow in g Sum m er, yet even ftill, in this fucceeding W inter, their 
Scarcity remains. Larks^ both Wood and Sky-Larks, became, in a M a n 
ner, Rarities in our Country the follow ing Spring and Sum m er ; nor 
are they as yet become fo num*erous as heretofore. But whether this 
was an univerfal Calam ity that befel that F am ily o f  fm all Birds, or 
whether it only happened to  our 'EJfcx-Larks •, or whether they were not 
driven from thefe Parts by the Froft, I cannot fay ; becaufe I have 

, been told, that in fome other Counties o f  England, which abound in
large common plough’ d Fields, and where L ark s are com m only more 
numerous than about us, they have had large F lights o f  L ark s this 
prefent W inter 170.%. But I have enquired o f  the London Poulterers, 
and they tell me, they have L ark s from alm oft all Parts o f  England^ 
and have not this follow ing Year receiv’ d a Q uarter, fcarce a tenth 
Part, o f  the L arks they ufed to have j by reafon the Froft k i ll ’ d them, 
as the Bird-Catchers fay.

In the Infe£i-Tribe, 1 have particularly obferv’ d the Death-Watch to 
be great Sufferers; notwithftanding that Infedl’ s great Precaution, and 
A rt, to fecure itfelf againft the hard W eather, in dry Places within 
D oors, under dow ny light D uft, ^ c .  Few  o f  them appear’d the fol-' 
low ing S u m m er; and in Places where they ufed in July to be very fo- 
norous with their tick in g  N oife, only now and then one was heard •, 
a manifeft Sign o f their being either k ill ’ d, or render’ d lefs fertile and 
venereous.

Iffeas of the But am ong all the Sufferers by the Froft, the Vegetables were the 
Froft m Ve- moft u n iverfa l; few o f  the tender Sorts efcaping. A b o u t us, Bays^
geta 06, Rofemary  ̂ Cyprejfes, Myrtles, m oft o f  the Phillyrea's, even Junipers,

among S h ru b s; and Artichokes, Colly-Flowers, and a great many other 
OHtory Plants, fuffer’d greatly. B y Enquiries made on Purpofe 
among the London Gardeners, I have been inform ’d, fome o f  them  have 
loft to the Value o f  80/. 100/. 200/.

But the moft exa<5t  A ccount I have met with, is from  M r. Ja . Bobart 
o f  the Oxford Phyfick-G arden. H e  takes N otice, that the D am ages 
o f  this Froft do not come up to thofe in 1683 ; which F roft being o f
longer Continuance, cleft the Oaks, and Bodies o f  the Vines, & c . B ut
in the laft Froft there were Intervals o f  Relaxation, befides feveral 
confiderable Snows, which p ro v ’ d a good Guard to many Plants. But 
the Snow melting, and the C old  withal continuing, p ro v ’ d o f  evil 
Confequence to many bulbous and tuberous R oots, and abundance o f  
other T h in g s. “  But (he fays) the iharp, d ry, and cutting W in d s 
“  from  the N orth, and N orth-E aft, were deftru¿tive to m any o f  the

“  O rna-
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« Onnaments o f  our Gardens, which before feem ’ d to  be alm oft 
“  naturaliz’d to our C lim e •, as Cyprefs  ̂ Bays  ̂ Rofemary, Alatcrm^ Phil- 
“  lyrea'ŝ  ̂ Arbuti^ Laurujlines, & c  as alfo to m oil o f  our frutefcent 
“  }4erbs, fuch as Lavenders^ AbrotommSy Rue, Tyme, and divers others 

o f fuch R ace, efpcciully fuch as had their H eads above the kind  
“  C o v trin g  o f  the Snow. A n d  not fuch E x o tick s  only, but fome 
“  o f our own N atives, as is vifible in m oil o f  our Furze-jieldsy 

and divers Hollies, efpccially o f  the finer ilr ip ’ d Race, have felt the 
“  Smart o f  the R ig o u r o f  the Seafon, by the L o fs  o f  their L eaves, 

and fometimes their L ives.
“  A n d  what hath been more obfervable this Y ear, than in others,

“  is the Sap o f  our finer mural F ru it-T rees, as o f  Peaches, Neila^
“  riftes, Apricocks, & c . was fo congeal’ d and diforder’ d, that it p ro v ’ cl 
“  ftagnated in the L im b s and Branches, and equal to Chill-blains in 
“  H um an B o d ie s ; w hich, in too many Parts o f  the T ree, turn ’ d to 
“  fo frequent M ortifications, that it is very m uch to be doubted, whe- 
“  ther fufficient V ig o u r is ever to be expefted from them , to be worth 
“  their ftanding, notw ithilanding their weak Endeavours o f  ihoot- 
“  ing.

“  A nd it is no lefs obfervable, that the very  Buds in thefe finer 
Trees, as well L eaf-B uds, B loflbm -B uds, (which are but the O va- 

“  rits o f  the fucceeding Fruits) were quite k ill ’d, and d ry ’ d in to a fa -  
“  rinaceous M atter, by the too great Sharpnefs o f  the C old , before 
“  they grew  out, though L ife  remain’ d in the Branch.

“  I'he Plumbs, being more hardy, produc’ d, their Bloflbm s well 
“  enough ; but through the chilling W ets, which happen’ d too plen- 
“  tiful about that T im e , and the great D e fe il o f  nutritive W arm th,
“  they grew  weak ; w ith their little Stalks, or Pedicles, languiih- 
“  ing, and turning yellow , generally dropt oft, and came to no- 
“  thing.

“  It m ight rcafonably have been fuppos’d , that fuch conjoin’ d C o ld , 
with repeated W e ts , rtiould have deilroyed the injurious Infe£is,

“  which ufually infeil the firil P r o d u i l ; but even in this Y ear, they 
“  have p ro v ’ d v iv id , in too great P len ty, am ong the Apples and Pears 
“  (efpecially the form er) whofe Bloflbm s, as well as L eaves, have been 
“  a Pabulum  for thefe voracious Erucas, whole E g g s  lay dorm ant all 
“  the W in ter, fo d ry in their Bags, that there were fo many efcap’ d 
“  from being frozen, that in many Places they p ro v ’d enough to de- 
“  ftioy the whole Verdure.

“  Fig-Trees, whofe fofter T exture was more eafily penetrated, have 
fuffered m uch, m oil o f  them being cut down.
“  M any Exoticie Greens, and rare Plants com ing frotn Africa  and 
other warm R egions, have m ightily fuffered, efpecially in iuch Stoves 
and Confervatorics as had not i'ire  enough.

W h at
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W h at he obferveth concerning the Deftruélion o f  fFbeat^ was, I be
lieve, a general Calam ity, as alio the Particulars he takes N otice  o f  
m uch the fame in other Places too, viz.  “  W here the Land was poor, 
“  and cold ly expofedj there the IVheat was k ill’ d ; that many Lands 
“  o f  W heat efcaped tolerably well on the warm Side, when the other 
“  Side was quite k ill’ d with the E xtrem ity o f Cold.

B y the u'arm and cold Sides, I fuppofe our O bfervcr means the funny 
and lhady Sides. But with us the Wheat fuffer’d rather more on the 
Southern, funny Side, than the Northern *, I fuppofe by reafon the 
G round was fomewhat open’d by the Sunfhine, and the covering o f 
Snow melted, and W ay thereby made to the Severity o f  the nod:ur- 
nal Frolt. U pon which Account I have heard it faid by fome Obfer- 
vers, ihat Vegetables fuffered more the laft Winter from the Sun, than the 
Frojl.

In EJfex alfo, I obferved many fmall Fields o f  three or four Acres o f  
W heat, to efcape pretty well, where fenced with thick high H edges 
againft the cold W inds, efpecially where they were cover’ d long with 
Snow ; at leail they came o ff better than other Parcels o f  Land expofed
to the W inds, that diflodg’ d the Snow, and aggravated the C old  alfo.
So at Upminjler, the beil Pieces o f W heat were fuch, I obferv’d, as 
lay on gentle Defcents facing the W e il or S. W . efpecially when 
guarded on the Eaftern Side with a H ill, or a W ood ; which fenced 
o ff the cold piercing Eafterly and N orth Eafterly W inds.

N ot only Shrubs and Plants, but the larger Trees, have in fome Places 
had their Share o f Suffering too. But it was obferv’ d by fome Per- 
fons o f the Society, that the Calamities which befel Trees, arofe not 

I purely from their being frozen, but principally from the W ind s
lhaking and rocking them at the fame I'im e, which rent and parted 

I their Fibres.
; Thefe have been fome o f  the m oil remarkable E ffe ils  o f  the F ro il
t on the Vegetables o f  the more Southerly Parts o f  our Illand, the A V -

efcaping better. From  Edinburgh, Sir Rob. Sibbald fays, “  T h e
“  Corn did not rife, and ripen, fo foon as wont-, but there hath been 

a plentiful H arveil, well brought into the Barns and Yards. A n d  
the Price o f  V iéluals (which was high) falls lower daily. T here 

“  was no greater N um ber o f  thofe who died, than was ufual during 
“  the W inter form erly.

A s to other Places, I find the E ffe ils  were, in the more Souther
ly  Parts o f Europe, much the fame on their Vegetables as on ours. 
In Italy D r. Newton faith, “  A lm o il all the Lemon and Orange-Trees, 

with thofe of the like Kind, are deftroyed in this Country by the 
“  F rofl, and a great many Olive-Trees. T h e  Leaves o f the Bay-Trees 
“  have the fame Colour now, as all others have when they are falling 
“  in 05lober. Befides which, there are two other Accidents he tells 
m e of, ow ing probably to the Froft. One happen’ d at Florence,

where.
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where, “  on the fide o f  a H ill were form erly many Buildings,
« which tw ice falling dow n, by the Earth g iv in g  w ay, a W a ll was 
“  ere6led in the T im e  o f  this Great D u k e ’ s Grandfather, with an In- 
“  fcription on the W a ll, w hich feparates the G round from  the next 
“  Street, that for the future no Perfon ihould build there. A fter the 
« Great F ro il, this W a ll hath fallen down too. T h e  H ill is full o f  
“  Stones, and they w ill have it, that as thofe increafe, the Ground is 
“  pufli’ d forward, and thereby thrown dow n.”  But I am apt to think, 
the F roil m ight have a great Concern herein.

T h e other A ccid ent was at Pifa^ “  where, upon the m elting o f  the 
“  Snows, and the great Rains which fell after the F ro il, altho’ the Arr.o 
“  did not fwell over the Banks at Pifa, yet the W ater at fome Diftance 
“  from the R iver, in a m iddle R o w  o f  H oufes betwixt the R iver and 
“  the great i^treet on the N orthfide, w ith  great Violence broke out, and 
“  if  it had not been im m ediately perceiv’ d, and the Breach flop p ’ d by 
“  the throw ing in o f  a great Q uantity o f B ricks and I 'im b er, that Part 
“  o f the T o w n  m ight have been in D anger o f  being drowned, where 
“  the Palace^ and the Publick-Scbooby or (as they call it) the Saptenza 
“  ftand.

D r. M ich. Angelo Tilly tells me from Pifa^ “  T h a t the F ro il hath de- 
ilro y ’d a W o rld  o f  Trees both in C ity  and Country about them.
In Switzerland, am ong the high Alpine R idges, they felt dire EfFefts 

o f the F ro il •, yet fome Places efcap’ d. O f  which D r. IVcodward im 
parted to me the follow ing A ccoun t from M r. John Scheucbzer, “  Som e 
“  Places that were defended towards the N orth  by very high M oun- 
“  tains, did not feel thofe dreadful E ffe ils , which our Trees fufFer’d laft 
“  W inter, efpecially our W alnut-trees and Vines. A t  Vefena near the 
“  L a k e  Rivarius, the Trees and Vines iufler’d no D am age, fo that the 
“  Vintage is good there, but we have none. T h e  W alnut-trees 
“  were loaded w ith Fruir, and other Trees likew ife, as i f  they had grow n 
“  in a C lim ate different from  their N eighbours. T h e  V illa g e  Vettis is 
“  fituate at the Bottom  o f Galanda, a v fr y  high M ountain on the C o n - 
“  fines of the Grifons. I 'h e  Inhabitants o f  this alTure us, that they hard- 
“  ly ever knew  a m ilder W inter ; when on the contrary the Inhabitants 
“  o f  the next V illa g e  Valentia^ ly in g  near the Fabarian Baths, were m uch 
“  afraid leil all the Vettians ihould perilh with C old , all Intcrcourfe be- 
“  tween them being intercepted by the hard W eather. A lio  the W o o d s 
“  which were expos’ d to the N orth  W in d , which were planted with 
“  hardy 'Frees, fuch as Firs, Yew -trees, and Larch-trces, became burnt 
“  up, rufty, and ilript o f their Leaves.

A s to the N ortherly Parts o f  Germany, the Cafe was there after the 
manner it was with us *, as M r. Remus informs us. “  T h e  cold W ea- 
“  ther d eilro y ’ d the 1  rees and Shrubs in gri.at N um bers, efpecially fuch 
“  as appear’ d above the Surface o f the Snow. T h e  Cherry-trees, A p p lc- 
“  trees, and Plum b-trees defpifcd the Severity o f  the W inter. O ur

“  Prcfident



P refid en t (D r. W olfius) a p p ly ’ d m any Particles o f  tlie B o u gh s to his 
“  M icro fco p e  in the M o n th  o f  Marcb^ but co u ld  not p erceive th a t'a n y  
“  th in g  w as w antin g to  the Intirenefs and T u rg id n e fs  o f  the F ib res. 
“  T h e re  w ere P len ty  o f  B lofibm s on the C h erry-trees, few on the A p p le -  
“  trees, ^ c .  T h e  A lm o n d s, Peaches, and A p r ic o c k s , o f  w hatever fo rt 
“  they w ere, very  rarely efcaped. 1  he Pears lu ffer’ d m uch. S u ch  V in e s  
“  were p referved , as were co ver’ d by the E a rth , and thereby fecured  
“  from  the C o ld  ; but fuch as w ere n e g led ed  and not fufficiently  de- 
“  fended w ere all loft. T h is  we iaw , and were in fo rm ’ d o f  it b y  the 
“  N ew s. B u t we ihall relate v/hat the Prefident to o k  notice of. W h e n  
“  w e could  vifit ou r G ardens foon after the E q u in o x , the S n ow  bein g  
“  m elted and the Ice th a w e d ; the B a rk , the W o o d , and the P ith  o f  
“  fuch T rees as had been fpoiled by the F ro ft, efpecially  the Pears and 
“  the A p r ic o c k s , w ere grow n  b lack , fo that m any p u ll’ d  them  up.

W h en  we a p p ly ’ d to our M icrofcopes fom e Pieces of fuch B o u gh s 
“  as had grow n  the laft Sum m er, we found the little  F ib rils  torn as i f  
“  the W o o d  had been rotten. B ut in other Parts o f  the Branches no 
“  fuch D ifruption  was obferved , on ly there was no G reennefs or Sap. 
“  F or as about the m iddle o f  J p r il  the T rees were ch erifh ’ d b y  tlie 
“  H eat o f  the Sun, in the A p r ic o c k  T rees m any new B uds put forth  
“  from  the old  W o o d , and in fom e from  the you n ger W o o d , w here 
“  the B lofibm s ou gh t to  g ro w  ; in fom e there was no S u cco r. In the 
“  Pears all the B uds put ou t, and Blofibm s grew  ; yet not fo v ig o ro u s 
“  as ufual, and leavin g  no R u dim en ts o f  F ru it. A t  that T im e  the 
“  Bark obtain’ d its fu ll G reennefs, b la ck er proceeded from  the C en ter 
“  o f  the P ith  tow ards the outfide, the Subftance o f  the W 'ood  re co v e r’ d  
“  its W hitenefs. T h e  F ib rils  o f  the new Y e a r  w ere b lack  H ill, yet 
“  when feen throu gh  a M icro fco p e  they feem ’ d to  abound w ith  Sap , 
“  not otherw ife than the fam e F ib rils  o f  the C h erry-tree or A p p le -tre e , 
“  w hich the F ro ft had left un touch ’ d. T h e  P ith  under the B u d s was 
“  tinged w ith  an unufual B lacknefs, yet the R o o t o f  the B u d , w hen 
“  p uih ’ d on into a S u cco r, appear’ d throu gh  the M icro fco p c to  be v e ry  
“  green and tu rgid . N o w  it is very  rem arkable, that as the F ro ft had 
“  fpared the P lu m b s, fo it alfo fpared the B uds o f  the A p r ic o c k s , that 
“  were grafted into the B ark o f  the Succors o f  the P lu m b s, w h ich  now  
“  grew  up into tall L eav es accord in g to T rees  o f  its K in d , in w h ich  the 
“  F>oft had not fpared fo m uch as one B ud.

A s  to the Caufes o f  this G reat F ro ft, they are, I confefs, to  m e fo  
v é ry  m uch hidden, that I intended w h olly  to  h ave pafs’ d o v er that 
M atter. But M r. Remus h avin g  ingenioufly  en qu ir’ d into th em , I lh all 
briefly g iv e  his O pinion. '

'The Caufes of T h e  Fountain o f  H eat en joy ’ d  b y  the E a rth , being the Sun, and
the Froft, b g j n g  not alw ays the fam e, he enquires into the R eafon

w h y  it  is not fo. T h e  V ariation o f  the m u tu al D iftance betw een 
the E a rth  and Sun at the A p o g e e  and P erigee •, the M u tu atio n  o f

the
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the E a rth ’ s P lace  in R e fp e il  o f  the H eaven s, or its bein g  ju ftle d  
at a greater D iftance from  the S u n , and the O bfl:ru¿l¡on o f  the S o 
l a r  R ays b y  the S p o ts on the S u n , he rejefts. A n d  as to  the true 
Caufes, h av in g  aíTign’ d g o o d  P h ilo fop h ical Reafons for the p erp en
dicular w a rm in g  m ore than the ob lique R a y s, tor the W in d  co o lin g  
the A ir ,  and the N o rth  and E a ft m ore than other W in d s , tffr. he 

' then enum erates his C aufes in thefe W o r d s : On the Sun's Part is re
quired a very great Diftance from the Zenith, and a ¡mall Continuance above 
the Horizon. On the Earth's Part is required an Atmofphere full of Ex
halations, and abounding with Clouds : Alfo Eafterly and Northerly Wind.̂ , 
a n d  efpecially violent ones. But what is mofi of all neceffary, that the Ac
tion of the Sun fhould be hinder'd for a long 'Time, chiefly then when the 
Caufes of the Froft concur.

H a v in g  aíTigned his C aufes, he applies them  to his five P eriod s, and 
the m ore rem arkab le  A c c id e n ts  that happen’ d in them .

But after a ll, there are fom e other m ore hidden extraordinary Caufes, 
that he hath not reach’ d. F o r  w e have all his Caufes v e ry  co m m o n ly  
concurring in other W in ters, w ith ou t the fam e L'.lfe¿ls as in the laft.
T h is  prefent, next fu cceed in g  W in te r  17??, w e have had (b elid cs w hat 
is com m on  to  all W in te rs , the O b liq u ity  o f  the Sun ’ s R a y s , í¿ c .)  
the W in d s as m u ch  N o rth e rly  and K a tlerly , and as llro n g  i and as 
m uch d ark  V. eathcr •, and all co n cu rrin g  too togeth er, as happen’ d 
d uring the G reat F r o f t : A n d  y tc  no m ore than ordinary fevero 
W eather.

B u t as to  m iily ,  c lo u d y , d a rk  W^eather, w h ich  he reckons am o n g 
his principal C aufes, I am  fo far from  th in k in g  it a C aufe, that I ra
ther take it to  be the R cafon  w e have not m ore frequent fevere F ro lls ,

• at leaft in ou r Ifland P laces, furroundcd by the w arm  V ap ou rs o f  the 
Sea. C lo u d s  and V 'apours d o indeed intercept, and keep  o ff  the S u n 
beams ; and p ro b ab ly  im bibe and retain a great deal o f  W'^armth them - 
felves ; nay, perhaps they m ay (as he faith) refleft back  fom e o f  the 
S u n -ra ys: B u t w e con ftan tly  in W in te r  find, that the few er the E x 
halations are, and the clearer the A ir ,  and after the W 'arm th ot the 
Sun by D a y , the (harper the F ro ft is at N ig h t.

I do not pretend to  alTign C a u fe s ; y et thus m u ch  feem s to  m e rca- 
fonable : T h a t  the great M in t o f  M eteors lieing the fuperior R eg io n s 
o f the A ir ,  and the Source o f  E xh alations bein g  the T erraqueous- 
G lobe, in thofe tw o  P laces w e are to  feek  tor the farther, and m ore
grand C aufes o f  the late F ro ft. A n d  in the fourteen and m ore \ e a rs
ü b fervation s I have m ade o f  the W eath er, ^c.  1 have toun d a great 
deal to be attrib uted  to  the Increafes and D ecreafes ot the C o ld  ot the 
upper R e g io n s, as alfo to  the inner D ifp o fitio n s ot o u r G lo b e , at leaft 
to the greater or lefs P le n ty  o f  V ap o u rs  and E xh alation s. B u t not as 
yet h avin g  O b fervation s en ough  to clear and dem onftrate m y H y p o 
thecs, I ihall defer w h a: I m ig h t have faid.

■ 1̂ —  ■ -  
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Efiéís of X V I I I .  I . )  Strange w ere the E ffe ils  o f  the T h u n d e r  and L ig h tn in g  
w hich  happen ’ d at M rs. C lo ft\  H o u fe  at New -Forge in the C o u n ty  o f  

Irdr.nd.'^fiw- Ireland^ on the gth  o f  Aug. 1 7 0 7 . I w aited on lier about a
tr->„ie.,̂ ,dby F o rtn ig h t after to  inform  m y fe lf  o f  the Particulars. She to ld , that 
s. Molyneux, the w h ole  D a y  was clofe, h ot, and fu ltry , little  or no W in d  itirrin g

 ̂ till tow ard s the E v e n in g  •, that there was a fm all B reeze w ith  fonie
 ̂ ■ m iflin g  R ain , w hich  lafted about an H o u r  ; that as the A ir  d ark en ’ d  

after Sun-fet, ihe faw feveral faint F laflies o f  L ig h tn in g , and heard 
fom e T h u n d er-clap s, as at a D iilan ce  ; that between l o  and 11  o f  the 
C lo c k , both were v e ry  vio len t and terrible, and fo  increafed and cam e 
on m ore frequent till a little  before 12 o f  the C lo c k  ; that one F la lh
o f  L ig h tn in g , and one C lap  o f  T h u n d e r cam e both at the fam e T im e
loud er and m ore dreadful than all the reft, w h ich , as fhe th o u g h t, 
ih o o k  and inflam ’ d the w hole H o u le  ; and being fenfible at that In 
itant o f  a vio len t ilro n g  fulphureous Sm ell in her C h am ber, w h ich  ilie 
>.iid not pcrceive before, and feeling a th ick  grofs D u ll  fa ilin g  on her 
H an d s and Face as fhe lay in B ed, ihe concluded that P art o f  her 
H o u fe  was throw n dow n b y  the T h u n d e r, or fet on F ire  by the 
L ig h tn in g  ; that arifing, and ca llin g  for C andles, fhe foun d her B ed- 
C ham ber fu ll of S m oak  and D u ft, as alfo the K itch en  that was be
neath i t : T h e  reft o f  the H o u fe  being fafe, ihe o n ly  o b fe rv ’ d the
L o o k in g -g la fs , that h u n g in her C ham ber to be broken.

T h e  next D a y  ihe found, upon further Search and E n q u iry , that 
P art o f  the T o p  or C orn iih  o f  the C h im n ey, w h ich  fto od  w ith o u t 
that G able-end o l the H o u fe  w here her C ham ber w as, was ftru ck  o f f  ; 
that P art o f  the C o p e in g  o f  the S p la y  o f  the G ablc-cn d  itfe lf was 
broken dow n , and the Shingles on the R o o f  ad jo in in g  thereto (to  the
N u m b er o f  12 or 16) were raifed or ruffled, but none fh a tttr ’ d or
carry ’ d aw ay ; that P art o f  the C e ilin g  in her C h am ber beneath thofe 
Shingles was fo rc ’ d d o w n , and P art o f  the P laifter and P inning-ftones 
o f  the adjoin in g W a ll, was alfo broken  o f f  and loofen ’ d , (the w hole 
Breach 16 or 20 Inches abroad.) T h a t  at this P lace there w as left on 
the W all a fm utted Scar or T ra ce , as i f  m ade b lack  by the S m o a k  
o f  a Candle, w hich  w as direóted dow nw ards tow ards another P lace 
on the fame W a ll  whereon a Breach was alfo m ade as the torm er, and 
ot the fam e D im enfions, P art o f  w hich was behind the P lace  where 
the L o o k in g -g la fs  d id  hang ; that the Boards on the B a ck  o f  a large 
H a ir - l r u n k  lu ll o f  T a b le  and other L in n en , ftan d in g beneath the 
L o o k in g -g la fs , w ere fo rc ’ d in, and fp lin ter’ d  as i f  by the B lo w  o f 
a S m ith ’ s Sledge ; that tw o  P arts o f  three o f  the L in n en  w ith in  this 
T r u n k  were pierced or cu t th ro u g h , the C u t app earin g  o f  a Q u a 
d ran gu lar F ig u re , and between tw o  or three Inches o v tr- , that the 
E n d  ot the T r u n k  was likew ife  fo rc ’ d o u t, as the B a c k  was d ro v e  
in ; that at about tw o  F e e t  d iilan ce from  the E n d  o f  th is T r u n k

(where
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iw here the F lo o r  and the S id e -W a ll o f  the I lo u fe  jo in e d ) there w as 
a fm all Hreach m ade in the P la iile r, w here a fm all C h in k  or C re v ice  
was to be fcen betw een the fide Hoard o f  the M o o r and the \V a ll, fo  
wide as that a M a n  co u ld  th ru il his F in gers clown ; and that ju f t  be
neath this again , in the K itch e n , the C ie lin g  w as forced  d o w n , and 
ibm e o f  the L im e  or P la ifter o f  the W a ll  b ro k e  off-, that c x a ftly  un
der this again , flo o d  a large T u b  or VeiTel o f  W o o d  inclofed w ith   ̂a 
C rib  m ade o f  B r ic k  and L im e , w h ich  w as b ro k e  and fp ü n ter’ d  
all to  P ieccs, and m o il o f  the B r ic k  and L im e - W o r k  about it to rc ’ d 

and fcatter’ d  about the K itch en . '
I w ent from  P lace to  P lace , v ie w in g  each P articu lar ; and as 1 tound 

all was done on o r  near the G able-cn d  o f  the i lo u ie ,  I have endea
v o u r e d  t o  explain  it b y  a D ra u g h t, w herein the feveral Breaches are Fig. 2t. 
d iftin g u iih ’ d : A n d  as I co n ce iv ’ d all to be effe fted  b y  fom e irrefiiti- 
ble B o d y , I have alfo b y  tw o  P arallel L in e s  traced ou t its irregu lar

^ T h e " * L o o k in g -g la fs  was b ro k e  w ith  that V io len ce , that there was not 
a P iece o f  it to  be found o f  the L arg en efs  o f  I la lf-a -C r o w n  : Several 
Pieces o f  it w ere i l ic k in g  lik e  H a il- ih o t in the C h am b e r-D o o r (b ein g  
o f  O a k )  and on the other S ide o f  the R o o m  •, feveral o f  the E d g e s  
and C orners o f  fom e o f  the Pieces o f  the broken  G lafs  were tin ged  ot 
a lig h t F lam e C o lo u r , as i f  heated in the F ire  ; the C urtains ot the 
Bed w ere cu t in feveral P ieccs, th o u g h t to be done b y  the Pieces o f 
the G lafs •, feveral P ieces o f  M uQ in and w earin g  L in n en , left on a 
T r u n k , w ere throw n and fcatter’ d about the R o o m , no w a y  fin ged  
or fcorched ; and y et the H a ir  on the B a ck  o f  the T r u n k , w here the 
Breach was m ade, w as finged •, the u p p e rm o il P a rt o f  the L in n en  
w ithin the T r u n k  w as fate and w ell, and the lo w erm oft P arcel, con - 
f i l l i n e o f  c jr o o d d  P ly  o f  L in n e n , p ierced th ro u g h , o f  w hicn none 
was any w a v fm u tted , bu t the u p p e rm o il P ly  o f  a T a b le -c lo th  that 
lay above all the reft. She to ld  m e, there w as a y e llo w  S in ge  or Stam  
perceivable on fom e P art o f  the other L in n en  fo  dam ag d  the next 
D ay •, and the w h o le  L in n e n  fm e ll’ d ftro n g  o f  S u lp h u r ; b u t neither 
this y e llo w  Stain or S m ell was p erceivab le w hen I was t h e r e : T h a t  the 
G lafs o f  tw o  W in d o w s  in the B ed -C h am b er ab o ve, and tw o  W in d o w s  
in the K itch e n  beneath, was fo ihatter’ d , that there w as fcarce one 
w hole Pane left in any o f  them  •, that the P ew ter, B rais, and Iron P ur- 
niture in the K itch en  w ere th row n  d o w n , and fcatter  d about the K it 
chen, p articu larly  a large G ird le  about 20 P ou n d s W e ig h t , that h ung 
upon an Iron H o o k  near the C ie lin g , w as found ly in g  on the P lo o r  :
T h a t a C at was found dead the next M o rn in g  in the K itch en  w ith  its 
L e g s  extended as in a g o in g  P o ftu re , in the M id d le  o f  the F lo o r , 
w ith  no oth er S ig n  o f  b ein g  h u rt, than that the F u rr  was fin ged  a 

little , about the fe ttin g  on o f  the T a il.
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She to ld  m e too, tliat about fom e few  D ays before this A c c id cn t 
happen’ d , ihe re m o v ’ d a T a b le  Prefs-B ed irom  the P lace  w here the 
H a ir -T r u n k  flo o d , w herein tw o little  G irls  (her D au gh ters) ufed to 
lie ; w hich  ihe lo o k ’ d upon as a particular P iece o f  P rovidence.

T h e  W a ll both above and below  a little W in d o w  in the fam e G able- 
end, was fo ihatter’ d at the fame 7 'im e, that the L ig h t  cou ld  be 
feen th rou gh  the C rtv ic cs  in the W all •, and that upon a large Stone 
on the outfide o f  the W a ll btneath this W in d o w , was to  feen a 
M a r k , as i f  m ade by the i-troke o f  a S m ith ’ s S led ge, or large iron 
C ro w , w ith w hich a Splinter or P iece o f  the Stone was broken  o ff  
o f  ibm e Pounds W e ig h t. I was further inform ed, that from  the 
T im e  o f  that great T h u n d er-clap , both the T h u n d e r  and L ig h tn in g  
d im in iih ’ d grad u ally , fo that in an H o u r ’ s T im e  all was i l i l l  and quiet 
again.

—  «/Ipfwkh 2 .] T h ere  happen’ d at Ipjwicb on the i6tb  o f  July  1 7 0 8 ,  a m o il 

Brid^nia^ n Storm  o f  T h u n d er and L ig h tn in g  ; it began about S ix  to  be
316. p. 317. D iitance, and arofe in the S o u th -W e il. I was

then on the h igh eil E m inen ce about this T o w n , w hence I co u ld  
p lain ly  d iilin gu iih  the w o rk in g  o f  the S to rm : T h e  In ilan t I p e rc e iv ’ d  
the F la ih  (w hich  I ju d g ’ d to be about four M iles d iila n t) it feem ’ d 
to  extend itfe lf lik e  a B o w , and ca ll its L ig h t  a confiderable W a y  
round it, and the Shaft o f  L ig h tn in g  ( if  I m ay fo  call it) did 
not run in a w a v in g  angular F ig u re , as uiual, but in a ilra ig h t Shaft 
o f  F ire, lik e  the F u ze  o f  a B om b, d ire A ly  from  the C lo u d  to  the 
G round ; upon w h ich, and finding the Storm  approach, I h ailen ’ d  
H o m e ; and foon after, we had tw o  or three p ro d igiou s F lafhes o f  
L ig h tn in g , and the N oife  o f  the T h u n d e r that fuccceded them  was ib 
great, and cauied fuch  an E m o tio n  in the A ir ,  that it m ade the 
R o om s ihake, and the W in d o w s rattle, as in a great Storm  o f  W in d . 
D r. Dade aíTur’ d m e, that at that T im e  the L ig h tn in g  feem ’ d to d w ell 
fome confiderable Space on the G ro u n d , and that he co u ld  v e ry  p lain
ly  feel the H eat o f  it in his Face. T h e  P ailage-B o at was at that T im e  
co m in g  from  Harwich, and ju i l  g o t  to  the T o w n , w hen a terrible 
F laih  cam e, w hich k il l ’ d the M a iler, and three m ore Perfons that were 
on Board. I faw one o f  them  the next D a y  ; he had a W o u n d  in his 

j  U-’ was lacerated, as i f  he had been w h ip p ’ d w ith  W ir e s ,
^ d  his Face and B o d y  as b lack , as i f  he had been blow n  up  w ith  
G u n p o w d er, and T h oufan d s o f  fm all b lack  Spots about him . T h e  
M a ile r  o f  the VeiTel was not at all d isfigu r’ d , had o n ly  one W o u n d  

 ̂ Burn, no other M a rk  about him  ; the C h ain  
ot his W atch  was m elted, yet no B urn co u ld  be p erce iv ’ d on his 
Breeches o r  Cloaths. T h e  th ird  P erfon  was v e ry  m u ch  torn  and ihat-

3 ter ’ d
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1 2 9EffeSis o f thunder a?id Liightni?ig.
ter’ d about the I lead, the C ro w n  o f  his H a t  was taken  clear ou t, as 
i f  it had been cu t o u t, and feveral P arcels o f  his H a ir  d ro ve  into  the 
Subftance o f  the H a t. T h e  fourth  w as v e ry  little d is fig u r ’ d , o n ly  a 
black S p o t on his Side, and a fm all W o u n d , as i f  m ade w ith  a caute
rizin g  Iron. T h e re  w ere feveral others a-board w ounded and ftunn’ d.
One Artis had his H a ir  burnt clofe to  his H ead  behind, and his P e 
ruke u n touch ’ d : H e  had a Scratch  on his A r m  about four Inches lo n g , 
and a fm all H u r t  below  the E lb o w  •, he fell that N ig h t  into a violent 
F ever, g rew  deliriou s, and is p ron ou n c’ d irrecoverable. W h eth er he 
receiv’d  any H u r t  on his Brain, or the V io len ce  o f  the F e v e r  caufes 
the D elir iu m , rem ains undeterm in’ d . T h e re  was no M a rk  to be feen 
on his C o a t, W a fteco a t, or S h irt, w here he had his H u r t  on his A r m .
T w o  o f  the Perfons k i l l ’ d , w ere on the ou tfid e, and the other tw o  
under the T i l t  o f  the Boat *, and w hat is p retty  rem arkable, the tw o  
that were w ith in  the T i l t ,  fate on each H a n d  o f  a W^'oman, that re
ce iv ’ d no D am age. O n e P crfon  had the Soal o f  his Shoe u n rip p ’ d  
from  the L eath er, and no other D am age. 1 w onder the B la il l ig h t
in g  fo d ir c d ly  on the Boat, did not fhatter it all to  P ie c e s : T h e re  was 
another B oat that fo llo w ’ d them , and rece iv ’ d no D a m a g e, and to o k  
ou t the reft o f  the p oor frigh ted  W retch es •, the M a ile r  o f  w h ich  does 
affirm , he faw the F ire  lig h t on the B o w -fp rit o f  the torm er B o at, 
w here m eeting a fm all R efiftan ce, it flew into fm all Stream s lik e  a 
R o c k e t, part into the B oat, part into the W a te r  ; w h ich , i f  true, 
no d o u b t, was the C aufe ot the M ifch ie f bein g  done in lo  m any d if
ferent P arts o f  the B o a t ; and docs in fom e M calu rc fo lve  the feem - 
ing D ifficu lty  o f  the W o m a n ’ s being unhurt between the tw o  Perfons 
that were k i l l ’ d.

g .] A tC olcbeJicr, on July  i 6 ,  170 8 . about E ig h t  o f  the C lo c k  
N ig h t, (the greater Part o f  the A ftern o o n  being c lo u d y , but m ore 
thick tow ard  N ig h t , w ith  I 'h u n d e r at a D ittance fo r above an 
H o u r before, and m u ch  L ig h tn in g )  I hard a T h u n d e r-C ra ck  ioibid. 
loud, as i f  it w ere clofe  to  m e, (the lik e  I never heard b e fo r e ;) at 
w hich T im e  the T h u n d e r  and L ig h tn in g  bro ke into M r. King's 
H ou fe , beg in n in g  at the S outh-fide thereof, at the G able-en d , break
ing feveral R o o f-T ile s , and near 20 other, as at c in the Figure^ Fig. 20. 
continu in g its C o u rfe  p erpendicular, and in a ftraigh t L in e  (the o n 
ly M o tio n  that feem s confiftent w ith  fuch V io le n ce , w h ich , it feems, 
was oth erw ife in the G en tlew o m an ’ s H o u fe  in Ireland) it w ent into 
a L ean -to , and lig h tin g  on a bunchin g ou t o f  the W a ll  at d, it en
ter’ d into the S tro n g-B eer B u ttery  th ro u gh  the L a th s, and fo rc ’ d a 
C o rk  ou t o f  the low er T a p -h o le  o f  a B u t :  In its W a y  at a, it fhi- 
ver’ d a ‘^tud about three Inches fquare, fo that one Side rem ain’ d  
n a i l ’ d  to  L a th s , y et not m u ch  th ick er than a L a th , and alio brake 
it in two, as if it w ere a T o b a cco -p ip e . B elo w  the Beam  at it

clave
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130 Effe&s oj 7%unrler and Lightnwg,
cla v e  or fp lit  a S tu d , about four Inches fquare, feveral F eet d o w n , 
w h ich  is there H anding •, this was from  its v io len t ra zin g  on the ou t- 
lide. A t  the T im e  ot this B lo w , M r. King  was in the L.ean-to, but 
re ce iv ’ d  no H u r t ; lie fm ell’ d a ih o n g  I'ulphurcous Scent. It ca ll the 
broken  W a ll d ivers R o o d  w ith  the V io lence. T h e re  was fom e little  
D a m a g e  done to  Alhallo’ws C h u rch  about the fam e T im e  in the faid 
T o w n .

D ivers Boats were carryin g  Perfons from  H am nch  to  Tpfwich on the 
O ricell j the V io len ce  o f  the T h u n d e r and L ig h tn in g  k i l l ’ d four dead 
im m ed iately, m ade a L a d  run m ad, and w ounded the red  that w ere in 
that B oat, w hich were tw elve  P erfons, and m elted a W a tch  and the 
Chain all o f  a L u m p  w hich was in a dead M a n ’ s P o c k e t •, this was about 
the lam e T im e  o f  the aforem ention’ d. M r. "Thomas Holhorow o f  Col- 
chejier was E ye-w itn efs to  this : B ein g  in one o f  the Boats, he fm e ll’ d  
fuch  a Scent o f  Sulphur, as he could  not bear. T h is  was about 
M iles N . E . o f  Colchefter, and one M ile  S. E . it was no m ore v io len t 
than an ordinary Storm .

— ;•» York- 4. ] O n the D a y  o f  July 17 0 S , we had a Storm o f  Thunder^ L ig h t-
R ain  ; I was then at the Spaw at Harrow-gate^ near 

XyMr. R . ’ Knaresborotigh ; w here h av in g  a fpacious V ie w  upon the open F o reft, I 
' i ’horeiby. n. o b ferv ’ d the M o tio n  o f  the C lo u d s and -to r m , w h ich  began in the 
519. p. 289. W e il,  and w heel’ d about by the N o rth  and E a il to  the South . W h e n  

the N ig h t  drew  on, the L ig h tn in g  appear’ d m ore d read fu l. T h e  In- 
term iiiion between the F lalhes was v¿ry  fm a ll ; the C la p s  o f  T h u n d e r  
were ve ry  loud , and the F lalhes o f  L ig h tn in g  w ere co n tin u ’ d . T h e  
R everend  M r. Furnis o f  Bewerly w rites, that 'tbomas Horner, w ith  
others, fly in g  from  the V io len ce o f  the R ain , w h ich  feem ’d rather to 
f i l l  in Spouts than D ro p s, to o k  ihelter io a n eigh b ou rin g  B arn, w hence, 
after feveral frig h tfu l T h u n d er-clap s, they were ex p e ll’ d b y  the Bolt, as 
they term ’ d it, but really the L ig h tn in g , w hich  finged the H a ir  o f  the 
faid Horner, b lew  another M an backw ard , w h o w as c lim b in g  i^p the 
H a y -M o w , left a fulphureous Stench behind it, and burnt the Barn 
and H a y . T h e  Inundation o f  R ain  was fu rp riz in g  ; it tore u p  m u ch  
o f  the R o ad  and Street, from  the C h u rch  to  the B rid g e , and m ade 
P its in fom e P laces, feveral Y a rd s deep, threw  dow n P art o f  a Barn 
and a Stable, both o f  them  lately b u i l t ; it p u íh ’ d into m o il o f  the 
H ou fes in the T o w n  ; the W a te r, in fom e, w as as h ig h  as the Soals o f  
the indow s, and b lo c k ’ d up the D o o r  o f  one H o u fe  w ith  G ra v e l, 
a lm o il to  the very  T o p . Several Perfons were in great D a n g e r, but 
o n ly  one W om an  d row n ’ d : She w as h u rry ’ d aw ay w ith  the \ iolence 
o f  the Stream , and not found till the fourth  D a y  after. I t  rem oved  
the B ole o f  a large O a k  feveral Y a rd s  ; bore do w n  the m o ll P a rt o f  
fou r W o o d  B rid ges, and has lett at the E n d  o f  the g reat Stone B rid g e, 
o r  w ithin about 100 Y ard s o f  it, as m uch G rave], as is co m p u ted
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A  Fiery Meteor. i 3 1
at above a thoufand C art L o a d s. F o r  all this D e lu g e , the R iv e r  N id d  
kept w ithin B ounds.

W e  had m u ch  T h u n d e r  and L ig h tn in g  in Torkjhire, on the — in York- 
i i t h  o i  December 1 7 1 0 , in the M o rn in g . T h e  L ig h tn in g  was fo  h
vere, that one Sainor a G arden er, as he w as rid in g  o v er Bramham-moor, 
th o u g h t his H a ir  had been b u rn t, and his F ace  Ico rch ’ d at one F la ih , 
which bein g  m ore ftv e re  th-in the rc il, did a ftu a lly  let on F ire  the S tick
he had in his H a n d , as he w as ready to depofe upon O ath  before the 
M ayo r o f  Leeds, w h o  prefcnted m e w ith  the faid H a z le  R o d , w h ich  
the G ardener had g iv e n  h im . It yet retains P art o f  the B lackn efs, th o ’ 
the M an (little  m in d in g  it as a C u rio fity )  had beat o f f  m u ch  o f  the 
End of the R o d  in fo rc in g  his H o rfe  forw ard.

6.] A t  Sampford Ccurtney in Bevonjhire, on the ^th o f  October 1 7 1 1, — »«Dc\on.
in the A fte rn o o n , w hen the M in ifter  was o fficiatin g , (from  w hom  1 
have this A c c o u n t)  tliere was fo great a D ark n efs, that he co u ld  hardly 
fee w ith  S p e d a c lc s : A s  foon as P rayers w ere o v  r, fom e M en  w ent berlayne. 
to r in g in g , and fcv tra l others w ere ta lk in g  in the C h u rch -P o rch  ; an 336.p.523. 
great F ire-B all, on a fudden, fell in betw een th em , and threw  fom e 
one w a y , fom e anotlier, bu t no one received any H u r t : T h e  R in g e rs  
faid they never k n e w  the B ells g o  fo h eavy, and w ere fo rc ’ d  to  leave 
o f f : A n d  b ein g  v e ry  w ea ry , and lo o k in g  ou t o f  the B elfrey  into the 
C h urch , faw fou r F ire -B a lls  a little  b ig g e r  than a M a n ’ s F ift , w h ich  
o f  a fudden b ro k e  to  P ieces, fo that the C h u rch  was fu ll o f  F ire  and 
Sm oak.

John Goodman's M a n  re ce iv ’ d a fu ll B lo w  in the N e c k , w h ich  
made him  bleed both  at the N o fe  and M o u th -, but he is v e ry  
well now . H e  fays, that the F ire  and S m o a k  w ent up  into the 
T o w e r, w h ich  b ro k e  a great Beam  on w h ich  one o f  the B ells  h u n g, 
which fell d o w n  on the F lo o r. It lik e w ife  carried aw ay one o f  the 
Pinnacles o f  the T o w e r  next the T o w n , and threw  fom e o f  the Stones 
near a Barn D o o r  at a p retty  D iila n ce  from  the C h u rch , and has 
done fom e D a m a g e  to  the Barn at one E n d . 1  he C h im n e y  o f  the 
H o u fc  w as re m o v ’ d in lu ch  a m anner, b the T h u n d e r and L ig h t 
ning, that all P eo p le  a d m ir’ d  that it fto od , and did not fall upon the 
H ou le . T h o ’ the P eo p le  ran about in great C on fternation , no one was 
hurt.

X I X .  I have co lle fte d  w hat I can rem em ber, relatin g  to  a M e- A fiery Me- 
teor I faw  in Jam aica  about the Y e a r  1 700. A s  I was rid in g  one j ”
M o rn in g  from  m y H a b ita tio n , fituated about three M ile s  N o rth - 
W e ft  from  . /. Jugo de la Vega^ I iliw a B . l l  o f  F ire , ap p ean n g to ham n. 357. 
me o f  the B ig n cfs o f  a B o m b , fw ift ly  fa llin g  d o w n  w ith  a great p. 837.

B laze.



A  Lunar Rain-Bow.
B laze. A s  I th o u g h t it fell into the T o w n ; bu t when I came 
w ithin a Q iiartcr o f  a M ile  o f  the T o w n , I faw m any F eop le  g a 
ther’ d together a little  to the Southern in the Savanna^ to  w h om  I 
rode u p , w here th ey  were ad m irin g  at the G ro u n d ’ s being Itrange- 
ly  b ro ke and p lo u g h ’ d in by  a B all o f  F ire , w h ich , as they 
faid, fe ll dow n  there. I ob ferv ’ d  there w ere m any H o les  in the 
G ro u n d , one in the m id d le o f  the B ignefs o f  a M a n ’ s S k u ll, and 
five or fix  fm aller H o les round about it, o f  the B ignefs o f  a M a n ’ s 
F il l ,  and fo deep (efpecially  the biggefl:) as not to  be fath om ’ d by 
w hat lo n g Sw itches or S tick s  they had at H a n d . I d id  not hear 
that any was fo curious as to  m ake any farther Search : It w as o b 
fe rv ’ d , that the green G rafs was perfeélíy  burnt near the H o les , and 
a ftro n g  Sm ell o f  Sulphu r rem ain’ d  thereabouts fo r a g o o d  w hile 
after.

N o te , that we had a terrible rainy N ig h t  before, w ith  m uch 
L ig h tn in g  and great T h u n d er-C la p s, w hich  w'e have ve ry  frequent
ly  in Jamaica^ often k illin g  C attle  in the F ields. M r . Henry Lord^ 
w h o  lives at D ry-R iver, had tw o  Sons ftru ck  dead w ith  L ig h tn in g , 
in 1 7 1 6 , w ith ou t any W o u n d s or A ppearance o f  H u r t  found a- 
bout them . A n d  as thefe C lap s are m uch louder and ftro n ger than 
auy I ever heard in Europe^ fo are ou r Show ers o f  R a in , p o u rin g  
d ow n in a m o il vio len t manner. W e  have L ig h tn in g  all the Y e a r  
round, but ou r great R ains are in the M onth s o f  May^ Aiiguft^ and 
O^ober. I kn ew  M ay  for tw o or three Y ears w ith ou t R ain , w'hich 
was lo o k ’ d upon as a great W o n d er : A n d  w e paid dear fo r  it in 
our Indigo: F o r a C aterpillar appear’ d and w o v e  a fine S ilk  about 
the Indigo-Plant, and d eftro y ’ d it all, h urtin g  n o th in g  elfe. M ay- 
R ains ufed to deftroy  thefe VVorms. Auguft and OEiober never g o  
ou t w ith out a F 'lood, w e h av in g  then univerfal R ains all o v er the 
Ifland, co m in g  from  the Sea : F o r  w'e have often R ains in the M o u n 
tains from  the C lo u d s lo d g in g  there, when w e have none in the L o w 
lands.

O u r Ifland is fu ll o f  M ines, and, i f  fearch ’ d into, I q u eilio n  not but 
very  rich. W e  are v e ry  lu bjeél to  Flarthquakes, feveral happening 
every  Y ear, efpecia lly  after great R ains, w h ich  fill up  all our great 
C ra ck s in the Surface o f  the E a r t h : F o r  ia  a very  d ry  T im e , w e have 
them  fo very  large, deep, and g a p in g  fo open ánd w id e, that it is 
dangerous to ride o ver fom e Parts o f  the Savannaes, for fear a H o rfe  
fhould  get his L e g s  into them . O u r E arth qu ak es m ake a N o ife  or 

J  Lunar R u m b lin g  in the E arth , before we feel the Shake j and feem  to  run 
Kam-Bow>« fw ift ly  to the W eftw ard.
¿I Derbyrtiire,
h  —» commu- A 1
nicatcdhyMr. -a X . A  G entlem an o f  great V era c ity  to ld  m e, he had feen a 
R. Thore% . Lunar R ain-Bow  m Derhyjhire on Cbrijtmas 1 7 1 0 . T h a t  w a lk in g  to- 
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wartls Patterton Green^ about e igh t in the E v e n in g , he obferved  w ith 
crreat Satisfaction the B o w , w h ich  the M o on  had fix ’ d in the C lo u d s:
She had then pafs’ d hi-r F u ll about 24 l io u r s ,  the E v e n in g  had been 
rainy, but the C lo u d s w ere d ifp ers’ cl, and the M o on  Ihin’ d p retty  
clear, '1 his Iris was m ore rem arkable than that w hich  D r. Plot ob- 
ilfv e d  at Oxford, the 23«/ o f  November 1 6 7 5 , that being on ly  o f  a 
white C o lo u r, but this had all the C olou rs o f  the Iris Solaris, e x 
ceeding plealant, d ilt in it , and gratefu l to  lo o k  upon •, o n ly  faint, 
com paratively to thole w e fee in the D a y  •, as mufl; neceflarily fo l
low , both from  the ditlercnt Beam s that caufc it, and the D ifp o fitio n  
o f  the M ed iu m . W h a t p u zzle d  him  the m o il was the L argen efs o f  
the A r c , w hich  was not fo m uch lefs than that o f  the Sun, as the d if
ferent D im enfions o f  their Bodies, and their re fp e iliv e  D iftances from  
tlie Earth, feem to re q u ire : B ut as to  its E ntirenefs, and B eauty o f  
its C olours, it was adm irable and fu rp rizin g . It continu’ d about ten 
M inutes, before the Interpofition o f  a C lo u d  hinder’ d his further O b - 
fcrvation.

X X I .  A s  I was o b fcrv in g  the Im m erfions oF the third and fourth  a  Glade of 
Satellite o f  Saturn on the lo t h  o f  M arch iy c ¡ ,  in the E v e n in g ;  ILightyw»/» 
e fp y ’ d a very  od d  Tort o f  L ig h t  in the C onftellation  o f
the low er I '̂nd o f  w h ich  was below  the B u ll’ s E y e , and the other Uerham, n. 
a good W a y  above it, and that Star about the m iddle ot the low er 305. p. 2^20. 
E n d  thereof (as in F i¿ . 2 1 .)  w h ich  reprefents its A p p earan ce 
me. T h is  G la d e  o f  L ig h t  had the fame M o tio n  that the H e a 
vens had, and was m uch lik e  the T a il  o f  a C o m e t, but pointed at 
the upper E n d . T h is  L ig h t ,  I doubt not, is fuch as D r. Cbildrey 
firil cb fcrv e d  in Evgland  •, and Caffmi^ and others afterw ards in 
France.

X X I I .  O n  Thurfday, A p ril %, 1 7 0 7 , I perceived in the W e i l e r n Pyramidal 

Part o f  the H eaven s, about a Q u arter o f  an H o u r  after Sun -let, a
long flender P y a m id d  Appearance, perpendicular to  the H o rizo n . T h ey^ ,,
Bafe o f  this Pyramid, 1 ju d g e d  to be the Sun (then below  the by M r. W . 
H orizo n .) Its Apex  reach’ d 15  or 20 D egrees above the H o r izo n , ¿erham. n. 
It was th rou gh ou t o f  a ru fty  red C olour*, and when I firfl: faw it, P-
pretty v iv id  and ftro n g  •, bu t the T o p -p a rt  fainter m u ch  than the 
Bottom , nearer the H o rizo n . A t  w hat tim e this A p p earance began, 
whether at, or how  foon after Sun-fet, I cannot lay. B u t about 
a Q u arter o f  an H o u r  after Sun-fet I p erceived  it, and had, for 
iome tim e, a fair P ro fp c ft  o f  it, the H o rizo n  b ein g  p retty  free 
and open w here I then was. B u t after a w h ile, it g re w  b y  D e 
grees w eaker and w eaker, fu that in a.bout a Q u arter o f  an tXour 
after I firlt faw it, the T o p -p a r t  / fl. b. d .)  was fcarce vifible. '  B u t Fi .̂ z t .  
the L o w e r-p a rt rem ain’ d v iv id  m u ch 'lo n g e r* , bü t y e r  g rew  bry D e- 
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g r e e s  l l i o r t e r  a n d  i h o r t e r .  I  f a w  t h e  R e m a i n s  o f  t h e  l o w e r  h a l f  {h. d. 
e. / . )  a  f u l l  H o u r  a f t e r  S u n - l V t ;  a n d  f l ^ o u l d  p e r h a p s  h a v e  f e e n  i t  
l o n g e r ,  h a d  t h e  H o r i z o n  b e e n  o p e n .  B u t  i t  w a s  o f t e n  i n  m y  W a l k  p e n t  

u p  w i t h  I ’ r e e s .
T h e  w h o l e  A t m o f p h e r e  f e e m ’ d  h a z y ,  a n d  f u l l  o f  V a p o u r s ,  e f p e -  

c i a l l y  t o w a r d s  t h e  S u n - f e t .  T h e  M o o n  a n d  S t a r s  w e r e  t h a t  L v c n i n g  
b e a r d e d  a t  t h a t  T i m e ,  a n d  f u c c e e d e d  w i t h  a n  Halo a b o u t  t h e  M o o n  
a f t e r w a r d s .  W h i c h  D i f p o f i t i o n  o f  t h e  A i r  w a s  p r o b a b l y  t h e  C a u l e  o t  
t h e  P h a e n o m e n o n .  B u t  t h e  P y r a m i d  w a s  u n d o u b t e d l y  i m p r i n t e d  u p 
o n  t h e  f a r  d i f t a n t  V a p o u r s  o f  t h e  A t m o i p h e r e  ;  i t  b e i n g  m a n i t c i l l y  
f a r t h e r  o f f ,  o r  l y i n g  b e y o n d  f o m e  f m a l l  t h i n  C l o u d s  ( C .  L. c. I.) t h a t  

i n t e r c e p t e d  i t ,  a n d  i n  t h o f e  P a r t s  c o v e r ’ d  a n d  h i d  i t .
I  d o  n o t  r e m e m b e r  I  e v e r  f a w  a n y  T h i n g  l i k e  i t ,  e x c e p t  t h e  

w h i t e  P y r a m i d a l  G l a d e ,  w h i c h  i s  n o w  e n t i t u l e d  b y  t h e  N a m e  o f  
t h e  Aurora Borealis ;  t h a t  b e i n g  ( e x c e p t  i n  C o l o u r  a n d  L e n g t h )  l i k e  

i t .
I  h a v e  f e a r c h e d  e v e r y  N i g h t  f i n c e  f o r  t h i s  Pyramis Vtfpertinay b u t  

h a v e  n o t  f e e n  a n y  l i i c h  A p p e a r a n c e ,  a l t h o ’  t h e  n e x t  E v e n i n g  w a s  

h a z y  a n d  l i k e l y .  I  a l f o  l o o k ’ d  o u t  t o  f e e  w h e t h e r  t h e  Aurora Bo
realis w o u l d  f u c c c e d  i n  t h e  R o o m  t h e r e o f ,  b u t  d i f c o v e r ’ d  n o  f u c h  

T h i n g .

X X I I I .  A  f t r a n g e  M e t e o r  w a s  f e e n  a t  Leeds 1 7 1 0 ,  o n  HoJy Thurf- 
R .  T h o ^  i á y  ;  t h e  c o m m o n  P e o p l e  c a l l ’ d  i t  a  F l a m i n g  S w o r d .  I t  w a s  f e e n  n o t  

rc lb y . n . 3 3 1 .  o n l y  i n  t h e  N e i g h b o u r i n g  T o w n s ,  b u t  a  g r e a t  W a y  N o r t h ,  a s  a l f o ,  
p. 332. a b o v e  f i f t y  M i l e s  S o u t h  o f  Leeds. I t  a p p e a r ’ d  h e r e  a t  a  Q i i a r t c r  p a i l  

t e n  a t  N i g h t ,  a n d  t o o k  i t s  C o u r f e  f r o m  S o u t h  t o  N o r t h  :  I t  w a s  b r o a d  
a t  o n e  E n d ,  a n d  f m a l l  a t  t h e  o t h e r ;  a n d  w a s  b y  f o m e  t h o u g h t  t o  

r e f e m b l e  a  T r u m p e t ,  a n d  m o v ’ d  w i t h  t h e  b r o a d  E n d  f o r e m o i l  :  t h e  
L i g h t  w a s  f o  b r i g h t ,  t h a t  P e o p l e  f a w  t h e i r  o w n  S h a d o w s .  I  w a s  
r e a d i n g  ( t h e  C u r t a i n  o f  t h e  W i n d o w  b e i n g  d r a w n )  f o  f a w  n o t h i n g ,  

e x c e p t  a  f u d d e n  F l a i h  o f  L i g h t .  I t  i s  r e m a r k a b l e ,  t h a t  a l l  P e r f o n s  
( t h o ’  a t  m a n y  M i l e s  D i f t a n c e  f r o m  e a c h  o t h e r ,  w h e n  t h e y  f a w  i t )  

t h o u g h t  i t  f e l l  w i t h i n  t h r e e  o r  f o u r  F u r l o n g s  o f  t h e m ,  a n d  t h a t  i t  

w e n t  o u t  w i t h  b r i g h t  S p a r k l i n g s  a t  t h e  f m a l l  E n d .  A n  i n g e n i o u s  
C l e r g y m a n  t o l d  m e ,  t h a t  i t  w a s  t h e  i l r a n g e f t  Deceptio vifus h e  w a s  e v e r  

f e n f i b l e  o f ,  i f  i t  w a s  n o t  a b f o l u t e l y  e x t i n g u i i h ’ d  w i t h i n  a  f e w  P a c e s  o f  

h i m  a n d  y e t  o t h e r s  f a w  i t  m a n y  M i l e s  o f f ,  f u r t h e r  N o r t h  i n  a  f e w  
M o m e n t s .

jjfrangeUe- . It has been feen in the Counties of Nottingham and Derbyy as well
t e o r ,  or A u -  a s  Tork a n d  Lancajler. 
rora Boreaus

. X X IV . i j  On Smdoyj November 16, 1707, after a fro fty  Morn- 
Neve, n. 320. ing, and fair ftill Day, W ind North-Wefterly, about half an 
F- 3 ‘ o- '  Hour
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H o u r  a f t e r  e i g h t  i n  t h e  E v e n i n g ,  t h e r e  a p p e a r ’ d  a  v e r y  f t r a n g e  L i g h t  

i n  t h e  N o r t h .  T h e  E v e n i n g  w a s  c l e a r  a n d  S t a r - l i g h t ,  o n l y  t h e  H o 
r i z o n  w a s  d a r k e n ’ d  w i t h  c o n d e n f e d  V a p o u r s  i n  t h e  N o r t h ,  r e a c h i n g ,  

a s  I  g u e f s ,  t e n  o r  f i f t e e n  D e g r e e s  a b o v e  t h e  H o r i z o n .  O u t  o f  t h i s  
C l o u d  p r o c e e d e d  f c v e r a l  Streams o r  Rays o f  Lights l i k e  t h e  T a i l s  o f  

f o m e  C o m e t s ,  b r o a d  b e l o w ,  a n d  e n d i n g  i n  P o i n t s  a b o v e .  S o m e  o f  
t h e m  e x t e n d e d  a l m o f t  t o  t h e  T a i l  o f  Urfa Minor  ̂ a n d  a l l  w e r e  n e a r l y  
p e r p e n d i c u l a r  t o  t h e  H o r i z o n ,  a n d  i t  w a s  a s  b r i g h t ,  a s  i f  t h e  F u l l  

M o o n  h a d  b e e n  r i f i n g  i n  t h e  C l o u d .  B u t  w h a t  I  w o n d e r ’ d  a t  m o i l ,  
w a s ,  t h e  M o t i o n  o f  t h e  d a r k  a n d  l i g h t e r  P a r t s  r u n n i n g  f t r a n g e l y  t h r o u g h  
o n e  a n o t h e r  i n  a  M o m e n t  •, f o m e t i m e s  t o  t h e  E a f t ,  a n d  i o m e t i m e s  i t o  

t h e  W e f t .  I t  c o n t i n u e d ,  a f t e r  I  f i r f t  f a w  i t ,  a b o u t  a  Q u a r t e r  o f  a n  
H o u r ,  o f t e n  c h a n g i n g  i t s  F a c e  a n d  A p p e a r a n c e ,  a s  t o  F o r m  a n d  L i g h t ;  
fom etim es b r o k e n ,  f o m e t i m e s  e n t i r e  a n d  l o n g  R a y s  o f  L i g h t  i n  t ^ e  

c l e a r  S k y ,  q u i t e  f e p a r a t e  f r o m  a n d  a b o v e  t h e  C l o u d ,  a n d  n o n e  b e l o w  i n  

t h e  C l o u d .

2 . ]  M u c h  f u c h  a n o t h e r  A p p e a r a n c e  M r .  Barret w a s  c r e d i b l y  i n f o r m ’ d  —  h  M r .  W .  

w a s  f e e n  i n  h i s  N e i g h b o u r h o o d  i n  ijfexy i n  September o r  

1 7 0 6 .

X X V .  T h e  I 'h eo ry  o f  t h e  A i r  f e e m s  t o  b e  p e r f e d l y  w e l l  u n d e r f t o o d ,  J n  Account 
a n d  t h e  d i f f e r i n g  D e n f i t i e s  t h e r e o f  a t  a l l  A l t i t u d e s ,  b o t h  b y  R e a f o n  of/fveral ex. 
a n d  E x p e r i m e n t ,  a r e  f u f i i c i e n t l y  d e f i n e d  :  F o r  f u p p o f i n g  t h e  f a m e  A i r  h
t o  o c c u p y  S p a c e s  r e c i p r o c a l l y  p r o p o r t i o n a l  t o  t h e  Q u a n t i t y  o f  t h e  f u -  / j r . E . H a l l e y .  
p e r i o r  o r  i n c u m b e n t  A i r ,  I  h a v e  {*) e l f e w h e r e  p r o v ’ d ,  t h a t  a t  4 0 M i l e s  n . 3 4 i . p . i 5 9 .  

h i g h ,  t h e  A i r  i s  r a r e r  t h a n  a t  t h e  S u r f a c e  o f  t h e  E ^ a r t h ,  a b o u t  3 0 0 0  ( * )

T i m e s  ;  a n d  t h a t  t h e  u t m o f t  H e i g h t  o f  t h e  A t m o f p h e r e ,  w h i c h  r e f l e f t s  j ” '
L i g h t  i n  t h e  Crepufculum, i s  n o t  f u l l y  4 5  M i l e s :  N o t w i t h f t a n d i n g

w h i c h ,  i t  i s  m a n i f e f t  t h a t  f o m e  S o r t  o f  V a p o u r s ,  a n d  t h o f e  i n  n o  f m a l l
Q u a n t i t y ,  a r i f e  n e a r l y  t o  t h a t  H e i g h t .  A n  I n f t a n c e  o f  t h i s  m a y  b e

g i v e n  i n  t h e  g r e a t  L i g h t ,  ( - f  )  September 1 6 7 6 ,  m e n t i o n ’ d  b y  D r .  Wallis^
w h i c h  w a s  f e e n  i n  v e r y  d i f t a n t  C o u n t i e s ,  a l m o f t  o v e r  a l l  t h e  S o u t h  p r a ,  v .  1 1 .  C.
P a r t  o f  Englajui. O f  w h i c h ,  t h o u g h  t h e  D o f t o r  c o u l d  n o t  g e t  f o  p a r -  i .  S .  L X X I .

t i c u l a r  a  R e l a t i o n ,  a s  w a s  r e q u i f i t e  t o  d e t e r m i n e  t h e  H e i g h t  t h e r e o f ,

y e t  f r o m  t h e  d i f t a n t  P l a c e s  i t  w a s  f e e n  i n ,  i t  c o u l d  n o t  b u t  b e  v e r y

m a n y  M i l e s  h i g h .
S o  l i k e w i f e  t h a t  M e t e o r  w h i c h  w a s  f e e n  i n  1 7 0 8 ,  o n  t h e  g i y f  o f  

July, b e t w e e n  n i n e  a n d  t e n  a - C l o c k  a t  N i g h t ,  w a s  e v i d e n t l y  b e 

t w e e n  4 0  a n d  5 0  M i l e s  p e r p e n d i c u l a r l y  h i g h ,  a n d  a s  n e a r  a s  I  c a n  
g a t h e r ,  o v e r  Sbeernefs a n d  t h e  Buoy on the Nore. F o r  i t  w a s  f e e n  a t  

London m o v i n g  h o r i z o n t a l l y  f r o m  E .  b y  N .  t o  E .  b y  S .  a t  l e a f t  5 0  D e 

g r e e s  h i g h  i  a n d  a t  Redgrave i n  Suffolk, o n  t h e  Tarmoutb R o a d ,  a b o u t  

2 0  M i l e s  f r o m  t h e  E a f t  C o a f t  o f  England, a n d  a t  l e a f t  4 0  M i l e s  t o  

t h e  E a f t  w a r d  o f  Undon, i t  a p p e a r ’ d  a  l i t t l e  t o  t h e  W e f t  w a r d  o f  t h e
4 1 2 S ou th ,
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S o u t h ,  f u p p o f e  S .  b y  W .  a n d  w a s  f r t - n  a b o u t  3 0  D e g r e e s  h i g h ,  f l i d i n g  
o b l i q u e l y  d o w n w a r d s .  W e  m a y  c o n c h i d e ,  t h a t  i t  w a s  n o t  m a n y  M i l e s  
m o r e  W e f t e r l y  t h a n  Redgrave, w h i c h  i s  a b o v e  4 0  M i l e s  m o r e  L a f t e r l y  
t h a n  London. i > i i p p o r e  i t ,  t h e r e f o r e ,  w h e r e  p e r p e n d i c u l a r ,  t o  h a v e  
b e e n  ^ 5  M i l e s  E a f t  f r o m  London, a n d  b y  t h e  A l t i t u d e  i t  a p p e a r  d  a t  i n  

T.ondon̂  viz. 5 0  D e g r e e s ,  i t s  T a n g e n t  w i l l  b e  4 2  M i l e s  v f o r  t h e  
H e i g h t  o f  t h e "  M e t e o r  a b o v e  t h e  S u r f a c e  o f  t h e  K a r t h ,  w h i c h  a l f o  i s  
r a t h e r  o f  t h e  l e a f t ,  b e c a u f e  t h e  A l t i t u d e  o f  t h e  P l a c e  I h e w n  m e ,  i s  r a 
t h e r  m o r e  t h a n  l e f s  t h a n  5 0  D e g r e e s  :  A n d  t h e  f a m e  m a y  b e  c o n c l u d e d  
f r o m  t h e  A l t i t u d e  i t  a p p e a r ’ d  i n  a t  Redgrave, n e a r  7 0  M i l e s  d i f l a n t .  
T h o u g h  a t  t h i s  g r e a t  D i f t a n c e  i t  a p p e a r ’ d  t o  m o v e  w i t h  a n  i n c r c d i b l e  
V e l o c i t y ,  d a r t i n g ,  i n  a  v e r y  t e w  S e c o n d s  o í  l i m e ,  f c r  a b o u t  l a  D e 

g r e e s  o f  a  g r e a t  C i r c l e  f r o m  N o r t h  t o  S o u t h ,  b e i n g  v t r y  b r i g h t  a t  i t s  
f i r f t  A p p e a r a n c e  ;  a n d  i t  d i e d  a w a y  a t  t h e  E n d  o t  i t s  C o u i  f c ,  l e a v i n g  
f o r  f o m e  T i m e  a  p a l e  W h i t e n e f s  i n  t h e  P l a c e ,  w i t i i  f o m c  R e m a i n s  v[ 
i t  i n  t h e  T r a c k  w h e r e  i t  h a d  g o n e  b u t  n o  h i f i i n g  S o u n d  a s  i t  p a f s M ,  

o r  B o u n c e  o f  a n  E x p l o f i o n ,  w e r e  h e a r d .
I t  n > a y  d e f e r v e  E n q u i r y ,  h o w  f o  g r e a t  a  Q u a n t i t y  o f  V a p o u r  i h o u l d  

b e  r a i f e d  t o  t h e  v e r y  T o p  o f  t h e  A t m o f p h e r e ,  a n d  t h e r e  c o l l e c t e d ,  f o  
a s  u p o n  i t s  A c c e n f i o n ,  o r  o t h e r w i f e  I l l u m i n a t i o n ,  t o  g i v e  a  L i g h t  t o  a  

C i r c l e  o f  a b o v e  1 0 0  M i l e s  D i a m e t e r ,  n o t  m u c h  i n f e r i o r  t o  t h e  L i g h t  
o f  t h e  M o o n .  ’ T i s  h a r d  t o  c o n c e i v e  w h a t  f o r t  o f  E x h a l a t i o n s  i h o u l d  

r i f e  f r o m  t h e  E a r t h ,  e i t h e r  b y  t h e  A d i o n  o f  t h e  S u n ,  o r  f u b t e r r a n e a n  
H e a t ,  f o  a s  t o  f u r m o u n t  t h e  e x t r e m e  C o l d  a n d  R a r e n e f s  o f  t h e  A i r  i a  

t h o f e  u p p e r  R e g i o n s .
L i k e  t o  t h i s ,  b u t  m u c h  m o r e  c o n f i d c r a b l e ,  w a s  t h a t  f a m o u s  M e t e o r  

w h i c h  w a s  f e e n  t o  p a f s  o v e r  Italy o n  t h e  2 1 /  o t  March 0 . S. Anno 1 6 7 6 ,  
a b o u t  a n  H o u r  a n d  t h r e e  Q u a r t e r s  a f t e r  S u n - f e t ,  w h i c h  h a p p e n ’ d  t o  b e  

o b f e r v ’ d  b y  t h e  f a m o u s  P r o f e f l b r  o f  M a t h e m a t i c k s  i n  Bononia Geminian 
Montanari, a s  m a y  b e  f e e n  i n  h i s  Italian T r e a t i l e .  H e  o b f e r v e s  t h a t  a t  

Bononia, i t s  g r e a t e f t  A l t i t u d e  i n  t h e  S .  S .  E .  w a s  3 8  D e g r e e s ,  a n d  a t  
Sienna t o  t h e  N .  N .  W .  t h a t  i t s  C o u r f e  b y  t h e  C o n c u r r e n c e  o f  a l l  t h e  

O b f e r v e r s ,  w a s  f r o m  E .  N .  E .  t o  W .  S .  W .  t h a t  i t  c a m e  o v e r  t h e  
Adriatick S e a ,  a s  f r o m  Dalmatia: T h a t  i t  c r o i s ’ d  o v e r  a l l  Italy, b e i n g  

n e a r l y  v e r t i c a l  t o  Rimini a n d  Savigniano o n  t h e  o n e  S i d e ,  a n d  t o  Leg
horn o n  t h e  o t h e r  :  T h a t  i t s  p e r p e n d i a l a r  A l t i t u d e  w a s  a t  l e a d  3 ?  M i l e s :  

"  T h a t  i n  a l l  P l a c e s  n e a r  t h i s  C o u r f e ,  i t  w a s  h e a r d  t o  m a k e  a  h i í T i n g  

N o i f e ,  ‘To make a Ncife like a Sky-rocket, to bifs through the Air like a 
T'rain of Gun-powder: T h a t  h a v i n g  p a f s ’ d  o v e r  Leghorn, i t  w e n t  o f f  

t o  S e a  t o w a r d s  Cerfica:  A n d  l a f t l y ,  t h a t  a t  Leghorn, i t  w a s  h e a r d  t o  

g i v e  a  v e r y  g r e a t  B k ) w ,  It thunder'd with a greater Report than that of 
a large Cannon: I m m e d i a t e l y  a f t e r  w h i c h ,  a n o t h e r  f o r t  o f  S o u n d  w a s  

h e a r d ,  l i k e  t h e  r a t t l i n g  o f  a  g r e a t  C a r t  r u n n i n g  o v e r  S t o n e s ,  w h i c h  

c o n t i n u e d  a b o u t  t h e  T i m e  o f  a  Credo,

H e

:unED
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H e  c o n c l u d e s ,  f r o m  t h e  a p p a r e n t  V e l o c i t y  i t  w e n t  o n  w i t h  a t  Bc;:o- 

tila, a t  a b o v e  5 0  M i l e s  ü i f t a u c e ,  t h * t  i t  c o u l d  n o t  b e  I c f s  f w i f t  t h a n  
i  6 0  M i l e s  i n  a  M i n u t e  o t  T i m e .  T o  t h i s  h e  a d d s  t h e  M a g n i t u d e  t h e r e 
o f ,  w h i c h  a p p e a r ’ d  a t  Bononia b i g g v r  t h a n  t h e  M o o n  i n  o n e  D i a m t t e r ,  

a n d  a b o v e  h a l f  a s  b i g  a g a i n  i n  t h e  o t h ' .  r  •, w h i c h  w i t h  t h e  g i v e n  b i -  
I t a n c e  o f  t h e  L ' . y e ,  m a k e s  i t s  r e a l  l e i T t r  D i a m e t e r  a b o v e  h a l t  a  M i l e ,  
a n d  t h e  o t h e r  i n  P r o p o r t i o n .  T h i s  f u p p o f e d ,  i t  c a n n o t  b e  w o n t l e r ’ d  
t h a t  l b  g r e a t  a  B o i i y  m o v i n g  w i t h  f u c h  a n  i n c r e d i b l e  V e l o c i t y  t h r o u g h  

t l i e  i V i r ,  t h o u g h  f o  m u c h  r a r i f t t d  a s  i t  i s  i n  i t s  u p p e r  R e g i o n s ,  i h o u l d  
o c c a l i o n  l O ;  g ’ c a t  a  h i l l i n g  N o i l e ,  a s  t o  b e  h e a r d  a t  f u c h  a  D i i l a i i c e  a s  

t h i s  w a s .  B u t  ’ t w i l l  b e  m u c h  h a r d e r  t o  c o n c e i v e ,  h o w  f u c h  a n  Impetus 
c o u l d  b e  i m p r c f s ’ d  o n  t h e  B o d y  t h e r e o f ,  w h i c h  b y  m a n y  D e g r e e s  e x 
c e e d s  t h a t  c t  a n y  C a n n o n  B a l l  ;  a n d  h o w  t h i s  Impetus i h o u l d  b e  d t t e r -  

m i n e t l  i n  a  D i r e é l i o n  f o  n e a r l y  p a r a l l e l  t o  t h e  H o r i z o n ,  a n d  w h a t  . f o r t  
o f  S u b f t a n c c  i t  m u l l  b e  t h a t  c o u l d  b e  f o  i m p e l l ’ d  a n d  i g n i t e d  a t  t h e  f a m e  
T i m e :  T h e r e  b e i n g  n o  Vulcano, o r  o t h e r  Spiraculum o t  l u b t c r r a n e o u s  

F i r e  i n  t h e  N .  E .  P a r t s  o f  t h e  W o r l d ,  t h a t  w e  e v e r  y e t  h e a r d  o f ,  f r o m  

w h e n c e  i t  m i g h t  b e  p r o j t f t e d .  ^ _
I  h a v e  c o n f i d c r ’ d  t h i s  A p p e a r a n c e ,  a j i d  t h i n k  i t  o n e  o f  t l i c  h a r d e l l  

T h i n g s  t o  a c c o u n t  f o r ,  t h a t  1 h a v e  m e t  w i t h  i n  t h e  Fb^nanena o f  Me- 
teors, a n d  a m  i n d u c e d  t o  t h i n k ,  t h a t  i t  m u f t  b e  f o m e  C o l l e i l i o n  o í  
M a t t e r  f o r m ’ d  i n  t h e  .’Ether, a s  i t  w e r e  b y  f o m e  f o r t u i t o u s  C o n c o u r l e  

o f  A t o m s ,  a n d  t h a t  t h e  E a r t h  m e t  w i t h  i t  a s  i t  p a f s ’ d  a l o n g  m  i t s  O r b ,  
t h e n  b u t  n e w l y  f o r m ’ d ,  a n d  b e f o r e  i t  h a d  c o n c e i v e d  a n y  g r e a t  Impetus 
o f  D c f c e n t  t o w a r d s  t h e  S u n .  F o r  t h e  D i r e ¿ l i o n  o t  i t  w a s  e x a c l l y  c o n 

t r a r y  t o  t h a t  o f  t h e  E a r t h ,  w h i c h  m a d e  a n  A n g l e  w i t h  t h e  M e r i d i a n  

a t  t h a t  T i m e  ( t h e  S u n  b e i n g  i n  a b o u t  1 1  D e g r e e s  o f  Jries)  o f  6 7  G r .  

t h a t  i s ,  i t s  C o u r f e  w a s  f r o m  W .  S .  \\. t o  E .  N .  E .  w h e r e f o r e  
lecr f e e m ’ d  t o  b e  m o v e d  t h e  c o n t r a r y  W a y  ;  A n d  b e f i d e s  f a l l i n g  i n t o  

t h e  P o w e r  o f  t h e  E a r t h ’ s  G r a v i t y ,  a n d  l o f i n g  i t s  M o t i o n  f r o m  t h e  
O p p o f i t i o n  o f  t h e  Medium, i t  f e e m s  t h a t  i t  d e f c e n d e d  t o w a r d s  t h e  E a r t h ,  

a n d  w a s  e x t i n g u i f h ’ d  i n  t h e  Tyrrhene Sea, t o  t h e  W .  S .  W ,  o f  Leghorn.
T h e  g r e a t  B l o w  b e i n g  h e a r d  u p o n  i t s  f i r f t  I m m e r f i o n  i n t o  t l i e  W a t e r ,  

a n d  t h e  r a t t l i n g ,  l i k e  t h e  d r i v i n g  a  C a r t  o v e r  S t o n e s ,  b e i n g  w h a t  f u c -  
c e c d e d  u p o n  i t s  q u e n c h i n g  •, f o m t t h i n g  l i k e  w h i c h ,  i s  a l w a y s  o b f e r v e d  

u p o n  q u e n c h i n g  a  v e r y  h o t  I r o n  i n  W a t e r .
T h e r e  h a s  f a l l e n  i n t o  m y  H a n d s  a n  A c c o u n t  o f  m u c h  f u c h  a n o t h e r  

j  A p p e a r a n c e ,  l e e n  i n  Germany, i n  t h e  Y e a r  1 6 8 6 ,  a t  Leipfick, b y  t h e  
l a t e  M r .  Gottfreid Kircb, w h o ,  i n  h i s  A p p e n d i x  t o  h i s  Ephemerides i o r  

t h e  Y e a r  1 6 8 8 ,  g i v e s  u s  t h i s  r e m a r k a b l e  R e l a t i o n  i n  t h e  f o l l o w i n g

W ' ” o r d s .  .  '
On the ninth Day of  J u l y ,  0 . S. at Half an Hour paft One in the 

Merniag, there appeared a Ball of Fire with a long Tail, in 8 j  Degrees of 
. A q u a r y ,  and 4  Gr. to the North, which continued immoveable for Half a
, Smarter of an Hour, Its Diameter was nearly equal to the Semidiameter of

the
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thtMoon. At firji its Light was fo great, that by it one might read 
without a Candle. It afterwards vanijh'd in its Place by degrees. The 
fame Phaenomenon was alfo feen at the fame Time by others in other Places, 
particularly at S d i l a i z e ,  a 'Town i i  G e r m a n  Miles diftant from hence 
( L e i p f i c k )  to the South, at the Altitude of about 6 0  Degrees from the 
Southern Horizon.

A t  t h e  T i m e  o f  t h i s  A p p e a r a n c e  t h e  S u n  w a s  i n  2 6 J  G r .  o f  Cancer, 
a n d  b y  t h e  g i v e n  P l a c e  o f  t h e  M e t e o r ,  ’ t i s  p l a i n ,  i t  w a s  f e e n  a b o u t  J  o f  
a n  H o u r  p a i t  t h e  M e r i d i a n ,  o r  i n  S .  by W .  a n d  b y  i t s  D e c l i n a t i o n  i t  c o u l d  
n o t  b e  a b o v e  2 4  D e g r e e s  h i g h  a t  Leipfick, t h o u g h  t h e  f a m e ,  a t  Schlaizc, 
w a s  a b o u t  6 0  G r .  h i g h  :  T h e  A n g l e  t h e r e f o r e  a t  t h e  M e t e o r ,  w a s  a b o u t  
3 6  G r .  W h e n c e ,  b y  a n  e a f y  Calculus, i t  w i l l  b e  f o u n d ,  t h a t  t h e  f a m e  

w a s  n o t  l e f s  t h a n  1 6  German M i l e s  d i i l a n t  i n  a  r i g h t  L i n e  f r o m  Leipjick, 
a n d  a b o v e  6 ^  f u c h  M i l e s  p e r p e n d i c u l a r  a b o v e  t h e  H o r i z o n ,  t h a t  i s ,  

a t  l e a f t  3 0  Englifh M i l e s  h i g h  i n  t h e  A i r .  A n d  t h o u g h  h e  f a y s  o f  i t ,  
that it continued immoveable for half a ^tarter of an Hour •, ’ t i s  n o t  t o  b e  
u n d e r f t o o d  t h a t  i t  k e p t  i t s  P l a c e  l i k e  a  f i x ’ d  S t a r ,  a l l  t h e  T i m e  o f  i t s  
A p p e a r a n c e  ;  b u t  t h a t  i t  h a d  n o  v e r y  r e m a r k a b l e  p r o g r e i T i v e  M o t i o n .  

F o r  h i m f e l f  h a s  a t  t h e  E n d  o f  t h e  f a i d  Ephemerides g i v e n  a  F i g u r e  o f  
i t ,  w h e r e b y  i t  a p p e a r s ,  t h a t  i t  d a r t e d  d o w n w a r d s  o b l i q u e l y  t o  t h e  R i g h t -  
h a n d ,  a n d  w h e r e  i t  e n d e d ,  l e f t  t w o  G l o b u l e s  o r  N o d e s ,  n o t  v i f i b l e  b u t  
b y  a n  O p t i c k  T u b e .

T h e  f a m e  M r .  Kirch, i n  t h e  B e g i n n i n g  o f  a  German T r e a t i f e  o f  h i s ,  
c o n c e r n i n g  t h e  g r e a t  C o m e t  w h i c h  a p p e a r ’ d  i n  t h e  Y e a r  1 6 8 0 ,  i n t i 
t u l e d ,  0 t\Ot 5t i t U 11S )  p r i n t e d  a t  Anno 1 6 8 1 ,
g i v e s  u s  a  R e l a t i o n  o f  f u c h  a n o t h e r  l u m i n o u s  M e t e o r  f e e n  l i k e w i f e  a t  
Leipfick, o n  t h e  i id  o f  May, 1 6 8 0 ,  Jl. vet. a b o u t  T h r e e  i n  t h e  M o r n 
i n g  ;  W h i c h ,  t h o u g h  h i m f e l f  f a w  n o t ,  w a s  o b f e r v e d  b y  d i v e r s  P e r f o n s ,  

w h o  m a d e  v a r i o u s  R e p o r t s  o f  i t ;  b u t  t h e  m o r e  i n t e l l i g e n t  a g r e e d ,  t h a t  
i t  w a s  f e e n  d e f c e n d i n g  i n  t h e  N o r t h ,  a n d  l e f t  b e h i n d  i t  a  l o n g  w h i t e  

S t r e a k  w h e r e  i t  h a d  p a f s ’ d .  A t  t h e  f a m e  T i m e  a t  Haarburgh, t h e  l i k e  
A p p e a r a n c e  w a s  f e e n  i n  N .  E .  o r  r a t h e r  N .  N .  E .  a s  a l f o  a t  Hamburg, 
Lubeck a n d  Stralfund, a l l  w h i c h  a r e  a b o u t  4 0  German M i l e s  f r o m  Leip

jick : B u t  i n  a l l  t h e f e  P l a c e s ,  b y  P e r f o n s  u n a c q u a i n t e d  w i t h  t h e  M a n n e r  

■ o f  p r o p e r l y  d e f c r i b i n g  T h i n g s  o f  t h i s  K i n d .  S o  t h a t  a l l  w e  c a n  c o n 

c l u d e  f r o m  i t  i s ,  t h a t  t h i s  M e t e o r  w a s  e x c e e d i n g  h i g h  a b o v e  t h e  E a r t h ,  
a s  w e l l  a s  t h e  f o r m e r .

All the Circumftanccs of thefe Phanomena agree with what was feen 
in England in 1708.

i#»Aaoaatfl/ X X V I. i.] The having received Accounts from many Parts 
Lighte/«» i»oF Great Britain  ̂ of the unufual Lights, which have appeared in the 
c f  dcfired me to draw up a general Relation of the Fail, and
(stc.fyol.k. to.explain more at large fome Conceptions of mine, which I had pro- 
HaUey.n,347. * pofcd
f. 406.



p p l ' e ü  t o  t h e m ,  r e l a t i n g  t o  t h e  C a u f c .  T h e  A c c o u n t  o f  t h i s  A p p e a r 

a n c e  t a k e  a s  f o l l o w s .
O n  Tuefday t h e  f i x t h  o f  March, ft. xtt. i n  t h e  c u r r c n t  Y e a f  1 7 1 6 ,

( t h e  A f t e r n o o o n  h a v i n g  b e e n  v e r y  f e n n e  a n d  c a l m ,  a n d  i ' o m e w h a t  
warm er t h a n  o r d i n a r y )  a b o u t  t h e  T im e  i t  b f g a n  t o  g r o w  d a r k ,
( m u c h  a b o u t  f e v e n  o f  t h e  C l o c k )  n o t  o n l y  i n  London, b u t  i n  a l l  P a r t s  

o f  England, w h e r e  t h e  B e g i n n i n g  o f  t h i s  w o n d e r i u l  S i g h t  w a s  f e e n  •, 

o u t  o f  w h a t  f e c m ’ d  a  d u í k y  C l o u d ,  i n  t h e  N .  E .  P a r t s  o f  t h e  H e a v e n ,  
a n d  f c a r c e  t e n  D e g r e e s  h i g h ,  t h e  E d g e s  w h e r e o f  w e r e  t i n g e d ^  w i t h  a  
reddiili y e llo w , l i k e  a s  i f  t h e  M o o n  h a d  b e e n  h i d  b e h i n d  i t ,  t h e r e  
a r o f e  v e r y  l o n g  l u m i n o u s  R a y s  o r  S t r e a k s  p e r p e n d i c u l a r  t o  t h e  H o r i 

z o n ,  f o m e  o f  w h i c h  f c e m ’ d  n e a r l y  t o  a f c e n d  t o  t h e  Z e n i t h .  P r e f e n t l y  

a f t e r ,  t h a t  r e d d i i h  C l o u d  w a s  f w i f t l y  p r o p a g a t e d  a l o n g  t h e  N o r t h e r n  
H o r i z o n  i n t o  t h e  N .  W .  a n d  f t i l l  f a r t h e r  W e f t e r l y  ;  a n d  i m m e d i a t e l y  

f e n t  f o r t h  i t s  R a y s  f r o m  a l l  P a r t s ,  n o w  h e r e ,  n o w  t h e r e ,  t h e y  o b f e r v i n g  
n o  R u l e  o r  O r d e r  i n  t h e i r  r i f i n g .  M a n y  o f  t h e f e  R a y s  f e e m i n g  t o  c o n 

c u r  n e a r  t h e  Z e n i t h ,  f o r m e d  t h e r e  a  Corona, o r  I m a g e ,  w h i c h  d r e v r  
t h e  A t t e n t i o n  o f  a l l  S p e á l a t o r s .  S o m e  l i k e n ’ d  i t  t o  t h a t  R e p r e f e n t a -  

t i o n  o f  Glorj w h e r e w i t h  o u r  P a i n t e r s  i n  C h u r c h e s  f u r r o u n d  t h e  H o l y  
l^ame of God. O t h e r s  t o  t h o í é  r a d i a t i n g  Stars, w h e r e w i t h  t h e  B r e a f t s  

o f  t h e  Knights o f  t h e  O r d e r  o f  t h e  Garter a r e  a d o r n ’ d .  M a n y  c o m 
p a r ’ d  i t  t o  t h e  Concave o í  t h e  g r e a t  Cupola o f  S t .  PauPs C h u r c h ,  d i f t i n -  

g u i i h ’ d  w i t h  S t r e a k s  a l t e r n a t e l y  l i g h t  a n d  o b f c u r e ,  a n d  h a v i n g  i n  t h i  
m i d d l e  a  S p a c e  l e f s  b r i g h t  t h a n  t h e  r e f t ,  r e f e m b l i n g  t h e  L a n t e r n .

W h i l f t  o t h e r s ,  t o  e x p r e f s  a s  w e l l  t h e  M o t i o n  a s  F i g u r e  t h e r e o f ,  w ' o u l d  
h a v e  i t  t o  b e  l i k e  t h e  F l a m e  i n  a n  O v e n ,  r e v e r b e r a t e d  a n d  r o l l i n g  

a ^ a i n f t  t h e  a r c h e d  R o o f  t h e r e o f :  S o m e  t h o u g h t  i t  l i k e r  t o  t h a t  t r e m u 

l o u s  L i g h t  w h i c h  i s  c a f t  a g a i n f t  a  C i e l i n g  b y  t h e  B e a m s  o f  t h e  S u n ,  
r e f l e i l e d  f r o m  t h e  S u r f a c e  o f  W a t e r  i n  a  B a f o n  t h a t ’ s  a  l i t t l e  i h a k e n  *, 

w h o f e  r e c i p r o c a l  v i b r a t i n g  M o t i o n  i t  v e r y  m u c h  i m i t a t e d .   ̂ B u t  a l l ,  
a g r e e ,  t h a t  t h i s  SpeSirum l a f t e d  o n l y  a  f e w  M i n u t e s ,  a n d  e x h i b i t e d  i t f e l r  

v a r i o u i l y  t i n g e d  w i t h  C o l o u r s ,  y e l l o w ,  r e d ,  a n d  a  d u i k y  g r e e n :  

d i d  i t  k e e p  i n  t h e  f a m e  P l a c e  •, f o r  w h e n  f i r f t  i t  b e g a n ,  i t  a p p e a r  d  a  

L ' t t l e  t o  t h e  N o r t h w a r d s  o f  t h e  Z e n i t h ,  b u t  b y  d e g r e e s  d e c l i n i n g  t o 
w a r d s  t h e  S o u t h ,  t h e  l o n g  Stria  o f  L i g h t ,  w h i c h  a r o f e  f r o m  a l l  P a r t s  
o f  t h e  N ^ o r t h e r n  S e m i c i r c l e  o f  t h e  H o r i z o n ,  f e e m ’ d  t o  m e e t  t o g e t h e r , ,  

n o t  m u c h  a b o v e  t h e  H e a d  o f  Caftor, o r  t h e  N o r t h e r n  fw in,  a n d  t h e r e

f o o n  d i f a p p e a r ’ d .  ^ u ' '
A f t e r  t h e  f i r f t  Tmpetus o f  t h i s  a f c e p d i n g  V a f o u r  w a s  o v e ^  t h e

Corona a p p e a r ’ d  n o  m o r e ;  b u t  f t i l l ,  w i t h o u t  a n y  Order as W Time,
o r  P l a c e ,  o r  S i z e ,  l u m i n o u s  Radii, l i k e  t T i e  f o r m e r ^  c o n t i t t u é d  t o

a r i f e  p e r p e n d i c u l a r l y ,  n o w  o f t e n e r ,  a n d  a g a i n  f e l d o r n t f  i  n ó W

now there *, now longer,' now í l i ó r t e r .  N o r  d i d  fhfcy pfOfcefea á s  a t  

firft out of a Cloud, but oftener would emerge at oncc out 01 tne 
pure
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pure S k y , w h ich  wus m ore than ordim iry lerene ai:d ilill. N o r  were 
th ey  all o f  the fame F o rm . M u ll  o f  them  feem ’ cl to  end in a P oin t 
up w ard s, lik e  e re d  Cones i others lik e  truncate Cones or C ylin d ers, 
ib  m u ch  refem bled the lo n g  T a ils  o f  C om ets, that at firft fig h t they 
m ig h t w ell be taken for fuch. Som e o f  thefe R a y s w ould  continue 
v ifib le  for feveral M inutes •, when others, and thofe the m uch greater 
P a rt, ju i l  iliew ’ d them felves, and died aw ay. Som e feem ’ d to have 
little  M o tio n , and to ñan d , as it were fix ’ d , am o n g the Stars, w h ilil 
others, w ith  a ve ry  perceptible T ranflation , m o v ’ d from  E a ll to W e ft  
under the P ole , contrary to the M o tion  o f  the H eavens by w hich 
M eans they w ould  fom etim es feem to run together, and at other tim es 
to  fly  one another.

A fte r  this S ig h t had continued about an H o u r  and a half, thofe 
Beam s began to rife m uch fewer in N u m b er, and not near fo h igh , and 
by D egrees that diíFufed L ig h t , w hich  had iliu llratcd  the N orth ern  
Parts o f  the H em ifph ere, feem ’ d to fubfide, and fe ttlin g  on the H o r i
zo n  form ed the R efem blance o f  a very  bright Crepufculum: T h a t  this 
\yas the State o f  this Pbienomenon^ in the firft H o u rs , is abundantly 
confirm ’ d by the unanim ous Confent o f  feveral. F o r, b y  the L etters 
we have receiv 'd  from  alm oft all the extrem e Parts o f  the K in g d o m , 
there is found very  little D ifference in the D e fc r ip tio n 'fro m  w hat ap 
pear’ d at London and Oxford \ unlefs that in the N o rth  o f  England and 
in Scotland^ the L ig h t  leem ’ d fom ew hat ftronger and brighter.

H ith erto  I have related the O bfervations o f  others ; A s  to  m yfe lf, I 
had no N o tice  o f  this M atter, till between nine and ten o f  the C lo c k  ; 
upon the firft Inform ation o f  the T h in g , I im m ediately ran to the W in 
d ow s, w h ich  happen’ d to regard the South  and S o u th -W e ft Q iia r te r ; 
and foon p erceiv ’ d , that th o u gh  the S k y  was very clear, yet it was 
tinged w ith  a ftrange fort o f  L i g h t ; fo that the fm aller Stars w ere 
fcarce to be feen, and m uch as it is when the M o o n  o f  fou r D a y s  o ld  
appears after T w ilig h t. I p erceiv ’ d at the fame T im e  a ve ry  thin V a 
pour to pafs before us, w hich arofe from  the precife E a ft P art o f  the 
H o rizo n , afcending ob liq u ely , fo as to leave the Z en ith  about fifteen 
or tw enty D egrees to the N orth w ard . B u t the Sw iftnefs w herew ith  
it proceeded was fcarce to  be believed, feem ing not inferior to  that 
o f  L ig h tn in g  ; and exh ib itin g, as it pafs’ d  on , a fort o f  m om enta- 
neous Nubecula, w h ich  d ifco v er’ d itfe lf b y  a ve ry  d iluted  and faint 
W h ite n e fs ; and was no fooner form ed, but before the E y e  co u ld  w ell 
tak e  it, it was gon e, and le ft no S igns behind it. N o r  was this a 
fm g le  A ppearance ; but for feveral M in u tes, about fix  or feven T im e s  
in  a M in u te , the fame was again and again repeated ; thefe W a ves o f  
V a p o u r  regu larly  fucceeding one another, and at Intervals v e ry  near
ly  equal j  a ll of them  in  their A fc e n t  p ro d u cin g  a lik e  tranfient N u 
becula.

B y
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B y  this P a rtic u b r  w e w ere firft aíTured ; that the V a p o u r  w e fa w , 
becam e coní^ v'uous b y  its ow n p ro p er L ig h t ,  w ith ou t H e lp  o f  the 
Sun’ s Beam s tor thel'e Nubeculae d id  not d ilco v e r  them fclves in any 
other P art o f  their PaiTage, but o n ly  between the South-Eaft and 
South, whe*e being op p ofite  to  tlie Sun, they were deepeft im m ers’ d  
in t h e  Cort“ o f  t te  E a rth ’ s Shado'.v ; nor w ere they v ifib le  before or 
after, V  herras the contrary m uft have h ap pen ’ d , had they bo rrow ’ d 
their L ier' ; from  the Sun.

I then r ade all the H a fte  I could  to  a P lace w here there was a 
free Profpr».^ o f  the N orthern H o rizo n . B in g  com e there, not m uch 
pad trn oi ' he G lo cic , I foun d , on th e W eftern  Side, v iz .  betw een 
W . and N . \V. the R ep reftn tation  o f  a v e ry  brigh t Twilight^ co n ti
guous to the Ilo rir .o n  ; ou t o f  w hich  arofe v e ry  lo n g  Beam s o f  L ig h t ,  
not exatflly erfc'l tow ard  the Vertex, but fom eth in g  declining^ to  
the South ; w h ich  afcending b y  a q u ic k  and un d ulatin g  M o tio n  to  
a confiderahlé H e ig h t, v a n iili ’ d in a little  T im e , w h ilft o th e i's ,'th o ’ »
at uncertain Intervals, fu p p ly ’ d their P lace. B u t at the' farfie T im e , ^
th rou gh  all the rcH: o f  the N orthern  H ó r iío n , w z .  from  the N o rth - 
W c ft  to  the true H aft, there did  not appear any Sigft o f  L ig h t  to  »
arife from , o r io in  to . the í ló t iz o n  ; b u t w h at áppear’d to  bé an i
exceed in g  b la tk  nnd difm al C lo u d  feem ’ d to h an g  over all that P a rt j
o f  it. Y e t  w a5 it no C lo u d , but o n ly  the ftrtn e  S k y  m ó fe  tiian 'o f- j
dinary pure and lim p id , fo that the brigh t Stars ihone cleal-ly in it, 
and p articu larly  C.auda Cygm, then v e ry  lo w  in the N orth  •, the great 
B lacknefs m a n iftftly  p ro ceed in g  from  the N eigh b ou rh o od  ó f  thfe Lio-lit 
w hich was co lle d e d  above it. F o r  the L ig h t  had now  p u t ojV 'a
F orm  qu ite  different from' all that w e have been d efcrib in g, and had
faihion’ d itfelf into the Shape o f  tw o  or Streaks, ly in g  in a
Pofition parallel to  the H o rizo n , w hofe E d g e s  w ere but ill térrhinaí- 
fd . T h e y  txtendeti them felves from  the N .  by E . to  the N orth-E cfi,, 
and w ere each about a D egree  b r o a d ; the u n d erm o il about e igh t oY 
nine D egrees h ig h , and the other about fo u r  or five  D egrees o v e r  it,; 
thefe k e p t their P laces for a lo n g  T im e , and m ade the S k y  fo  lig h t, 
that I believe a M a n  m ig h t eafily  have read an ordinary P rin t b y  the
H elp  thereof.  ̂  ̂ ^

W h ilft  I was v ie w in g  this fu rp riz in g  S ig h t, and e x p e ilin g  w hat 
was further to  co m e, the N orth ern  E n d  o f  the u p p er Lam ina  b y  
I^cgrees bent d o w n w afd s, and at len gth  clofed w ith  the E n d  o f  the 
other that was un der it, fo  as to  fliut up  on the N o rth fid e  an in
termediate Space, w h ich  d ill continued open to  the E a ft. N o t  
Jong after this, in the faid included Space, I faw  a great N u m b er 
of fm all C o lu m n s or w hiti(h  Streaks fo  appear fu d d en ly , eréft to  
jJic H o rizo n , and reaching from  the one Lam ina  to  the other ; w h ich  
inftanfly d ifap p earin g, w ere to o  q u ic k  for the E y e , fo  that I coul4 
not ju d g e  W'hether fh ey  arofe froAi the" under, or fell from  the up- 
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p er, bu t b y  their ludden A lterations, they made fuch  an A p p carance, 
as m ig h t w ell enough  be taken to rd'em ble the C o n flid s  ot M en ia

Battle. , - , ,
A n d  m uch about the fame T im e , there began on a fudden to ap- 

pear, low  under the P o le , and very  near due N o rth , three or four 
lu c id  Areas, lik e  C loud s, d ifcoverln g  them fclves, in the pure but very 
b la ck  S k y , b y  their yellow ifli L ig h t. T h e fe , as they b ro k e  ou t 
at once, fo after they had continued a few M inutes, d ilapp car’ d as 
q u ic k  as i f  a Curtain had been drawn over them  : N o r  were they 
o f  any determ ined F igu re , but both in Shape and S ize  irñght pio- 
p erly  be com par’ d to fm all C louds illum inated by the fu ll M o o n , but

brighter. i.
N o t lo n g after this, from  above the aforcfaid tw o  Lamiiue, there

arofe a very  great F ig u re , lik e  a Speur, lharp at the T o p ,
w hofe Sides were inclin ’ d to each other w ith an A n g le  ot about tour 
or five D egrees, and w hich feem ’ d to reach up to the Zenith, or be
yon d  it. T h is was carried w ith  an equable, and not very  flow  M o 
tion, from  the N . E . where it arofe, into the N . W . w here it d ifap- 
pear’ d, ftill keep ing in a perpendicular Situation, or v e ry  near it-, and 
pafling fucce/Tively over all the Stars o f  the L ittle  Bear, did not efface 
the fm aller ones in the T a il,  w hich  are but o f  the fifth  M a g n itu d e  
fuch was the extrem e R arity  and P erfp icu ity  o f  the M a tter  w h ereo f it  

confifted.
T h is  fin gle Beam  was v e ry  rem arkable for its H e ig h t  above all 

thofe that fo r a great w hile before had preceded it, or that to llo w ’ il

I t  bein g  now  paft eleven o f  the C lo c k , and n oth in g  new  offerin g  
itfe lf  to  our V ie w , but repeated Pbafes o f  the fame S p eftacle  ; be
in g  returned to m y H o u fe , I went to m y up^^er W in d o w s, w h ich  co n 
veniently enough regarded the N . E . Part o f  the H eaven s, and loou 
found that the tw o Lam ina  or Streaks parallel to  the H o r iz o n , had 
now  w h olly  difappear’ d ; and the w hole Speélacle reduced itfe lf to  
the Refem blance o f  a very  b rig h t Crepufculum fettlin g  on the N ortheru  
H o rizo n , fo as to  be brighteft and h igh eft under the P ole  itfc if i 
from  whence it fpread both  W a y s  into the N . E . and N . W . U n d er 
this, in the m iddle thereof, there appear’ d a ve ry  b la ck  Space, as it 
were the Segm ent o f  a lefier C irc le  o f  the Sphere cu t o f f  b y  the H o 
rizon. It feem ’ d to the E y e  lik e  a d ark  C lo u d , but was not fo •, tor 
b y  the T elefco p e  the fm all Stars appear’ d th rou gh  it m ore clearly  than 
ufu al, confidering how  lo w  they w e r e ; A n d  up>on this as a Bafts, our 
Lumen Auroriforme refted, w hich w as no other than a S egm en t o f  a 
R in g  or Z o n e ot the Sphere, intercepted betw een tw o  P arallel le fltr  
C irc le s , cu t o ff  likew ife b y  the H o rizo n  j or the Segm en t o f  a v e ry  
broad Iris, but o f  one uniform  C o lo u r •, v iz .  a F la m e -C o lo u r  in
c lin in g  to  y e llo w , the C enter th ereof bein g  about fo r ty  D eg rees be

low

Surprizing Lights in the Air.

l i n E D



low  the H o r iz o n . A n d  above this, there w ere feen fom e R u d im en ts 
o f  a m u ch  larger S egm en t, w ith  an Interval o f  d a rk  S k y  betw een, 
but this was lb  exceeding faint and uncertain, that I could  m ake no 
proper E ftim ate  thereof.

I attended this Phaenom enon till near three in the M o rn in g , and 
the rifin g o f  the M o o n  : B u t for above tw o  H o u rs  togeth er, it had 
no manner o f  C h an ge in its A p p earan ce, nor D im in u tion , nor Increafe 
ot L ig h t  V o n ly  fom etim es, for v e ry  ih o rt in tervals, as i f  new F u el 
had been ca il on a F ire , the L ig h t  feem ’ d to  undulate and fp ark le , 
not u n like  the rifing o f  a vaporous S m o k e  out o f  a great B laze, when 
agitated. B u t one T h in g  I affured m y  fe lf  o f, that this 7m - lik e  
F ig u re  did by no M eans ow e its O rig in  to  the S u n ’ s B e a m s : F o r  that 
about three in the M o rn in g , the Sun being in the M id d le  between 
the N o rth  and K a il, ou r Aurora  had not fo llo w ’ d h im , bu t ended in 
that very  I 'o in t w here he then w a s : W hereas in the true N o rth , w hich 
tlie Sun had lo n g  pafs’ d , the L ig h t  rem ain’ d unchanged, and in its 
lu ll L u ilrc .

I'hus I have endeavour’ d by  W o rd s  to  reprefent w hat I f a w ; I have 
annexed a Hgure exh ib itin g  that particular A ppearance o f  the 'tw o  Fig. 23.
L am 'tn̂  ̂ w h ich  I faw at London between the H o u rs  o f  ten and eleven :
Becaufe I do not find, am o n g the m any R elation s I have feen, any 
one that has taken  N o tic e  o f  it. In this F ig u re  A  B  \% the under 
Lam ina, fom ew hat broader and brighter than the upper C D :  It had 
near its under E d g e  the Lucida L yra, and below  its N orthern  E x tr e 
m ity , on the L eft-h an d , Cauda Cygni: A n d  as w ell above and below  
thefe, as in the interm ediate Space between them , and indeed all round 
about that P art o l the H eaven s, the S k y  was fo unufually d ark  and 
b lack , as i f  all that E xotic L ight that had ih ew ’ d itfe lf before, had 
been then c o lle d td  into thofe tw o  Streaks. O n ly  at between the 
W e ft and N o rth -W e ft , and no w here elfe, ou t o f  a B rightnefs adjo in
ing to the H o riz o n , there arofe conical Beam s, as M ,  L ,  iV, after the 
fame M anner as at firft.

W h ilft  we ftood lo o k in g  on, the S treak C  D ,  at its N orth ern  E n d , 
bent d ow n w ard , and jo in ed  w ith  the under A  B zx. E, and in clu 
ded the Space D C E A  B, w h ich  ftill k e p t open at the other E n d  
towards the E aft ; and in the mean T im e , ou t o f  the v e ry  clear 
S k y , fom e lum inous S p o ts, fituated and figu red  as in the Schem e at

G , G , G , prefented them felves to  the E y e , in C o lo u r m u ch  lik e  
the Lam ina. T h e fe  did  not ih ew  them felves all togeth er, bu t cam e 
fucceflively, y e t  fo as tw o  or three o f  them  were feen at a T i m e ; 
and as their co m in g  was inftantaneous, fo  they w ent aw ay in a 
M om ent. A t  the fam e T im e  lik ew ife , the feveral little  w hite C o 
lum ns m a rk ’ d F, F, F, F , occu p ied  that P art o f  the Space between 
the tw o S treaks next to  £ ,  and b y  their fudden and v e ry  irregular 
M o tio n , and the va n ilh in g  o f  fom e, w h ilft  oth ers, at the fam e T im e ,
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c n r u a g c d ,  g a v e  o c c a C i D n  t o  t h e  C o n c e p t i o n  o f  t h o f e  t h a t  f a n c i e d  B a t t l e s  
f o u g h t  i n  t h e  A i r .  L a l l l y ,  f r o m  a b o u t  t h e  M i d d l e  o f  C D ,  t h e r e  a r o f e  

f u d d c n l y  a  C o n e  o r  Q b e l i l k  o f  a  p a l e  w h i t i i h  L i g h t ,  g r f i i c e r  t h a n  a n y  
w e  h a d  y e t  f e e n ,  a s  / / ;  w h i c h  m o v i n g  f r o m  E a f t  t o  W e l l ,  w i t h  a  M o 

t i o n  f u f f i c i e n t l y  r e g u l a r ,  w a s  t r a n d a t e d  t o  A ' ,  i n  t h e  N o r t h  V / e l t ,  a n d

t h e r e  d i í á p p c a r ’ d .
l  h a t  w e  m i g h t  b y  t h e  f a m e  S c l i e n i c  i h e w  t h e  A p p e a r a n c e  o f  t h e  l a l l

H o u r s ,  a f t e r  M i d n i g h t ;  w e  h a v e  n w d e  t h e  L i g h t  a t  m u c h  b i g i i ; e r  
t h a n  w h a t  a p p e a r ’ d  i n  t h e  W e f t  a b o u t  t e n  o f  t h e  C l o c k  ;  f o  a s  t o  r e -  

p r e f e n t ;  t r u l y  t h a t  o t h e r .  I n  t h i s  C a f e ,  t h e  l ^ o i n t  ^  m u l l ,  b y  t h e  
I m a g i n a t i o n ,  b e  f u p p o f e d  t r a n s i i e r r ’ d  t o  t l i e  I n t e r f e c f i o n  o f  t h e  H o r i 

z o n  a n d  M e r i d i a n  u n d e r  t h e  P o l e .  T h e  S c h c ' m e  i n d e e d  c o u l d  b y  n o  
M e a n s  b e  c o n t r i v ’ d  t o  a n f w e r  t h e  w o n d e r f u l  V a r i e t y  t h i s  Pb^w- 
mtnon a f f o r d e d  ;  i i n c e  e v e n  t h e  E y e  o f  n o  o n e  f i n g l e  O b f e r v r r  w a s  

l u i f i c i e n t  t o  f o l l o w  i t  i n  t h e  S u d d e n n e f s  a n d  F r e q u e n c y  o f  i t s  A k t  r a 
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t i o n s .
T h u s  I  h a v e  a t t e m p t e d  t o  d e f c r i b e  w h a t  w a s  f o e n ,  a n d  a m  f o r r y  Í  d i d  

n o t  f e e  t h e  f i r f t  a n d  m o f t  f u r p r i z i n g  P a r t  t h e r e o f  m y  f e l f  :  T h e  l i k e  i s  
n o t  r e c o r d e d  i n  t h e  EngUjh Annals l i n c e  J 5 7 4 ,  t h a t  i s ,  a b o v e  a  h u n d r e d  
a n d  f o r t y  Y e a r s  a g o ,  i n  t h e  R e i g n  o f  Q u e e n  Llizabetb. T h e n ,  a s  w e  

a r e  t o l d  b y  t h e  H i l l o r i a n s  o f  t h o i e  T i m e s ,  Lcmbden a n d  Stow, f o r  t w o  

N i g h t s  f u c c e l l i v e l y ,  viz. o n  t h e  a n d  i^th o f  t h a t  Y e a r ,
m u c h  t h e  f a m e  w o n d e r f u l  Ph.snomaia w e r e  f e e n ,  w i t h  a l i n o i l  a l l  t h e

l a m e  C i r c u m f t a n c e s  a s  n o w .
N o r ,  i n d e e d ,  w a s  r i i i s  t h e n  f o  r a r e  a  S i g h t  a s  i t  h a s  b e e n  f i n c e  :  

F o r  w e  f i n d ,  i n  a  B o o k  e n t i t u l e d ,  A  Defcription of Meteors., r a p r i n t e d  a t  

London'm t l i e  Y e a r  1 6 5 4 ,  w h o f e  A u t h o r  w r i t e s  h i m f e l f  F. D .  D .  
t h a t  t h e  ü u n e  T h i n g ,  w h i c h  h e  t h e r e  c a l l s  Burning Spears, w a s  f e e n  a t  

LamiQn on Jatuiary 1 3 6 a ;  a n d  a g a i n  b y  t h e  T c f t i m o n y  o f  Stffŵ  
o a  t h e  o f  0 ¿iober 1 5 6 4 .  A n d  f r o m  f o r e i g n  A u t h o r s  w e  l e a r n ,  t h a t  

i n  t i l l  Y e a f  J575, t h e  f a m e  w a s  t w i c e  r e p e a t e d  i n  B ra ba jü .,viz. o n  t h e  
February., a n d  i%th o f  September-, a n d  f e e n  a n d  d c l c r i b e d  b y  

Cornelids Gemma: A V h o  i n  a  D i f c o u r f e  l i e  w r o t e  o f  t h e  P r o d i g i e s  o f  

t h o f e  T i m e s ,  a f t e r  f e v e r a l  i l l - b o d i n g  P r o g n o f t i c k s ,  t h u s ,  v e r y  p r o p e r l y  
d e f c r i h e s  t h e  Cupola a n d  Coronâ  t h a t  h e  f a w  i n  t h e  Phap.aa a s  h e  c a l l s  i t )  
o f  Féruary. A  little while after nev) Flames rifing like Spears, the 
Heaven, feem'd to he on Jfire on the Northern Side quite up to the Zenith, 
yhid lajtly, that nothing might* feem reprefented before "wbich hitherto 
had happen'd, the Appearance of the Heavens was changed for the Space 
of an Hour, into the jirange Likenefs of a Box with which they play at 
hice, blue and white continually changing, not with lefs Uncertainty and 
SwifJnefs than the Rays of the Sun, when they are refieiied back by an in- 
terpofed Speculum. H e r e  i t  i s  n o t  a  l i t t l e  r e m a r k a b l e ,  t l i a t  a l l  t h < _ f e  f o u r  

a l r e a d y  m e n t i o n e d ,  £ e l l  e x a f t l y  u p o n  t h e  f a m e  A g e  o f  t h e  M o o n ,  viz. 
t w o  D a y s  a f t e r  t h e  C h a n g e .
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A s  t o  t h e  o t h e r  o f  September i n  t h e  f a m e  Y e a r  1 5 7 5 »  t h e f e  a r e  t h e  

W o r d s  o f  Gemma. It was not indeed fo terrible., yet with greater Variety 
that other Phaenomenon appear'd., tvhich we faw in O f t o b e r  foJlowiftg  ̂ ju ji 
after the Sun v:as 'fet. In this were many fl.'iving Bows, from which iffued 
Spears., Cities with TurretSy and Armies of Soldiers. Hence the Rays pro
ceeded every Way., cs alfo the Floating of Clouds and Images of Battles.
<[hey fled from and purfued one another, ivith a roonderful Alternation.
F r o m  h . - n c e  * t i s  m a n i f c l l ,  t h a t  t h i s  Phenomenon a p p e a r ’ d  i n  o u r  
N w g h b o u r h o o d  t l i r t - e  f t v e r a l  " I ’ i m c s ,  a n d  t h a t  w i t t i  c o n f i d e r a b l e  
I n t e r v a l s ,  w i t h i n  t h e  C o m p a f s  o f  o n e  Y e a r ;  t h o u g l i  o o r  Engliflj j  |

H i f t o r i a n s  h a v e  n o t  r i . c o r d e d  t h e  t w o  l a t t e r ;  n c r  d i d  Gemma f e e  

t h a t  o f  November 1 5 7 4 ,  a s  ’ t i s  m o i l  l i k e l y ,  b y  r e a f o n  o f  C l o u d s .
A f t e r  t h i s ,  i n  t h e  Y e a r  1 5 8 0 ,  w e  h a v e  t h e  A u t h o r i t y  o f  Alichael* Mctjilin-., 
t h a t  a t  Haknav.g i n  t h e  C o u n t r y  o f  Wirtemburg i n  Germany,  ̂ t h e f e  \-ió 
.Phafmata, a s  h e  l i k e w i f e  f t i l e s  t h e m ,  w e r e  I ' c e n  b y  h i m l e l f  n o  l e f s  t h a n  ’ ’  

f c v e n  T i m e s  w i t h i n  t h e  S p a c e  o f  t w e l v e  M o n t h s .  T h e  f i r f t  o f  t h d e ,  

a n d  m o l t  c o n f i d e r a b l c ,  f e l l  o u t  o n  t h e  v e r y  f a m e  D a y  o t  t h e  M o n t h  
w i t h  o u r s ,  "Az. o n  Sunday t h e  f i x t h  o f  March, a n d  w a s  a t t e n d e d  
w i t h  m u c h  t h e  f a m e  C i r c u m f t a n c e s .  A n d  a g a i n  t h e  i a m e  T h i n g s  

w e r e  f e e n  i n  a  v e r y  e x t r a o r d i n a r y  M a n n e r  o n  t h e  oth o f  April a n d  
leih  o f  Sepirtrber, f o l l o w i n g :  B u t  i n  a  l e f s  D e g r e e ,  o n  t h e  6th o f  April,
21ft o f  SepteJnber, 26th o f  December, a n d  i6th  o t  February, 1 5 8 1 .

' I ’ h e  l a f t  o f  w h i c h ,  a n d  t h a t  o f  t h e  I'lfl o f  September, m u l l  n e e d s  
h a v e  b e e n  m o r e  c o n f i d e r a b l e  t h a n  t h e y  t h e n  a p p e a r ’ d ,  b c c a u f e  t h e  ^

M o o n  I x ' i n g  n e a r  t h e  F u l l ,  n e c e f l a r i l y  e f f a c e d  a l l  t h e  f a i n t e r  I . i g h t s .

O f  a l l  t h e f e ,  h o w e v e r ,  n o  o n e  i s  m e n t i o n e d  i n  o u r  A n n a l s  t o  h a v e  b e e n  

f e e n  i n  England, n o r  i n  a n y  o t h e r  P l a c e  t h a t  I  c a n  f i n d .
T h e  n e x t  t h a t  w e  h e a r  o f ,  w a s  t h a t  o f  t h e  Y e a r  1 6 2 1 ,  o n  Sep- I

iember id, f l. vet. f e e n  a i l  o v e r  France, ; i n d  w e l l  d e f c r i b ’’d  b y  Gfíffenduŝ  
i n  h i s  Phyficks, w ' h o  g i v e s  i t  t h e  N a m e  o t  Aurora Borealis. T h i s ,  t h o  
l i t t l e  i n f e r i o r  t o  w l i a c  w ' e  l a t e l y  f a w ,  a n d  a p p e a r i n g  t o  t h e  N o r t h w a r d s  

K i t h  o f  Rouen a n d  Paris, i s  n o  w h e r e  l a i d  t o  h a v e  b e e n  o b f e r v ^ d  i n  

England, o v e r  w h i c h  t h e  I . i g h t  f e e m ’ d  t o  l i e .
A n o t h e r  w a s  f e e n  a l l  o ver Ge^mam', i n  t h e  Y e a r  1 6 2 3 ,  t h u s  d r f c r i b  d  

hy Kepler. On the .'i Day N o v e m b e r ,  Anno 1 6 2 3 ,  a fiery Meteor-x'as 
feen, or a burning Ball, flying ever all G e r m a j i y  from JVefi to Eajl. In 
A u l l r i a  they faid it g^ve a Sound like a Clap of Thunder̂  which I  cannot 
think is true ;  for the Defcriptions that art extant do not confirm this.̂

A n d  f m c e  t h e n ,  f o r  a b o v e  8 0  Y e a r s ,  w e  h a v e  n o  A c c o u n t  o f  a n y  

f u c h  S i g h t ,  c i t h e r  f r o m  h o m e  o r  a b r o a d .  T h e  f i r f t  w e  f i n d  o n  o u r  
B o o k s ,  w a s  o n e  o f  f m a l l  C o n t i n u a n c e  f e e n  i n  Ireland b y  lAr.'Nrüe, o n  '  • u p r a ,  p -  

t h e  i6th  o f  November 1 7 0 7 .  A n d  i n  t h e  Mijhllcmea Beroliren/m, p u b -  H -  

l i l h e d  i n  1 7 1 0 ,  w e  l e a r n ,  t h a t  i n  t h e  f a m e  Y e a r  1 7 0 7 ,  b o t h  o n  t h e  

2^th o f  January., a n d  1 8 / ^  o f  F^hv'iry, fi^vet. f o m e t h i n g



k i n d  w a s  f e c n  b y  M r .  Olaus Rcmer a t  Copen):>agen̂  a n d  a g a i n  o n  t h e  
23d of Fehuary, the hmc JJirottomer ohkiv'd  t h e r e  f u c h  a n o t h e r  A p 

p e a r a n c e ,  b u t  m u c h  m o r e  c o n f i d e r a b l e ;  o f  w h i c h  y e t  h e  o n l y  f a w  
t h e  B e g i n n i n g ,  C l o u d s  i n t e r p o f i n g .  B u t  t h e  f a m e  w a s  f e e n  t h a t  N i g h t  

b y  M r .  Gotfried Kircl\ a t  Berlin, a b o v e  2 0 0  M i l e s  f r o m  Copenhagen, 
a n d  l a l l t d  " t h e r e  t i l l  p a i l  t e n  a t  N i g i i t .  T o  t h c f c  a d d  a n o t h e r  f i n a l l  
o n e  o f  f m a l l  D u r a t i o n ,  f e e n  n e a r  London, a  l i t t l e  b e f o r e  M i d n i g h t  b e 
t w e e n  t h e  n i n t h  a n d  t e n t h  o t  Augujl 1 7 0 8 ,  b y  t h e  L o r d  B i f h o p  o f  
Hereford-, l b  t h a t ,  i t  f e e m s ,  i n  l i t t l e  m o i e  t h a n  t i g h t e e n  M o n t h s ,  
t h i s  f o r t  o f  L i g h t  h a s  b e e n  f e c n  i n  t h e  S k y ,  n o  I c f s  t h a n  f i v e  T i m e s  i n  

t h e  Y e a r s  1 7 0 7  a n d  1 7 0 8 .
H e n c e  w e  m a y  r e a f o n a b l y  c o n c l u d e ,  t h a t  t h e  A i r ,  o r  E a r t h ,  o r  

b o t h ,  a r e  f o m e t i m e s ,  t h o u g h  b u t  f c k l o m ,  a n d  w i t h  g r e a t  I n t e r v a l s ,  
d i f p o f e d  t o  p r o d u c e  t h i s  Pi.\rncmcncn: F o r  t h o u g h  i t  b e  p r o b a b l e  t h a t  
m a n y  T i m e s ,  w h e n  i t  h a p p e n s ,  i t  m a y  n o t  b e  o b f e r v ’ d ,  a s  f a l l i n g  
o u t  i n  t h e  D a y - t i m e ,  o r  i n  c l o u d y  W e a t h e r ,  o r  b r i g h t  M o o n - i h i n e  :  

Y e t ,  t h a t  i t  i h o u l d  b e  f o  V c - r y  o f t e n  f e c n  a t  f o m e  ' I ' i m e s ,  a n d  f o  
f e l d o m  a t  o t h e r s ,  i s  w h a t  c a n n o t  w e l l  b e  t h a t  W a y  « c c o u n t e d  f o r .  

W h e r e f o r e  c o n f i d e r i n g  w h a t  m i g h t  b e  m o i l  p r o b a b l y  t h e  Material 
Cmife o f  t h e l e  A p p e a r a n c e s  ;  w h a t  i i r i l  o c c u r r ’ d  w a s  t i i e  V a p o u r  o f  
W a t e r  r a t i f i e d  e x c e e d i n g l y  b y  f u b t e r r a n e o u s  F i r e ,  a n d  t i n g e d  w i t h  
f u l p h u r e o u s  S t e a m s ;  w h i c h  V a p o u r  i s  n o w  g e n e r a l l y  t a k e n  b y  o u r  

N a t u r a l i f t s  t o  b e  t h e  C a u f e  o f  Earthiuakei. A n d  a s  E a r t h q u a k e s  
i i a p p e n  w i t h  g r e a t  U n c e r t a i n t y ,  a n d  h a v e  b e e n  f o m e t i m e s  f r e q u e n t  
i n  P l a c e s ,  w h e r e ,  f o r  m a n y  Y e a r s  b e f o r e  a n d  a l t e r ,  t h e y  h a v e  n o t  

b e e n  f e l t  ;  f o  t h e f e ,  w h i c h  w e  m i g h t  b e  a l l o w ’ d  t o  f u p p o f e  p r o 
d u c ’ d  b y  t h e  E r u p t i o n  o f  t h e  p e n t - u p  V a p o u r  t h r o u g h  t h e  P o r e s  

o f  t h e  E a r t h ,  w h e n  i t  i s  n o t  i n  f u f f i c i e n t  ( ^ a n t i t y ,  n o r  f u d d e n  
e n o u g h  t o  f l i a k e  i t s  S u r f a c e ,  o r  t o  o p e n  i t  f e l f  a  P a f l a g e  b y  r e n d i n g  
j t .  A n d  a s  t h e f e  V a p o u r s  a r e  f u d d e n l y  p r o d u c ’ d  b y  t h e  F a l l  o f  W a t e r  

u p o n  t h e  N i t r o - f u l p h u r e o u s  F i r e s  u n d e r  G r o u n d ,  t h e y  m i g h t  w e l l  
b e  t h o u g h t  t o  g e t  f r o m  t h e n c e  a  T i n f l u r e  w h i c h  m i g h t  d i f p o f e  t h e m  

t o  i h i n e  i n  t h e  N i g h t ,  a n d  a  T e n d e n c y  c o n t r a r y  t o  t h a t  o f  G r a v i t y  ;  
a s  w e  f i n d  t h e  V a p o u r s  o f  Gunpowder, w h e n  h e a t e d  i n  Vacuo, t o  i h i n e  

i n  t h e  D a r k ,  a n d  a f c e n d  t o  t h e  T o p  o f  t h e  R e c e i v e r ,  t h o u g h  c x h a u i l e d :  

T h e  E x p e r i m e n t  o f  w h i c h ,  I  f a w  v e r y  n e a t l y  p e r f o r m e d  b y  M r .  J .  
Whitefide.

N o r  i h o u l d  I  f e e k  f o r  a n y  o t h e r  C a u f e  t h a n  t l i i s ,  i f  i n  f o m e  o f  

t k o f e  I n f t a n c e s ,  p a r t i c u l a r l y  t h i s  w h e r e o f  w e  t r e a t ,  t h e  A p p e a r a n c e  
h a d  n o t  b e e n  f e e n  o v e r  a  m u c h  g r e a t e r  P a r t  o f  t h e  E a r t h ’ s  S u r f a c e  

t h a n  c a n  b e  t h u s  a c c o u n t e d  f o r .  I t  h a v i n g  i n  t h i s  l a i l  b e e n  v i f i b l e  

f r o m  t h e  W e i l  S i d e  of Ireland  ̂ t o  t h e  C o n f i n e s  o f  Rujfia a n d  Poland 
on t h e  E a i l  ( n o r  d o  w e  y e t  k n o w  i t s  L i m i t s  o n  t h a t  S i d e )  e x t e n d i n g  

over a t  l e a f t  t h i r t y  D e g r e e s  o f  L o n g i t u d e  ;  a n d  i n  L a t i t u d e ,  f r o m  

about f i f t y  D e g r e e s  o v e r  a l m o f t  a l l  t h e  N o r t h  o f  Europe \ a n d  i n  a l l
P l a c e s
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Places exh ib itin g  at the fam e T im e  the fam e w ondrous C ircum ftan ces 
as we are inform ed by the P u b lic k  N ew s. N o w  this is a Space m u ch  
too  w ide to  be ihaken at any one T im e  by the greatell o f  F-arthquakes, 
or to be afiVélcd by the P crlp iratio n  o f  that V ap o u r, w hich  being in
cluded, and w antin g V en t, m ig h t have occafion ’ d the E arth  to  trem 
ble. N o r  can we this W ay  account for that rem arkable P articular at
tending thefe L ig h ts , o f  being alw ays fecn on the N orth fid e o f  the 
H o rizo n , and never to  the South.

W h erefo re  la y in g  afide the exp lain in g  thefe T h in g s  by  the ordinary 
V ap ou rs or E xhalations o f  the E arth  or W aters, we are forced  to have 
R ecourfe  to  other forts o f  Effiuvia o f  a m uch m ore fubtile N atu re , and 
w h ich  perhaps m ay feem  m ore adapted to  bring about thofc w onderfu l 
and fu rp riz in g ly  q u ic k  M otion s. Such  are the M agnttical Effiuvia^ 
whofe A to m s  freely perm eate the Pores o f  the m oft folid Bodies, m eet
in g  w ith  no O b lla c lcs  from  the Interpofition o f  G lafs or M arble or even 
G o ld  itfelf. T h e fe  by a perpetual E fflu x  d o , fom e o f  them , arife from  
the Parts near the Poles o f  the M a g n e t, w h ilft others o f  the lik e  K in d  
o f  A to m s, bu t w ith  a contrary T en d e n cy , enter in at the fam e P arts 
o f  the Stone, th rou gh  w h ich  they freely pafs •, and b y  a k in d  o f  C ir 
cu lation furround it on all Sides, as w ith  an A tm o fp h e re , to  tiie DL- 
Ib n ce  o f  fonrve D iam eters o f  the B o d y.

T h a t  the F a ft  m ay be the.r better com prehended, I ihall endeavour 
to  exh ib it the M anner o f  the C ircu lation  o f  the A to m s  concern ’ d 
therein, as th ey  are expofed to  V ie w , b y  p lacin g  the Poles o f  a ^erella, 
or Spherical Magnd^  on a P lane, as the G lo b e  on the H o rizo n  o f  a 
r ig h t S p h e r e : T h e n  ftrew in g  fine Steel D u ll  or F ilin g s  v e ry  thin on  
the P lane all round it, the Particles o f  Steel, upon a continued gentle  
k n o c k in g  on the underfide o f  the Plane, w ill by D egrees con form  
th em felves to  the F ig u res in w h ich  the C ircu lation  is p erform ’ d.
'I'hus, let y i  ^  C  Z )  be a Terella, and its P oles A  the S outh , and B 
the N o r t h ; and b y  d o in g  as prefcrib ’ d , it w ill be found that the F il
ings w ill lie in a R ig h t  L in e  perpendicular to  the Surface o f  the B a ll, 
when in the L in e  o f  the M agn etica l A x is  continued. B u t for about 
fo rty -fiv e  D egrees on cither Side, from  5  to  G  or /, and from  A  to  Fig. 24. 
H  or th ey  w ill form  them felves into C u rv e s , m ore and m ore 
cro ok ed  as they are rem oter from  tiae P o le s ; and w ith al m ore and 
m ore ob lique to  the Surface o f  the Stone. H en ce  it m ay appear how  
this exceed in g  fubtile  M atter revolves ; and particularly h ow  it  p er
meates the M a g n e t w ith  m ore F o rce , and in greater Q u a n tity  in die 
c ircu m p o lar P a r t s ,  entering into i t  o n  the one S id e, and em erg in g  
from  i t  o n  t i i e  other, under the fam e ob liqu e A n g l e s  : W h illt  i n  the 
m idd le Z o n e  about C  and D ,  near the M a g n e t ’ s  E q u a to r  ( i f  I  m ay ufe 
the W o r d )  v e ry  f e w ,  i f  a n y  o f  t h e f e  P a r t i c l c s  d o  im p in g e , a n d  thole 

v e ry  ob liq u ely .

N o w

Surprizing Lights in the A ir. 1 47

¿ m E D



Surprising Lights in the A i r .

N o w  b y  m any and v e ry  evident A rg u m e n ts  it appear?, that o u r  
Globe o f  E artb  is no other t lu n  one great M a g n e t, or ( i f  I m ay i)e 
a llo w ’ d  to  a lled gc an Invention o f  m y ow n) rather t^vo ; the ont; in
c lu d in g  the other, as th s  Skell includes the K e m d ; for lo  and not 
othsrwiie, w e m ay explam  the Changes o f  the V ariation  o f  the M a g 
netica! N eed le. It fuffices that we m ay fu p p o rt the fam e fo rt o f  C ir 
cu lation  o f  fuch  an exceeding fine M a tte r  to  be p erp etually  p erform ed  
in the E a rth, as we obferve in the ‘tcrellci •, w h ich  fubtile  M atter Ireely 
p ervad in g  the Fores o f  the E arth , and entering into it near its 
Southern  P o le , m ay pals out again into the /Eiber^ at the lam e D i-  
flrance from  the N ortliern , and w ith  a lik e  F orce  ; its D ir c flio n  being 
f t i l l  m ore and m ore oblique, as die D iftance from  the. P oles is greater. 
T o  this we beg leave to iuppole, that this lu b tilc  M a tter, no oth cr- 
w ays d ifcovering itfe lf, but by its E ffe fts  on the M a g n e tic  N eed le , 
w h o lly  im perceptible, and at other T im e s  in v iü b le , m ay n ow  and 
then, by the C on cou rlc o f  ftveral Caufes v e ry  rareJy co in cid en t, and 
to us as yet un kn ow n, be, capable o f  p ro d u cin g  a fm a ll D egree  o f  
L i g h t ;  perhaps from  the greater D en fity  o f  d ie  M a tte r , or tlv: 
s,reater V elo c ity  o f  its M o tio n : A fte r  the fam e M an n er as w c fee 
the Effluvia o f  EleSiric Bodies b y  a ftron g and q u ic k  F rid lio n  em it 
L ig h t  in the D a rk  : I 'o  w hich fo rt o f  L ig h t  this fecm s to  have a great 
..‘Vifinity.

T h is  being a llo w ’ d m e, I th in k  w e m ay affign a C au fe  for m an y o f  
thefe ilrange A ppearances, and for Ibm e o f  the m o ll d ifficu lt to  accou n t 
fo r otherw ife •, as w h y thcfe L ig h ts  are rarely feen any w here elfe but 
in the N orth , and never, that we hear o f, near the E q u a t o r : A s  a llb  
w h y  th ey  are m ore frequently  feen in Iceland and Greenland, than in 
Norway^ th ough  nearer the Pole o f  the World. F o r  the M a g n e tica l 
Poles, in this A g e ,  are to the W eftw ard  o f  our M erid ian , and m ore fo  
o f  that o f  Norway, and not far from  Greenland; as appears b y  the V a 
riation o f  the N eed le  this Y e a r  ob ferv ’ d , fu ll tw elve  D egrees at London 
to  the W e ft.

T h e  ereft P ofition  o f  the lum inous Beam s or Stria  fo  often  re
peated that N ig h t, was occafioned by the rifin g  o f  the V a p o u r  or 
lucid  M atter nearly perpendicular to  the E a rth ’ s Surface. F o r  that 
any L in e  erefted perpendicularly upon the Surface o f  the G lo b e , 
w ill appear ereél to  the F lo rizo n  o f  an E y e  placed any w here in the 
fam e fpherical Superficies •, as Enclid  d em on ilrates in a P la n e , that 
a n y  L in e  erefted at r ig h t A n g le s  to  it, w ill appear to  be perpen
d icu la r  to  that Plane from  any P o in t thereof. I 'h a t  it ih o u ld  be fo  
in  the Sphere, is a p retty  P rop ofition , not v e r y  o b v io u s, bu t d em on - 
ftrated  from  Pro^, 5. U b .  i .  ^heodofii Spbaric. F o r  by it  all L in e s  
e r e ft  on the Surfacc pafs th rou gh  the C enter, w h ere m eetin g  w ith  
th o fe  from  the E y e , they form  the Planes o f  V ertica l C irc le s  there
to . A n d  b y  the C on verfe  hereof, it is evid en t, that this lu m in ou s

M a t t e r
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1M atter arofe nearly perpendicular to  the E a rth ’ s S urface, becaufe it  
appear’ d in this ere¿t P ofition . A n d  whereas in this A p p earan ce, 
thole Beam s w hich  arofe near the E a il  and W e ft , a s L ,  A f, w ere 
furtlieil from  the P erpendicu lar, on both Sides in ch n in g  tow ards the 
South, w h i-il thole in the N o rth  w ere d ireó lly  u p r ig h t:  T h e  C aufe 
thereof ni.’y  w ell be exp la in ’ d b y  the O b liq u ity  o f  the M agn etical 
C u rves, r  . k in g  ñ i¡ l  o b tu fer A n g le s  w ith  the M eridians ol i n c 'J e r -  

rella  ̂ aS la c y  are furtner from  the Poles.
H en ce  alfo  it is m an iftft, how  that w ond erfu l Corona that v i.s  ■ 

fctn  to the Southw ards o f  the in the B egin n in g  o t t h c N ig l i r ,
and fo v e ry  re iiu ik a b le  for its trem ulous and v ib ratin g  L ig h t , was 
produced ; to  w it, b y  the C on cou rfe o f  m any o f  tlioi'e' beam s arifing 
very iiig ii ou t ot the circum jaccn t R eg io n s, and m eeting near the 
Z en ith  ; i  lie 1 ffiuvia  w hereol they confifted m ix in g  and interfering 
on« w ith  another, and thereby occafion in g  a m u ch  ftron ger, but 
uncertain w a verin g  L ig h t . A n d  fince it is agreed by all A cco u n ts  
that this Corona w as tin ged  w ith  various C o lo u rs, ’ tis m ore than 
probable, t lu t  thefe V ap o u rs w ere carried up to fuch  a H e ig h t, as i'
to  em erge out o f  the Shadow  o f  the E a rth , and to be illuftrated b y  
the direct Beam s o f  the Sun : W h en ce it m ig h t com e to  pafs that if
this Hrll Corona was feen co lo u r ’ d and m u ch  brighter than w lu t  ap- 1“
jx;..r’ d afterw ards in fom e P laces, where the S igh t th ereof was gone \
dow n m u ch  lo w er under the H o rizo n . H en ce  too  it w ill be eafily  j
underftood that this Corona was not one and the fam e in all P laces, b u t t
was different in every  ditFering H o rizo n  •, e x a ft ly  after the fam e M a n - |
ner as the R ain b o w  feen in tlie fam e C lo u d  is not the fam e B o w , but |
different to  every  fcveral E y e . j

N o r  is it to  be d o u b ted , bu t the P yra m id ica l F ig u re  o f  thefe j
afccnding Beam s is O p tic a l:  Since, acco rd in g  to  all lik e lih o od , they 
are parallel-fided, o r  rather tap ering the other W a y . B u t b y  the 
Rules o f  P e r fp e ftiv e , their Sides o u g h t to  co n verge  to a P o in t, as 
we fee in P ain tin gs the P arallel B orders o f  ftraigh t W a lk s , and all 
other L in es  parallel to the A x is  o f  V ifio n , m eet as in a C enter.
W h erefo re  thofe R a y s  w h ich  arofe h igh eft above the E a rth , and w ere 
neareft the E y e , feem ’ d to term inate in C u fp s fu fficiently  acute, 
and have been for that R eafon fu p p o s’ d  to  reprefent Spears. O th ers 
feen from  afar, and perhaps not r ifin g  fo  h ig h  as the form er, would, 
term inate, as i f  cu t o f f  w ith  P lanes parallel to  the H o r iz o n , lik e  
truncate C on es or C y lin d e rs  : T h e fe  have been taken to  lo o k  lik e  
the Battlem ents and T o w e rs  on the W a lls  o f  C ities fortified after 
the ancient M anner. W h ilft  others y et further o ff, b y  R eafon o f  
their g rea t D iftan ce, g o o d  P a rt o f  them  b ein g  intercepted by  the 
Interpofition o f  the C o n v e x ity  o f  the E a rth , w o u ld  o n ly  ihew  their 
pointed T o p s , and becaufe o f  their Shortnefs have g otten  the N a m e  o f  
Swords.
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N e x t the M o tio n  o f  thefe Beam á furnilhes us w ith  a new and m o il 
evid en t A rg u m e n t to  p ro ve  the diurnal R otation  o f  the E arth . F o r  
thofe Beam s w h ich  rofe up  to  a P oin t, and did  not prefently d if- 
appear, bu t continued for fom e T im e , had moil: o f  them  a fen- 
lib le  M o tio n  from  E a ft to  W e ft , contrary to  that o f  the H e a v e n s ; 
the b ig g e ft  and talleft o f  them , as being neareft, fw iftd l •, and the 
m o re  rem ote and íhorter, flower. B y  w hich  M eans, the one o v e r
ta k in g  the other, they w ould  fom etim es feem  to  m eet and jo it le  j 
and at other T im e s to feparate, and fly  one another. B ut this M o 
tion  was o n ly  O p tica l, and occafion ’ d b y  the E y e  o f  the Speóla- 
to r  being carried aw ay w ith  E arth  into the E a i l ; w h illl the e x 
ceeding rare V ap o u r o f  w hich  thofe Beam s did  co n filt, bein g  raifed 
far above the A tm o fp h ere , was either w h o lly  left behind, or elfe 
fo llo w ’ d  but w ith  Part o f  its V e lo c ity , and therefore co u ld  not bu t 
feem  to  recede and m o ve the contrary W a y . A n d  after the l^me 
M an n er as the Stars that g o  near the Z en ith , pafs o v er thofe V e r t i
cal C ircles w h ich  border on the M eridian, m uch fw ifter than th o fe  
Stars w h ich  are m ore diftant therefrom  ; fo thefe lum inous R a y s 
w ould  feem to  recede faflier from  Eaft: to  W e ft , as their Bafes w ere 
nearer the E y e  o f  the S p e d a to r ; and e contra^ flow er as th ey  w ere

* further off.
N o r  are we to  th in k  it ftrange, i f  after fo great a Q u a n tity  o f  

lum inous V ap o u r had been carried up into the M tb e r  o u t o f  the 
Pores o f  the E a rth , the C aufe o f  its E ffervefcen ce at length  aba
tin g, or perhaps the M atter thereof confum ed ; thefe Effluvia  fliou ld  
at length  fubfide, and form  thofe tw o  brigh t Lam ina  w h ich  w c  
have d efcrib ’ d , and w hofe E d g e s  being turn ’ d to  us, w ere ca p a 
ble to  em it fo m u ch  L ig h t. I chofe to  call them  Lamin^^ becaufe, 
w ith out D o u b t, th o ’ th ey  w ere but thin, they fpread H o riz o n ta lly  
over a large T ra iil o f  the E arth ’ s Surface. A n d  w hilft this lu m in ou s 
M atter d ro p p ’d  dow n from  the up per Plate to  the under, the m an y 
little  w hite C olu m n s w ere form ed between them  b y  its D efcen t, o n ly  
v ifib le  for the M o m en t -of their F all. T h e fe  b y  the Sw iftnefs w ith  
w h ich  they van iih ’ d , and their great N u m b e r, ih ew in g  th em felves, 
and difappearing w ith ou t any O rd er, exhibited a v e ry  o d d  A p p e a r 
ance *, thofe on the R ig h t  feem ing fom etim es to d rive  and p u fli thofe 
on the left, and %'ice ver/a.

I have om itted feveral Particulars o f  lefs M o m e n t : B u t thefe are 
the principal Ph^etiomena ; o f  w h ofe Caufes 1 fliou ld  h ave w ith  
m ore C ertainty g iv en  m y  T h o u g h ts , i f  I had feen the w h ole  from  
B eg in n in g  to E n d  ; and cou ld  have added m y ow n R e m a rk s to  the 
R elation s o f  others ; and e fp ecia lly , i f  we co u ld  b y  any M ean s 
havie co m e at the D iftances thereof. I f  it fliall by any be th o u g h t a 
hard S u p p ofitio n  that I afliim e the Effluvia o f  the M u gn etica l M a t
ter fo r this P u rp o fe , w h ich  in certain Cafes m ay th em felves becom e

l u m i n o u s .
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l u m i n o u s ,  o r  r a t h e r  m a y  f o m e t i m c s  c a r r y  w i t h  t h e m  o u t  o f  t h e  B o w -  ' i

e l s  o f  t h e  E a r t h ,  a  f o r t  o f  A t o m s  p r o p e r  t o  p r o d u c e  L i g h t  i n  t h e  j i
yfjber. I  a n f w e r ,  t h a t  w e  a r c  n o t  a s  y e t  a c q u a i n t e d  w i t h  a n y  o t h e r  
K i n d s  o f  Effluvia o f  t e r r e f t r i a l  M a t t e r ,  w h i c h  m a y  f e r v e  f o r  o u r  P u r -  j

p o f e ,  t h a n  t i i i > f e  w e  h a v e  h e r e  c o n f i d e r ’ d ,  viz. t h e  m a g n e t i c a i  A t o m s ,  

a n d  t h o l e  o f  W a t e r  h i g h l y  r a t i f i e d  i n t o  V a p o u r .  N o r  d o  w e  f i n d  

a n y  T h i n g ,  l i k e  i t  i n  w h a t  w e  f e e  o f  t h e  c e l e f t i a l  B o d i e s ,  u n l e f s  i t  b e  ;
t h e  Effluvia p r o j e f t e d  o u t  o f  t h e  B o d i e s  o f  C o m e t s  t o  a  v a i l  H e i g h t ,  

a n d  w  h i c h  f e e m  b y  a  l̂ is (entrifuga t o  f l y  w i t h  a n  i n c r e d i b l e  S w i f t -  

n ^ f s  t ' l e  C e n t e r s  b o t h  o f  t h e  S u n  a n d  C o m e t ,  a n d  t o  g o  o f f  i n t o  
T i ’ i l i .  o f  a  f c a r c e  c o n c e i v a b l e  L e n g t h .  W h a t  m a /  b e  t h e  C o n f t i t u -  

t i u n  o f  t h e f c  C o m c t i c a l  V a p o u r s ,  w e  I n h a b i t a n t s  o f  t h e  Earih c a n  

k n o w  b u t  l i t t l e ,  a n d  o n l y  t h a t  t h e y  a r e  e v i d e n t l y  e x c i t e d  b y  t h e  

H e a t  o f  t h e  S u n  ;  w h e r e a s  t h i s  M f t e o r  f e l d o m  i s  f e e n  b u t  i n  t h e  P o 

l a r  R e g i o n s  o f  t h e  W o r l d ,  a n d  t h a t  m o f t ' c o m m o n l y  i n  t h e  W i n t e r  

M o n t h s .
I  b t g  L e a v e  o n  t h i s  O c c a f i o n ,  t o  m e n t i o n  w h a t ,  n e a r  2 5  Y e a r s  

f i n c e ,  I  p u b l i f h ’ d  i n  1 9 5  f  o f  t h e f e  Tranfaaions^ viz. T h a t  f r / J .  Supra, 
f u p p o f i n g  t h e  t o  b e  c o n c a v e ,  w i t h  a  l e i l e r  G l o b e  i n c l u d e d ,  in I V .

o r d e r  t o  m a k e  t h a t  i n n e r  G l o b e  c a p a b l e  o f  b e i n g  i n h a b i t e d ,  t h e r e  ‘ 5- 

m i g h t  n o t  i m p r o b a b l y  b e  c o n t a i n ’ d  f o m e  l u m i n o u s  Medium b e t w e e n  

t h e  B a l l s ,  f o  a s  t o  m a k e  a  p e r p e t u a l  D a y  b e l o w .  T h a t  v e r y  g r e a t  

' I ' r a f t s  o f  t h e  A i t h e r i a l  S p a c e  a r e  o c c u p i e d  b y  f u c h  a  f h i n i n g  Medium̂  
i s  e v i d e n t  f r o m  t o r m e r  I n f t a n c e s  * .  A n d  i f  f u c h  a  Medium i h o u l d  •  vij. Supra 
be t h u s  i n c l o f e d  w i t h i n  u s ,  w h a t  i h o u l d  h i n d e r  b u t  t h a t  w e  m a y  f u p -  C. III.  S. V. 

p o f e  t h a t  f o m e  P a r t s  o f  t h i s  l u c i d  S u b f t a n c e  m a y ,  o n  v e r y  r a r e  a n d  

e x t r a o r d i n a r y  O c c a f i o n s ,  t r a n f u d e  t h r o u g h  a n d  p e n e t r a t e  t h e  Cortex o f  

o u r  Earth, a n d  b e i n g  g o t  l o o f e ,  m a y  a f f o r d  t h e  M a t t e r  w h e r e o f  t h i s  

o u r  Meteor c o n f i f t s .  T h i s  f e e m s  f a v o u r ’ d  b y  o n e  c o n f i d e r a b l e  C i r -  

c u m i l a n c c ,  viz. t h a t  t h e  Earth, b e c a u f e  o f  i t s  d i u r n a l  R o t a t i o n ,  b e i n g  

n e c e f l a r i l y  o f  t h e  F i g u r e  o f  a  f l a t  Spheroid, t h e  T h i c k n e f s  o f  t h e  Cor
tex, i n  t h e  Polar P a r t s  o f  t h e  G l o b e ,  i s  c o n f i d e r a b l y  l e f s  t h a n  t o w a r d s  

t h e ’  Equator -, a n d  t h e r e f o r e  m o r e  l i k e l y  t o  g i v e  P a f l a g e  t o  t h e f e  V a 

p o u r s  :  W h e n c e  a  R c a f o n  m a y  b e  g i v e n  w h y  t h e f e  L i g h t s  a r e  a l w a y s  

i e e n  i n  t h e  N o r t h .

2 . ]  A t  Paris, t h e  L i g h t  w a s  f o  i n c o n f i d e r a b l e ,  t h a t  i t  w a s  n o t  r e -  ^ Dt/cription 
< » a r d c d  • B u t  a  L t t t e r  t o  M r .  Alexander Geekie, S u r g e o n ,  d a t e d  o n  of tht fame 

B o a r d  a  S h i p  i n  R o a d  i n  America, April xg, 1 7 1 6 ,  i n f o r m s  u s ,

“  T h a t  o n  t h e  f i x t h  o f  March, a t  N i n e  a  C l o c k  m  t h e  E v e n i n g , ^

“  w e  b e i n g  t h e n  i n  t h e  L a t i t u d e  o f  4 5 ^ ^  3 6 '  ( o f f  o f  t h e  N .  \ V .  p ,

“  C o a f t  o f  Spain) A  c l e a r  C l o u d  a p p e a r ’ d  E a f t  t o  u s ,  n o t  t a r  

“  d i i l a n t  f r o m  o u r  Z e n i t h ,  w h i c h  a f t e r w a r d s  d a r t e d  i t f e l f  f o r t h  i n -  j
“ t o  a  N u m b e r  o f  R a y s  o f  L i g h t ,  e v e r y  w a y  l i k e  t h e  T a i l  o f  a  j
“  C o m e t ,  o f  f u c h  a  g r e a t  L e n g t h ,  t h a t  i t  r e a c h ’ d  w i t h i n  a  i h o r t

4  L  2  “  W a y
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1^2 Surprizing Lights in the Air.
“  W a y  oF the H o riz o n . T h e re  likew ife  appear’ d a B o d y  o f  I-ighr,' 
“  N . N . E . o f  u s, and continued as ligh t a lm oft as D a y , till after 
“  12  a C lo c k . I t  appear’ d at a g o o d  D iilan ce from  us, and d arken ’ d  
“  on a fudden.

H en ce  it fliou ld  feem , that the V ap o u r w hich  caufed this A p p e a r
ance, arofe indifferently out o f  the deep O cean Sea, as w ell as from  the 
L a n d  ; by w hich  w e m ay conclude the great S u btilty  ot the M atter 
thereof, fince it co u ld  perm eate fo great a Q iia n tity  o f  W a ter, and yet 
retain its V e lo c ity .

Ariturnof 3 .] Sincc this, m o il o f  the fam e have been repeated thrcc
thfA'in\t,ibid. feveral N ig h ts  iu ccefiive ly , v iz .  on the laft o f  March^ and firtt and 

fecond o f  April. T h e  beft and fu lleft D efcription  o f  the tw o  firft, is , 
from  a L e tte r  o f  D r. B. T a y lo r dated A pril 2, from  Cott rjiock^ near 
Ouftdle in Northampton/hire, w ho thus defcribes them . ‘ ‘ O n  Saturday 
“  N ig h t  laft, and lalt N ig h t, I law  Appearances o f  the fam e K in d , 
“  w ith  thofe o f  M arch  6 , but not to  com pare for E x ten t and S tren gth . 
“  T h e y  both began loon after Sun-fct, and con tin u ’ d till after 1 2 , bu t 
“  how  m uch longer, I cannot tell. T h e y  were both about 10  or 15  
“  D egrees to the W eftw ard  o f  the N o rth , and to o k  up about 80 D e -  
“  grees o f  the H o rizo n  ; and the Aurora rofe about 30 g r . h ig h , w ith  
“  a dark B ottom , lik e  w hat was feen in the firft ; and from  w hence 

there fprun g ou t feveral Bodies o f  L ig h t , w h ich  im m ed iately  ran in
to  Stream s, afcending about 30, or at m oft 40 g r. h igh . T h e r e  
was no flaihing nor w a v in g  L ig h t , but, in all other R efpeifts, thefe 

“  L ig h ts  w ere o f  the fame K in d  w ith  w hat we faw  at London. Indeed 
“  in that laft N ig h t, there was one Phanommon lik e  the flaftiing L i g h t ; 
“  for a B o d y  o f  L ig h t  about 15 or 20 D egrees lo n g , parallel to  the 
“  H o rizo n , rofe t ill  it cam e about 6 D egrees above the b la ck  

Bafis, and then fent up  tw o  ftron g Stream s o f  L ig h t  about 
40 g r. h ig h , w h ich  at T o p  d alh ’ d  againft one another, and d ifap - 
pear’ d.
A t  London^ the firft N ig h t, M arch  3 1 . I t  did  not begin to  radiate, 

till tow ards M id n ig h t, and was feen but by few , the Beam s not r ifin g  
v e ry  h igh , and fcarce appearing over the H ou fes •, but by the R elatio n  
o f  thofe that faw it, it was m uch m ore confiderable than the next N ig h t  
fo llo w in g  Eajler-day •, for it then fent out but few , and v e rv  ih o rt 
Beam s, m oftly  term in ating in a ftiarp P oin t, and prefently d ifappear- 
i n g : O n ly  it beginning to ftream  as foon as it becam e d u ik y , it w'as 
v e ry  obfervable, that thofe R a y s  w h ich  arofe out o f  the W e ft-e n d  o f  
the lum inous A rc h , next the Sun, w ere en lighten ’ d b y  its Beam s, an d  
ih e w ’d them felves m uch brigh ter than thofe w hich  arofe under the P o le , 
or to the E aftw ard thereof. A n d  after nine, till M id n ig h t, no m ore 
Beam s arofe ; and the lum inous rch  w ith  its b lack  Bufis, fettled d o w n  
v e ry  lo w  in the N orthern  H o rizo n .

The
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Surprizing Lights in the Air. 1 5 3
T h e  fam e tw o  N ig h ts , b y  the O b fervation  o f  M r. iVilliam  Ungetty 

the lik e  A p p earan ce WuS feen at about the H o u rs  o f  nine or ten ;
at w h ich  'l im e, in the form er N ig h t , it  was near as lig h t as in a M o o n 
ligh t N ig h t. A n d  from  France^ w e have an A c c o u n t, that both thofe 
N ig h ts , the fam e was feen at Paris, w ith  m u ch  the fam e C ircu m ftan ces 
as at Dublin. S o  tiiat, it feem s, this M eteo r, th o u g h  no W a y s  co m p a
rable to  that o f  the 6th o f  M arch, was feen not lefs than 150  L e a g u e s, 
and probably m u ch  farther.

O n  ylpril 2. when it began to be d a rk , a lum inous A r c h  appear’ d  in 
the N o rth , w ith  a very  narrow  b lack  B ottom  under it, v e ry  lo w , and 
deprefs’ d to the H o rizo n  ; nor was it feen at, or about Londotty to  pro- 
jedt any pointed  R a y s  as the form er.

B u t what was m o ll rem arkable that E v e n in g , w as, w hat was feen 
at Leuden, b y  M artin  Folkes, E fq j about nine that N ig h t. H e  being 
then ill the open A ir ,  faw  in an Inftant, a brigh t R a y  o f  v e ry  w hite 
L ig h t , appear in the E a ft, ou t o f  the pure S k y , then v e ry  fercne 
and ftill •, it v e ry  m uch refem bled the T a i l  o f  a C o m e t, and was 
about 20 g r . inclin ’ d from  the P erpendicu lar to the R ig h t, b eg in 
ning about y  o f  Bayer in the Corona Borea, and term inating about
the Informis, by fom e ca ll’ d Cor Caroli. T h is  h iv in g  appear’ d but a
ve ry  little  T im e , d ifappear’ d at once, as in a M o m en t : W h e n , on 
a fudden, fuch another Beam  was in ilantly  p roduced, not e x a ft ly  
in the fam e P lace , but in the fam e Situation. Its lo w er bein g
about 20 g r . h ig h , was term inated exaótly  between jc and y , in
the R ig h t  H a n d  and A r m  o f  Hercules, and the M id d le  o f  it pafs’ d  
o v er 0- and  ̂ in the G ird le  o f  Bootes, and thence proceeded W e ft-  
w ards, lea vin g  Cor Caroli four or five D egrees to  the N orth w ard s.
A fte r  it had co n tin u ’ d in this P ofition  near ten M inutes im m oveable  
a m o n g the Stars, it began to  m o ve flo w ly  tow ards the N o rth  : A n d  the 
low er E n d  pafi'ing o v e r  the N orthern  E d g e  o f  the Crown, and the R a y  
itfe lf o v er Cor Caroli, it g rew  fainter, and van ilh ’ d , h av in g  continued 
in all about 20 M in utes. T h is  latter, w ith  fom e Interruptions, w as 
extended betw een Cajlor and Pollux, v e ry  far into the W e ft  : A n d  about 
that T im e , the fam e, or fu ch  another B eam , was feen at St. A faph, by  

D r. Stanley.

X X V I I .  I . ]  O n  February 5 , 1 7 1 6 - 1 7 ,  at e igh t at N ig h t , at Sutton a / T w o N o rth cm  

llonexn Kent, an Aurora Borealis appear’ d. It occu p ied  at leaft i  or ^
near ¿ o f  the H o riz o n  ; it w as lo w , and Ihot o u t b rig h t R a y s , and,  ̂
believe, w o u ld  have appear’ d  v e ry  lig h t, had it not been that the M o on  £ Barrel, n. 
flione at the fam e T im e , bein g  about five  D a y s  o ld , and that the Aurora  351. p. 584.

difappear’ d  before the M o o n  fet.
A g a in , on the 30th o f  M arch  fo llo w in g , there w as another A uroia

Borealis. I faw it not till paft n in e : ’ T w a s  d im  then, and its h igh eft
P a r t  c o v e r ’ d  t h e  l o w e f t  S t a r  i n  CaJJiopea's Chair» I t  d i d  n o t  l e e m  d u e

N o rth ,
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N o r t h ,  b u t  o n e  P o i n t  t o  t h e  W e f t .  A b o u t  t e n  i t  i h o t  o u t  v e r y  b r i g h t  
R a y s ,  h i g h ,  a n d  t e n d i n g  f o m e w h a t  t o w a r d s  o n e  a n o t h e r .  N e a r  e l e v e n  

a C l o c k ,  t h e r e  w a s  ( b e f i d e s  t h e  N o r t h e r n  B r i g h t n e f s )  a  l o n g  S t r e a k ,  
n o t  v e r y  b r o a d ,  e x t e n d e d  E a i l  a n d  W e f t - ,  w h i c h  b e g i n n i n g  i n  t h e  

Serpent's Head, n e a r  Hercules's Club, a n d  c o v e r i n g  Ar£iurus, p r o c e e d e d  
n e a r  Berettice's Hair, a n d  f o  w e n t  o v e r  Cor Leonis, a n d  t h e n c e  t o  t h e  
Canicula, a n d  e n d e d  a  l i t t l e  b e y o n d  t h a t  S t a r .  I t  i h o n e  v e r y  b r i g h t  

a t  f i r f t ,  b u t  f a d e d  a w a y  i n  a b o u t  e i g h t  o r  n i n e  M i n u t e s .  I f  i t  h a d  
M o t i o n  ( w h i c h  I  a m  n o t  f u r e  o f )  i t  w a s  f o u t h w a r d .  I  w a i t e d  f o r  t h e  

n e x t  F i t  o f  B r i g h t n e f s  o f  t h e  Aurora ;  a n d  i n  a b o u t  f e v c n  M i n u t e s ,  
t h e  e a f t e r n  P a r t  o f  t h e  S t r e a k ,  viz. f r o m  t h e  Serpent's Head to  n e a r  
Berenice's Hair, b e c a m e  v i f i b l e  a g a i n ,  t h o u g h  d i m ,  a n d  w a s  q u i t e  e f f a c e d  

i n  f o u r  o r  f i v e  M i n u t e s  m o r e :  A n d  I  d i d  n o t  y e t  p e r c e i v e  a n y  C h a n g e  

o f  i t s  P l a c e .

— o w  o f them 2 . ]  B e i n g  i n  t h e  S t r e e t ,  b e t w e e n  e i g h t  a n d  n i n e  a  C l o c k ,  on March 
Jtatat L o n -  g ,  1 7 1 7 ,  I  p e r c e i v ’ d  a  L i g h t  o v e r  t h e  H o u f e s  t o  t h e  N o r t h w a r d s ,  l i t t l e

M o o n  g i v e s  w h e n  i h e  i i r i l  r i f e s .  U p o n  t h i s ,  I  

m a d e  a l l  t h e  H a f t e  I  c o u l d  i n t o  t h e  F i e l d s ,  w h e r e  I  w a s  f o r  f o m e T i m e  
e n t e r t a i n ’ d  w i t h  t h e  S i g h t  o f  a n  a t t e n d e d  w i t h  m o f t  o f

t h e  Phenomena o f  t h a t  v e r y  r e m a r k a b l e  o n e  o f  t h e  6 t h  o f  March 
1 7 1 5 - 1 6 .

T h e  w h o l e  N o r t h e r n  P a r t  o f  t h e  H o r i z o n  w a s  i n  t h e  l a m e  M a n n e r  
c o v e r ’ d  w i t h  f o m e w h a t  r e f e m b l i n g  a  v e r y  b l a c k  C l o u d ,  f r o m  b e h i n d  

■ w h i c h ,  t h e r e  i l T u e d  a  c o n f i d e r a b l e  L i g h t ,  w h o f e  l o w e r  P a r t  w a s  p r e t t y  
w e l l  d e f i n ’ d  b y  t h e  c o m m o n  E d g e  o f  t h e  C l o u d ,  b u t  t h e  u p p e r  d i e d  

a w a y  m o r e  g r a d u a l l y .  T h i s  u p p e r  L i m b  o f  t h e  I . i g h t  r e f e m b l i n g  t h e  

A r c h  o f  a  C i r c l e ,  w h o f e  h i g h e f t  P o i n t  b e t w e e n  n i n e  a n d  t e n  o f  t h e  C l o c k  
( w h e n  t h e  M e t e o r  w a s  m o f t  c o n f i d e r a b l e )  w a s  e l e v a t e d  a b o u t  1 2  D e g r e e s ,  

a n d  b o r e ,  a s  I  i m a g i n ’ d ,  a b o u t  2 0  D e g r e e s  w e f l w a r d  o f  t h e  d u e  N o r t h .  

I t  t o u c h ’ d  t h e  H o r i z o n  i n  t h e  W e i l ,  a t  t h e  D i f t a n c e  o f  a b o u t  6 5  o r  7 0  

D e g r e e s  f r o m  t h e  N o r t h ,  w h e n c e  t h e  w h o l e  i n t e r c e p t e d  A r c h  o f  t h e  
H o r i z o n  w o u l d  h a v e  b e e n  o f  n e a r  1 0 0  D e g r e e s ,  h a d  n o t  f o m e  f e w  D e 

g r e e s  i n  t h e  E a f t  b e e n  h i d  b y  C l o u d s ,  w h i c h  l a y  b e t w e e n  u s  a n d  t h e  
M e t e o r .

T h e  f e e m i n g  b l a c k  C l o u d ,  w h e n  I  f i r f l  f a w  i t ,  r a n  n e a r l y  p a r a l l e l  t o  

t h e  H o r i z o n ,  a n d  a t  t h e  D i f t a n c e  o f  6  o r  7  D e g r e e s ,  b u t  i n  a b o u t  H a l f  

a n  H o u r ,  i t  c h a n g e d  i t s  F i g u r e  v e r y  m u c h ,  f i n k i n g  d o w n  i n  t h e  N o r t h  

t o  a b o u t  h a l f  i t s  H e i g h t ,  a n d  r i f i n g  i n  t h e  W eft n e a r  a s  m u c h .  h a t

I p r i n c i p a l l y  t o o k  N o t i c e  o f  t h i s  f o r ,  w a s ,  t h a t  t h e  L i g h t  i f T u i n g  f r o m  

b e h i n d  i t ,  d i d  n o t  c h a n g e  w i t h  i t ,  b u t  r e m a i n ’ d  o f  t h e  f a m e  F i g u r e ,  

h o w e v e r  t h e  C l o u d  a p p r o a c h e d ,  o r  r e c e d e d  f r o m  d i f f e r i n g  P a r t s  o f  i t s  
L i m b .

T h e re  arofe at firft, fom e Stream s in the N . N . W .  bu t o f  no con- 
fiderable L e n g th , few  o f  them  p afllng 5 D egrees ab o ve the A r c h  •, but

b e g i n n i n g
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b egin n in g from  behind the feem in g C lo u d , fo  as to  be about i2  
D egrees h igh  in all. T h e y  were pointed at the E n d s, and nearly 
V ertica l to  the H o rizo n . Betw een T im e s  there was n oth in g  but th e 
A rc h  to be feen, and that o n ly  refem blin g  a com m on  Aurora  j and 
again in an In ilan t, by a fort o f  a trem ulous M o tio n , feveral P arts 
ot it w o u ld  appear con verted  into a vaft N u m b er o f  parallel Stream s, 
for the m o il P art ve ry  little  h igh er than the A r c h  itfelf. A b o u t 20 
M in u tes before T e n , a fm all P a rt o f  the A r c h , a lm oft d ue N o r th , 
grew  rem arkab ly  lig h ter than the reft, and continued to  increafe for 
about h alf a M in u te  •, w hen there fu d d en ly  b ro ke  ou t fom e v e ry  
tall Stream s o f  at leaft 60 D egrees h ig h , as I found b y  one in par
ticu lar, w h ich  arofe fu ll N o rth , and p aflin g  o v er the P o le  Star itfe lf, 
reach’ d fom e D egrees beyond it. T h is  was the m oft rem arkable 
T im e  o f  the A p p earan ce  •, fom e fuch  L an ces, th o u gh  not fo h ig h , 
im m ed iately  ih o o tin g  o u t o f  the P lace  that firft o f  all radiated, as 
did f  m e m ore a g o o d  w ay to  the E aft. T h e y  w ere all nearly per
pendicular to  the H o r iz o n , and m o ft o f  them  did  arife quite from  
the b la ck  Subftance at B o tto m , th e ’ I faw fom e few  that d id  not 
reach lb  lo w , app earing as i f  th fir  low er P arts had been broken  off. 
S om e o f  them  w ere fu ll as brigh t as any I faw  the laft Y e a r , the 
A x e s  ( i f  I m ay fo call them ) o f  fom e o f  the talleft Stream s co m in g  
u p  v e ry  near to  the C o lo u r  o f  that pale P'ire w e fee in fom e Sorts o t 
L ig h tn in g .

A b o u t  this T im e  the G ro u n d  W e ftw a rd  w as all co ve r ’ d w ith  an o d d  
fort o f  M ift ,  the fam e from  w h ich  I rem em ber laft Y e a r , a great 
m any P eo p le  faid there cam e an ill S m ell, w h ich  I d id  not at all p er
ceive.

A b o u t  10 the Phaenomenon v e ry  m u ch  decreas’d , and fo con tin u ’ d till 
after 1 1, o n ly  fen d in g  u p  now  and then tw o  o r  three Stream s ; at h alf 
an H o u r  after n  it was again p retty  m u ch  increas’ d , and I faw it 
ag-’.in fend ou t fom e Stream s alm oft as confiderable as I had betore feen 
this E v e n in g  •, the A r c h  y et con tin u ’ d , but not fo entire ; and fro m  
w hat I co u ld  ju d g e , its m id d le  w as fom e D egrees nearer the N o r th , 
than when I firft to o k  N o tic e  o f  it. T i l l  a Q u arter o f  an H o u r  before
1 1 t!ie L J g h t con tin u ally  abated, and then 1 lett it •, but I was in fo rm ’ d 
that it co n tin u ’ d  till tow ards D a y -b re a k , bu t never ftream ’ d  rem arkab ly

after I w ent aw ay.
T h o u g h  I co u ld  not th is T im e  fee any Stars th ro u gh  the b la ck  

M .'tter ut B o tto m , I am  fenfible it w as not a C lo u d , th o u g h  it bore 
thf* R efem M ance o f  one : F o r  w hen a real C lo u d  (as ieveral fm all 
ones d id ) cam e o v e r  any P art o f  it, their D ifference w as v e ry  co n fp i- 

cuous.
I have fince receiv ’ d t\yo L e tte rs , one from  W ijb u b  in the Ifle o f

the oth er from  w ith in  14  M iles o f  the Bath^ bo th  w h ich  ta k e
N u t i c t  o f  i t ,  t h o u g h  w i t h  n o  f u r t h e r  P a r t i c u l a r s ,  t h a n  t h a t  t h e y  h a d  

feen



fccn the fam e L ig h t ,  th o ’ not confiderable, as in the B eg in n in g  o f  

M arch  the laft Y ear.

’Au Account of X X V I I I .  O n  the 19/Z’ o f  M arch  1 7 1 8 - 1 9 ,  a w on derfu l L u m in o u s 
<i« extraordi- j^^gtgor was feen in the H eaven s all over England. Som e o f  irs 
^ P h a n c m e n a  are v e ry  hard to account for, accord in g  to  the N otion s 
e/h^Ic/." h itherto receiv’ d b y  ou r N atu raliils  *, fuch is the very  great H e ig h t
n.’ j6o. p ’ th ereof above the E arth  ; the v a il Q u a n tity  o f  the M a t te r ;
978. the extravagant V elo c ity  w herew ith  it m o v ’ d ; and the p ro d ig i

ous E xp lofion s heard at fo great a D iftance, w hofe S ou n d , at-
teiwled w ith  a v e ry  fenfible T re m o r o f  the fubjedt A ir ,  was cer
tain ly propagated throu gh  a Medium  incredibly  rare, and next to  a 

Vacuum.
t  Vid. Su- I have form erly  f  co lle fted  w hat I could  find o f  fuch  M eteo rs,
pra. p. 135. but none feem to  com e up  in any C ircum ilan ce to  this late A p p e a r

ance ; o f  w hich  I ihall g iv e  an A cco u n t from  the m any R elation s there
o f  com m u nicated  to the R<^al Society, th o ’ it was not m y  g o o d  F ortu n e 

to  fee it m yfelh
Sir Hans Sloan being A b road  at that T im e , happen’ d  to have his 

E y e s  turn ’ d  tow ards it, in its ve ry  firll E rup tion  ; and g a v e  m e an 
A cco u n t o f  it in the fo llo w in g  T e r m s : “  T h a t p aflln g  a lo n g  E aft-
“  w ard by the N . E , C orner o f  Southampton-Jlreet in Bloomjbury-Square, 
“  London., at about a quarter after E ig h t  at N ig h t, I was fu rp r iz ’d to
“  fee a fudden great L ig h t , m u ch  beyond that o f  the M o o n , w h ich
“  ihone then v e ry  bright. I turn ’ d to the W e ft  w ard w here the 
“  L ig h t  was j w hich I apprehended at firft to  be artificial E ire- 
“  w o rk s or R o ck e ts . T h e  firft P lace I ob ferv ’ d  it in, was abo u t 
“  the Pleiades N o rth e rly , w hence it m o v ’ d after the M anner o f, but 
“  m ore flo w ly  than a fa llin g  Star, in a feem ing d ire ft  L in e , de- 
“  fcending a little  beyond, and w ithal below , the Stars in Orion's 
“  Belt., then in the S. W . T h e  lo n g  Stream  appear’ d  to  m e to  be 
“  branch’ d about the M id d le , and the Meteor in its W a y  tu rn ’ d  
^  Pear-faihion’ d , or tapering upw ards. A t  the low er E n d  it cam e 
“  at laft to be b ig g e r  and fpherical, th o ’ it was not fo  b ig  as the 
“  F u ll M oon . T h e  C o lo u r o f  it was w h itiih , w ith  an E y e  o f  
“  B lue, o f  a m oft v iv id  d a zlin g  L u ftre , w h ich  feem ’ d in B rig h t- 
“  nefs very  nearly to  refem ble, i f  not furpafs that o f  the B o d y  o f  
“  the Sun in a clear D a y , beheld b y  the naked E y e . T h is  B rig h t- 
“  nefs o b lig ’ d  m e to  turn m y  E y es  (w h ich  had their P u p ils  adapted  
“  to  the L ig h t  o f  the M o o n ) from  it feveral T im e s , as w ell 
“  w hen it was a Stream , as when it was P car-fafliion ’ d  and a 
“  G lo b e ; tho’ I had a great C u rio fity  to ob ferve it w ith  A tten tio n . 
“  I t  feem ’ d to m ove in about h a lf a M in u te  or lefs, about the 
“  L e n g th  o f  20°, and to  g o  o u t, as I gu efs ’ d , a b o u t as m u ch  a- 

b o v e  the H o rizo n . T h e re  w as le ft behind it , w here it had
“  p afs’ d

■ I ijO A n extraordinary Meteor.

4JM P



** pafs’ d , a T r a c k  o f  a c lo u d y  o r  faint rcd d iih  y e llo w  C o lo u r , fuch  
“  as red-hot Iron or g lo w in g  C o a ls  h ave, w h ich  rem ain’ d  m ore than

a M in u te , feem ’ d to  fp a rk le , and k e p t  its P lace w ith o u t fa llin g . 
“  T h is  T r a c k  w as interrupted, o r  had a C h afm  tow ards its up per

E n d , and about tw o  T h ir d s  o f  its L e n g th . I d id  not hear any 
“  N o ife  it m ade, but the P lace w here the G lo b e  o f  L ig h t  had been, 
“  rem ain’ d  after it w as e x tin ft , o f  the fam e reddiih  y e llo w  C o lo u r 
“  w ith  the Stream  for fom c T im e , and at firft fom e S parks feem ’ d 
“  to  iíTue from  it, fuch as com e from  red-hot Iron beaten on an 

“  A n v il.
A l l  the R elations agree in this, that the S plen dor w as little  inferior 

to  that o f  the Sun •, that w ith in  D o ors the Candles g a v e  no M anner o f  
L ig h t  •, and in the Streets, not o n ly  all the Stars d ifappear’ d , but the 
Moon then nine D a ys o ld , and h ig h  tow ards the M erid ian , the S k y  being 
v e ry  clear, w as fo  far effaced as to be fcarce feen, at leaft not to  caft a 
Shade, even w here the B eam s o f  the M eteo r w ere intercepted b y  the 
H o u fe s : So that for fom e few  Seconds o f  T im e , in all refpeéls it re-
lem bled  per fe d  D a y .

T h e  T im e  w hen this happened was generally  reck o n ’ d at a Q u arter  
paft E ig h t  •, bu t b y  the accurate A c c o u n t o f  the R everen d  M r . 
Pound  (w h o  o n ly  faw  the L ig h t)  agreein g  w ith  w hat has been fent 
us from  the Parifian  O b ferv a to ry , it appears to  have been at 8“ 8' 
apparent T im e  at London. A n d  the Sun being then in 9 } ^ r .  o f  
Jriesy th e  rig h t A fcen fio n  o f  the M id -H e a v e n  was i^ o ^ r .  4 5 ',  w h ere
b y  the P ofition  o f  the Sphere o f  f ix ’ d  Stars is g iv e n . H en ce  the Lu
cida Pleiadum  w ill be foun d at that T im e  to  have been 25 j  gr. h ig h , 
in an J z im u th  6 gr. to  the N o rth w a rd  o f  the W e il ,  and con lequ en tly  
the A r c h  the M eteo r m o v ’ d in, w as in clin ’ d to  the H o r izo n  w ith  
an A n ille  o f  about 27  gr. h avin g  its N o d e  or In terfeftion  therew ith , 
r\c:ix\y*^Soutb South I V f j l as w ill m ore p la in ly  appear fro m  w h at fo l-  

low s *
A t  O xford, f iv e  M in u tes earlier, M r . John IVbitefide., K eep er o f  

the Ajhmole Muf^ton^ im m ed iately  after the E x tin ft io n  o f  the M e 
teor, m ade H a fte  ou t to  fee w h at it m ig h t be, and w ell con fid er’ d 
the S ituation  o f  the T r a c k  it had left in the S k y  : H e  foun d  it to  
have pafs’ d about i J D egree  ab o ve the precedin g  Sh ou ld er o f  Orion^ 
and about gr. above the m id d le  o f  his Belt, w here there app ear’ d  
a lum inous ^Nubecula o f  a red diih  L ig h t ,  being a D ilatation  o f  the 
T r a c k ,  feem in g to  have been occafion ’ d b y  fom e E x p lo fio n  there j 
and b y  w h at he co u ld  learn from  thofe that faw  it, it w as there
about that it b ro k e  o u t, and firft began to  cfface the Stars. H en ce  
it proceeded as to  Senfe in an A r c h  o f  a great C irc le , and paiTing 
in the m id d le  betw een the T a i l  o f  Lepus (Ü Boyero) and /3 in the 
F o re -fo o t o f  Canis major, it term inated about $ in tlie Breaft o f  the 
fam e, nearly in 95 gr. o f  R ig h t-A fc e n fio n , w ith  23, gr. South  D e - 
‘ V o l .  IV*. P art II. 4 M  c lm a tio n :
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cH n atio n : and at the P lace o f  its E xtin dlion  there rem ain’ d a larger 
w h itiih  Nebulâ  m u ch  broader and o f  a ilron ger L ig h t  than the reft o f  
the T r a c k ,  w h ich  he took, for a certain S ig n  o f  a v e ry  great E x p lo -  
fion m ade there. B y  C om p u tatio n  it w ill be found that the A n g le  this 
T r a c k  m ade w ith  the H o rizo n  o f  Oxford was neareil 40 gr. and its 
In terfeftio n  due S. S. W ; and that the P lace o f  its E xtin d lion  was 
about 9 gr. above the H o rizo n , in the A z im u th  ot 32 gr. to the 
W e ft .

A t  IVorcefter, M r. Nicholas Fatio faw  this M eteo r defcend o b liq u e ly  
tow ards the South , m ak in g  an A n g le  w ith  the I io rizo n  o f  about 
6 5 ° , and in te r fe r in g  it about S. S. W . | S. as m ay be co lleéled  from  
a Schem e thereof fent up b y  him  to  the R(yal Society. D y this ths 
T r a c k  left all Orion and Canis major to the W e ftw ard , and d iv id ed  
the D iftance between Sirius and Procyon̂  fo as to  be alinoft tw ice as 
far from  Procyon as Syrius. T h e  T im e  lierc was one M in u te  before 
E ig h t , this C ity  being about 9 ' o f  'I'im e to the W e ft  o f  London., 
and confequently the R ig h t-A fcen fio n  o f  the M id -M ea vcn  128 5

N o w  the Situation o f  the three C ities, London.̂  Oxford  ̂ and JVor- 
cejier being nearly on the fam e W . N . W . P oin t, whereon the T r a c k  
o f  the M eteo r had its greateft A ltitu d e  above the H o riz o n , equal to  
the A n g le  o f  its v ifib le  W a y  ; i f  we fuppofe it at London to  have 
been 27 gr. h ig h , and at the fam e T im e  at Ji^orcejler to  be 65 gr. 
h ig h , in the Plane o f  the V ertica l C irc le  pafiing th ro u gh  London and 
Worcefter\ fu p p o fin g  lik ew ife  the D iftance between th em , to  be 90 
G eograp h ical M ile s , or one D egree and h a lf o f  an A r c h  o f  a great 
C irc le  o f  the E a rth , w e m ay b y  a T rig o n o m etrica l Calculus find the 
perpendicular H e ig h t  to  have been 64 fuch M i le s ; and the P o in t 
o ver w h ich  it was then perpendicular to  have been 30 fuch  M iles  
W .  N . W . from  Worcefter. A n d  the G eograp h ical M ile  to  the 
Englijh Statute M ile  being as 23 to 20, this H e ig h t w ill be no 
lefs than 73 i  Englijh M ile s . T h e  P lace alfo d ir c d ly  under it, w ill be 
found to be about Prejiain on the C onfines o f  Hereford and Radnor- 
Shires. T h e  Oxford O bfervation  too concurs nearly in the fam e C on - 
clufion.

T h is  A ltitu d e  being added to  the Sem idiam eter o f  the E arth  as Ra~ 
dtusy becomes the Secant o f  eleven D egrees, fo  that the M eteo r m ig h t 
be feen above the H o r izo n  in all P laces not m ore than 220 L e a g u e s  
d iftant from  it. W h e n ce  it w ill not be ftrange tliat it fliou ld  be fcea 
o v e r  a ll Parts o f  the Iflands o f  Great Britain and Ireland., o v er all Hol
land., and the hither P arts o f  Cermanyy France and Spain  ̂ at one and 
the fam e Inftant o f  T im e.

H a v in g  thus fix ’ d  one P o in t in the L in e  o f  its M o tio n , let us 
fee w hat C ou rfe  the M eteo r to o k  from  th e n c e ; and firft at the 
T o w n  o f  Kjrkby-Stepbens^ o n  the Borders o f  Torkjhire and IVeJimorland.,

in
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i n  a  M e r i d i a n  v e r y  l i t t l e  t o  t h e  W e f t w a r d  o f  fVorcefter, b u t  a b o u t  2 |  
gr. m o r e  t o  t h e  N o r t h ,  i t  w a s  o b f e r v ’ d  t o  b r e a k ,  o u t  a s  f r o m  a  d u i k y  
C l o u d ,  d i r e ó t l y  u n d e r  t h e  M o o n ,  a n d  f r o m  t h e n c e  t o  d e f c e n d ,  n e a r l y  
i n  a  P e r p e n d i c u l a r ,  a l m o f t  t o  t h e  H o r i z o n .  N o w  t h e  M o o n  b e i n g  a t  

t h a t  T i m e  i n  t h e  t h i r d  D e g r e e  o f  Leô  w a s  a b o u t  h a l f  a n  H o u r  p a f t  t h e  
M e r i d i a n ,  a n d  c o n f c q u e n t l y  m u c h  a b o u t  a  P o i n t  t o  t h e  W e f t ,  o r  S .  by 
W .  a n d  t h e  S i t u a t i o n  o f  Prejiain f r o m  Kirkby-Stephens  ̂ b e i n g  f u f f i c i e n t l y  

n e a r  u p o n  t h e  f a m e  P o i n t ,  i t  f o l l o w s ,  t h a t  t h e  D i r e é l i o n  o f  t h e  T r a c k  

o f  t h e  M e t e o r  w a s  a c c o r d i n g  t o  t h e  g r e a t  C i r c l e  p a f i l n g  o v e r  t h o f e  t w o  
P l a c e s .

A n d  t h i s  i s  f u r t h e r  c o n f i r m ’ d  b y  t h e  O b f e r v a t i o n  o f  Sam. Cruwys,
E f q ;  w h o  a t  Tiverton^ a b o u t  t w e l v e  G e o g r a p h i c a l  M i l e s ,  n e a r l y  d u e  
N o r t h  f r o m  Exeter  ̂ o b f e r v ’ d  t h e  f i r f t  E x p l o f i o n  o f  t h i s  M e t e o r  e x a i l l y  
i n  h i s  Z e n i t h ,  a s  h e  w a s  a í T u r ’ d  b y  a p p l y i n g  h i s  E y e  t o  t h e  S i d e  o f  h i s  

D o o r ,  w h i c h  h e  t o o k  t o  b e  p e r p e n d i c u l a r ,  a n d  l o o k i n g  u p w a r d s :
A n d  f r o m  t h e n c e  h e  f a w  i t  d e f c e n d  t o  t h e  S o u t h w a r d  d i r e d l y  i n  t h e  

f a m e  A z i m u t h ,  w i t h o u t  d e c l i n i n g  e i t h e r  t o  t h e  R i g h t  o r  L e f t :
H e n c e  i t  i t  p l a i n ,  t h a t  t h e  T r a c k  l i k e w i f e  p a f s ’ d  o v e r  t h i s  P l a c e ,  

w h i c h  b y  o u r  M a p s  i s  f o u n d  t o  l i e  i n  a  L i n e  w i t h  Prejiain a n d  Kirkby- 
Stephens.

O n  t h i s  S u p p o f i t i o n ,  t h a t  t h e  f i r f t  E x p l o f i o n ,  a t t e n d e d  w i t h  t h e  

r e d d i f t i  Nubeculâ  w a s  d i r e f t l y  o v e r  Tivei'ton, l e t  u s  c o m p a r e  t h e  Ox
ford  O b f e r v a t i o n  w i t h  i t ,  i n  o r d e r  t o  d e t e r m i n e  m o r e  n i c e l y  t h e  p e r 

p e n d i c u l a r  A l t i t u d e  t h e r e .  A t  Oxford t h i s  Nubecula w a s  f o u n d  t o  b e

3  j  gr. a b o v e  t h e  m i d d l e  S t a r  o f  Orion's Girdle, a t  8 ”  3 ' ,  a n d  w a s  t h e r e 

f o r e  26\gr.  a b o v e  t h e  H o r i z o n  •, a n d  t h e  D i f t a n c e  b e t w e e n  Oxford a n d  
Tiverton  ̂ b e i n g  1 °  5 5 ' ,  o r  1 1 5  G e o g r a p h i c a l  M i l e s ,  i t  w i l l  b e  a s  t h e  

S i n e  o f  6 1 °  3 5 ' ,  t o  t h e  S i n e  o f  6 3 °  3 0 ' .  S o  t h e  S e m i d i a m e t e r  o f  t h e  

E a r t h  b e i n g  3 4 3 7 1 f u c h  M i l e s ,  t o  3 4 9 8  M i l e s ,  t h e  D i f t a n c e  o f  t h e  
M e t e o r  f r o m  t h e  C e n t e r  o f  t h e  E a r t h  •, f r o m  w h i c h  d e d u d i n g  t h e  S e -  

m i d i a m t t e r ,  t h e r e  r e m a i n  6o\ G e o g r a p h i c a l  M i l e s  f o r  t h e  H e i g h t  o f  

t l i e  M e t e o r  a b o v e  Tiverton: I ' h i s  i s  c o n f i r m e d  b y  t h e  O b f e r v a t i o n  o f  
t h e  R e v e r e n d  M r .  Derbam  ̂ w h o  a t  IVindfor f a w  t h e  a f o r e f a i d  Nubecula. 
a b o u t  t w o  D e g r e e s  a b o v e  t h e  m o f t  S o u t h e r l y  o f  t h e  S e v e n  S t a r s  i n  t h e  

¿ h i e l d  o f  Orion •, t h a t  i s  ( t h e  I ' i m e  b e i n g  8 ' '  6 ' )  i n  t h e  A l t i t u d e  o f  
2 3 Í  W h e n c e  t h e  D i f t a n c e  b e t w e e n  Tiverton a n d  fVindfor  ̂ b e i n g  

1 5 0  m e a f u r ’ d  M i l e s ,  o r  1 3 0  G e o g r a p h i c a l ,  b y  a  l i k e  P r o p o r t i o n ,  w e  
f l i a l l  f i n d  t h e  f a m e  H e i g h t  o f  t h e  M e t e o r  60  f u c h  M i l e s ,  w a n t i n g  

o n l y  o n e  Q u a r t e r .  S o  t h a t  i n  a  R o u n d  N u m b e r  w e  m a  c o n c l u d e  
i t  t o  h a v e  b e e n  j u f t  6 0  G e o g r a p h i c a l ,  o r  6 9  S t a t u t e  M i l e s ,  a b o v e  

t h e  E a r t h ’ s  S u r f a c e .  N o r  i s  i t  p o f i i b l e  t o  c o m e  a t  a  p r e c i i e  D e t e r 

m i n a t i o n  o f  t h i s  M a t t e r ,  b y  r c a f o n  o f  t h e  I n a c c u r a c y  o f  o u r  Data  ̂
w h i c h  w e r e  o n l y  t h e  N o t e s  o f  P e r f o n s  u n d e r  t h e  S u r p r i z e  o f  t h e  

S u d d e n n e f s  o f  t h e  L i g h t ,  a n d  n o  w a y s  p r e t e n d i n g  t o  E x a é l n e f s :

H o w e v e r ,  f u c h  a s  t h e y  a r e ,  t h e y  a b u n d a n t l y  e v i n c e  t h e  H e i g h t  t h e r e o f
4 M  2  t o
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t o  h a v e  e x c e e J e d  6 0  Englijh M i l e s ,  n o t  t o  f a y  3 8  o r  4 0 ,  a s  f o m e  w o u l d  

h a v e  i t .
I  w a s  u n w i l l i n g  t o  l e a v e  o f f ,  t i l l  I  h a d  p i t c h ’ d  u p o n  f o m e  H y -  

p o t h e f i s  t h a t  m i g h t  f u b j e f t  t h e  M o t i o n  o f  t h i s  M e t e o r  t o  a  Calcu
luŝ  t h a t  t h e  C u r i o u s  m i g h t  b e  a b l e  t o  c o m p u t e  t h e  v i f i b l e  W a y  
t h e r e o f ,  e i t h e r  i n  r e f p c f t  o f  t h e  H o r i z o n ,  o r  a m o n g  t h e  F i x ’ d  S t a r s .  
T h i s  1 f o u n d  m i g h t  b e  p e r f o r m ’ d  w i t h  t o l e r a b l e  E x a ó l n e f s ,  f u p p o -  

f i n f T  t h a t  i t  m o v ’ d  i n  t h e  A r c h  o f  a  C i r c l e  c o n c e n t r i c  w i t h  t h e  E a r t h ,  
b u °  6 0  G e o g r a p h i c a l  M i l e s  w i t h o u t  i t ;  a n d  t h a t  t h e  P o i n t  o f  t h e  

f i r f t  E x p l o f i o n  w a s  o v e r  t h e  L a t i t u d e  o f  5 0 °  4 0 ^ ,  a n d  f  4 0 ' t o  t h e  
W e f t  o f  London-, a n d  t h a t  o f  t h e  l a f t  E x t i n c t i o n  o v e r  L a t .  4 7 °  4 0 ' ,  

w i t h  4 °  5 0 '  W e f t  L o n g i t u d e :  T h e  T i m e  b e i n g  f i x ’ d  t o  8  M i n u t e s  
p a f t  E i g h t  a t  London. H e n c e  i t  i s  e a f y ,  b y  a  T r i g o n o m e t r i c a l  P r o c e f s ,  
t o  o b t a i n  t h e  v i f i b l e  A l t i t u d e  a n d  A z i m u t h  o f  t h e  M e t e o r  a t  e i t h e r  

o f  i t s  E x p l o f i o n s ,  a s  f e e n  f r o m  a n y  P l a c e  w h o f e  L o n g i t u d e  a n d  I . a -  
t i t u d e  i s  k n o w n - ,  a n d  f r o m  t h e  T i m e  g i v e n ,  t h e  P o i n t s  i n  t h e  
S p h e r e  o f  S t a r s  a n f w e r i n g  t o  t h o f e  A z i m u t h s  a n d  A l t i t u d e s  a r e  r e a 

d i l y  d e d u c e d .  L e t  t h o f e  t h a t  c o n t e n d  f o r  a  m u c h  l e f s  H e i g h t  o f  
t h i s  M e t e o r ,  t r y  i f  t h e y  c a n ,  o n  f u c h  t h e i r  S u p p o f i t i o n ,  r e c o n c i l e  t h e  
f e v e r a l  Phenomena b e f o r e  r e c i t e d  w i t h  o n e  a n o t h e r ,  a n d  w i t h  t h e  
O b f e r v a t i o n  o f  t h e  R e v e r e n d  M r .  William Ella, b e t w e e n  Gainjborough 
a n d  Redford. H e r e  a t  8 * *  5 ' ,  t h e  M e t e o r  w a s  f e e n  t o  p a f s  p r c c i f e i y  
i n  t h e  M i d d l e  b e t w e e n  Sirius a n d  t h e  F o r e - t o o t  o f  Cams major, n i o -  

v i n g  o b l i q u e l y  t o  t h e  S o u t h w a r d ,  i n  a  L i n e  w h o f e  D i r e < f l i o n  f e e m ’ d  
t o  b e  f r o m  t h e  M i d d l e  b e t w e e n  t h e  t w o  S h o u l d e r s  o f  Orion. T h e  
L a t i t u d e  o f  t h e  P l a c e  b e i n g  n e a r l y  5 3 °  ^o', a n d  L o n g i t u d e  W e f t  f r o m  
London 0°  4 5 ' .  L e t  t h e m  t r y  h o w  t h e y  c a n  a c c o u n t  f o r  i t s  b e i n g  f e e n  

f i v e  D e g r e e s  h i g h  a t  Aberdeen i n  Scotland, a n d  n e a r  a s  m u c h  a t  Peter
head, h a l f  a  D e g r e e  m o r e  n o r t h e r l y  :  A n d  t h e n  l e t  t h e m  j u d g e  w h e 
t h e r  i t  d i d  n o t  e x c e e d  t h e  r e p u t e d  L i m i t s  o f  o u r  A t m o f p h e r e .  L a f t -  

l y ,  i f  t h e  a p p a r e n t  A l t i t u d e  o f  t h e  M e t e o r  a t  Paris w a s  n o t  5 5 ,  b u t
1 1  gr. o n  t h e  W .  by N .  P o i n t ,  w h e n  i t  m u f t  h a v e  b e e n  i n  i t s  g r e a t e f t  

L u f t r e ,  t h e r e  w i l l  b e  n o  P r e t e n c e  t o  b r i n g  i t  l o w e r  t h a n  I  h a v e  m a d e  
i t ,  e f p e c i a l l y  i f  i t  b e  a l l o w ’ d  t o  h a v e  f o l l o w ’ d  t h e  T r a c k  I  h a v e  a f -  

f i g n ’ d  i t ,  o v e r  Preftain, Cardiff, hixnehead, Tiverton, a n d  Brejl i n  Bri- 
tany.

A l l o w i n g  t h i s  t o  h a v e  b e e n  t h e  P a t h  i t  m o v ’ d  i n ,  t h e  r e a l  M a g 

n i t u d e  a n d  V e l o c i t y  o f  t h i s  M e t e o r  m i g h t  b e  a í T i g n ’ d ,  i f  t h e  f e 
v e r a l  A c c o u n t s  o f  i t s  a p p a r e n t  D i a m e t e r ,  a n d  o f  t h e  T i m e  o f  i t s  

P a f i a g e  f r o m  o n e  o f  i t s  E x p l o f i o n s  t o  t h e  o t h e r ,  w ^ e r e  c o n f i f t e n t .  
B u t  f o m e  o f  t h e m  m a k i n g  i t s  v i f i b l e  A p p e a r a n c e  n e a r l y  e q u a l  t o  

t h e  S u n ’ s ,  w h i c h ,  i n  t h e  O p i n i o n  o f  m a n y ,  i t  f a r  e x c e e d e d ,  w e  m a y  
f u p p o f e  w i t h  t h e  l e a f t ,  t h a t ,  a t  t h e  T i m e  w h e n  i t  f i r f t  b r o k e  o u t  

o v e r  Tiverton, i t s  D i a m e t e r  w a s  h a l f  a  D e g r e e ,  . ' . n d  i t s  h o r i z o n 

t a l  D i f t a n c e  b e i n g  1 5 0  G e o g r a p h i c a l  M i l e s  f r o m  London̂  a n d  i t s  A l t i 
t u d e
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t u p e  6 0 ,  i h e  I  l y p o t h e n u f a l  o r  r e a l  D i f t a n c e  f r o m  t h e  E y e ,  w i l l  b e  
m o r e  tiian 1 6 0  f u c h  M i l e s  •, t o  w h i c h  R a d i u s  t h e  S u b t c n f e  o f  h a l f  a  
D e g r e e  w i l l  b e  a b o v e  a n  Englijb M i l e  a n d  h a l f ,  b e i n g  a b o u t  2 8 0 0  

Y a r d s  quamproxme. A f t e r  t h e  f a m e  M a n n e r  i t  i s  d i f f i c u l t  t o  a f l i g n  i t s  
V e l o c i t y ,  w h i l l t  i b m e  t n a k e  i t  h a l f ,  o t h e r s  i e f s  t h a n  a  Q u a r t e r ,  o f  a  
M i n u t e ,  i n  p a i l i n g  f r o m  i t s  f i r f t  E x p l o f i o n  t o  i t s  l a f t  E x t i n d i o n  :  B u t  

t h e  D i f t a n c e  i t  m o v ’ d  i n  t h a t ' I ' i m e  b e i n g  a b o u t  gr. o r  1 8 0  G e o 
g r a p h i c a l  M i l e s ,  w e  m a y  m o d e f t l y  c o m p u t e  i t  t o  h a v e  r u n  a b o v e  

3 0 0  f u c h  M i l e s  i n  a  M i n u t e  w h i c h  i s  a  S w i f t n e f s  w h o l l y  i n c r e d i b l e ,  
a n d  f u c h ,  t h a t  i f  a  h e a v y  B o d y  w e r e  p r o j e i l e d  h o r i z o n t a l l y  w i t h  t h e  

f a m e ,  i t  v / o u l d  n o t  d c f c e n d  b y  i t s  G r a v i t y  t o  t h e  E a r t h ,  b u t  w o u l d  r a 

t h e r  f l y  o H F ,  a n d  m o v e  r o u n d  i t s  C e n t e r  i n  a  p e r p e t u a l  O r b ,  r e f e m b i i n g  

t h a t  o f  t h e  Moon.
O f  f e v e r a l  A c c i d e n t s  t h a t  w e r e  r e p o r t e d  t o  h a v e  a t t e n d e d  i t s  P a f -  

f a c ; e ,  m a n y  w e r e  t h e  E f f e d  o f  F a n c y  •, f u c h  a s  t h e  h e a r i n g  i t  h i f s  a s  
i t  w e n t  a l o n g ,  a s  i f  i t  h a d  b e e n  v e r y  n e a r  a t  H a n d  :  O t h e r s  i m a g i n ’ d  

t h e y  f e l t  t h e  V V a r m t i i  o f  i t s  B e a m s  •, a n d  f o m e  t h e r e  w e r e  t h a t  t h o u g h t ,  

a t  I c a f t  w r o t e ,  t h a t  t h e y  w e r e  f c a l d e d  b y  i t .  B u t  w h a t  i s  c e r t a i n ,  
i s ,  t h e  w o n d e r f u l  N o i l e  t h a t  f o l l o w ’ d  i t s  E x p l o f i o n .  A l l  A c c o u n t s  

f r o m  Devon a n d  CornwaU a n d  t h e  n e i g h b o u r i n g  C o u n t i e s ,  a r e  u n a 
n i m o u s ,  t h a t  t h e r e  w a s  h e a r d  t h e r e ,  a s  i t  w e r e ,  t h e  R e p o r t  o f  a  

v e r y  g r e a t  C a n n o n ,  o r  r a t h e r  o f  a  B r o a d f i d e ,  a t  f o m e  D i f t a n c e ,  w h i c h  

w a s  f o o n  f o l l o w ’ d  b y  a  r a t t l i n g  N o i f e ,  a s  i f  m a n y  f m a l l  A r m s  h a d  
b e e n  p r o m i f c u o u f l y  d i f c h a r g ’ d .  W h a t  w a s  p e c u l i a r  t o  t h i s  S o u n d ,  

w a s ,  t h a t  i t  w a s  a t t e n d e d  w i t h  a n  u n c o m m o n  T r e m o r  o f  t h e  A i r ,  
a n d  e v e r y  w h e r e  i n  t h o f e  C o u n t i e s ,  v e r y  f e n f i b l y  f t i o o k  t h e  G l a f s -  

w i n d o w s  a n t i  D o o r s  i n  t h e  H o u f e s ,  a n d  a c c o r d i n g  t o  f o m e ,  e v e n  

t h e  H o u f c s  t h e m f e l v e s ,  b e y o n d  t h e  u f u a l  E f F e i t  o f  C a n n o n ,  t h o u g h  

n e a r  •, a n d  M r .  Cruivys a t  'Tiverton, l o f t  a  L o o k i n g - G l a f s ,  t h a t  b e i n g  

l o o f e  i n  i t s  F r a m e ,  t e l l  o u t  o n  t h e  S h o c k ,  a n d  w a s  b r o k e n .  N o r  
d o  w e  y e t  k n o w n  t h e  E x t e n t  o f  t h i s  p r o d i g i o u s  S o u n d ,  w h i c h  w a s  
h e a r d ,  a g a i n f t  t h e  t h e n  E a f t e r l y  W i n d ,  i n  t h e  N e i g h b o u r h o o d  o f  

London, a s  I  a m  i n f o r m ’ d  i  a n d  b y  t h e  l e a r n e d  D r .  Tabor, w h o  d i -  

f t i n é t l y  h e a r d  i t  b e y o n d  I ewes i n  Sujfex •, b u t  w h e t h e r  t h e  R e p o r t  h e a n i  
n e a r  Le-x'es w e r e  o f  t h a t  E x p l o f i o n  r i g h t  o v e r  Devcnjhire, o r  r a t h e r  o f  

t h a t  l a t t e r ,  a n d  m u c h  g r e a t e r  a t  t h e  E x t i n d i o n  o v e r  Britany, I  i h a l l  

n o t  u n d e r t a k e  t o  d e t e r m i n e ,  t i l l  w e  h a v e  f o m e  i u r t h e r  A c c o u n t s  f r o m  

France, w h e n c e ,  h i t h e r t o ,  w e  h a v e  o n l y  h a d ,  t h a t  a t  Paris, t h e  T i m e  

o f  t h e  A p p e a r a n c e  w a s  a t  1 7  M i n u t e s  p a f t  E i g h t .
I t  r e m a i n s  t o  a t t e m p t  f o m e t h i n g  t o w a r d s  a  S o l u t i o n  o f  t h e  u n 

c o m m o n  Ph.tnomena o f  t h i s  M e t e o r  •, a n d  b y  c o m p a r i n g  t h e m  w i t h  

' r h i n g s  m o r e  f a m i l i a r  t o  u s ,  t o  f t i e w  a t  l e a f t  h o w  t h e y  m i g h t  p o f -  

f i b l y  b e  e i f e f t e d .  A n d  f i r f t ,  t h e  u n u f u a l  a n d  c o n t i n u e d  H e a t s  o f  t h e

l a f t  S u m m e r  i n  t h e i e  P a r t s  o f  t h e  W o r l d ,  m a y  b e  f u p p o s ’ d  t o  h a v e
e x c i t e d .
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excited  an extraordinary Q u a n tity  o f  V a p o u r o f  all Sorts •, o f  w h ich  
th e aqueous, and m o ft others, foon condens’ d b y  C o ld , and w an tin g  
a  certain  U cg ree  o f  fpecific G ra v ity  in the A ir  to  b u o y  them  u p , 
a fcen d  but to  a fm al H e ig h t, and are q u ic k ly  return ’ d in R ain , 
D e w s , ^ c .  whereas the inHammable fulphureous V ap ou rs, b y  an 
innate L e v ity ,  have a fort o f  Vis centrifuga^ and not o n ly  have no 
need o f  the A ir  to  fup port them , but being agitated b y  H e a t, w ill 
afcend in Vacuo Boileano, and lu blim e to  the T o p  o f  the R e ce iv e r, 
w hen m o il other F um es fall inftantly dow n , and lie lik e  W a te r  at 
the B ottom  ; the E xp erim en t w h ereof was fir il ih ew n  me by  the 
R everen d  M r. JVbitefide. B y  this w e m ay com prehend h o w  the 
M a tte r o f  the M eteo r m ig h t have been raifed from  a large 1  r a d  
o f  the E a rth ’ s Surface, and afcend far above the reputed L im its  o f  
the A tm o fp h cre  ; w here, being d ifin g a g ’ d from  all other P articles, b y  
that P rin cip le  o f  N ature that congregates Homogénea v ifib le  in lo  m a
n y  Inftances, its A to m s m ig h t in L e n g th  o f  I 'im e  co altfce  and run 
togeth er, as w e fee Salts ihoot in W a t e r ; and g n d u a lly  c o n tra ilin g  
them felves into a narrower C om pafs, m ig h t lie lik e  a T ra in  o f (7««- 
p w d e r  in the Mther^ till catchin g  F ire  b y  fom e internal F erm en t, as 
w e find the D am p s in M ines frequently  do, the F lam e w o u ld  be 
com m unicated to  its continued P arts, and lo  run on lik e  a T ra in  
fir ’d.

T h is  m ay explain  ho^v it cam e to  m o ve w ith  fo  un con ceivable a 
V e lo c ity ;  for i f  a continued T ra in  o f  P ow der were no b ig g e r  than a 
Barrel, it is not eafy to  fay how  v e ry  fa il the F ire  w o u ld  fly  a lo n g  it j 
m u ch  lefs can w e im agine the R a p id ity  o f  the A ccen fion  o f  thefe 
m ore inflam m able V ap o u rs, ly in g  in a T ra in  o f  fo vaft a T h ick n cfs . 
I f  this w ere the C afe, it was not a G lo b e  o f  F ire  that ran a lo n g , bu t 
a fucceflive k in d lin g  o f  new M atter : A n d  as fom e Parts o f  the E a rth  
m ig h t em it thefe V ap o u rs in greater P len ty  than others, this T ra in  
m ig h t in fom e P arts thereof be m uch denfer and b ig g er  than in others, 
w hich  m ig h t occafion feveral fm aller E x p lo fio n s, as the F ire  ran a lo n g  
it ,  befides the great ones, w hich  w ere lik e  the b lo w in g  u p  o f  M a 
gazines- T h u s  w e m ay account fo r the rattlin g  N o ife  lik e  fm all A r m s , 
heard after the great B ounce on the E x p lo fio n  o v er ‘f iv e r ton : T h e  C o n 
tinuance o f  w hich  fo r fom e T im e , argues, that the Soun d th ereof cam e 
fro m  D iftances that increafed.

W h a t m ay be faid to  the P rop agatio n  o f  the Sound th ro u gh  a M e- 
4 ium  ̂ according to  the receiv ’ d  T h e o ry  o f  the A ir  above 300000 
T im e s  rarer than w hat w e breathe, and next to  a Vacuum^ 1 con- 
fefs I  k n o w  not. H ith e rto  w e have concluded the A ir  to  be the V e 
h icle  o f  S o u n d : A n d  in ou r artificial Vacuum, w e fin d  it g rea tly  
d im in ilh ’ d ; B u t w e have this o n ly  Inftance o f  the E f ix d  ot an E x 
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p l o f i o n  o f  a  M i l e  o r  t w o  D i a m e t e r ,  t h e  I m m e n f i t y  o f  w h i c h  m a y  p e r 
h a p s  c o m p e n f i i t e  t h e  e x t r e m e  F i n e n e f s  o f  t h e  Medium.

X X I X .  I . ]  O n  November l o ,  1 7 1 9 ,  i n  t h e  M o r n i n g ,  a b o u t  iwc-^n Account of 
o f  t h e  C l o c k  ( a s  I  w a s  o b f c r v i n g  Jupiter) I  f o u n d  c e r t a i n  w h i t e  S t r e a k s  
i n  t h e  S k y ,  f e e m i n g  n e a r l y  p e r p e n d i c u l a r  v w h i c h ,  w h i l f t  I  c o n f i d e r ’ d  

t h e m ,  f c e m ’ d  i n l l a n t l y  t o  v a n i f l i ,  a n d  f o o n  a l t e r  o t h e r s  c a m e  a s  i n -  L o n d o n , A W .  
f t a n t a n c o u f l y  i n  t h e i r  R o o m  : L o o k i n g  u p  t o w a r d s  t h e  7.eniil\ I  p e r -  'o. 1719.6 
c e i v ’ d  a n  e n t i r e  Canopy o f  f u c h  k i n d  o f  w h i t e  Stri^  ̂ f e e m i n g  1 0  d e -  
f c e n d  f r o m  a  w h i t e  C i r c l e  o f  f a i n t  C l o u d s ,  a b o u t  7  o r  8  D e g r e e s  
D i a m e t e r ,  w h i c h  C i r c l e  f o m e t i m e s  w o u l d  v a n i i h  o n  a  f u d d e n ,  a n d  a s  

f u d d e n l y  b e  r e n e w ’ d .  I  o b f e r v ’ d  t h a t  t h e  C e n t e r  o f  t h i s  P l a c e  o f  C o n -  
c o u r f e  w a s  n o t  e x a i l l y  i n  t h e  Zenith  ̂ b u t  r a t h e r  14 D e g r e e s  t o  t h e  

S o u t h w a r d s  t h e r e o f ;  w h i c h  I  e f t i m a t e d  b y  a  S t a r ,  w h i c h  o n  e a c h  
R e t u r n  t h e r e o f  i h e w ’ d  i t s  f c l f  a b o u t  t h e  C e n t e r  o f  t h e  C i r c l e .  T h i s  

S t a r  i s  t h e  'i^d S t a r  o f  t h e  Great Bear i n  ‘Tycbo's C a t a l o g u e ,  w h o l e  
D i f t a n c e  f r o m  t h e  F o i e  a t  t h i s  T i m e  i s  5 2 5  D e g r .  a n d  w h i c h  a b o u t  h a l f  

a n  H o u r  p a i t  F i v e  t h a t  M o r n i n g  p a f s ’ d  t h e  M e r i d i a n  •, f o  t h a t  t h o f e  
R a y s  c e n t e r ’ d  v e r y  n e a r l y  o n  t h e  M e r i d i a n  i t f e l f .  I t  w a s  a  v e r y  e n 

t e r t a i n i n g  S i g h t ,  t i l l  t h e  D a y * b r e a k  b e g a n  t o  o b f c u r e  t h e f e  L i g h t s ,  

w h i c h  w e r e  b u t  f a i n t ,  t h o u g h  f u f f i c i e n t l y  d i f t i n g u i i h a b l e .  T h e y  c a m e  
n o n e  o f  t h e m  l o w e r  t h a n  t o  a b o u t  30 o r  40 D e g r .  o f  A l t i t u d e ,  a n d .  

f c e m ’ d  n o t  t o  h a v e  a f c e n d e d  f r o m  t h e  H o r i z o n .  T h e  S k y  w a s  p e r -  

f e d l y  f e r e n e  a n d  c a l m ,  w h i c h  f e e m s  t o  b e  o n e  o f  t h e  c o n c o m i t a n t  
C ircu m ila n ce s  a t t e n d i n g  t h e  Aurora Bcrealis, o f  w h i c h  t h i s  w a s  c e r  

t a i n l y  a  S p e c i e s .  F o r  t h e  N i g h t  f o L l o w j p g ,  a  N e i g h b o u r  g a v e  m e  

n o t i c e  o f  a  f t r a n g e  d r e a m i n g  o í  L i g h t s  f t t n  i n  t h e  A i r ,  w h i c h  t h e r e 

u p o n  I  a t t e n d e d  f r o m  t h e  H o u r s  o f  9  Í  t o  1 1 ,  w h e n  a  F o g  c a m e  f o  
t h i c k  a s  t o  p u t  a n  E n d  t o  m y  P r o f p  f t .  B u t  d u r i n g  t h a t  w h o l e  

T i m e  t h e r e  a f c e n d e d  o u t  o f  t h e  E .  N .  E .  a n d  N .  E .  a  c o n t i n u ’ d  
S u c c e f l i o n  o f  w h i t i f h  5/ n > ,  a r i f i n g  f r o m  b e l o w  ;  a n d  a f t e r  c h a n g i n g ,  

a s  ’ t w e r e ,  i n t o  a  f o r t  o f  l u m i n o u s  S m o a k ,  p a f s ’ d  o v e r  H e a d  \ v i t i i  
a n  incredible S w i f t n e f s ,  n o t  i n f e r i o r  t o  t h a t  o f  L i g h t n i n g  •, a n d  a s  i c  

p a f s ’ d ,  i n  f o m e  P a r t  o f  i t s  P a i T a g e ,  f e e m ’ d ,  a s  ’ t w e r e ,  ^ I d e d ,  o r  
r a t h e r ,  a s  i f  t h e  S n ' i o a k  h a d  b e e n  í í r o n g l y  i l l u m i n a t e d  b y  a  B l a z e  

o f  F i r e  b e l o w .  S o m e  o f  t h e  Stria w o u l d  b e g i n  h i g h  i n  t h e  A i r ,  a n d  
a  w h o l e  S e t  o f  t h e m  f u b o r d i n a t e  t o  o n e  a n o t h e r ,  l i k e  O r g a n  P i p e s ,  

w o u l d  p r c f e n t  t h e m f e l v e s  w i t h  m o r e  R a p i d i t y  t h a n  i f  a  C u r t a i n  

h a d  b e e n  d r a w n  f r o m  b e f o r e  t h e m  ;  f o m e  o f  w h i c h  w o u l d  d i e  a w a y  
w h e r e  t h e y  f i r f t  a p p e a r ’ d ,  a n d  o t h e r s  c h a n g e  i n t o  a  l u m i n o u s  S m o a k ,  

a n d  p a f s  o n  t o  t h e  W e f t w a r d s  w i t h  a n  i m m e n f e  S w i f t n e f s .  A n d  

I  a m  c f  O p i n i o n ,  t h a t  h a d  i t  n o t  b e e n  f o r  t h e  M o o n ,  t h e n  t e n  

D a y s  o l d  a n d  v e r y  b r i g h t ,  t h i s  f o r  t h e  I ' i m e  w o u l d  h a v e  b e e n  

r e c k o n ’ d  a s  c o n f i d e r a b l c  a n  A p p e t - r a i K e  4 S  t h a t  o f  t h e  6tb o f .

March, in i6 ,  ^
2 . ]  O n
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1 54. A u rora Borealis, & ĉ.
—  the fame in 2.] O n  the iS t h  o f  Oíiober^ b ecw eea Seven and E ig h t  in the E ven -
D evonihirc, ¡ fom e I'mall A p p earan ce o f  an Aurora Borealis, v iz . three

Maundci^/¿ large Corul'cations in form  o f  P yram id s, o f  reddifli C o lo u r  in-
p.Ti"oi.* * ' d in in g  to y e llo w , w h ich  rofe about 50 D egrees above the H o r iz o n , 

and continued but few  M inutes. B u t the N o rth  P art o f  the H em ifp h ere  
w as v e ry  b rig h t and red all the E v e n in g  both before and after, till ten, 
i f  not longer.

N oven éer  10. T h efe  L ig h ts  were feen again about fou r in the M o r n 
in g , o f  w hich  fom e fay, that the E lem en t open ’ d fom etim e at one 
P la ce , then at another j from  w hence cam e great fh in in g  l i g h t s  that^ 
co n tin u ’ d  a w h ile, and then w ent aw ay by D egrees, and the H o le s  
clofed  u p  again. T h is  con tin u ’ d till D ay-b reak .

T h e  E v e n in g  fo llo w in g , co m in g  from  ? /wr/t;» about h a lf an H o u r  
after E ig h t , I faw  the N o rth  P art o f  the l io r iz o n  v e ry  lig h t and 
reddifh  (notw ithftanding the M o o n  being about ten D ays o ld , was 
then in or p ail the M erid ian , and ihone ve ry  b rig h t.) Jn a fliort 
T im e  the dream in g lum inous R a y s began to appear very plain ; fem e 
in one Shape, fom e another 5 m any o f  them  lik e  Cones or P y r a 
m id s, but m o il o f  them  bad ly  term inated •, fom e o f  w h ich  m o u n ted  
v e ry  h ig h , alm oft to  the Z en ith , to  w h ich  P lace, or near, th e y  
all or m o il feem ’ d to  point. S h o rtly  after there appear’ d  a lo n g  
S treak o f  about 30 D egrees parallel to  the H o r iz o n  and about 
1 5  or 20 d iilan t from  it, and about tw o or three broad, but 
b ad ly  term inated, and o f  a fiery red C o lo u r : W h ic h  fent o u t 
fom e o f  the fam e ftream ing Beam s tow ards the Z en ith . A b o u t  fix  
or feven M inutes after, there appear’ d  (fom ew hat i'udden) a c irc u 
lar F ig u re  lik e  an / w ,  but tw ice as broad, o f  a pale C o lo u r. T h e  
E a ft  P art was term inated b y  the H o r izo n  at fu ll E a i l ,  i f  not fom e- 
th in g  to  the S ou th , and the W e il  E n d  about N o rth  W'^eil; the u p 
per P art o f  its A r c h  being 50 or 60 D egrees h ig h , great N u m b ers 
o f  lum inous R a y s  darted from  it upw ards and d o w n w ard s, (o r  elfe 
paiTmg crofs it fro m  the H o riz o n ) at ob liqu e A n g le s  p o in tin g  to  the 
Z e n ith , efpecially from  the N o rth  E a il  Part. T h is  co n tin u ’ d , as 
near as I can gu efs, about e ig h t or nine M in u te s, w hen it d iv id e d  
and difappear’ d . A fte r  an In terval o f  three or four M in u te s, an
other /ns-Iike F ig u re  appear’ d , (o f  a C o lo u r , as it feem ’ d , paler 
than any o f  the ftream ing L ig h ts  had been) w hofe D iam eter w as 
lefs than that o f  the form er, and ih c w ’ d m ore than its S em icirc le  
ab o ve  the H o rizo n , the u p p er P art o f  its A r c h  ap p roach in g  near the 
Z e n ith . I  co u ld  not ob ferve any R a y s to  pafs fro m , (o r  a-crofs) 
this as from  the other. T h e  C en ter o f  this iaft was m u ch  m ore to  
the W e ft  than that o f  the firft. A fte r  the C on tinuance o f  a M in u te  
o r  tw o , it began to  break in the u p p er P a rt o f  its A r c h , and ih in in g  
P artic les  bein g  fent ou t from  both  its broken  E n d s tow ard s the Z e 
n ith , (to  w h ich  they w ere near before) or rather a little  beyond  it

to
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to  the South  or S o u th -W c ft , they there forn\ed a iort ot' Corona^ 
cu rv in g  and ben d in g lom ew h at lik e  F lam es reverberated on the A r c h  
o f  an O v e n  : T h o ’ this cxp reflcth  it but b ad ly , y et I k n o w  not how  
to  d tlcr ib e  it better. I t  fecm ’ d to  m e and others to  be finely t in g td  
w ith  variou s C o lo u rs , R e d , Y e llo w  and B lu eiih , and fcnt out 
every  w ay  from  it (excep t South  and S o u th -W e ft; lo n g  F la m e-co lo u r’ d  
R ays. A fte r  this had contit>u’ d about tw o  M in u tes, its Hiining L ig h t  
abated, and it left behind it for fom e M in u tes, fon ieth in g  lik e  a w h iti'h  
C lo u d  (lik e  in C o lo u r to  w hat the l/ igh t on the 19th  o f  M arch  iail 
left behind it, after the fiery Particles w ere e x tin g u ifh ’ d , but th in 
ner).

A l l  this w hile the M o o n  flione v e ry  b rig h t, from  w h ich  this Corona 
was not v e ry  hir d illa n t, perhajis nut tw enty D egrees, to the N o rth - 
E a ft. A fte r  this there con tin u ’ d to be fent up  m any fiery-co lo u r’ d or 
yc llo w ifh  ftream ing L ig h ts , fom etim es m ore, fom etim es lefs i now  
here, now  there, all a lo n g  the N o rth  P art o f  the H em ifp h ere , but 
m o ftly  from  the N o rth -N o rth -E a ft. A i l  this w h ile  fom eth in g  like 
fm all vvhitiih C lo u d s  (w h ich , to  m e, feem ’ d to  m o ve  tow ards the Z e 
n ith , or to  p oin t a little  m ore S outh w ard , bu t d ifappear’ d  as they ap 
p ro ach ’ d the M o o n ) w ere ca rry ’ d very  fw ift ly , and at v e ry  fhort Inter
v a ls , m o ftly  co m in g  from  the E a ft and N o rth -E a ft, but m an y alfo 
from  N o rth  and N o r th -W e ft . W e  to o k  but little N o tice  o f  this at 
firft, fu p p o fin g  it had been n oth in g  but the R eflection  o f  the other 
L ig h ts , or the Shadow s o f  the C lo u d s (w h ereo f the N o rth  P arts w ere 
p retty  fu ll) as the Stream s o f  L ig h t  pafs’ d behind t h e m : B u t at laft, 
w e  o b fe rv ’ d , that w hen the L ig h ts  at any T im e  abated, thefe k in d s ot 
C lo u d s  co n tin u ’ d to  fly  as fw ift  and frequent as ever. T h is  I faw till 
T w e lv e  o r  O n e next M o rn in g  : M an y  others faw  it next M o rn in g  till 
a lm oft B reak  o f  D a y , when it appear’ d  m u ch  m ore red and fiery than 
it was in the E v e n in g  •, the M o o n  perhaps being then fet. S om e 
P eo p le  o b fe rv ’ d tall Cones to arife in the Eiaft, and to be carry ’ d to  
the W e ft  p retty  fw ift ly  in an e re ft  P o fitio n , but I faw  them  not. Ic 
has been reprefented here in all forts o f  A p p earan ces, A rm ie s , B attles, 
i s c .

3.] O n  the lo t b  o f  November^ the A ftern o o n  h av in g  been v e r y — thtfamttit 
calm  and ferene, about S ix  in the E v e n in g  the S k y  w as tin ged  w ith  Dublin, hy —
a ftrange k in d  o f  L ig h t ,  and fom e Stream s began to  p ro je ft  from  P-
the N o rth  and N . E . O n e o f  tliem  arofe about N . b y  E . and was 
nearly a Subtenfe o f  an A r c  betw een that and S. W . b y  W e ft  *, it was 
a little cu rvated  tow ard  the Sun, and w hat I faw  o f  it (fo r  the N o rth  
P art o f  the H o riz o n  was co n ceal’ d b y  H o u fes) v e ry  m u ch  refem bled
the T a i l  o f  a C o m e t : A b o u t  the fam e T im e  there w as one or tw o
w h ich  arofe in the E a ft, a fcen din g o b liq u ely  fo  as to  leave the Z e n ith  
feveral D egrees to  the N o rth w a rd .

V o l . I V . P a rt II. 4 N  T h e fe
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T h e fe  Stri£  con tin u ’ d  to  appear and difappear alternately, till 
tow ard  E ig h t  in the E v e n in g  •, they were Pyramidal, and their Ver
tices frequently p ro jefted  feveral D egrees to  the South  o f  our Z e 

nith.
Betw een N in e  and T e n , I was agreeably fu rp riz ’ d w ith  a k in d  o f  

C oru fcation , or F la ih in g , that Ihew ’ d itfe lf between tw en ty  and fix ty  
D ecrees from  the Z e n ith , in the South  or South  by  W e ft  j and w hich  
from  four or five, fom etim es from  m ore Places at once, d artin g  w ith  
a V e lo c ity  not m uch inferior to that o f  L ig h tn in g  •, and by interfering  ̂
w ith  each other produced a beautiful T re m o r or U n d u lation  in that 
fubtile V ap ou r, w h ich  I cannot better illu ftrate, than b y  co m p arin g  
it to the Beam s o f  the Sun, reflefted on a C ie lin g  J ro m  the S u r
faces o f  tw o or three Bafons o f  W ater : T h e fe  ff^'aves o f  L ig h t  
were on ly vifib le at the Inllant o f  C oru fcation , and w ere o f  a pale 
w h itiih  C o lo u r, fom cw hat refem bling the F lalhes prod uced  by the 
vio len t A g ita tio n  o f  Q u ic k filv e r  in an exhaufted R ece iver v bu t fo 
Itrong, that a G entlem an, w ho was in a R o o m  by h im felf w ith ou t a 
C andle, affur’ d m e, he to o k  it for com m on L ig h t n in g : T h u s  it co n 
tin u ’ d incelTantly for m ore than an H o u r, d u rin g  w h ich  I 'im e  feveral 
lucid  Jreas, lik e  little  C lo u d s, d ifco v er ’ d  them felves in the pure S k y ,  
and after they had con tin u ’ d about five or fix  M in u tes, as near as I 
co u ld  guefs, w o u ld  inftantaneoufly d ifa p p e a r; m oft o f  them  p re tty  
m uch refem bled a v e ry  thin w hite S m oak or V ap o u r illum inated  by  the 
F u ll M oon.

A b o u t three quarters paft T e n , this V ap ou r was a lm o ll fpent, or 
by  a brifk  G ale  at South by W e ft  d ifpers’ d and driven  to  the N o rth 
ward ; at w hich  T im e , between the W e ft  and N o rth , a vaft B o d y  o f  it, 
lik e  a very  b rig h t F la m e-co lo u r’ d Crepufculum, feem ’ d to  be f ix ’ d : 
F rom  this Bafis leveral Beam s or Stria  o f  fliin in g  M atter were at u n 
certain Intervals, em itted ; and th o u gh  it was not fo fenfible to  the 
Eaftw ard o f  the N o rth , yet feveral m ig h ty  P illars were alfo e je d e d  
from  thence one, w h ich , i f  I m iftake not, arofe d ir e ft ly  under the 
P o le , was above all others that had preceded it, both as to  its M a g n i
tude and D enfity  fo fu rp riz in g , that 1 am perfuaded the fm alleft P rin t 
m igh t have been read b y  the L ig h t  thereof, had not that o f  the 
M o o n , w hich ihone very  brigh t, p retty  m u ch  effac’ d it : ’ T w a s  tin ged  
w ith  a k in d o f  Y e llo w  and V io le t  C o lo u r. In about tw o  or three 
M in utes it died aw ay, and was lucceeded by  others o f  an inferior 
O r d e r : It was now  about a quarter paft eleven o f  the C lo c k , and 
n o th in g  but repeated Phafes o f  the fam e S p e d a c le  o fferin g  them felves 
to v ie w  ; the v ib ratin g  M o tio n  had ceas’ d ; the V a p o u r  ih e w ’ d itfelt 
no lo n g er in lucid Areas, the Stream s o f  L ig h t  w ere not fo fre
quen t, and thofe m ore languid  than b e fo r e ; and the b rig h t J u 
rara h av in g  fettled  nearer the H o r iz o n , I co n clu d ed  the Scene was 
ac a a  E n d , and acco rd in gly  g a ve  o v er the queft o f  new  Phéenomenay

w ith
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w i t h  o n l y  o b f c r v l n g ,  t h a t  a b o u t  N .  E .  t h e r e  a p p e a r ’ d  f o n i e  C l o u d s  
t h a t  r c f l e é l e d  a n  u n u f u a l  k i n d  o f  r e d d i i h  L i g h t .  O t h e r s ,  w h o  f a t  
u p  l o n g e r  t h a n  I  d i d ,  r e p r e f c n t  t h e  E n d  w i t h  v e r y  f u r p r i z i n g  C i r c u m -  

i l a n c c s .
O n  Tiiefday t h e  2 4 / ^  o f  November, w e  h a d  t h e  f a m e  ~Phanomena r e - ----------arctum

p e a t e d ,  t h o u g h  n o t  w i t h  t h e  f a m e  V a r i e t y  :  A b o u t  a  Q u a r t e r  p a f t  T e n  « /  tkehme. 
a t  N i g h t ,  a  v a i l  H o d y  o f  i h i n i n g  M a t t e r  w a s  c o l l e f t e d  b e t w e e n  N .  W .  

i>y W .  a n d  N .  by E .  i n  t h e  F o r m  o f  t h e  S e g m e n t  o f  a  C i r c l e ,  w h o f e  
C e n t e r  w a s  a b o u t  2 5  o r  3 0  D e g r e e s  b e l o w  t h e  H o r i z o n  ;  f r o m  i t s  
Periphery a  f e w  i h o r t  Pyramidal S t r e a m s ,  o f  t h e  f a m e  l u m i n o u s  
V a p o u r ,  a f c e n d e d  b y  á  f l o w  a n d  n e a r l y  u n i f o r m  M o t i o n ,  a n d  w e r e  

e x c e e d i n g  r a r e ,  f o  a s  n o t  t o  e f f a c e  t h e  f m a l l e f t  o f  t h e  F i x ’ d  S t a r s  
a n d  i n  a  M i n u t e  o r  t w o  v a n i f h ’ d  ;  1 h e  L i g h t  w h i c h  t h a t  C o l -  

l e f t i o n  o f  V a p o u r  e m i t t e d ,  w a s  f o  g r e a t ,  t h a t  i n  t h e  o t l i e r w i f e  v e r y  
d a r k  N i g h t ,  c o u l d  t h e r e b y  ( a t  t h r e e  Q u a r t e r s  p a f t  T e n )  r e a d  t h e  
T i t l e  o f  t h e  l a f t  Pbilof. Tranfaii. w h i c h  t h e n  h a p p e n ’ d  t o  h e  o n  m y  

D e f l c  ;  a n d  a t  f o u r  o r  f i v e  Y a r d s  d i f t a n c e ,  f e e  t h e  f m a l l e f t  B o o k s  i n  m y  

S t u d y .

X X X .  A t  Streatham i n  Sutrey, o n  December t h e  iitb,  a b o u t  o n e  a  . i / r  A a r o ^ a  

C l o c k  a t  N i g h t  ( o r  r a t h e r  i n  t h e  M o r n i n g  o f  Dec. t h e  i2tb)  I  w a s  c a l l ’ d  

t o  o b f e r v e  C o r u f c a t i o n s  w h i c h  a p p e a r ’ d  o f  a  m u c h  d i f f e r e n t  C o l o u r ,  y  

a n d  i n  a  v e r y  d i f f e r e n t  M a n n e r ,  f r o m  a n y  I  h a d  b e f o r e  f e e n .  p  i , ¿ 7 .
T h e  S t r e a m s  o f  L i g h t  t h a t  d a r t e d  u p w a r d s  f r o m  t h e  H o r i z o n ,  f c e m ’ d  

t o  b e  a t  c o n f i d e r a b l y  a  g r e a t e r  D i f t a n c e ,  b u t  n o t  a t  a l l  i n  l e f s  Q u a n t i t y  
t h a n  t h o f e o f  Nev. 1 0 .  B u t  t h e i r  m e e t i n g  i n  a  P o i n t  n e a r  t h e  Z e n i t h ,  

a n d  t h e r e  f o r m i n g  a  k i n d  o f  C a n o p y ,  w a s  w h a t  w a s  p a r t i c u l a r l y  r e m a r k 

a b l e  i n  t h e f e  C o r u f c a t i o n s .  *
T h e  S t r e a m s  o f  I  , i g h t  r o f e  f r o m  t h e  H o r i z o n  o n l y  t o w a r d s  t h e  

N o r t h ,  a n d  o n  e a c h  H a n d  t o w a r d s  N o r t h - E a f t  a n d  N o r t h - W e f t  :  B u t  

n e a r  t h e  Z e n i t h  a  C a n o p y  w a s  f o r m ’ d  o f  S t r e a m s  o t  L i g h t  m e e t i n g  i n  a  
P o i n t ,  n o t  o n l y  f r o m  t h o f e  Q u a r t e r s ,  b u t  a l f o  f r o m  t h e  S o u t h ,  ¿ f r .

O n l y  t o  t h o f e  P o i n t s  t h e y  e x t e n d e d  d o w n w a r d s  f r o m  t h e  Z e n i t h  b u t  a  
l i t t l e  W a y ,  a n d  w e r e  n e i t h e r  i n  f o  g r e a t  Q u a n t i t y ,  n o r  q u i t e  f o  b r i g h t  

a s  t h o f e  N o r t h w a r d s .  A t  f i r f t  I  t h o u g h t  t h e  P o i n t  i n  w h i c h  t h e  S t r e a m s  

m e t ,  w ’a s  e x a d l y  t h e  Z e n i t h ,  b u t  u p o n  o b l e r v i n g  i t  f o m e t h i n g  

l o n g e r ,  I  f o u n d  i t  w a s  n o t  f o ,  b u t  a  f e w  D e g r e e s  t o  t h e  S o u t h  o f  
t h e  Z e n i t h .  T h e  S t r e a m s  o f  L i g h t  n e a r  t h e  Z e n i t h ,  w h i c h  t o r n i  d  
t h i s  C a n o p y ,  w e r e  o f  a  p r e t t y  b r i g h t  C o l o u r ,  a n d  i n  g r e a t  Q u a n t i t y ,  

a n d  d a r t e d  v e r y  f w i f i l y .
O n  e a c h  S i d e  o f  t h e  N o r t h ,  t o w a r d s  E .  a n d  V ^ .  b u t  n o t  e x a c t l y  

i n  t h e  N .  i t  f e l f  ( a t  l e a f t  w h e n  I  f a w  i t )  f r o m  a b o u t  1 0  o r  i^gr.  t o  
4 0  o r  5 0  gy. a b o v e  t h e  H o r i z o n ,  t h e  S t r e a m s  w e r e  o f  a  g l o w i n g  r e d  
C o l o u r ,  w h e r e a s  a l l  t h a t  I  h a d  e v e r  f e e n  b e f o r e ,  w e r e  v e r y  p a l e .  T h e  

R e d n e f s  w a s  l i k e  t h a t  o f  a  b u r n t  B r i c k ,  a n d  n e a r e f t  o f  a n y  1 l i i n g  I
4  N  2  h a v e
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h iv e  feen to  the C o lo u r , w h ich  rem ain’ d fo r a few  M in u tes, lik e  that 
T r a f t  th ro u gh  w h ich  the M eteo r pafs’ d  in the S p rin g .

T h e  Stream s appear’ d o f  this fierce C o lo u r when I firft faw  the C o - 
ru fca tio n ', and con tin u ’ d  fo fo r fom e T im e , till the R ed n efs by  d e
grees w earing o ff, in about 5 o f  an H o u r , they appeared o f  the 
iifual Palenefs, w hen I left them  ftill fo rm in g  a C a n o p y  near the 
Zenith.

T h e  A ir  w as v e ry  calm  and ferene, not a Breath o f  W in d  ilirrin g  ; 
A5 I rem em ber it was aifo, N o v. 10.

T h e  M o o n  was now  a D a y  or tw o  older than it was on N o v , 10. 
and a goo d  deal farther to  the W e ft , than w hen I faw  the C oru fcation s 
that N ig h t  being fu ll South. She had now  round her w hat is co m m o n 
ly  ca ll’ d a B urr, larger than ord inary, and feveral ve ry  lu cid  C lo u d s at 
a little D iftance.

\orthern Au X X X I .  I am o f  D r. H alhy's  O p in ion , that thofe P hofph orous o r  
iota':/,in a- I-um in ous A ppearances in the F irm am en t, proceed from  the various 
lrca.i,kc. !y Eftttvia  p erfp ir’ d out o f  our G lo b e , or p afling th rou gh  i t ;  for I have 
bi f̂on icen thofe L ig h ts  over Vefuvius^ the Strombulo Iflands, and tow ards 

în on,n.349. in d ark  N ig h ts , w hen thofe Vukano’ s w ere not flam in g nor

 ̂ burning, their Sides and T o p s  being paflable to  T ra v e lle rs  at that 
T im e , and all their outw ard  Parts quiet. W e  are certain ú\3X. Iceland 
and Greenland abound w ith  Vulcmo^s; fo m ay N o rth -E a ft  Lapland^ 
N o rth  Ruffia^ and Tartary^ w here va ft Chains o f  M o u n tain s are laid to  
run. T h e  and other T ra v e lle rs , relate m any p ro d igio u s E r u p t i
ons o f  F ires, and E arth qu ak es, tow ards the N o rth  o í  China \ but nearer 
the P o le , the E a rth  m u ft be c lo s ’ d  and pent u p  m any M o n th s, 
b y  the long fevere F reezin gs and continual Snow  and Ice , w h ich  
re lax in g  tow ards S p rin g , m ay g iv e  ven t to  that vaft M afs or M a g a z in e  
o f  perfpirable M atter, that had been k e p t fo lo n g  in hot Subterraneous 
Prifons. T h is  m ay be one R eafon w h y  A n im a l Bodies th em felves are 
often fenfible o f  C hanges at that Seafon in o u r C lim ate , w hen Perfpira- 
tion is upon fuch an Increafe.

^ ^ eM oiion  ^ X X I I .  D efirin g  to  k n o w  w hat D ifference there m ig h t be be-
^Penduluir.s ^ween ú it  Vibration o f Pendulums in Vacuo., and in co m m o n  Air., I re- 
in V acuo, ky com m ended the E x p erim en t to M r. Hawkjbee^ w h o  h av in g  p ro v id e d

 ̂ proper R e ce ive r, and all other T h in g s  neceflfary, 
p.  ̂ fr ie n d  o f  m ine in London^ m ade the E x p erim en t. T h e

M o vem en ts  he tried w ith  were an E ig h t-D a y  C lo c k  v ib ra tin g  S e 
co n d s, and an h alf Seconds M o v e m e n t o f  m ine. T h e  Iffue o f  their 
E x p e rim e n t was, m y P endulum  vibrated  tw o  T en th s  o f  an In ch  o a  
w c h  S ide farther in Vacuo, than it d id  in the free A ir ,  and w ent 
ie v e a  Seconds flow er in tw en ty  M in u tes, than the other M o v e m e n t.

B u t

1 68 A u rora Borealis, ^ c .

iUflED



B ut In the open A ir ,  m y  P en dulum  in tw en ty  M in u tes, w ent o n ly  3 ^
Seconds flow er than the other P cn d u h u n .

T h is  E x p erim en t I t r y ’ d  over m y f e i f ; the Inftrum ents I m ade ufe 
of, w ere, firft, an A ir-Pum p  o f  M r . Hawkjbee*s.

T h e  next w as a Small Movement^ w ith  a P en d ulum  o f  about ten 
Inches, that v\hvMc.sHalf-feconds^ and is d riven  b y  the P ow er o f  a S p rin g .
T h is  Ittftrum ent I th o u g h t co m m o d iou s, n ot o n ly  for being eafily  fit
ted w ith  a R e ce ive r, but alfo for v ib ra tin g  H alf-fecon d s v e ry  n ice ly , 
and alfo  becaufe its V ib ration s are equal, not fom e large , fom e 

ihorter.
T h e  laft Inftrum ent w as a v e ry  w ell regulated Month-Piice^  that v i

brates Seconds all the Y e a r , w ith  as m uch E x a d n e fs  as m o ft do.
B ein g  thus furn ifh ’ d , the R efu lt o f  m any repeated E xp erim en ts,

D a y  after D a y , w as, T h a t  (as before) in Facuo the V ib ration s w ere 
alw ays larger than in the R eceiver unexhaufted. A t  the firft,, 
w hen m y little  M o ve m e n t w as n ew ly clean’ d , the V ib ration s were 
above ^  o f  an Inch  larger than in the free A ir .  B u t afttrw ards

- (I fu p p o fe, from  fem e o f  the fo u l’ d O il o f  the P u m p  fpirtled  on the 
W h e e ls , in lettin g  in the A ir ,  w hereby the F o rce  o f  tlie S p rin g  on 
the P allets w as blunted , from  hence, I fay) as the V ibrations in the 
unexhaufted R e ce iv e r  w ere a little  co n tra ftcd , fo in the R ece iver ex- 
haufted, they w ere m ore con traéled , and on ly about o , 25  o f  an Inch 

larger than in the free A ir .
T h e  Alteration  in ‘iime^ w h ich  this D ifference o f  the V ib ration s 

p ro d u c ’ d , w as con ftan tly  o n ly  about tw o  Seconds in an H o u r  flow er.
In  the R e ce iv e r  exhaufted, than in it unexhaufted. F o r  i f  in fo u r, 
fiv e , or m ore H o u rs  g o in g , the tw o  P en d u lu m s did  not vary a Q u a r 
ter o f  a Second in the open A ir ,  or w hen the R eceiver was p ut o v e r  
the little  M o v e m e n t, (b u t u n ex h a u fte d ); yet when the R ece iver w as 
exhaufted, the H a lf-feco n d s M o v e m e n t w o u ld  lo fe, at the R ate  o f  
tw o  Seconds in every  H o u r , in every  E x p erim en t, in m any H o u rs  

g o in g .
A n d  becaufe I had a M in d  to fre w h at A lteration s w o u ld  arife 

from  v a ry in g  the V ib ration s, therefore b y  op ening and ih u ttin g  
the P allets, I caufed the V ib ration s in fom e E xp erim en ts  to  be as 
large as the R e ce iv e r  w o u ld  bear i in others, to  be as Ihort as p of- 
fible-, a lw ays ad ju ftin g  the P en d ulum  to vibrate H alf-feco n d s nicc> 
ly in the A ir .  B u t ftill the Succefs w as m u ch  the fam e, or the D if
ference fcarce perceptib le. B u t o n ly  I im agin ’ d w hen the P en d u 
lum  vibrated  bu t a little W a y  from  the P erp en d icu lar, that the V ib ra 
tions in Vacuo w ere not fo  m u ch  en larged , as when it vibrated  in a L v-

g e r  A r c h . ,
In all thefe E xp erim en ts (w h ich  w ere repeated d ive rs  T im e s  w ith  

the fam e Succefs) I had no other R eafon to  m o v e  m e to th in k , but 
that the V ib ration s w ere en la rg ’ d  in Vacuo b y  the vaft R a re fa d io n

of
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I yo Motion of Pendulums in Vacuo.
o f  the Medium, bu t th is. T h a t  perhaps the different State o f  the 
A ir  m igh t alter the F o rce  o f  the S p rin g , w h ich  d ro v e  the M o v e 
m ent. F o r the T r ia l o f  th is, I put a w ell*adjufted Pocket-lVatch  
(w ith  Hook's R e g u la to r, i. e. the com m on  fm all fpiral S p rin g  to the 
Balance) into the Vacuum-^ and after icveral T ria ls , at the fam e 
P itch  o f  the S p rin g , I found not the lead  A lteratio n  in the W a tc h ’ s 
g o in g , in m any H o u r s ;  neither the S p rin gs, nor any other P art o f  
the W a tc h , feem ing to be in the leaft affeóted b y  the Vacuum : B u t 
the Balance c irc u m v o lv in g , or k eep in g  the fame T u rn s , as in the open 

A ir .
: 1 then try ’ d w hat the Succefs w ould  be, b y  p u ttin g  the H a lf-fe- 

conds P cudulum  again into the R eceiver, and o n ly  p u m p in g  ou t a Part 
o f  the A ir . A n d  acco rd in gly  I le ft no m ore A ir  in, than w hat k ep t 
the included M ercurial G a g e  at about fix  Inches H e i g h t ; the E v e n t o f  
w h ich  w as, that the V ib ration s were then not above ^ o f  an Inch lar
ger on each Side, than in the R eceiver unexhaufted ; A n d  the T im e  lo if 
bu t about H a lf  a Second in an H o u r, or ¿ at m oil. A n d  fo, acco r
d in g  as the M ercurial G a ge  w as m ore or lels high,*. I alw ays iound the 
V ibrations greater or lefs •, they g rad u ally  decreafing, a cco rd in g  to the 
Q u an tity  o f  A ir  re-adm itted. F ro m  thefe E xp erim en ts we m ay re
m ark ,

1. W h a t M r. Boyle lo n g  fince ob ferv ’ d (from  a c o c k ’ d P iilo l g o 
in g  dow n as fiercely in his Vacuum^ as in the A ir )  m ay be hereby 
farther con firm ’ d , v iz .  T h a t the A ir  is not the C aufe o f  the M o 
tion or R eftitution  in S olid  Bodies, as Springs. F o r  i f  it was, it 
w ould  certainly have been d ifco v er ’ d in fo tender an Inftrum ent as a 
w ell-ad ju lled  P o c k e t-W a tc h , ly in g  under the perpetual Influence o f  tw o  
Springs.

2. A s  in Vacuo (w here the PrefTure o f  the A tm o fp h ere  is taken  off) 
h eavy Bodies defcend q u ick er than they do in the open A ir  ; fo  it m ay 
be ob ferv’ d , that P endulum s m o ve fw iiter in the R ece iver exhaufted, 
than in it unexhaufted.

T h a t heavy Bodies defcend q u ick e r  in Vacuo, is ev id en t, from  the 
fw iit D efcent o f  the lefs h eavy B odies, as Cork, the Down o f  Sowtbijiles, 
the lighteft Feather, & c .  w h ich  do all precip itan tly  defcend, lik e  a 
Stone, in a tall exhaufted R eceiver.

A n d  that the P en d u lu m , in ou r E xp erim en t, m o v ’ d fafter in Vacuo, 
is m anifeft, from  its v ib ratin g  but tw o Seconds in an H o u r  flow er, when 
the V ibrations were 5 o f  an Inch on a S id e, en larg ’ d b y  the h igh eft R are- 
fa ftio n  o f  the A ir . W hereas I find b y  E x p erim en t, that near the fam e 
Increafe o f  the V ibrations, d oth , in the open A ir ,  m ake the P en d u lu m  
g o  fix  or m ore Seconds flow er in an H o u r. I fay , near the fam e Intreafe, 
becaufe it is fcarce poflible to  m anage the Pallets fo, as n iccly  to m ak e 
the fam e V ib ration s as w ere in Vacuo.
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Gun-powder fir d in Vacuo. f 7 «
3. T h e  laft T h in g  I íhall deduce (hall be b y  w ay  o f  Q u e ry , z'/z.

W h eth er the V ariations o f  P en dulum s ob ferv ’ d  under the L q u in o ftia l, 
and between the T ro p ic s , d o  not arife as m uch or m ore froni the 
R a rity  o f  the Medium^ and the E ncreafe o f  the V ibration s confequent 
thereupon ? It  is fcarce, I th in k , to  be d oubted, but that the A ir  is 
m uch thinner and finer near the L in e , than it is w ith out the T ro p ics .
A n d  it is evid en t from  the Barom eter, that on the T o p s  o f  h igh  M o u n 
tains the A tm o fp h ere  gravitates lefs than nearer the C enter. A n d  
therefore (a lth ou gh  I lik e  the N o tio n  o f  the D ecreafe o f  G r a v ity  from  
the E ncreafe o f  the DilVance from  the E a rth ’ s C en ter too w ell to  d if- 
card it, yet) I am  apt to  th in k  that this is not the o n ly  R eafon o f  the 
Phaenomenon.

I w iih  that C a p t. Hailey^ when he ob ferv ’ d  at S t. Helena his C lo c k s  
to g o  flow er than in England, had at the fame tim e o b ferv ’ d  w hether the 
V ib ration s w ere not en larg ’ d. It m ig h t be w orth  the w hile fo r 
fuch as have O p p o rtu n ity , to  take N o tic e , w hether their P en d u 
lum s bttw een  the T ro p ic s  do not m ake larger A rch es than h igher 
L a titu d e s ?  A lfo  in w hat L atitu d e  they begin  to a lte r?  W h eth er 
the V ib ration  be greater near the L in e , than in any other Parts 
betw een the T ro p ic s  ? O r , w hether the greateil E ncreafe be not 
alw ays in thofe P laces w here the Sun paflTcth their Z en ith  ? I f  the 
V ibrations be found larger under the L in e , or in any other P art 
o f  the T o r r id  Z o n e , then it m ay be o b ferv ’ d , how  m u ch  larger 
th ey  are, and in w hat P rop ortio n  they encreafe, or decreafe, b y  ap
p ro ach in g  nearer u n to , or receding from  the P lace o f  their greateft 

E ncreafe ?
A lfo  it m ay be w o rth  o b ferv in g . W h eth er Pendulum s d o not v a 

ry  on the T o p s  o f  h ig h  P laces, or in different States o f  the A tm o 
fphere, a cco rd in g  as the Mercury is h igh  or low  in the Barom eter ?
B u t then in this, and indeed in the form er C afes, it is neceflary, or 
at lead  v e ry  exped ient, that the M o vem en t be fo e x a d ly  w ell m ade, 
that the P o w er, w hether W e ig h t  or S p rin g , do at all T im e s  exert 
the ve ry  fam e F o rce  up on  the Pads or Pallets. F o r  m o ll C lo c k s  are 
apt to  vibrate  fom etim es larger, lom etim es leiTer A rch es in the 24 
H o u rs , acco rd in g  as the W e ig h t  or S p r in g  doth  m ore or lels exert its

Forces on the W o r k .

X X X I I I .  I .}  A  C and cn t Iron b ein g  included in a R ecip ien t
proper for that P u rp o fe , and the A i r  w ithdraw n (w h ich  was la  (jun.po^dcr
bout tw o  M in u tes o f  I 'im e )  the Mercury then in the G a g e  itand- vacuo,
intx at 20 In ch es*, a Q u a n tity  o f  G u n -p o w d er w as im m ediately  j;r.F.H awk:.
m ade ro defcend upon the red hot Iron , w h ic h  co n tin u ’ d upon the
Surface o f  it fom e fm all T im e  before it w ent o ff, and then %yas ob- ^
fe rv ’ d not to fire all at on ce, and the laft of the Q u an tity  that did
fo  feem ’ d to  g iv e  the greateft F lafli •, upon w h ich  the M eri^ ria l

G a g e



1^2 Gun-powder in Vacuo.
G a g e  was taken N o tic e  o f  to delcend fom eth in g  m ore tlian an 
In ch , it rifin g  again o f  the fa m e : A n d  upon feveral R epetitions 
o f  the lik e  Q u a n tity  o f  P ow d c; (the iad itio u s A ir  b ein g  alw ays 
w ith d raw n ; the A ppearances were very  refem bling. A g a in  upon 
p u rg in g  the R ecip ien t o f  tlie faélitious A ir ,  and the M e n to y  cie-. 
vated  in the G a g e , as at firif, three Qviatitities were caufed to  defcend 
up on  the Iron , w hofe E xp lo fio n  as w ell as the A ir  p ro d u c’ d from  
th em , fecm ’ d in P roportion  to the Q iian tity  ot P o w d er ; the M e r 
cury then in the G a g e  fubfid in g to 26. B u t upon d ro p p in g  fix  
Q uan tities (the R ecip ient being firil p u rg ’ d as before) w h ich  Q u a n 
tities not defcending all at once, but fu cceflively  as fa ll as m ig h t 
be, the Q uantities that Hril reach’ d the (ftill Ignited) Iron ta k in g  
F ire , by their F lam e m a k in g  an E x p lo fio n  o f  the w h ole, at once 
b lo w in g  up the R ecip ien t, a lth o u gh  the W e ig h t  o f  the A ir  in cu m 
bent on it was equal to  14 4  /. j ,  accounting the R eceiver at 3 Inches ¿ 
D iam eter, but was fom eth in g m ore, w hich  does fufficiently  allow  
fo r  the w ant o f  H e ig h t o f  Mercury. T h e  G a g e  then H anding 
at 29 inftead o f  30, from  w hich the C alcu lation  is m ade. T h e  

! G u n -p ow d er us’ d was the com m on g la z ’ d fort •, and the W e ig h t  o f
the fix  Q u an tities, w h ich  rem o v ’ d the R ecip ien t, w ith  fo great a 

j P reflure incum bent on it, was but feven G rains, each Q u a n tity
j w eigh in g  fom eth in g  m ore than one. I d id ' not o b fervc the R e -
j cipient to  be b ro ke before it reach’ d  the F lo o r. It w as th ick
; lin ’ d w ith  Sulphureous and N itro u s Steam s, fo  that the F laflies
I o f  F ire th rou gh  the C loudinefs o f  the G lafs feem ’ d v e r y  m u ch

to refem ble faint L ig h tn in g s . T h e  C on ten t o f  the R e ce ive r was 
equal to  about 25 O unces j  o f  W a to r, a llo w in g  for the B u lk  o f  Iron 

i and Pedeftal.

•Hje Qiiality 2.] U p o n  m a k in g  the late E xp erim en t before the Society^ o f  firin g  
^ G u n - p o w d e r  in Vacuo^ it w as hinted as w ell w o rth y  o f  T r ia l,

Í powder h'̂ the the fa ititio u s A ir  o f  fir’ d  G u n -p o w d er w as en d u ’ d w ith
¡ .fame, ibid. p. Q u a lity  d ifferin g  from  co m m o n  A ir  ? In order to  the Satisfa-

jSo;. ¿lion  o f  the Q u e ry , I included a C andent Iron in Vacuo^ the M er-
j cury then in the G a g e  ftanding at 29 Inches \ : U p o n  d ro p p in g  the
I fir il Q u an tity  o f  P o w d er, (b y  a Q u a n tity  is to  be un d erilood  fom e

th in g  m ore than a G rain  w eigh t) its E x p lo fio n  m ade a D efcen t o f  
the Mercury in the G a g e  about an Inch, u n d u la tin g  v e ry  little . T h e  
fecond Q u an tity  being let fa ll, the Mercury fubfided about | o f  an 
In ch  ; and fo tor feveral Q u an tities fo llo w in g  it defcended b y  p retty  
equal Stages, till it had fallen about fix  or feven Inches ; and it 
w as o b fe rv ’ d , upon every  Q u a n tity  fir ’ d , the U n d u latio n s o f  the 
Mercury increas’ d. B u t after it had fubfided  fix  or feven Inches from  
29 f, the feveral D efcents o f  it becam e lefs, v e ry  little  or n o th in g  
exceed ing f  an In ch , a lth ou gh  the Q u an tities firft w ere e q u a l ; but
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Experiments profoing a Vacuum. ' 173
ftill the U n d u lation s encreas’ d , and the E xp lo fio n s m an ifeiily  d id  fo  
t o o : 'T i l l  at laft the R ece iver feem ’ d to  be in great D anger o f  being 
blow n up  by a fin gle  Q iia n tity , the U nd ulations o f  the Mercury be
in g  then augm ented to  fix or feven Inches. N o w  26 Q uantities or 
32 G rains h av in g  been fir’ d upon the Iron, and the Mercury in the 
G a ge  h av in g  fallen to  I d ilig en tly  attended to obferve the G a ge , 
w hich in feven M inutes had afcended 2 Inches the next five M i
nutes it arofe bu t i Inch and fo lefs fucceíTiveiy every  five M inutes, 
that in an H o u r  and 17  M in utes, it had attain’ d but to 21 Inches, 
the Iron not bein g  quite co ld . A t  N in e the fam e N ig h t  I o b ferv ’ d 
the G a g e , and found the Mercury elevated to  22 Inches j  precifely ;
N e x t M o rn in g  at N in e it had attained to 2 2 i ,  and fo continu ’ d all 
that D a y , the Iron being then reduc’ d to  the T em p eratu re  o f  the o u t
w ard A ir . S o  that trom  1 2 ¿ to  2 2 l eems to be the W e ig h t  or 
S p rin g  o f  H e a t equal to  about | ot an A tm o fp h ere  o f  A ir ,  w hich  
w ould  prefs the Mercury upon the upper P art o f  the G a g e , but

1 .A__  . . ^  A. 1 _X ̂  ^  ^  ^  ^  ^  ^  ^ « fl  ̂̂ 4 a ^ m %

to  about \ Part o f  the R ecip ien t’ s w hole C on tent, w hich  was equal 
to  25 O unces J o f  co m m o n  W a te r, a llo w in g for the Iron and P e- 
deftal. T h is  A ir  p ro d u c’ d from  G u n -p ow d er, I find to be acluated 
by H eat and C o ld  as com m on  A ir  : F o r, h old in g  m y w arm  H an d s 
upon the R e ce ive r, the Mercury in the G a g e  w ould im m ediately 
defcend, and rife again when reduc’ d to  the T em p eratu re  o f  the 
ou tw ard  A ir . T h is  I repeated I'everal I 'im e s  w ith  the lik e  Succefs.
W h a t m ore occurs in this K xperim en t is, W’^hy the E xp lofion s o f  the 
lik e  Q u an tities o f  G u n -p o w d er Oiould be greater when refilled  by  A ir , 
than in Vacuo^ where n oth ing feems to  hinder the E xten fion  ot their 

F lam e.

X X X I V .  I to o k  fom e M a lt D u ft, and h av in g  w ell d ry ’ d the lam e, Defcentof 
put a Q u an tity  o f  it into a fine MuHin B ag , where being lo ofe ly  in-
clos’ d . It w o u ld , upon lh a k in g , d ifco v er itfe lf p len tifu lly  in the open p ^HawSbee. 
A ir ,  u n d u latin g  and floating a confiderable T im e  before it w o u ld  de- 298. p. 
fcend ; bu t being included w ithin a R eceiver, from  w hich the A ir  w as 1943. 
w ell exh au iled , and then (haken, the D u ll defcended as a ponderous 
B o d y , p recip ita tin g  in llra ig h t E ines trom  the I op  to  the B ottom  ot x 

tall R eceiver.

X X X V .  H a v in g  had the H o n o u r to m ake fom e E xp erim en ts laft j , ¡  Expen- 

Y ear before I  Us IlnjeJiy  and their Royal Higbuejfes the Prince
Princefs o f  W ales-, am o n g others, I fliew ’ d that o f  a G uinea ^and  ̂ î y
P iece o f  fine P aper-, then o f  a G uinea and a Feather d ro p p ’ d t o - j , x . D e -  
ceth er from  the T o p  o f  an exhaulted G U Is R eceiver about 20 faguliers. n.

V o l .  I V . P art II. 4  ^  354- P- 7 >7-



Inches h ig h ; both  w hich  fell to  the B ottom  at the fam e Inftant o f  
T im e  : N o w  fince the ch ie f R efiilan ce o f  a Medium  (and indeed 

(-I-) Fff !!ir a lm oft all o f  it) depends upon the ( f )  Q u an tity  o f  its M a t te r ;
IC. N ew ton’/ therefore this D im in u tion  o f  R efiilan ce, w hereby the Feather fell as

G uinea, Ihew’ d a D im in u tion  o f  the Q u an tity  o f  M a t- 
?ror 40 ter, and confequently p ro v ’ d an inter/perid Vacuum. Som e T im e  after

this, I was in form ’ d, that fom e Plenijts ob jefted  againft the S h o rt- 
nefs o f  the G la is -R e c e iv e r ; as if  the D ifference o f  T im e  in the 
i 'a il o f  the tw o  Bodies, w h ich  they affirm ’ d to be real, co u ld  not 
be perceiv’ d in fuch a G lafs •, and that fom e P hilo lbphers from  abroad 
affirm ’ d, that in a G lafs-R cceiver fcven or e igh t Feet lo n g , there 
w ould be fuch a m 3nifell D ifference in the T im e  o f  the faid Bodies, 
as to Ihew this E xp erim en t no P ro o f o f  a Vacuum : T o  o b via te  
t i i i s ,  I contrived  a M achine for the P u rp oie, w h ich  co n fid ed  o f  a 
iiro n g  W ooden Fram e 15 Feet h igh , that held the A ir -P u m p  and 
lour C y lin d ric  G lafs-R eceivers o f  about tw o Feet lo n g  each, and fix  
Inches D iam eter; O f  thefe, h avin g ftt  the fir ll upon the A ir -P u m p - 
P late, 1 laid on the T o p  o f  it a Brafs-Plate o f  leven Inches D ia 
m eter, that had an o il’ d L eather fix ’ d to it above and below , w ith  
an H o le  throu gh  the M id d le , o f  between four and five  Inches D ia 
m eter •, then on that P late I iet the next R eceiver, w ith  a lik e  P late 
at T o p  ; and after the fam e M anner fix ’ d the other tw o  w ith  P lates 
between them : T h e  upper R eceiver being a little narrow er at the 
N e c k , w ent into the H o le  o f  a Board, w hereby it was fcrew ’ d  
dow n p retty  hard on the other G laffes, and fix ’ d to  the w h ole M a 
chine. O n  the T o p  o f  this upper R eceiver, I had the Brafs P late, 
w et L eath er, and Brafs S prin gs w hich  contain’ d  the Bodies to  be 
d ro p p ’ d.

H a v in g  acquainted his M a jefty  w ith  w hat I had prepar’ d , he 
order’ d  m e to fliew  h im  the E xp erim en t w ith  this lo n g  com p ou n d ed  
R eceiver, at Ham pton-Court; and when I m ade it before h im  and her 
R o ya l H ig h n e fs, he was pleas’ d (b y  p u llin g  do w n  a S trin g  f ix ’ d  
to  a L eaver at the T o p  o f  the M achin e) to let loofe the B odies him - 
felf.

W h en  the R eceiver was fu ll o f  com m on A ir  before P u m p in g , the 
G uinea cam e to  the B o ttom , ju ft  as the P aper was about the M id d le  
o f  the fecond G lafs ; but when the R eceiver was exhaufted, the G uinea 
and Paper cam e to  the B ottom  precifely in the fam e Inftant o f  
T im e.

U p o n  m y g iv in g  an A cco u n t o f  the Succefs o f  this E x p erim e n t to  
the Royal Society, they ord er’ d m e to  repeat it before them  on the ¿ tb  
o f  December 1 7 1 7 .

I m ade the E xp erim en t firft w ith  tw o  o f  the R e c e iv e r s ; then 
w ith  all the four-, d rop p in g a G uinea and a fm all Piece o f  P aper 
together ; and the Succefs anfw er’ d E x p e fta tio n  : B u f  not being

w i l l i n g
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w illin g  to  try  w ith  a D o w n  Feather, becaufe I fear’ d the A ir  m igh t in- 
fin u ate  between fem e o f  the GlalTes, by reafon the N u m b er o f  Perfons 
prefent fh a k ’ d  the R o o m , the S ociety  order’ d me to m ake the E x p e r i
m ent at H o m e , before one or m ore o f  their M em bers.

M artin Folkes^ Efq-, w as prefent when I made the E xp erim en t 
at m y H o u fe , w here w e m ade four T ria ls  in the fa llo w in g  M a n 
ner :

I 'h e  w hole M ach in e being fix ’ d , as above m ention ’ d , we firft let 
fall a G uinea and tw o  Papers, the one p lac’ d o v er, and the other 
under it, (before any A ir  was p u m p ’ d out) and the G uinea cam e to 
the B o tto m  when the Papers w ere on ly  in the m iddle o f the fecond 
G lafs fro m  the T o p . T h e n  h avin g  laid a Peather on the Brafs-Springs 

;c lo fe  by  the G uinea, w e let them  loofe both together-, and the Feather 
was fallen o n ly  dow n to  the fourth  Part o f  the L e n g th  o f  the firlt G lafs, 
or one fixteenth o f  the w hole D iftance, when the G uinea was g o t dow n 
to  the B o ttom  o f  the R eceiver. W e  then laid tw o  Papers and tw o 
F eathers, one o f  each under, and the other over the G uinea between 
the S p r in g s ; and h av in g  draw n out fo m uch o f  the A ir  as to bring up  
the Mercury in the G a g e -T u b e  w ithin a Q u arter o f  an Inch o f  the 
greateft H e ig h t  to  w h ich  it co u ld  be then rais’ d by the Prefiure o f  the 
external A ir ,  w e caus’ d the Bodies to fall all at once : A n d  th ou gh  the 
P apers cam e dow n  to the B ottom  at the fame T im e  as the G uinea, yet 
the Feathers, bein g  m uch ligh ter, wanted about three Inches. B u t at 
laft, h av in g  laid the Papers, Feathers, and G uinea, as before, w e 
p u m p ’ d ou t all the A ir ,  and then the Feathers, as w ell as the Papers^ 
cam e to the B o tto m  o f the R eceiver at the fam e Inftant o f  T im e  as the 
G uinea.

X X X V I .  I.] I to o k  tw elve  B alls, (fix  o f  w hich  were folid Leaden Experimerrs 
G lo b es, o f  about tw o  Inches D ia m e te r ; three h ollow  G lafs Balls tofindh^w 
o f  about five  Inches D iam eter •, and three ligh t Pafteboard h ollow  \fthe 
G lo bes o f  about the fam e D iam eter) and h av in g  carried them  to  the retards 
upper G a lle ry  in the L an th orn , on the D o m e o f  St. P a u l's  C h u rch , Falling Bo
I caus’ d  them  to  fall dow n b y  tw o  at a T im e , in the fo llo w in g  M an-

’  /-- - 7 11 gu liers.n .36 :.
F irft , a L eaden  B all and a G la ls  Ball. p,  l o - i .

S eco n d ly , a L ead en  B all and a G lafs Ball.
T h ir d ly , a L ead en  B all and a G lafs  Ball.
T h e n  1 let fa ll, in the fam e M anner, the three other L ead en  B alls, 

each w ith  a P afteboard  Ball.
A fte r  that, h av in g  the L ead en  and Pafteboard Balls b ro u gh t up 

again, I repeated the E x p erim en t tw ice m ore w ith  a L ead en  and P afte
board B a l l : T h e n  I m ade the E x p erim en t tw ice  m ore w ith  a P afte
board B all alone, to  fee h ow  lo n g  it w o u ld  be in fa llin g .
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U p o n  t h e  w h o l e ,  i t  a p p e a r ’ d ,  t h a t  t h e  L e a d e n  B a l l s  w e r e  a  v e r y  l i t t l e  

l o n g e r  t h a n  4 !  S e c o n d s  i n  f a l l i n g  ;  t h e  t w o  l a r g e f t  o f  t h e  G l a f s  B a l l s  6  

S e c o n d s ,  a n d  t h e  P a f t c b o a r d  B a l l s  6 5  S e c o n d s .
T h e  H e i g h t  o f  t h e  G a l l e r y ,  f r o m  w h e n c e  t h e  B o d i e s  f e l l ,  w a s  2 7 2  

F o o t  a b o v e  t h e  P a v e m e n t  o f  t h e  C h u r c h  ( t h e n  c o v e r ’ d  w i t h  B o a r d s )  u p -

o n  w h i c h  t h e y  f e l l .
T h e  T i m e s  o f  t h e  F a l l s  w e r e  t a k e n  t w o  W a y s  a b o v e ,  viz. w i t h  a  

W h e e l - C h r o n o m e t e r ,  w h i c h  m e a f u r e s  a  f m a l l  P a r t  o f  T i m e  a c c u r a t e l y ,  
n e a r e r  t h a n  t o  a  Q u a r t e r  o t  a  S e c o n d ,  ( m a d e  a n d  c o n t r i v  d  b y  M r .  Gra- 
bam) a n d  w i t h  a n  í  S e c o n d  P e n d u l u m  :  A n d  t h e  D i f f e r e n c e s  o f  T i m e  
b e t w e e n  t h e  F a l l  o f  t h e  L e a d e n  B a l l s ,  a n d  t h e  o t h e r  B a l l s ,  w e r e  t a k e n  

b e l o w ,  b y  S i r  Ifaac Newton, Martin Folkeŝ  E f q - ,  a n d  a n o t h e r  P e r f o n ,  
w h o  a l l  a g r e e d  i n  t h e i r  O b f e r v a t i o n s  o f  t h e  T i m e ,  w h i c h  t h e y  m a d e  

e a c h  w i t h  a n  h a l f  S e c o n d  P e n d u l u m .

T h e  f o l l o w i n g  T a b l e  g i v e s  t h e  M a r k s ,  W e i g h t s ,  a n d  D i a m e t e r s ,  o f  
t h e  f e v e r a l  B a l l s ,  i n  t h r e e  C o l u m n s .

,^6 O f the R eíiílan ce of the A i r ‘

Leaden Balls. y*roy IVeigbt. Diameters in Inches
I . oz d. and Decimals.

I  c 2  : I  : 0  1 2 , 1

2 c I  : 11 : 4 I  » 9 9

3  c I  : r i  : 12 2 , 0

1 : 11  : 1 2 2  , 0

5 ^ • I  : I I  : 12 2  , 0

6 c I  : 1 0  : G O I  ,  9 8

Pafteboard Balls.
A 0  : 3  : 5  > 5
B 0 :  1 : 1 4 5  . *

C 0 :  1 : 1 7 5  » I

Glafs Balls.
D 0 : 3 :  135 3  . 9
E 0  : 5  : 5  > 4 2

F 0 : 6 : 0 ^ 5 ,  55
N. B. T h e  P o l a r  a n d  E q u a t o r i a l  D i a m e t e r s  o f  t h e  G l a f s  B a l l s  b e i n g  

d i f f e r e n t ,  I  h a v e  f e t  d o w n  a  m e a n  D i a m e t e r  f o r  e a c h  o f  ’ e m  •, t h e  t r u e  

D i a m e t e r s  a r e  t h u s ,  o f  D  4  a n d  3 , 8 .  o f  E  5 , 6  a n d  5 , 1 5 .  o f  F  5 , 7  
a n d  5 , 4  I n c h e s .

The particular Experiments are as follows.
E x p .  I .  F a l l  o f  I  f  a n d  D .  c f e l l  b y  t h e  P e n d u l u m  i n  4 ^ ' .

T h e  F a i l  o f  D  w a s  f o  n e a r  i t ,  t h a t  t h e  D i f f e r e n c e  w a s  n o t  t a k e n  e i t h e r  
a b o v e  o r  b e l o w .

3 Ex-
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E x p . II- F a ll o f  2 f  and E .
2 c fell b y  the C h ron om eter in 5'» b y  the P en d u lu m  in T im e  

o f  the F a ll o f  E  not tak en  above. T h e  D ifference taken below  

l i " .
E x p . III. F a ll o f  3 f  and F .

2 c fell by C h ro n o m eter in 4 1 ',  b y  the P en d u lu m  in F  fe ll in
fix  Seconds. T h e  D ifference taken below , was l i ' ' .
E x p .  IV . F a ll o f  4  £■ and A .

4 c fe ll by C h ron om eter in 4 Í , b y  the P en d ulum  in 4*. A  fell in 61 
Seconds, DifFerence tak en  below  =  z".
E x p . V . F a ll o f  5 f  and B.

W e  m ade no (Jbfervation  above nor below .
E x p . V 'l. F a ll o f  6 f  and C .

6 c fell b y  C h ro n o m eter in 4 i^  by the P en d u lu m  in 4 F .  C  not taken  
above. D itfcren ce b e lo w =  i\ " .
E x p . V I I .  F a ll o f  I c and B.

I c fell b y  C h ro n o m eter in 4 } ',  b y  the P en d ulum  in 4 Í '.  B not taken  
above. D ifference taken  below  2 F ,
E x p . V I I I .  F a ll o f  5 f  and A .

5  c fell b y  the P en d ulum  in 4 Í '.  A  fell fo u l, and fo  w as not o b fe rv ’ d  
at all. D ifference tak en  below  i " .
E x p . IX . F a ll o f  B alone.

B y  the C h ron om eter in 6 i" ,  b y  the P en d u lu m  in 6 i ' .
E x p . X .  F a ll ot C  alone.  ̂ ^

B y  the C h ro n o m eter in 6 i , by the P en d u lu m  in 6 \". n. r  1
B y  GaliU(f% T h e o r y , the L e a d , w h ich  w as 41" m fa llin g , m u lt fall 

four F o o t the firft i*  ; or fixteen F eet the firft Second, w h ich  am ounts 
to 324 F o o t in 4 Í '.  B u t as the Soun d o f  the B all (as it ftru ck  the 
B o tto m ) by w h ich  w e reck o n ’ d our T im e , had 272 t e e t  to m o ve, w e  
m uft abate a i  o f  a Second  nearly, (fu p p o fm g  Sound to  m o ve one iM ile 
in w hich  w ill tak e  aw ay 35 F eet, that the B o d y  m uft have fallen 
in the laft i  o f  a Secon d , and reduce the N u m b er ot F eet to  289 : So 
that the L e a d  wi l l  have o n ly  fallen 1 7  F eet ih o rt o f  the I h e o r y ,  w h ich  
m uft be attributed to  the R efiftance ot the A ir .

T h e  large G lafs B all in the 6 Seconds o f  its F a ll, w o u ld  in a 
cuum g o  th ro u gh  5 7 6  F e e t : B u t ta k in g  aw ay the laft i  o f  a ^ o n d  
4 7  F eet, for M o tio n  o f  S ou n d , it m u ft o n ly  fall 5^9  F eet <icuo. 
N o w  fince it tell but 27 2,  there have been 257 F eet taken o f f  from

the F a ll b y  the A ir ’ s R efiftance.
L ik e w ife  the P afteboard  B all in 6ír Scconds m u ft have rallen 070 

F e e t :  B u t d e d u A in g  the laft Q u arter o f  a Second, or 51 F eet, for the 
M o tio n  o f  the S ou n d , there rem ains o n ly  6 2 5  F eet for its F a ll in P'acuo. 
B u t as it fell on ly  2 72  F eet, w c  m u ft a llo w  a H eta rd m en t o f  3 5 ?  F eet 

fo r the R tfifta n cc  o f  the A ir .

.
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A t  a M ean w e m ay call the W e ig h t  o f  the G lafs B all ñ v e  O z. 
'Troy  ̂ and its D iam eter 5 Inches and 5 ; and the W e ig h t  o f  the 
Falleboard Ball tw o O unces íTro)’, and a little m ore than five  Inches 
D iam eter.

I  he I.cad  Balls all fell w ithin near a F o o t o f  one another, and made 
an Im preilion  in the Boards o f  about \ o f  their D ep th .

T h e  Barom eter flood at 30,1 Inches, and the Mercury was very  co n 
v e x , and therefore inclin ’ d to rife ftill.

Some fu r th e r  2 . ]  H a v in g  found by our form er E xp erim en ts, that thin G la is
Kxpenments Balls, and even Balls o f  palled P aper, were too heavy to  m ake lo 

, confiderable a D itierence between the T im e  ot their F a ll and the
/¿Hame, Lj^^dcn Balls, that it m igh t be eafily o b fcrv ’ d ; I co n triv ’ d

 ̂ a W a y  to m ake d r y ’ d H o g s  Bladders p e rfe illy  round, b y  b lo w in g
them 'w hen m o iil) w ithin a ftrong fpherical B o x  o f  Lignum  
and letting them dry in the faid B o x before I to o k  them  out : 
W h ich  I d id  by opening the B o x that fcrew ’ d  in the M id d le , and 
had a H o le  in the P ole o f  one o f  its H em ifpheres to  let the Blad- 

t der pafs through, in order to tie it after b lo w in g ; and fom e few  Im all
* H oles all over the B o x, that, in b low in g, no A ir  m ig h t be con fin ’ d

between the infide o f  the B ox and the Bladder, fo  as to  hinder it 
I from  putting on a fpherical F'igure, Befides, I to o k  oflf the E n d s o f

the Ureters, the F a t, and a great deal o f  the up per C o ats o f  the 
Í; Bladders, before I b low ’ d them  in the B o x , to  render them  ili l l

lighter.
T h e  Bladders I us’ d , were fom e o f  the thinned I co u ld  find ready 

! blow n at a DruggiJi'Sy w hich  I m oiften’ d in W a te r, ta k in g  C are to
j leave none in the infide.
' H a v in g  prepar’ d five Bladders in the M anner aforefaid, I to o k

them  up to the upper G allery  in the L an th orn  on the T o p  o f  the 
Cupola in St. P a u l's  C hurch  ; and there, b y  a C on trivan ce w h ich  I 
ihall defcribe, I let them fall by  one at a T im e , togeth er w ith  a 

i Leaden Ball o f  about tw o  Inches D iam eter, and w e ig h in g  2/. T n y :
i, A n d  I to o k  N o tice  o f  the T im e  o f  the F a ll o f  each B ladd er, k n o w 

in g  by form er E xperim ents that the Balls are about 4 Í  Second s, or 
a little longer T im e , in fa llin g  the fame H e ig h t, w h ich  is 272 
Feet.

T h e  follow in g T a b le , co n fiilin g  o f  five  C olu m n s, g iv e s  in the 
fir il, the M ark s o f  the Bladders •, in the next their D ia m e ters; in the 
third  their W e ig h ts , in G rains Troy ; in the fourth  the T im e s  o f  their 
F a ll in Second M inutes o f  T i m e ; and in the fifth , the D ifference 
o f  T im e  between the F alls o f  the L ead s and o f each B ladd er •, taken 
below  by Sir If. Newton^ D r. Hailey^ D r. Jurin, M artin  Folkes, E fq ; 
and M r. Graham the C lo ck -m a k e r. T h e  T im e  w as taken above 
w ith M r. G raham \  C hronom eter j and below  w ith  the fam e In ilru -

m ent.

1^8 O f the Refiftance of the A ir
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m ent, and three h alf Second P en d u lu m s, a ll w h ich  agreed v e ry  w ell 
together.

T h e  E xp erim en ts h av in g  been m ade tw ice  o v er, the T a b le  is 
tw ice fet d o w n  *, and thofe E x p erim en ts  in w h ich  the B ladders fell 
ftraight d o w n , and the m o ft re g u la rly , have this M a r k  before 

them (* ) .

with Regard to F alling Bodies. 1 7 9

Marks. Diameters fVeigbt in Time o f  the'D iff. between the
in Inches. GrainsTroy whole Fall. L ead and Bladder.

A 5 . 3 1 2 8 1 9 b" 141 Seconds.
• B 5 ’ 193 156 ^7 }

C 5» 33 137^ 1 8 1 I4 Í
D 5> 26 9 7 Í 2 2  i 1 7 1

* E 5 ,  0 2 99 i 2 I { ^7

• A
tl

19 14Í
B H i

* C i 8 i 14
D 24 í 9 ¿
E 2 l i 16 «

T h e  D iam eters and W e ig h ts  m ay be re ly ’ d up on , b ein g  taken the 
D ay  that the E xp erim en ts w ere m ade, and the D a y  after j but the 
D iam eters and W e ig h ts  taken  ten D a ys before, not agreeing w ith  
thefe, I have left them  out. F o r  the Bladders b y  d ry in g  had lo ft 
their W e ig h t , and alter’ d their D iam eters.

A s  the N e c k s  o f  the B ladders in d ry in g  Ih rin k , fo  as to  open a little , 
they m uft be blow n  before each E xp erim en t. A n d  for the M anner o f  
lettin g  them  fall e x a flly  in the fam e Inftant o f  T im e , it is d efcrib ’ d  b y

Figm e 2 5 , in w hich
A ,  A ,  A ,  A ,  is the H o le  th ro u gh  w h ich  the Bodies f e l l : i ,  2 , is Fig. 25. 

a Board laid over the H o le . G ,  D , D  is another Board fix ’ d  to  
the firft B oard  b y  the tw o  W o o d -S cre w s  D ,  D  w ith  a P u lle y  G  at 
the other E n d  ot it, o ver the H o le . W ,  is a tw o  P o u n d  B a ll o f  
L e a d  fatten’ d  to  a ftro n g  T h re a d , w h ich  g o in g  over the P u lle y , is 
ftretch’ d  h orizon ta lly  from  G  to  the N a ils  F  ; to  w h ich  it is faften’ d , 
fo as to  be about a quarter o f  an Inch above the Board.

B is one o f  the B ladd ers, h an gin g  w ith  the N e c k  or heavieft P art 
dow nw ards, b y  M eans o f  a L o o p  o f  fine T h rea d  as E  H ,  w hich 
goes o v er the H o rizo n ta l T h rea d  G  E  F . N o w  w hen w ith  a P air 
o f  Sciffars the T h re a d  o f  the L e a d  (w h ich  in all is bu t one F o o t 
lo n g) is c u t j u f t  at E ,  before the L o o p  o f  the B ladd er, the L e a d  
p u llin g  aw ay the S trin g , the l^oop ot the B lad d er flips ofF the re
m aining T h re a d  F  E ,  and begins to  fall exactly  in the fam e In 
ftant as the L e a d  : B u t i f  the I 'h rea d  fliou ld  be cu t between E  and

F , as I



1 8o O f the Reíiílance of the Air, ^ c.
F , as the L ead, falls, its T h read  m ig h t g iv e  the B ladd er an oblique 
D ire ftio n .

H e  that obferves the T im e  either w ith  a P end ulum  or C h ro n o 
m eter m ay tak e  it v e ry  e x a ftly , b y  feeing the M o tio n  o f  the Scif- 
fars as they cu t the T hread .

N . B. A s  the D iam eters o f  the Bladders were taken  by  w rap p ijig  
a T h re a d  tw ice round them , and fom eth in g m u il be a llo w ’ d for the 
T h ick n e fs  o f  the T hread  ; I have here under fet dow n the D iam e
ters o f  the Bladders, as correfted  by that A llo w an ce . Viz. A  5, 28 
Inches - , 6 5 ,  19 ; C  5 , 3 0 ;  D  5J •, and E  ju ft  5 Inches in D ia 
meter.

r  T h e  Bladder E  was rou gh , w ith  feveral W rin k le s  and Inequalities,
w hich  made it be longer in fa llin g than it o u gh t to  have been, accord- 

j  in g  to its D iam eter and W e ig h t.
A  Pail o f  W ater throw n dow n m et w ith  fuch a R efiftance in 

fa llin g 272 F e e t throu gh  the A ir ,  that it was all tu rn ’ d into D rops 
lik e  Rain.

C

X X X V I I .  Papers, & c . c f  Mr. H a w k ib e e ’ j  Omitted.

n, ^05, p. I. A n  A c co u n t o f  feveral Experimevts on the Mercurial Pbofphorus, 
2129. made before the Royal Society.

2. A n  A c co u n t o f  feveral Experiments m ade before the Royal So-
n. 3̂04. p. concerning ihe Attrition o f  Bodies in various Mediums.------ O f

Amber on Woollen in Vacuo. —  O f  Flint on Steel in Vacuo. —  O f  Glafs., 
and various other Bodies xxs. Vacuo.—  Glafs on Woollen— o í GInfs
on Oyfter-Shells —  o f  Oyfier-Shells on Woollen —  o f  Woollen on Woollen

> — o f  Glafs on Glafs— o f  Glafs on Glafs under Water,
T n. 307. p. 2- A n  Experiment concerning the Produélion o f  Light on a flight

-^77- Attrition o f  the Hands on a Glafs Globe exhaufted o f  its Air, & c .
n. 308. p. 4' Experiment concerning the EleElricity o f  Glafs, produc’ d by a

; 2327. imzxt Attrition OÍ \t.
t /¿/V. p.2332 5 - ^  Continuation o f  the Experiments o f  the Attrition onGlafs.

n. 309. p. * 6. Som e further Exteriments relating to the Ele£iricity o f  Glafs, and
2372. o f  the Effe£ls o f  the Effiuvia, & c .
n. 310. p. 1 ' Experiment con firm in g a form er one, concerning the P ro-
2313. d u d io n  o f  Light b y  the Effluvia o f  one Glafs fa llin g  on another in

M otion .
/ f/ / p. 241 s. 8. An Expei-iment ih ew in g  the D ifficu lty  o f  Separating tw o  Hemi- 

fphercs, upon the in je ftin g  o f  an A tm o fp h ere  o f  Air  on their Outward 
Surfaces, w ithout exhaujiing the included Air. 

n 30- p Experiment concerning the Proportion o f  the W e ig h t  o f  Air,
2¿2i/ to  the W e ig h t  o f  an equal B u lk  o f  Water, wiixhonx. knowing the abfo-

lute ^ a n t i t y  o f  either.
10. A n
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Mr. HawkfbeeV Exiperiments. 181
10. A n  Experiment fh ew in g, that the Ajcent o f  Liquids in Small 2223. 

T"ubes open at both E n d s, is the lam e in Vacuo as in the open A ir.
1 1 . A n  Experiment con cern in g  the ^ la n tity  o f  A ir  p ro d u c’ d from  a 3u - P- 

certain ^<antity  o f  Gun-powdcr firM  in co m m o n  A ir .
12. A n  Experiment that the Springs, or conftitiient P arts 24» *

o f A ir  are capable o f  fuffering fuch Diforder b y  a vio len t Impulfe, as
to require T im e  to recover their N atu ral State.

13. A n  Experiment^ fliew in g the Caujh o f  the Defcent o f  the M cr- n. ?g2. p
cury in the Barometer \n a Storm. 1629.

14. Experiments on  the Produfbion and P rop agatio n  o f  L ig h t  from  n. 296, p.
the Phofphorus in Vacuo. '855.

15. Experiments conci:Tn\nq, the P rop agatio n  o f  Sounds in Condenfed^- *97- p- 
and Rarefied A ir .

16. Experiments conctrn\n^x\\z Reftlition or R eb o u n d in g  o f Bodies n. 298. p.
in Various Mediums. '946.

17. S om e farther con cern in g  the Ele¿1ricity and 315.?. 82.
p ro d u c’ d from  various Bodies by Attrition  —  o f  Glafs —  o f  Sealing-
IV ax  —  o f  Sulphur and Rofin.

18. A n  A c co u n t o f  the Succefs o f  an Attem pt to  continue n.318. p.217.
Atmofpheres o f  A ir  condens’ d in the Space o f  One, for a confiderable
T îme.

19 . A n  Experiment con cern in g  the P ro d u d io n  o f  L ig ht  in an ex -r.^ iS .p .2 19 . 
haufted G la fs , lin 'd  on the In/ide w ith  Sealitig-lVax, upon an Attrition
m ade on its Outfide.

20. Experiments conctvn\ni^ xht Afcent o f  Z./iyK/Wi between the nwr/;. n.319.p.258. 
(sntiguous Surfaces o f  B odies —  between tw o  Glafs Planes in the Open
A ir  —  and in Vacuo —  between Mari/le and Brafs Planes in the Open 
Air.

2 1 . 'W it Afcent o f  between tw o  Round Glafs in t h e p .  265.
Open A ir.

22. T h e  Afcent o f  IVater th ro u gh  a Tube f ill’ d  w ith  Afhes in the open p- 2̂ 2̂ -
A ir  —  and in Vacuo.

23. T h e  Afcent o f  Liquors, in Small ‘tubes  o f  unequal Tbicknefs, bu t P-
equal Bores o r  Cavities.

24. T h e  Afcent o f  various Liquors betw een tw o  Square Glafs IbU. p. 266. 

Planes.
25. A n  A c c o u n t  o f  an Experiment concerning the different Deftfitiej n. Tp gs. 

o f  the Airy fro m  the greatelt D e g re e  o f  Heat to  that o f  Cold in  our 
Clim ate.

26. A n  A c c o u n t o f  an co n cern in g  the different IVeights ,̂-^20.
o f  the fam e forts o f Bodies, but o f  very  unequal Surfaces in W ater,
w hich w ere o f  equal W eight in common A ir.

27. A n  Experiment co n cern in g  the different Berfities o í commcn W ater  n.3i9 p.267. 
from  the greateft D egree  o f  Heat in ou r C lim a te  to  the Freezing  P o in t 
ob ferv’ d by a Thermometer.

28. Experiments in relation to  th tJ V eig h t  o f  ccmmcn JVater under l ld .Y - iU j.  
different C ircu m ftan ccs.

V o l . I V . P art II. 4  P  29. A n



n. 320.P.302. 29. A n  Experiment concerning the Freezing o í  common fF a ter, and
IFater purg'd o f A ir.

/¿/u'. p. 304. 30. A n  Experiment concerning the Freezing o f  com m on  Water^
t in g ’ d w ith  a L iq u id , faid to  be extracted trom  Shell-Lac.

11.321.P.367. 3 1 . Ar\ Experiment, (hew ing that actual Sound 1% not t o b e  tranf-
tniitcd th rou gh  a Vacuum.

//// p. 369. 32. A n  Experiment concerning the Propagation o f  Sound pafTing
from  the fonorous B o d y into the common Air., in one Direction on ly.

P 37'- 33- -A-n Experiment concerning the Propagation o f  Sound th ro u gh
JVater.

n 32:: p.391. ^4. A n  Experiment^ (hew ing that an O bje^  m ay becom e V ifibk
th ro u gh  fuch an Opake Body as P itch  in the Dark., w hile it is under 
the C ircum ftances o f  Attrition  and a Vacuum.

" 3-3 P i 39- 35 ' Attempt to produce on the Infide o f  a Globe Glafs
lin 'd  w ith  m elted Flowers o f  Sulphur.

/¿/V. p. 440. ^5. A  o f the foregoin g  & c .

n. 32S.P.196. 37 - Experiments concerning the ^lime requir’ d  in the Defcent o f  Bodies
o f  different M agn itud es and W e ig h ts , i£c.

Hid. p. 199. 38. Experiments concerning the Effects o f  A ir  pafs’ d through red
hot Metals., & c .

n. 328.P.Z04. 39. A  Defcription 0Í ú it  Apparatus fo r m a k in g  on the
Refra£lions o f  F l u i d s W ith  a T ab le  o f  the Specific Gravities., Angles 
o f  Obfervaticns, and Ratio  o f  Refractions o f  feveral F lu id s.

” 35‘ P-3=5- 4 °- Repetition o f  an Experiment o f  D r. Hook’ s, c o n c e r n in g /íüí?
Liquors, w hich  when m ix'd together poffefs lefs Space, than w hen Sepa
rate-, w ith  another Experiment confirm ing the fam e.

/¿/ii'. p. 328. 4 1 . A n  A c c o u n t o f  an Experiment, con cern in g  an E n d eavo u r to
p rod uce L ig h t  th rou gh  a M etallic Body, under the C ircum ftan ces o f 
Attrition  and a Vacuum. 

n. 332.P.39;. 42. A n  A c co u n t o f  an Experiment concerning the 'Direction o f  a
Tirop o f  the O il o f  Oranges between tw o Glafs Planes, tow ards any 
(ide o f  them  that is neareft prefs’ d together.

" 333 P-43f- ^ 3 ' Experiments on k eep in g  K/Zjw in JVater under different Circum-
flances.

"•354 P-473- 44. O f  the requir’ d to fufpend a o f  the O il o f  Oranges,
at certain Stations, betw een tw o  Glafs Planes, p la c ’ d in the F o rm  ot 
a JVedge.

n ^Sj P S ” - 4 5 . T \ it  Specific Grarcities o f  feveral M etallic Cubes in C om p arifo n  
w ith  their like Bulks o f  W ater. 

n. 336.P.539. 4 -̂ A n  Experiment concerning the Afcent o f  W ater  betw een tw o
Glafs Planes in an Hyperbolic F igu re , 

p. 541. 4 7 . A  Defcription 0 Í(tw trú  Strata o í  E a rth , Stone, Coal, & c .  foun d
in a Coal-Pit at the W e il  E n d  o f  Dudley in Staffordfhire, b y  M r. Fet- 
tiplace Bellers, F . R . S. T o  w h ich  is added a T a b le  o f  Specific 
Gravity o f  each Stratum, b y  M r. F . Hawkfbee. 

n. 335 P S05. 48 . Experiments concerning the Proportions o f  x\\t Pow er  o f  the Load-
ftone u  different D i f l a n c e s w ith  a D ffc r ip tio n  o f  the L o a d -fto n e  m ade 
ufe of. ~ 49. A a

l u m
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4Q. A n  Experiment con cern in g  the Proportions o f  th t^ fc e n t  o f  5/>/nV 337-P-‘ 5 '

o f  iVine betw een tw o  Glafs Planes^ w h ofe  Surfaces w'ere plac'd  at diffe
rent Diftances from  each other.

50. Experiments con cern in g  the Afcent o f  JVater between tw o  Glafs IbH. p 153. 
Planes in an Hyperbolic C u rve .

5 1 . A  farther A c c o u n t o f  the Afcending o f  Drops o f  Spirit o f  Jyine Hid. p 155 
between tw o  Glafs Planes twenty Inches and a h a lf  long ; w ith  a Table ot
the Diftances from  the Touching Ends and the Angles o f  Elevation.

H i

C H A P .  II.

Hydrology.
I, T ) O T I  I Olaus Magnus and other W rite rs  h avin g  related fom e T h in g s

I'urprifing and unufual con cern in g  the L a k e  Vetter^ I th o u gh t it Swe-' '̂
w orth  w hile to  enquire m ore narrow ly into the N ature ot that Lake., and 
the V era city  o f  thofe A u th o rs ; and w here I had not an O p p o rtu n ity  o f  Urban 

m a k in g  O b fervation s m y fe lf, to afk  the T eftim on ies o f  Perfons o f  a Hearnc, 

goo d  C h arafter liv in g  in the N eig h b o u rh o o d  ot it, w ho cou ld  folve 
m y  (^ leftion s w ith  M atters o f  F a it , ^

T h e  L a k e  Vetter run n in g from  N o rth  to South , from  AJkerfund in 
N ericia  to  Jonekoping in Smoland^ meafures fourteen Swedifh M iles in 
L e n g th , one o f  w h ich  is equal to  five or fix  M iles Englifh., and ten o f  
them  m ake alm oft a D eg ree  : But in Breadth it is on ly three M iles, and 
in lom e P laces h ardly  m ore than tw o . T h is  L a k e  upon A c co u n t ot the 
h igh  M ountains about it, w h ich  in Ibm e Places begin upon the B ord trs 
o f  it, and in oth er P laces are at a little  D iftance from  it, appear de- 
preiTed tow ards the Shore to  P eop le  ftanding near it. It is rem arkab ly  
deep, but its D e p th  is fo  unequal, that in fom e Places you  find the B o t
tom  at e ig h ty  F ath om s, but in feveral Parts on the Borders o f  Ofiro- 
gotbland, and in a few  o f  JVfflrogotbland^ at three hundred F ath om s you  
find no B o ttom . A n  Inhabitant o f  Vadjlen^ Benedittus Amherni., in order 
to found the D e p th  o f  the l .a k e  upon the Borders o f  the State ot Gren- 
nen̂  let do w n  fom e F ath om s o f  R o p e  w ith  a H atch et at the E n d  ot it, 
but not fin d in g  any B o tto m , w hen he gathered up the R o p e, inftead o f  
the H a tch et he foun d a H o r le ’ s S k u ll very  neatly faftened to  it. A n  
A b y fs  lik e  to this at the P recip ices o f  the M ountain  O b m n , w h ich  are 
called the IVeJiern W all, has alw ays d eceived  thofe w h o have attem pted 
to found it •, fo that few  dare venture upon it for fear o f  the elt 
W in d , w h ich  g ro w in g  fto rm y o f  a fudden eafily  lotes the V eflels dow n 
the Sides o f  the M ountains in fpite o f all the A n ch o rs  they throw  out on 
every S ide. In t!»e fam e m anner form erly  at a certain P ro vin ce  ot Weftro- 
gothland, the G o v e rn o r C o u n t Johannes Oxenjliern after th row in g  ou t 
three hundred F ath om s could  find no B o tto m , w h ich  is attefted b y  lom e 
I^'iihermen ftill a live , w h o were em p lo yed  in that AfTair. T h is  W atCT
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is no lefs clear than it  is d eep , fo that you  can difcern a v e ry  fniall P iecc 
o f  M o n e y  at a conficitrable D ep th . Ericus Simonius P aftor and O v e r- 
feer o f  Vadjten fays, that in a clear D a y  he has been able to  pcrceive  a 
S ilv e r  P enny in the W a te r  fix ty  Fathom s deep. B u t at Tome D illan ce  
from  the Surface it appears tinged fom ew hat green : A n d  no w onder i f  
the F ilth  co m in g  from  fo m any fm a lk r  L a k e s , M ountains and W o o d s , 
lliou ld  taint this lim p id  W ater confid erably.

A lth o u g h  this Lake o f Fetter  is larger than m o il others, y et the m o il 
P art o f  it is free o f  R o ck s , and there are very  few Iflands in it. T h e  
ch ie f o f  thefc is called Vifingfoe, form erly  the Seat o f  the F a m ily  o f  
the Brahdey and liea in the M id d le  o f  the Lake  between Grenna o f  Smo- 
land and f^ejirogotbland, and N o rth  from  that is the Ifland o f  Roknen 
over againft the Baths o f  Medevien. T h e re  are befides thefe fom e fm all 
illands near the Shore, but they are very  fm all and few  in N u m b er. B ut 
being freely expofed to W in d s  and furrounded w ith  ve ry  h igh  M o u n 
tains, no w onder i f  it is but feldom  calm , and the Boats are toifed upon 
it in frequent Storm s •, w hich  com e often fo u n exp ed ed  that there begins 
a M o tio n  w ithin it w hile the W aters are as fm ooth  as a M irro r, before 

I* the leaft Breath o f  W in d  is felt. W h ich  feem s to be o w in g  to  the i'empeft
heaving up  the W aters elfew here, and g rad u ally  p ro tru d in g  them  betbre 

¿ the W in d s have reached that Part. F o r  it is no unfrequent T h in g  in the
I  Vetter for the VeiTels to  be toíTed by the W in d s in one P a rt, w hile hard

b y  it is fo calm  that others are o b h ged  to m ake ufe o f  O ars. I 'h is  feem s 
to  indicate that C om m otion s m ay be raifcd in the W aters by fubterra- 
neous W in d s , and Varenius attem pts to  explain  the lik e  E ffe d s  in his 
Univerfal Geography. A  great m any P h e n o m e n a  confirm  this C o n je c
ture. F o r  when the T e m p e ft and C lo u d s are threatening, you  m ay 

I! p erceive a k in d  o f  h ow lin g  and thundering N o ife  in the W aters w’hile
j; the A ir  continues ferene, w hich  I had occafion  m y fe lf  to  hear feveral

tim es w hile at the Batbs o f  Medevien when the A ir  was q u ite  ca lm , and 
*; was alw ays fo llow ed  w ith a violent Storm . B u t the Inhabitants o f  V i-

fingfoe are m o il fenfible o f  this, h avin g  their E ars con foun d ed  w ith  a 
N o ife  lik e  that o f  G u n s, from  that Part o f  the ifland w hence they e x 
pect the Storm  to com e next D a y . A n d  when thefe E x p lo fio n s are heard 
tow ards the E a il, th ey  have a Storm  from  that Q u arter fo r the m oft 
part attended w ith  F la il and R ain. T h e  various p u ffin g  up  o f  the 
W aters, the ludden rifin g  o f  V ap ou rs, and h afty  fly in g  ou t o f  B lafts, 
w h ich  Ibme P eop le  have obl'erved in this L a k e , are w o rth y  to  b e ta k e n  
N o tice  of. S om eth in g  o f  this K in d  was o b lerved  not w ith ou t S u r
p rize  b y  Abraham JVinandz the A r c h ite d , w h o  liapp en in g once to  pafs 
by  thofe C oails  w ith  fom e F rien d s, w hile the W aters were quite ca lm , 
iaw  little  C lo u d s dartin g  up from  the B o ttom  here and there, and jo in 
in g  them felves w ith  the A ir  in F o rm  ot S m o a k , fe ll d o w n  in gentle  
Show ers up on  them  every  n ow  and then all that D ay ; all w h ich  argu e 
ftro n g ly  tliat there are fuch T h in g s  as lubterraneous W in d s.

D o u b tlefs  the fam e W in d , w ith  the S to rm  c o m in g  from  ab o ve, is the 
C aufe w h y  in the S p rin g , the Ice  w h ich  j u i l  n o w  is ftro n g  and th ic k

en o u gh
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enough to  bear H o rfes  and C arriages, is fo  broken and d ifp trfed , that 
you m ay prelen tly  fail v e ry  fafely upon it. B u t before this dreadfu l 
breakin g o f  the Ice, the h orrib le N o ife  o f  the W aters w h ich  precedes 
ir, warns the frigh tened  T ra v e lle rs  that are upon it to  g et o f f  as q u ic k  
as p o flib le ; but i f  they happen to be far from  the Shore, they arc e i
ther im m ed iately  d row n ed , or d rove up  and dow n for fom e T im e  upon 
Fragm en ts o f  Ice, and fom etim es the Ice p refcn tly  fin ks when the A ir  
is very  little  m o ved .

W h e th e r or not there are m etallic V ap o u rs fe rv in g  to  produce thefe 
fubcerraneous W in d s , I fhall not pretend to  determ ine. B u t that thefe 
are not w an tin g  there is p lain , from  feveral M ountains o f  N ericia  and 
Wefirogothlandy on the N o rth  Side o f  the Vetter^ w ith  V ein s o f  Iron 
O re, and perhaps m ore noble M etals m ore lately d ifcovered , and other 
different K in d s o í  M in erals, v iz .  A n tim o n y , L o ad fto n e , C h a lk , M ica  
S terilis, feveral Sorts o f  S ilve r and L e a d  O res, and M arch afite, 
whence S u lp h u r, V itr io l, A llu m , and other foflile Subftances ufe to  be 
cxtraéled . A n d  in the W a ters them felves there is found a great Q u a n 
tity  both o f  M arch afite , and a rufty  K in d  o f  O k t r .  T h e  Ignis fatuus  
m uft lik ew ife  be referred to this P la ce , being not on ly  obferved  fre
qu en tly  upon the Borders o f  the L a k e , but in the N ig h t  T im e  it is 
feen fly in g  in the M id d le  o f  the W a te rs, and confounds the F iih erm en , 
and a great m any are perfuadcd that this is o w in g  to m etallic and ful- 
phureous E xh alation s. N o r  is the G ranate, P o rp h y ry , Jafper, C h ry -  
ftal, and other precious Stones produced in this L a k e , form erly  c o lle ft-  
cd  b y  C o u n t P eier Brabens, and fo finely p o liih ed , as to  be ufed a- . 
m o n g ft the bridal O rnam ents o f  the L a d ie s  o f  Vi/in^urg^  generated 
w ith ou t the AiTiftance o f  m ineral V ap ou rs. A l l  thefe a ck n o w led g e  a 
m ineral O r ig in , not to  m ention the Baths o f  Medevien^ in the Borders 

o f  the Vetter.
A m o n g ft  the other P rop erties o f  this L a k e , w e m uft not pafs over 

the rem arkable W h irl-p o o ls  and vio len t T orren ts here, w hich  th o u g h  
they have o n ly  one V en t, yet being d irectly  oppofed  to the W in d s and 
W a v e s , are v e ry  troub lefom e to the F iih erm en . H en ce  it has been 
fufpeóled on A c c o u n t  o f  its vaft D ep th , and the private C han nels, and 
lubterraneous W in d s , that there m uft be a C o m m u n ication  under 
G ro u n d  o f  the Vetter  w ith  anoth tr L a k e , ten Swedijb M iles to the W e ft  
o f  it, callcd  the Venner. A n d  this is the m ore probable, from  the d if
ferent Q u ic k -fa n d s  that arc b etw ix t thefe tw o L a k e s  tw o  of w h ich  
in the P a riih  o f Fegren, called the b lack  and w hite Q u ic k -fa n d s , Had- 
dorpbius had m e clu rtd . F ie  found them  to be ot a p ro d ig io u s  D ep th , 
and ob fcrved  in them  an inteftine M o tio n , as if th^y w ere tu rg id  w ith  
a K in d  o f  F tr m m t. T h e  fam e O p in ion  is lik ew ife  ftrengrhened from  
this, that fbm e Y ears the Vetter is confid erably  fw elled  w ith ou t any 
m anifeft C au fe , and falls again afterw ards the fame W a y . M r. D aniel 
Ridley M in ifter at Mótala., has obferved  con cern in g  ih'.s Lake thefe feven 
Y e a r i  b y -p a ft, th at in fom c certain P laces it grad u ally  decreafed, fo
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i 8 6  O f  the LakeVtXXtr,
as you  could  w a lk  d ry-io o tcd  fom e F ath om s, w h ereB oats ufed form er
ly  to g o , the Stafons in the mean Time^ v iz .  in the Y ears 16 8 0 , 16 8 2 , 
16 8 4 , and 16 8 5 , being every where fufficiently rainy. B u t in the Y e a r  
16 8 6 , tow ards A u tu m n , the W aters began again grad u ally  to increale 
till the prefent Y ear 1688. B u t w hether the Vetter keeps its fta ttd  
T im es , the fam e as they fay o f  the Venner^ increafing feven Y ears, and 
then d im in iih in g  other feven, I am not able to  determ ine. It is lik e - 
w ife  furprifin g, that in a ferene A ir  they can hear the Cannon at Stocks 
holm and other Places th irty  M iles diftant. So that in the Y e a r  16 8 5 , 
when the Princes o f  Stockholm were buried, they heard the R ep o rt o f  
the Cannon e x a ftly  at fix  o ’ C lo c k . A n d  w ith  the fam e E afe  in the 
Y e a r  16 7 6  they heard the E x p lo fio n  o f  the G u n s in a S ea -F ig h t d i- 
ftin ftly  at about th irty  M iles  D iftance.

A s  to what Olaus MagnuSy MeJfeniuSy and other H iilo ria n s relate co n 
cerning Gilbert^ Cave in the liland o f  VifingfoCy I leave to the C red it o f  
thefe A u th ors. T h is  how ever is certain, that there ftill rem ains a C a 
vern fu ll o f  a fulphureous and v e ry  naufeous Stench, w hich  I im agine, 
according to the O pinion o f  the P eop le in that P lace, to  be o w in g  tc> 
the N aftinefs gathered in L e n g th  o f  T im e  in the C a v e  fituated near the 
W aters, exhaling fulphureous and m o ill V ap ou rs. A n d  that there a p 
pear upon the Borders o f  it different Speftres and P han tom s, for the 
mofl: part refem bling W o m e n , fom etim es H orfes and other A n im a ls, 
friik in g  about, no B o d y  w ho is intent upon thofe C uriofities w ill d en y. 
T h ere  are feveral Stories both o f  form er A g e s  and o f  the prefent, 
w hich I could  b rin g  in to confirm  this, i f  I was not refo lved  to pafs 
it over fo (ligh tly.

B ut I m u ll not n e g le fl to m ention the fam ous R iv e r  Mótala^ w h ich , 
as I faid, is the on ly  M o u th  o f  the Vetter, and at certain T im e s  ufes 
to lay afide its F lu id ity , and ftop  its C o u rfe in  fuch a M anner, as y o u  
could g o  (reely into it, and fom etim es take up  Fifhes that were left in 
the Bottom  o f  it w ith ou t any Im pedim ent, as it happened in the Y ears  
1682 and 16 8 5 , iibout Chrijimas. T h e  co m m o n  P eop le  in that C o u n 
try  are unanim oufiy perfuaded, that the C ou rfe  o f  the R iv e r  is never 
ftopt w ithout fom ething bad fo llo w in g  it, and that it alw ays prefages 
either a great Dearth or a W a r, or fom e p u b lic  D ifa iler, in the fam e 
manner as a W h a le ’ s co m in g  into the Thames is faid hy -xht Englijh to  
portend fom eth in g fatal. B u t w h atever Stories they have about, i f  
they are not conform able to the L a w s  o f  N ature, g iv e  no S atisfa ilio n  
to  a phyfical Perfon, enquiring into the natural C aufes o f  fuch fu rp ri
fin g  E ffeéls. I was therefore follicitous in en qu iring into thofe T h in g s  
w hich  feemed to g iv e  L ig h t  to this Phasnom enon, a lth o u gh  I n ever had 
the O p p o rtu n ity  o f  feeing the C o u rfe  o f  the R iv e r  ilo p t. B u t h o w 
ever varioufly  the Inhabitants near this R iv e r  attem p t to  explain  this 
A ffa ir , im agin in g  that at that T im e  the W aters retirin g from  the Shores 
fin k  into the Channel, yet I have alw ays fu fp efted  that this P art o f  th e  
R iv e r  above w here the C urrent was fto p t m u ft be o b ftru fle d  w ith  Ice

or



or S n ow , fo  as to  dam  it u p , w h ile  the W a ters  below  run on tow ards 
the Sea. A n d  w hat g iv es  a F oundation  for this O p in ion  is, that this 
fto p p in g o f  the R iv e r  never happens in the S p rin g , S u m m er, or A u 
tum n, but a lw ays about Chrijlmas, or the B egin n in g o f  the new Y e a r ;  
and that it is alw ays near the B rid g e , w here the W a ter being at leail 
above three Y a rd s  deep, the Stone P illars upon w hich  the B rid ge is 
built retard a g o o d  deal the C o u rie  o f  the R iv e r  there. T h a t this 
C o n je d u re  is agreeable to  T r u th , the above-m entioned M in ifter o f  the 
C h u rch  at M ótala  aíTcrts, both from  his ow n E xp erien ce  and that o f  
other Perfons. H is  H o u le  Hands ju l l  upon the Borders o f  the B rid ge, 
and fays that there arc lo n g  H erb s, fuch  as W a ter-G ra fs, K n o t-G rafs, 
i£c. w h ich  fh o otin g  ou t from  the B rid ge into the n eigh b ou rin g  C u r 
rent germ in ate in the W a te r, and the Ice fafttns to them  lik e  K n o b s, 
and congealed S n ow , w h ich  being puflied  aw ay b y  the R iv e r , and 
ftopt b y  the P illars o t the B rid g e , at laft m ay be heaped up  fo as to  
ftop  the C urren t. 'I 'here are likew ife  a great m any Builders there, 
w ho fa y , that before they e x p e ft  the C urren t to  be fto p t, there are large 
H eap s o f  S n o w  fent out from  the L a k e , w hich  f lic k in g  lik e  G lu e  to  
•whatever B o d y th ey  m eet w ith , fm k grad u ally  to the B ottom . N o r is 
it an uncom m on T h in g  fo r the W aters in the L a k e  one D a y  to  be ve ry  
quiet, and the next D a y  all in C o m m o tio n  ftopt near the B rid ge. B u t 
w hatever is the C aufe o f  it, it is ftill fu rprifin g, that this does not hap
pen w hen the C o ld  is v e ry  intenfe, but when the A ir  is m ore m ild , g e 
nerally  about Chriftmas^ or the B egin n in g o f  January. Perhaps the 
C o ld  continues Hill v io len t under the W a te rs ,th o u g h  the A i r i s  becom e 
m ild er, or the Ice b tco m e  fofter ftick s  to  the H erb s or other O b fta- 
cles w h ich  it m eets w ith  in its W a y , and produces thefe O b ftru élion s.

B u t I m u ft not pals o v e r  in Silence lom e rem arkable Particulars o f  Some Particu- 
a Foumain not far from  the Vetter in the Pariih  o f  Nye;i (w here are úitl^rso/al'om - 
Baths o f  Medevien too) near the C h u rch  and the M in ille r ’ s H o u le , w hich  
I had from  the M in ifter there, w hofe N am e is Jcnah Frodelius, a v e ry  
w orth y  M a n , and alfo from  others. T h e y  call it the h u n gry  F ou ntain , 
or the F oreteller o f  the C ro p , becaufe it is never quite filled w ith  
W 'ater bu t there fo llo w s a D earth  next Y ear. It is furrounded on all 
Sides w ith  foft fandy H ills , in the M id d le  ot w hich is a flat V a lle y , but 
not at all m arih y. O u t o f  this rifes the Fountain by fecret V ein s , w hich  
has this P articu lar, that in a rainy Sum m er for the m oft Part it be
com es d r y , and on the con trary, in the drieft Sum m ers, im m ediately 
betore a D earth , and acco rd in g  to others (w h om  I am  not at leifure 
to  m eddle w ith ) lik e w ife  before a W a r , it lays the high  R o ad  between 
M ótala  and Vadften under W at( r, as is certified b y  a great m any P eople 
w h o live  there. In the Y e a r  16 8 5 , w h ich  was v e ry  rainy, this 
Fountain w as alm oft d ry , and not above h a lf a F o o t deep ; and in 
the S u m m er fo llo w in g , the W ater began to increafe. A n d  the T ru th  
o f  this is confirm ed this prefent very  d ry  S u m m er, this S p rin g  h av in g  
grea tly  abounded w ith  W a te r , whiUt all the reft in the N eig h b o u rh o o d
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w ere quite dried up. B u t the ch ie f T h in g s  to  be obferved  about it 

are thefe.
1 . T h a t  it prefages a bad C ro p  or D earth to OJirogothliind on ly  o f  all 

the P laces that are n igh  it.
2. T h is  w hole C o u n try , efpecially in the N eig h b o u rh o o d  o f  the 

F ou ntain , is o f  a ve ry  fandy S o il, in fom e Parts m ixed w ith  a 
v e ry  hard C la y , and therefore requires a great deal ot W a ter to 
m ake it fertile. Befides too,

3. T h e  C rop s are o n ly  bad there in d ry  Seafons, w h ilft the con trary  
happens in lemptia^ and other m ore N orthern  P rovin ces.

4. T h a t the P len ty  o f  M eteors, and o f  the Seafon, fom etim es d e
pends upon the D ifpofition  o f  the E arth , and w hat lies hid under 

its Surface.
5. T h a t the W aters o f  this F ountain, ilrained as it w ere th rou gh  the 

Sand near the Sand H ills , are colledled together by inlcnfible V ein ..
6. T h a t the W aters m ay be increafed or fw elled up before a d ry  

Seafon, and fall aw ay in a rainy one, for phyfical C aufes, to treat 
o f  w hich m ore largely  I fliall take another O p p o rtu n ity .

J  Neiv Con- IÍ- M an y M ethods have been propofed , and m any E n gin es co n 
trivance fo r  tr iv ’ d , for enabling M en  to  abide a com petent w hile under ¡V a te r : 
D iving, iiff . ^ n d  the refpiring frefti A ir  being abfolutely necelfary to m aintain 

L ife  in all that breathe, feveral W a y s  have been th o u g h t o f for car- 
492. r y i n g  this dow n to the D iver, w ho m uft, w ith ou t being fu p p ly ’ d  there

w ith , return ve ry  foon, or periih.
W e  have heard o f  Divers for Spun ges in the Archipelago, h elp in g  

them felves by carryin g  dow n Spunges d ip p ’ d in O il in their M o u t h s } 
but confidcring how  fm all a Q u an tity  o f  A ir  can be fu p p o s’ d to  be 
contain’ d in the Interftices o f  a Spunge, and how  m u ch  that little  
w ill be contraéled b y  the PreiTure o f  the incumbent iV ater, it cannot 
be believ’ d that a S u p p ly , by this M eans obtain ’ d , can lo n g  fu b fift 
a D iver. Since by  E xp erim en t it is found that a G a llo n  o f  A i r  
included in a B ladd er, and by a P ip e  reciprocally  in fp ir’d  and e x 
p ir ’ d by the L u n g s  o f  a M a n , w ill becom e unfit for any fu rth er R e -  
fpiration, in little  m ore than one M in u te  o f  T im e ;  and th o u g h  its 
E la ftic ity  be not m uch alter’ d , yet in p afling the L u n g s , it lofes 
its v iv ify in g  S pirit, and is render’d effete, not u n lik e  the M e d iu m  
foun d in D am ps, w hich  is prefent D eath  to  th o fe  that breathe it j 
and w hich, in an Inftant, extin gu id les the brigh teft F 'lam e, or 
the ih in in g o f  g lo w in g  C oals, or red h ot Iron , i f  p u t in to  it. I 
lh all not g o  about to Ihew w h at it is the A i r  lofes by bein g  taken  
in to  the L u n g s , or w hat it com m unicates to  the B lo o d  b y  the ex* 
trem e R am ifications o f  the Afpera Arteria, fo in tim ately  in terw o ven  
w ith  the C ap illary  B lood -V elfe ls ; m uch lefs to  explain  h ow  it is 
p erfo rm ’ d , iince no D ifco v e ry  has been m ade to  p ro ve  that the 
u ltim ate Branches o f  the V eins and A rteries there, h ave any An a-  

Jlomofes w ith  thofe o f  the Hrachaa-, as b y  the M icro fco p e  th ey  are
found
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A new Contrivance fo r  Diving. 189
Found to  have w ith  one another. B u t I leave this to  the A n a to m ifts ;
.tncl o n ly  co n clu d e  from  the aforefaid E x p crim rn t, that a naked D iver* 
w ith out a S p u n g e , cannot be above a C o u p le  o f  M in utes inclos’ d  in 
W a ter, (as I once faw  a Florida-Indian at Bermudas) nor m uch longer 
w ith  a S p u n g e , w ith o u t fufFocating ; and not near fo lo n g  w ith ou t 
ureat U fe  and P ra ftic e  : O rd in ary  Perfons generally  b egin n in g to ftifie 
in about h a lf a M in u te  o f  T im e . Befides, i f  the D ep th  be confider- 
able, the PreiTure o f  the W a te r  on the V eflels is found by E xperience 
to m ake tlie E y e s  B lood *ih o t, and trequently  to  occafion  fp ittin g  o f  
Blood.

W h e n  therefore there has been O ccafion  to  continue lo n g  under 
W^ater, fom e have c o n triv ’ d double flexible P ip es to  circu late  A ir  
d ow n into a C a v ity  en clo fin g  the D iv e r , as w ith  A rm o u r , to  bear 
o ff  this P reflu rc  o f  the W a te r, and to  g iv e  leave to  his Breaft to  d i
late upon  Infpiration  : T h e  frefli A ir  being fo rc ’ d dow n b y  one o f  the 
P ipes w ith  B ello w s, or o th crw ife , and returning b y  the other o f  
th em , not u n lik e  to  an A rte ry  and V'ein. T h is  has indeed been found 
fufficient fo r fm all D ep th s, not exceed in g  tw elve  o r  fifteen F o o t : But 
w hen the D e p th  furpalFes three F ath om s, E xp erien ce  teaches us, that 
this M eth o d  bccom es im p ra ctica b le : F o r  th o u gh  the P ipes and the 
reft o f  the A ffa r a tu s  m ay be co n triv ’ d to  perform  their O ffice  d u ly , 
yet the W a ter (its W e ig h t  bein g  now  becom e confiderablc) does lb 
c lo fe ly  em brace the L im b s  that arc bare, or co v e r ’ d w ith  a flexible 
C o v e rin g , that it o b ftru its  the C ircu latio n  o f  the B lood  in them  and 
prefles w ith  fo m u ch  F o rce  on ail the J u n ctu res,‘ w here the A r 
m o u r is m ade t ig h t  w ith  L eath er, Skirjs, or fuch lik e , that i f  there 
be the leaft D e fe d  in any o f  th em , the w h ole  E n g in e  w ill inftantlv
fill w ith  W^ater, w h ich  w ill ru lh  in w ith  fo m u ch  V io len ce, as to e n 
d an ger the L if e  o f  the M an below , w h o  m ay be d ro w n ’ d before he can 
be draw n u p . U p o n  both thefe A c co u n ts , the D an ger encreafes w ith  J
the D e p th . B efid es, a M an  thus (hut u p  in a w eigh ty  C afe, as this j
m uft needs be, cannot but be v e ry  u n w ield y  and unaétive, and there
fore unfit to  exccu te  w hat he is d efig n ’ d to  d o  at the B ottom .

T o  rem ed y  thefe Inconveniences, the D iving-B ell w as next 
th o u g h t o f ; w herein the D iver  is fafely  co n v e y ’ d  into any reafon- 
able D e p th , and m a y  ftay  m ore or lefs T im e  under W a te r, acco rd in g  
as the B ell is o f  greater or leíTer C a p a city . T h is  is m oft conveniently  
m ade in the F o rm  o f  a T ru n ca te  C on e, the fm aller Bafis be
in g c lo fe d , and the larger open ; and o u gh t to  be fo p o iz ’ d w ith  L e a d , 
and fo  fu fpen d ed , that the V efie l m ay fin k  fu ll o f  A ir ,  w ith  its 
greater or open  Bafis d o w n w ard s, and as near as m ay be in a S itua
tion parallel to  the H o r iz o n , fo  as to  clo fe  w ith  the Surface o í the 
W a te r  all at once. U n d e r this C o u ve rcle  the D iv e r  fettin g, fin ks 
d o w n  to g eth er w ith  tiie included A i r ; and it the C a v ity  o f  the 
VeiTel m a y  contam  a T u n  o f  W ater, a fin g le  M an  m ay rem ain
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tiierein at leaft an H o u r, w ith ou t m uch Inconvenience, at five  or 
fix  F athom s deep. B ut this included A ir , as it delcends low er, 
does co n tra d  itfe lf accordin g  to the W e ig h t  o f  the W a te r  that 
comprefi'es i t ; fo that at th irty  three Feet deep or thereabouts, the 
B ell w ill be h alf full o f  W a te r, the Prefigure o f  it being then equal to  
that o f  the w hole A tm o fp h e re . A n d  at all other D ep th s, the Space 
occupied  b y  the com prefs’ d A ir  in the up per P art o f  the B ell, w ill 
be to the under Part o f  its C ap acity  fill ’ d w ith  W a ter, as th irty  
three Feet to the D ep th  o f  the Surface o f  the W a ter in the Bell 
below  the com m on Surface thereof. A n d  this condens’ d A ir ,  be
in g  taken in w ith the Breath, foon infinuatcs itfe lf into all the C a 
vities o f  the B o d y, and has no I'enfible E ffed :, i f  the B ell be p erm it
ted to defcend lb flow  as to  a llo w  T im e  for that P u rp ofe . I 'h e  
o n ly  Inconvenicnce is found in the E ars, w ith in  w h ich  there are 
C avities opening on ly  outw ards, and that b y  Pores fo fm all as not to  
g iv e  A d m iflio n  even to the A ir  itfelf, unlefs they be dilated  and 
diftended by a confiderable Force. H en ce  on the firfl; D cfcen t o f  
the B ell, a Preflure begins to be felt on each E a r, w h ich  b y  D e 
grees grow s painful, lik e  as i f  a Q u ill  were fo rc ib ly  thruft into the 
H o le  o f  the E ar ; till at length  the F o rce  o v e rc o m in g  the O b fta cle , 
that w hich conilringes thefe Pores yields to  the P refiu re , and le ttin g  
fom e condens’ d A ir  flip in, prefent E afe enfues. B u t the B ell defcend- 
in g  ftill low er, the Pain is renew ’ d , and again eas’ d after the fam e 
M anner. B ut when the E n gin e  is drawn up again , the con d en s’ d  A ir  
finds a m uch eafier PalTage out o f  thofe C avities, and even  w ith o u t 
Pain. T h is  F orce  on the auditory Paflages m ig h t be fu fp eéled  to  
be prejudicial to  the O rgans o f  H earin g , but that E x p erien ce  teaches 
otherwife. B u t w hat is m ore inconvenient in this E n g in e , is, the 
W ater entering into it, fo as to  co n tra il the B u lk  o f  A ir  (a cco rd in g  
to the aforefaid R u le) into fo fm all a Space, as that it foon  heats and 
becomes unfit for R efpiration, for w hich R eafon it m u ft be often 
drawn up to recruit i t : A n d  befides the D iv e r  bein g  a lm oft c o v e r ’ d  
w ith the W ater thus entering into his R ecep tacle , w ill not be lo n g  able 
to endure the C o ld  thereof.

T o  obviate thefe D ifficulties w hich  attend the U fe  o f  the co m m o n  
D ivin g-B ell, I have th o u gh t o f  M eans to co n ve y  A ir  do w n  to  it, w h ilil 
below ; whereby not o n ly  the A ir  included therein, w o u ld  be refrefli’ d 
and recruited, but alfo the W a te r  w h o lly  d riven  o u t, in w hatever 
D ep th  it i s ; and w ill furnifli A ir  at the B o ttom  o f  the Sea in any Q u an 
tity  defir’ d. T h e  D efcription  o f  m y  Apparatus take as fo llo w s ;

T h e  Bell I m ade ufe o f  was o f  W o o d , con tain in g  about fix ty  
C u b ic k  Feet in its C o n ca v ity , and was o f  the F o rm  o f  a T ru n ca te  
C on e, w hofe Diam eter at T o p  was three F eet, and at B o ttom  five . 
T h is  I coated with L ead  fo h ea v y , that it w o u ld  fin k  e m p ty , and
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I diftrlbuteci the W e ig h t  fo  about its B o tto m , that it w ould  g o  dov.n 
in a p erpendicular S ituation , and no other. In the T o p ,  1 fix ’ d a 
llr o n g , but clear G la fs , to  let in the L ig h t  from  above and likew ife  
a C o c k  to  let ou t the hot A ir  that had been breath’ d ; and below , about 
a Y a rd  un der the B ell, I p lac’ d a Stage w hich  h ung by three R opes, 
each ot‘ w h ich  w as ch a rg ’ d w ith  about one hundred W e ig h t, to  keep 
it ilead y. I 'h is  M ach in e, I I'ul'pended from  the M a d  o f  a Ship , by  a 

w h ich  was fufficiently  fecur’ d b y  Stays to  the M aft-head, and 
was directed b y  Braces to  carry  it over board clear o f  the Ship-fide, and 
to b rin g  it again w ith in  board.

T o  fu p p ly  A ir  to  this B ell w hen under W a ter, I caufed a coup le  o f  
B a rre l', o f  about 36 G allo n s each, to  be cas’ d w ith  L e ad , fo as to  fink 
em p ty , each h av in g  a B u n g-h o le  in its low eft Parr, to  let in the W 'ater, 
as the A ir  in them  condens’ d on their D e fc e n t ; and to let it out again, 
when they w ere draw n up  fu ll from  below . A n d  to  a H o le  in the up- 
perm oft Part o f  thefe Barrels, I f ix ’ d a L eathern  T r u n k  or H o fe , well 
liqu or’ d w ith  Bees-W ’ ax and O il, and lo n g  en ou gh  to  fall below  the 
B u n g-h o le , bein g  k ep t d o w n  by a W e ig h t  appended ; fo that the A ir  
in the upper P art o f  the Barrels could  not tl'cape, unlefs the low er 
E n d s o f  thefe 1 lo fe  w ere fir il lifted up.

I fitted thefe A ir-B a rre ls  w ith  T a c k le  proper to  m ake them  rife 
and fall a ltern ately, after the M anner o f  tw o  B u ckets in a W 'ell •, 
w hich was done w ith  fo m u ch  F a fe , that tw o  M en, w ith  lefs than 
h a lf their S tren g th , co u ld  perform  all the L a b o u r ;  and in their 
D efcen t they w ere d irefted  b y  L in es faften’ d  to  the under E d g e  o f  
the B ell, w h ich  p afs’ d th rou gh  R in g s  p la c ’ d on both Sides the 
L eathern  H o le  in each Barrel •, fo  that Hiding dow n b y  thofe L in es , 
they cam e read ily  to  the H and o f  a M an , w h o ftood on the Stage 
on p urpofe to  receive them , and to take up the E n d s o f  the H o fe  
into the B ell. T h r o u g h  thelc H o fe , as foon as thefe E n d s cam e 
above the Surface o f  the W a te r  in the Barrels, all the A ir  that was 
Included in the up{)er P arts o f  them , was blow n w ith  great F orce  
into the B e ll, w h ilft the W a te r  enter’ d at the Bung-holes below , and 
fill’ d them  : A n d  as foon as the A ir  o f  one Barrel had been thus 
receiv ’ d , u p on  a S ign al g iv e n , that was draw n u p , and at the fam e 
T im e  the oth er defcended •, and b y  an alternate SucceiTion fu rn ifh ’ d 
A ir  fo q u ic k , and in fuch P le n ty , that I m y fe lf have been one o f  
five, w h o  have been togeth er at the B o ttom , in nine or ten Fathom s 
W a te r, for about an H o u r  and halt at a T im e , w ith ou t any Sort o f  
ill C on fequence : A n d  I m ig h t have con tin u ’ d there as lo n g  as I 
pleas’ d , fo r any T h in g  that appear’ d to  the con trary. Befides the 
>vhole C a v ity  o f  the Bell was k e p t entirely  free from  W^ater, fo 
that I fat on a B ench, w h ich  w as d iam etrically  p la c ’ d  near the 
B o tto m , w ith  all m y  C lo ath s on. I o n ly  o b ferv ’ d , that it was ne-
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cciTary to  be let dow n  grad u ally  at fir il, as about 12 F eet at a T im e  ; 
and then to ftop  and d rive  ou t the W a ter that .enter’ d , by receiv in g  
three or four Barrels o f  frefh A ir ,  before I  defcended farther. B u t 
bein g  a rriv ’ d  at the D e p th  d efign ’ d , I  then let ou t as m u ch  o f  the 
hot A ir  that had been breath’ d , as each Barrel w ould  replenifh 
w ith  co o l, b y  means o f  the C o c k  at the T o p  o f  the Bell ; th ro u gh  
w hofe A p ertu re , though v e ry  fm all, the A ir  w o u ld  rufli w ith  fo great 
V io len ce, as to, m ake the Surface o f  the Sea boil, and to co v e r  it 
w ith  a w hite F o a m , notw ithftanding the g reat W e ig h t  o f  W a te r  o v er 
\is.

T h u s  I found I could  d o  any T h in g  that was requ ir’ d  to  be done 
ju ll  under u s ; and that, b y  ta k in g  o ff  the S tage, I co u ld , for a Space 
as w ide as the C ircu it o f  the B ell, lay the B o ttom  o f  the Sea fo far d ry , 
as not to  be over Shoes thereon. A n d  b y  the G lafs W in d o w  fo 
m uch L ig h t  was tranim itted, that, when the Sea w as clear, and 
efpecially  when the Sun Ihone, I could  fee p e r fe d ly  w ell to  w rite  or 
read, m uch more to take up  any T h in g  that was under us : A n d  b y  
the Return o f  the A ir-B a rre ls , I often fent up O rd ers, w ritten w ith  

/  an Iron Pen on fm all P lates o f  L e a d , d ire ftin g  h o w  to  m o v e  us
from  Place to Place. A t  other T im e s , when the W a te r  was trou b led  
and th ick , it w o u ld  be as d ark  as N ig h t  below  ; but in fuch  a C afe, I 
have been able to  keep  a C and le burning in the Bell as lo n g  as I p leas’ d , 
notw ithftanding the great E xp en ce  o f  A ir  requifite to  m aintain 
Flam e.

I take this Invention to  be applicable to  various U fe s  •, fuch as 
Fijbing for Ptarl^ D iving  fo r Coral, Spunges, and the lik e , in far greater 
D epths than has hitherto been th o u gh t p o flib le: A lfo  for the fittin g  
and plaining o f  the Foundations o f  M o les, B rid g es, ^ c .  u p on  r o c k y  
B o tto m s; and for the cleaning and fcru b b in g  o f  Ships B o tto m s w hen 
fou l, in calm  W eath er at Sea.

B y  an additional C on trivan ce, I  have foun d it not im p raélicab le  for a 
D iver to g o  out o f  this E n g in e  to a g o o d  D iftan ce from  it, the A ir  be
in g  co n vey ’ d to  him  w ith  a continu ’ d  Stream , b y  fm all flexible P ipes -, 
w hich Pipes m ay ferve as a C lu e to d ir e d  h im  b ack  again , w hen he 
w ould  return to the B ell.

 ̂ lately enquir’d  o f  a N e ig h b o u r co n cern in g  the extraor- 
tcrs;„ York- binary E rup tion  o f  W a ters at Craven, w h ich  the V ic a r  o i  K tldm k  
ñ\ht,byMr. fcnt ( + )  an A c co u n t o f  to  the Reyal Society: I  am  not o n ly  fu lly  
R . I'h oreib y. fatisfied o f the T ru th  o f  w hat M r. Pollard  fays, but a lfo , that, as 
n. 306. p. lie co n je tu re s , a great P art o f  the L a n d  is not to  this D a y  recover’ d  

(t) A'/i/.Supra the Sand and Stones, th o u gh  a great N u m b e r o f  P eo p le  were em - 
V. II. c .  II. p lo y ’ d  about it. opening o f  the Rock, at the P 'oot o f  w h ich
b . x x x i v .  the T o w n  o f  Starbotbam ftands, the W a te r  g u íh ’ d ou t in fo  vaft a 

Q u a n tity , as i f  it w ould  have fw ept aw ay the w h o le  T o w n . T h e
W a t e r s
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W aters cam e ro llin g  im petuouQ y d o w n , almofl; at o n c e ; f e v m l  H ou fes 
were u tterly  ruin ’ d , and others w r e c k ’ d u p  to  the C h am ber W in 
dow s i one, p articu la rly , was fo c o v e r ’ d , that a great P iece  o f  the R o c k  
was left upon the T o p  o f  the C h im n e y . M y  N e ig h b o u r was an E y c -  
witnefs o f  this fad A c c id e n t, and has fpent m u ch  T im e  in clearing fom^
P art o f  his L an d .

I V . O n  OSlohtr the 7//», 17 0 6 , after a ve ry  rainy D a y , and fouth- 0/Tnunda- 

e r l y  W in d , there happen’ d a p ro d igio u s F lo o d  in the N o rth  o f íánd*
/ W  (the lik e  not in the M e m o ry  o f  M an ) w h ich  b ro k e  dow n feveral N eve. ii. 3 20. 

B rid g es , and the Sides o f  fum e o f  the M ountains. It cam e runn in g p. 309. 

d ow n in v a ft  T o rren ts  from  the M ou n tain s, and d ro w n ’ d  abun
dance o f  b la ck  C attle  and Sheep, fp o il’ d a great deal o f  C orn  and H a y  
in the S ta ck s ; it laid abundance o f  H o u fes tw o  or three F eet deep  
in W a te r , and b ro k e  dow n  feveral o f  the F o rg e s  and M ill-  

D am s.
O n  ^uly 3¿/, 1 7 0 7 , there happen ’ d  another Floods w h ich  cam e fo 

fu d d en ly  from  the M o u n tain s, as i f  there had been fom e fudden 
E ru p tio n  ot the W a ters. A n d  on the i 6tb  o f  the fam e M o n th , 
in the C o u n ty  o f  Antrim^ there happen’ d a v e ry  fudden and furpri- 
z in g  Floody w h ich  rais’ d the S ix-M ile-R iver  at that R ate, that it b ro k e  
d o w n  tw o  ft io n g  Stone B rid ges, and three H o u fes, and carried aw ay 
600 P ieces o f  L in n en  C lo a th  that lay b leaching, fill’ d feveral H o u fes  
feveral F eet deep w ith  W a te r, tore d o w n  fom e large R o c k s  in its 
P a lfage, and left feveral M ead ow s co v e r ’ d a F o o t or tw o  deep w ith  
Sand. In the S o u th -E a tl P a rt o f  the C o u n ty  o f  Derry^ they had that 
D a y  but little  R a in , w ith  fom e T h u n d e r •, but beyond the M o u n - 
u in s , in the N o r th -W e ft  Part o f  the C o u n ty , the R iv e r  Roe had a great 

t lo o d .

V .  T h e re  is no p etrify in g  Q u a lity  in the W a te r  o f  the L a k e  
Lcugb-N eathy  as fom e believe-, I have l iv ’ d  14  Y ears at Dungannon^ Lough- 

w ithin fiv e  M ile s  o f  it , and have been often there about the S k irts  N eagh  in 
for m any M ile s , and in a Boat upon it feveral T im e s  •, I have 
v ie w ’ d  it often w hen the W a ters have been v e ry  lo w , and a large  ̂
Strand left in feveral P la c e s : A n d  m any I rees lay in the V e rg e  o f p 260. 
the Lougb  ( o f  w h ich , I b e lieve, fom e m ig h t have lain there fom e 
hundreds o f  Y e a rs) w hich  had b e e n  o ver-tu rn ’ d b y  the L o u g h \  en
cro ach in g  on the L a n d , w here great W o o d s  had g ro w n  ; and m a
ny R o o ts  o f  great T re e s  w ere (lan din g in their propt r P laces, where 
the W a te r  had p rev ail’ d  on the L an d  ; and I perceiv d no A lteratio n  
in the W o o d  at a ll, but it w as firm , found W o o d , w ith ou t any P e tr i-

fa flio n . , , 0 1
M r . Brownlow  to ld  m e, that he had d rove feveral H o lly  Stakes into

the
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the G roun d  w itn in the V erg e  o f  the Lough^ and that fom e o f  thorn con- 

j tin u ’ d there m any Y ears, but that he found no A lteratio n .
I T h e re  has indeed Iven great Q uan tities o f  fuch fort o f  Stone,

lik e  to W o o d , found upon the Strand after great F lo o d s and Storm s 
o l W in d , w hich  have put the Lough  into a F e r m e n t; the W a v e s  

I breakin g  dow n the Banks, encroaching on the L a n d , and tu m b lin g
I o v tr  'Frees, by w hich  E ncroachm ent this S ort o f  Stones are difco”
! v e r ’ d : A n d  i f  ever they were V^'ood, they were p etrify ’ d by  the
, } 'arth, and not by the W ater o f  w hich  k in d  I have feen fcveral Pieces

big  and little, fom e lik e  O a k , fom e A fl i ,  and fom e lik e  H o lly ,
! w ith  B ark , G rain , and K n ots, lik e  W o o d  ; fo that any b y  the FLyc
I w ould  ju d g e  it W o o d , till they com e to  try  it. I had a P iece about

fixteen Inches lo n g , that lo o k ’ d as i f  it had been a great C h ip  cu t out 
o f  the Side o f  an O a k  B lo ck , w ith  the B ark  on it •, and ii\ cuttin<>- 
inch large C h ip s, there happens generally fuch Shakes and I*'laws, fo 

: that there w ill be a Separation o f  Parts at one E n d , and they remain
firm  at the other, as it was in this. I co u ld  have rais’ d feveral o f

• fuch Splinters, o f  this large C h ip , fom e b ig g e r , and fom e l e f s ; and 
when fo rais’ d , they w ould have flap p ’d d o w n  as th o u g h  they w ere 
a Spring. Som e o f  thofe Stones w ould appear at one E n d  as i f  rotten , 

i and decay’ d W o o d  ; but try in g  it, it was as m u ch  Stone, as any other
\

I 'h e  L a k e  is reputed to be tw en ty  four M iles lo n g , and tw e lv e  
 ̂ M iles broad, and N avigab le  from  Charkmount to  Portlenone^ w h ich  is

I about thirty five M iles. It does not abound w ith  m any Sorts ot

: r  p „  ■’ i i^ ĉh as S alm on , I  rou t,
; Bream e, R o ach , E e ls , and Pollans, w ith  w h ich  la d , it does
I abound. T h e  Englijh call them  hrejh-water Herrings. T h e y  catch

them in the Sum m er w ith  Sieves, as they d o  H e rrin g s. T h e y  are 
m uch in Shape and Bignefs Jike to  the largeil S m elts, fu ll o f  v e ry  large 
bright Scales, and pleafant M eat, being eat freili. T h e fe  were fup- 
pos’ d to be a F iih  peculiar to that L a k e  ; but fince I cam e here, I find 
Lough Earne has the fame Sort, but not in fo great a P le n ty . T h e y  
are generally caught here in their E e l-N c ts , running to  the Sea ; fo 
that I am of O pinion, that they are that Sort o f  F iih  that is ca u g h t in 
the Sea, or between the frefli and fait W ater, c a ll ’ d S ha d s; and that 
the large ones com e from  the Sea, as the Salm on d o th , and leave their 
Spaw n in the L o u g h ; w hich, when they g r o w  to  be b ig , g o  to the 
Sea, and there com e to their fu ll G r o w th ; A n d  that which*"confirms 
m e m m y O pinion, is, that at the Salm on F ifh in g  at Coleraine, they 
catch  rm ny o f  the large ones g o in g  up to the Lough. T h e re  is one 
fort 0Í T ro u t  m Lough-Neagh very  large : I have feen one w eigh  30 
P ound w eigh t ; and the largeil Salm on that I ever faw , wei^rh’ d not 
m ore than 3 5 . T h is  fort o f  T r o u t  the Irijh call a Budagh.

I'hat

L m c p



T h a t  there is fom e healing Q u a lity  in tlie W a ter o f  this I  oiigh is 
certain *, but w hether d iffu s ’ d th ro u gh  all Parts thereof is not k n o w n , 
nor pretended. T h e  Fijhing Bay  ̂ w hich  is about h alf a M ile  broad, 
hath a fine fand y B o tto m , w here any one m ay w a lk  w ith  Safety and 
E afe from  tlie D ep th  o f  iiis A n k le  to  his C h in , upon an eafy D e c li
v ity , at leaft three hundred Y a rd s  before a M an  ihall com e to that 
D ep th . O th ers, as w ell as m y fe lf, have o b ferv ’ d that the B ottom  has 
ch a n g ’ d  from  C o ld  to W a r m , and from  W a rm  to  C o ld , and this in 
different S pots th rou gh  the Bay.

T h e  fir ll O ccafion  o f  ta k in g  N o tice  o f  this B ay  for C u re, was 
in the R e ig n  o f  K in g  Charles the Sccond : T h e re  w as one M r. Cun- 
mngbam^ w h o  had an on ly  Son g ro w n  to  M a n ’ s K ftate. 'I'his y o u n g  
M an  had the E v il  to  that D egree, that it run upon him  in e igh t or 
ten P la c e s : H e  had been to u ch ’ d by the K in g , and all M eans im a
gin ab le  had been us’ d fo r his R e c o v e r y b u t  all d id  no g o o d , and 
his B o d y  was fo w a iled , that he co u ld  not w a lk . W h e n  all H o p es 
o f  his R e co v e ry  w ere pafs’ d , he was carried to  the Lough, w here he 
w as w’a ih ’ d and bath ’ d •, and in e igh t D ays T im e , bathing each D a y , 
all d ie  Sores w ere d r y ’ d  u p , and he was cu r ’ d , and g rew  very  h ea lth y, 
m arried , b eg o t C h ild ren , and liv ’ d nine or ten Y ears  after. T h is  
A c c o u n t I had from  C ap t. Mcrris^ and his Brother, w h o  w ere E y t -  
W itn efics. A fte r  fo  rem arkable a C u re, m any cam e there, w h o  had 
run n in g Sores upon th em , and were cu r ’ d after a little  T im e . T h e  
N atives  th o u g h t it co u ld  not do w ell, but upon fom e particular T im e  
appropriated  fo r that Service  •, and now  great C ro w d s com e there 
on Midfum;ner-Eve^ o f  all forts o f  S ic k  ; and Tick C attle  are bro u gh t 
there lik e w ife , and d riven  into the W a te r  for their C u re and P eop le  
do believe they receive Benefit. I k n o w  it dries up running Sores, 
and cures the R h eu m atifm , but not w ith  once bathing, as P eop le  
now  ufe it ; and the d rin k in g  the W’̂ ater, I am  to ld , w ill flo p  the 
F lu x . I lo o k  upon it to  be one o f  the pleafanteft B athing P laces I 

ever faw.

V I .  A b o u t  June  1 7 1  f ,  at Brofely ntzr IVenlock ShropJJjire O f the
tw o  N ig h ts  after a rem arkable D a y  ot T h u n d e r) there was heard a ter- t'on of a 
rible N o ife  in the N ig h t , w hich  aw aken ’ d feveral P eople •, w h o  rifin g 
to fee w hat it w as, cam e at laft to a B o g g y  P lace under a little  H il l ,  shropihirc, 

about 200 Y a rd s  o f f  the R iv e r  Severn ; w here they p erceiv ’ d  a m ig h ty  by Mr. R. 
R u m b lin g  and S h a k in g  in the E a rth , and a little  b o ilin g  up o f  W a t e r  H opton, m 

th ro u gh  the G r a fs :  T h e y  to o k  a Spade, and d ig g in g  u p  fom e P a r t  ^34- P -4o -  
o f  the E a rth , im m ed iately  the W a te r  flew u p  to a great H e ig h t, and a 
C an d le, that th ey  had, fet it on F ire.

T o  p reven t the S p rin g  being d eftro y ’ d , there is an Iron C iftern  
p la c ’ d about it, w ith  a C o v e r  upon it to  be lo c k ’ d , and a H o le  in 
the M id d le  th ereof i that any w h o  com e m ay fe t the W ater th ro ’ .

A  Burning Spring. 1 9 5

3 -
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U' you  p u t a ligh ted  C an d le, or any T h in g  o f  F ire  to  this H o le , the 
"W ater im m ediately takes F ire , and burns lik e  S p irit o f  W in e , and 
continues to do fo as lo n g  as you can k eep  the A ir  from  it •, but by 
ra k in g  up the C o v e r  o f  the C iitern  it q u ic k ly  goes o u t : T h e  I k a t  o f  
this F ire m uch exceeds the H eat o f  any F ire  I ever faw , and feem s to  
have m ore than ordinary Fiercenefs w ith  it.

' S om e P eople ou t o f  C u rio fity , after th ey  have fet the W a te r  on
j F ire , have put a K ettle  o f  W a te r  o v er the C iftern , and in it G reen
■ Peafe, or a Join t o f  M eat, and b o il’ d it m u ch  fooner than o v er
¡ any A rtificia l F ire  that can be m ade. I f  any green B o u g h s, or any

T h in g  elfe that w ill burn, is put upon it, it prefently confum es them  
t to  Afnes.

T h e  W a te r  o f  itfe lf is as co ld  as any W a te r  I ever f e l t ; and w hat 
Í is rem arkable, as foon as ever the F ire  is o u t, i f  you  p ut yo u r H an ds
\ into it, it feels as co ld  as i f  there had been no fuch  T h in g  as F ire
J near it. It ftill [ in September J continues b o ilin g  u p  w ith  a confidcrable
* N oife.'j

Of a M ineral V II . A b o u t tw elve  Y ears  a g o  a M ineral W ater  w as accid en tally  

' O nSrbiry Canterbury. In d ig g in g  the G ro u n d , th ey  fir ll m et
¿vDr. m7u’- w ith a black fat M o ld , extending itfelf three F eet deep , and g rad u ally
lins. n. 312. changin g into another Sort o f  E arth , ve ry  fat, and lik e  Butter. T h is
p. 2462. fecond L a y  was tw o F eet th ick  ; the C o lo u r  o f  it Y e llo w , fom eth in g

m ix ’ d ; its O d o u r ftrong and M ineral •, and a P iece  o f  it bein g  for 
fom e T im e  expos’ d to the Sun, fm ell’ d m u ch  lik e  b u rn in g  Sulp hu r. 
A fte r  this they found a Q u ick fa n d  o f  a d arker C o lo u r  than the firft 
E arth , m ix ’ d w ith  feveral little Stones, and the S m ell ftro n ger than 
before. T w o  Feet further, under the Q u ic k fa n d , a hard R o c k  a p 
pear’ d , out o f  which W ater g u fti’ d w ith fom e V io len ce. T h e y  d u g  
tw o \^'ells at about feven F eet diftance from  each o t h e r ; one about 
e igh t or nine F eet from  its Surface, and tw e lv e  from  the Surface o f  
the G round about it, and reacheth the R o c k : T h e  oth er is not fo
deep by tw o F eet, and o n ly  toucheth the Sand. T h is  lafl: is fom eth in g
ftronger o f  the Sulphur, but the other is ftron ger o f  the M in era l S pirit 
and ferruginous Parts.

T w o  D ram s o f  the fecond L a y  o f  E arth , found in d ig g in g , being 
p u t into four O unces o f  S pirit o f  V in eg a r, there p refen tly  arofe 
a confidcrable E b u llitio n  *, and foon after the S p ir it  was tin g ’d 
w ith  a yellow  brow nifh  C o lo u r, w h ich  fufter’ d no A lteratio n  w ith 
the Infufion o f L o g w o o d , nor w ith  G a lls , but w ith  O il o f  Tart. p .

turn’ d greeniih, and w ith  the Infufion o f  L ig . neph. o f  a pale

T h e  W a te r  taken up  at the S p rin g  is extraordinary lim p id , but 
g -o w s  fom eth in g  w hitiih  in a q u an er o f  an H o u r , and in h a lf an 
H o u r  the S p irit is lo ft, and the M ineral hangs firft on the Sides o í

the
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the G la fs , and then falls gratlu ally  to  the B o ttom . It w o n ’ t k eep  
quite fo w ell as the Spaw  or 'Tunbridge W a te r. Its T a ile  is m afcu- 
line and auftere i the Sm ell ferru ginous and ftro n g , fom eth in g  u p 
on the S u lp h u r : P eop le  fay it fm clls lik e  G u n -p o w d er. It w ill 
m ake the R o o t o f  the T o n g u e  o f  the ü r in k e rs  lo o k  b la ck ifli. L in -  
ncn w a ih ’ d in it turns y e llo w . It w ill not lather w ith  Soap. T h e  
GlaiTcs the W a te r  is d ip p ’ d w ith  g ro w  ye llo w , w h ich  no S cow erin g  
can tak e  o ff, and are apt to  fly. In fro fty  and co ld  W ea th er i6 is 
fo w arm  as to  m elt Ice and Snow  •, in other Seafons ’ tis co ld  •, tho’ not 
ib  co ld  as fom e S p rin g  W aters arc.

T h e  W e ig h t  o f  this W a ter varies m u ch  acco rd in g  to  the Seafons 
o f  the W 'eather. In M ay  17 0 4 , it w eigh ’ d  three G rains lighter than 
co m m o n  W a ter in the Q u a n tity  o f  a P ou n d . In the S p rin g  o f  17 0 5 , 
it was equal in W e ig h t  to  com m on  W ater-, and is now  ftill heavier 
in Auguji fo llo w in g , becaufe o f  the exceed in g  d ry  W eath er o f  
that S um m er. B u t in general about Midfummer^ i f  the W ea th er 
is no w ays extraord in ary, ’ tis p retty  equal to  co m m o n  W a te r  in 
W e ig h t.

A  fin gle G rain  W 'eigh t o f  g o o d  G a ll w ill turn a P in t and a h a lf 
o f  this W a te r  o f  a ve ry  noble deep R e d , and in an Inilant. S yru p  
o f  V io le ts  turns it o f  a G rafs green. W ith  the Infufion o f Brajik^ 
it g iv e th  a deep live ly  B lue : W 'ith  that o f  U g n . neph. firil a lig h t 
G reen , then a lig h t Y e llo w , w ith  a blue C r o w n : W ith  the Infufion 
o f  L o g w o o ti, a blue B la c k :  W ith  that o f  F u it ic k  W o o d , a d u fk y  
Y e l l o w :  W ith  the F lo w ers o f  P om granates, a fair V io le t :  W ith  
th e L e a v es  o f  T e a , a fine p u rplifli B lue : W ith  g o o d  N a n tz  B ran d y, 
an elegant S k y -c o lo u r . I t  turns a Solution  o f  the Saccb. Satum i 
m ilk y  in an I n i la n t ; and the Solu tion  o f  Sublimate in fom e T im e  lon ger.
01 . ‘Tart, per deliq. Sp. Sal. Armon. Sp. Vitr. m ake no fenfiblc 
A lteratio n .

In calm  W^eather, in W in te r  e fp ecia lly , a th ick  o ily  F ilm  covers 
the Su rfacc o f  thefe W a te rs, o f  as great a V arie ty  o f  C olou rs as a 
R a in -b o w  •, a S p o on fu l o f  it d ru n k , hath the E fF ed  o f, and com p ofes 
as m u ch  to  S leep as, a m oderate D o fe  o f  O p iu m . Som e o f  this S cu m , 
being d r y ’ d  b y  E va p o ra tio n , tailed  v e ry  fat, and felt fo betw een 
the P'ingers. S om e o f  this P o w d er being caft upon a red hot Iron , 
m o il o f  it im m ed iately  burn ’ d  aw ay w ith  fp a rk lin g  ; and w hat rem ain’ d  
w as o f  the C o lo u r  o f  R u ft  o f  Iron , and tailed  p artly  S tip tic  and Earthy^ 
and p a rtly  S altiih .

T h e  W a te r  itfe lf, bein g  g e n tly  evaporated, yie ld s a y e llo w iih  Se
d im en t, m ore o r  lefs, a cco rd in g  to  the Seafons. L a i l  S p rin g  a Q u art 
yielded  fix  G rain s o f  i t ; but in September fo llo w in g , the fam e Q u a n 
t ity  afforded m e nine G rains-, whereas a P ou n d of Tunbridge W a te r  
g a v e  bu t one fin gle  G rain  o f  Sedim ent to  M r. as appears by
his Memoirs o f  M ineral W aters. T h is  S ed im en t, b ein g  b o il’ d in  com *
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m oil W a te r, m ade a llro n g  Lixivium^ w ith  w h ich  A c id s  caus’ d no 
k n fib le  Ferm entation ; but S yru p  o f  V io lets  turn ’ d it G reen. T h is  

H Lixivium  being evaporated, yielded  a fat Sulphurous Salt, that w o u ld
'"i not coagulate into C ryfta ls. I can get but three or four G rains o f  it

out o f  ten G rains o f  S e d im e n t; but from  the C o lo u r and T a ftc  o f  the
♦ JJxivium , I have R eafon to fu fp eft, that there is a larger P rop ortio n
I o f  Saline P a rtid o s, w h ich , as I con ceive, bein g  V o la tile , evaporate

!, aw ay w ith  the W ater.
i A s  for its M edicinal V irtues, from  the m any and tru ly  w onder-
■ fill C ures, I believe it to be one o f  the m o il excellent W aters o f

this K in d , as yet found ou t in England. T h e  little  W e ll is v e ry  
j,' ufeful in Difeafes o f  the Breaft, as in A fth m a s, C o u g h s , R h eu m s

and Catarrhs. It hath cu r’ d feveral g ir e n  o v er o f  C on fu m p tion s o f  
 ̂ the L u n g s . M o ft D iforders o f  the Stom ach are cu r ’ d b y  this W ater.

It feldom  fails in the C ure o f  R h eu m atick  G o u ty  Pains o f  the L im b s ,
* or other Parts o f  the B o d y , in the S cu rv y  and M ela n ch o ly  D iftem -
 ̂ pers. Jaundice, V ap ou rs, all forts o f  S to p p ages, Scabs, Itch ,

But in G ravel, C h o lick , and G reen -ficknefs, ’ tis a true S p ecifick  •, as 
t alfo in inward U lcers, i f  not too far gone. A  P orter o f  Bolton^ w h o
¡J had been w ith  m any D oólors, and was laft S p rin g  d ifch a rg ’ d ou t o f
I St. Thomas's H o fp ita l, as an incurable P erfon, hath been cu r ’ d o f  his

U lce r  in the B ladder this Sum m er, w ith  d rin k in g  o f  this W a te r  for 
three M onths together.

In A g u e s  it is beyond the B a r k : I have feen fom e R eb ellio u s 
Í ones, that could  not be rem o v’ d by the B ark , p.,'rfectly cu r ’ d b y  this

W ater, and Ibm e C on ftitu tioos quite w orn ou t by the frequent R e -  
iapfes o f  this D iilem p er, reftor’ d  again. T h is  is alfo rem arkable, that 
it agrees bell w ith  o ld , d ecay ’ d , and w eak C on ftitu tion s. T h e  W a te r  
fits pleafantly upon the Stom ach, w o rk s o ff  by U rin e  v e ry  briflcly , 
caufeth a g o o d  A p p etite , clears the S p irits, and procures Sleep. It 
is not b in d in g , as fom e other C halybeats are, but keeps the B o d y  open 
to m oft P eop le, and upon fom e it brings now  and then a gen tle  L o o fe -  
nefs, w hich carries o f f  the D iftem p er. F o r  thefe fo u r Y ears I have 
prefcrib’ d them to m any Scores o f  P eop le  e ve ry  Sealbn, and I cou ld  
never obferve any Inconven iency, or ill S ym p to m  arife from  the D r in k 
in g  o f  them.

Jn Examen V III . I have lo n g  ftnce been o f  O p in io n , that P eo p le  have been 

Waters i’’  their N otio n s about the N atu re and P roperties o f  thofc
vinythem to M ineral W aters, w h ich  are o f  the Cbalybeat or Iron Species. Ger- 

Alcalies, 4)-wiiwy abounds m uch w ith  thefe W a te rs , and they beftow  one general 
Dr. F . Slaic N am e upon them , and call them  Sour Brunns, that is, Sour W e lls ,
“  i 37- P - 47- o r  S prings o f  W ater. Henritm ab ileers agrees w ith  Vitruvius, Fal

lopius and Helmonty in ju ftify in g  the A c id ity  o f  feveral forts o f  Spaw 
and Cb<dybeat̂  W a te r s ; b u t, n ot being fatiafied w ith  their R eafons,

- afligns

^̂ 8 O f the Spaw Waters.



alljgns others j and after a tedious H a ra n g u e, con clu d es, that they ow e 
their B irth  and great V irtu es to  V itr io l and S ulp hu r. H e  obferves, that 
V itr io l and S u lp h u r arc foun d in the G leb e  or E arth  from  w hence thefc 
W a ters fp rin g  \ but y et does not g iv e  us one P ro o f or E x p erim en t o f  
his h av in g  foun d any real V itr io l, or true S u lp h u r, or any A c id ity  in 
thefe W aters.

D r. Jordis, w h o  p raftifed  P h y fic k  at Francfordy and often at Swal- 
bac in S u m m er T im e , at m y  D efire, exam in ’ d  thofe W aters. H e  g a v e  
me an A c c o u n t o f  fom e O cr« , or F erru gin o u s P arts, w h ich  he calcin ’ d 
and to rtu r’ d in the F ire , to  m ake them  confefs their S u lp h u r O rig in al 
but in all his E xp erim en ts d id  not fatisfy m e, that the W a te r  held  one 
D ro p  o f  an A c id  b y  D iftillation ,

T h a t  w h ich  g a v e  m e the firft S u fp icion , that the Chalybeat W aterg 
did  not c o n u in  any ro u gh , or v itr io lic , or acid  Salts in them , p ro 
ceeded from  an accidental U fe  o f  a ftro n g  Iron W a te r, in w h ich  I dif- 
fo lv ’ d S oap , and found it lather and w afh  m y H an d s w e ll, and then I 
us’ d a W a ih b a ll and ih a v ’ d w ith  it, and try ’ d feveral other W a te rs  o f  
this fort, w h ich  d id  the fam e, and m uch better than fom e P u m p - 

W aters.
I confulted  m y P alate, and t r y ’ d w hether I co u ld  d ifco v er any Sharp- 

nefs or A c id ity  in ou r Englifl) S tcel-W aters at Tunbridge^ at Black-boy  
in the P ariih  o f  Franfield in Hawpjkdy Sunning-Hill m Berk-
Jhire^ & c .  but I w as lb  far from  d ifco v crin g  any fuch  T h in g , that 
thefe W a ters  feem ’ d rather to  leave a fw eetiih  F la v o u r behind : T h u s  
m any A lk a li  Salts, i f  n icely exam in ’ d ( o f  the fix ’ d  k in d ) have afFeited 

m y T afte .
I m ade E x p erim en ts w ith  feveral Sorts o f  fuch  Spirits as are ap t 

to  ferm ent w ith  A c id s  ; fuch as S p irit of Hartjborn, o f  Sal Jrm om ac,
& c .  bu t thefe ma<ie no F erm en t, nor any M o tio n  o r  C h an ge in thefe 

W aters.
I co n fid er’ d the D ifeafes in H u m a n  B od ies, w h ich  thefe W a ters w ere 

p refcrib ’ d , b y  P h yfician s, to  c u r e ; that they w ere often fuch  as p ro 
ceeded from  ih arp , acid , or acrim onious Caufes, as Cardilage^ or 
H eart-b u rn in gs, fou r V o m itin g s , co rro five  D ia rrhea s, C h o lic k s , fronri 
S cu rvies and Stranguries •, and that for thefc D iftem p ers fw eetn in g  and

alkalifate  R em ed ies are m ade ufe of. • r  t
I confid er thefc W aters as con tain in g  in them  the P rop erties o f  Iron ; 

and I find b y  E xp erien ce, that it is m o il op jiofite  to  A c id s , t ó n g  one 
o f  their great C o rrc fto rs , and therefore rather to  be efteem ’ d  an A l-

k a li.  ̂ ,
T a k e  fom e F ilin g s  o f  Iron, perhaps a D ra m , and p o u r on them

about an O u n ce  o f  the m ilder A c id s , fu ch  as Vinegar, V erjuice,
or the Ju ice  o f  L.em ons, and it w ill d eftro y  the Sharpnefs o f  thefe
J u ic e s : O r  i f  you  p ou r on thefe F ilin g s  M in eral A c id s , as th e
v e r y  co rro fiv e  S p ir it  o f  N itre , or o f  Sait, or w hat is call d O il ot
V itr io l, th ey  w ill im m ed iately  lofe their A c id it y , be dilarm  d or 

 ̂ R  2 their
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their fliarp P oints, and b y  E vap oration  g iv e  a Salt that w ill tafte 
Iw eetifli, and is by C h y m ills  ca ll’ d  Saccharum Martis^ i f  d u ly  pre
p ar’ d ; w hich  is fafely  g iv e n  in w ard ly , and is eftcem ’ d a g o o d  altering 
M edicine.

Steel beaten to a fine P ow d er, is, w ith ou t any farther Preparation, 
ill g iv e n  inw ardly w ith  great Succefs for S to m ach ic ü ifeafes, as in the

G reen -Sickn efs, H yp och o n d riac, and various other A c id  and A c r i-  
j m onious D ifaffeélions.
; I confider’ d M ilk  to be a v e ry  proper and ob viou s S u b je d  to

■' b rin g  this C on troverfy  to a plain and unqueftionable D ecifion . I m ade
this E xperim ent w ith all poiTible Exadtnefs : I firft p ro v ’ d the Chalybeat 

I, W a ters, m ore particularly the Spaw  W a ters, b y  try in g  w hether they
tinged w ith G alls . 7 'hefe being v e ry  g o o d , I p u t part o f  the W a 
ters to co ld  M i l k ; fom e I on ly  m ade lu k e w a rm , and fom e 1 b o il’ d 
together, in equal Proportions ; B ut they w ere fo  far from  afford in g  
any C u rd  or C oagu lation , that they con tin u ’ d  fcveral D a y s  w ith ou t 
being four.

' T h e  German Phyficians (on the m iitakcn N o tio n  o f  their being A c id )
llr if t ly  prohibit their Patients the U fe  o f  all m anner o f  Latliciniay  w h illt 
they are in a C ourfe o f  thefe W aters.

J T h is  Prejudice too, has p revail’ d m uch am on gft m o d  o f  ou r W a te r
D rin kers in England •, but I d o atteft, that I have frequently  a d v is ’ d ,

* in fom e Cafes, M ilk  to be g iven  daily  in the E v e n in g , th rou gh  a w hole
C ou rfe  o f  Steel W aters, w ith  g o o d  E ffe ft  : N a y , I d o  affirm , that 

 ̂ fom e others could not bear the W aters w ith ou t h a v in g  a third  P art o f
f M ilk , or m ore, m ix ’ d w ith  them , and have con tin u ’ d them  fo for

m any W e e k s , w ith  g o o d  A d va n ta g e  : N o r do I find the leaft R eafon 
¡ to prohibit the U fe  o f  M ilk  in a C ou rfe o f  Batb  W a t e c s ; h av in g  been

there above a Y e a r  and half, m ak in g  the beft S crutin y I can into the 
Properties, V irtues, and V ices ( i f  they have any) o f  thofe W a ters.

Since our E xperim ents d ifcover that thofe T h in g s  w h ich  are o f  a 
.fw eetning AJkaltfate N ature, do fo ve ry  w ell agree w ith  thefe M ineral 
W aters, it w ill appear by the fo llo w in g  E x p erim en t, that A c id s  d o  
very  m uch difagree.

I p ut but one D ro p  o f  O il o f  V itr io l to a large G lafs fu ll o f  ilro n g  
Spaw W aters, w hich before the A d d itio n  o f  this A cid  did  g iv e  a deep 
P urp le  to the Solution o f  G alls •, but now  w o u ld  not g iv e  the lealt 
T in ftu re , though I put in four T im e s  as m u ch  o f  the G alls. From  
hence I conclude, that the V irtues o f  the Cbalybeat In gred ien ts, w hich 
I tak e  to be the L ife  and S oul o f  thefe W a ters, were fo  far bound up 
or d eftro y ’ d , as to  have loft their C ordia l or corroboratin g  F acu lty  \ 
and that the Bile or G a ll in the H u m an  B ow els, co u ld  not be able to  
feparate the Cbalybeat (w hich are the o n ly  M ed ica l) P articles, and m ix  
them  w ith  the C h yle , in order to  anfwer any E n d  in P h y fic .
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l ,e t  this be a C aution  to thofe that defign to  m ake thefe W a ters  pafs 
better by U rine, that they d o  not m ake ufe o f  any A c id s ; it being a . 
com m on  Pradtice to ufe S p irit o f  V itr io l, Spiritus N itr i dulcis^ & c .  as 
a D iu re tick  : U n lefs  it fliou kl fo happen that they have a D e fig n  to  
tak e  o ff, and d ivcft them  o f their w arm  C ord ia l or altering P o w er, 
and fo to  b rin g  them  near to com m on  W ater •, w h ich , I m u il confefs, 
w e are fo rc ’ d to  d o , efpecially  in the U fe  o f  Bath  W a ters, in fom e hot 
inflam m atory Cafes.

I fhali co n clu d e w ith  one ihort E xp erim en t in F a v o u r o f  our 
Alkalies •, that i f  you  put any Alkali S a lt, vo latile  or fix ’ d , fuch as 
V o la tile  S alt o f  H a rtd io rn , or o f  Sal Armcniac^ or fix ’ d Salt o f  T ar
tar, or W o rm w o o d , or any other true A lkali, you  w ill then d eftroy  the 
abo ve-n am ’ d A c id  S p irit, recuver the V irtu e  o f  the W aters, and d il-  
pofe them  to  g iv e  their T in étu re  as they ufed to  d o in their natural 
State.

I X . H a v in g  p ro cu r’ d about a D o zen  Q iu r ts  o f  Pyrmont W aters o//¿v Nature 
this laft S u m m er, I m ade fom e T ria ls  w ith  them . I iound by  the/»WVirrues 
T a fte , that they contain ’d a rich Cbalyheat V irtu e , and alfo  m ade 
a v e ry  b rifk  and live ly  ImpreiTion on the Palate, m ore gratefu l and 
fp iritu o u s, than the b ed  Spaw W aters I ever tailed. T h e  Spaw  W a - siare. n. 351. 
ters are lo o k ’ d upon as m o il excellen t, i f  they fparkle  a little in a p. 564. 
G la fs  i but thefe, in Sum m er-tim e, when p ou r’ d into the G lafs, nay, 
fom etim es even in the B o ttle , as foon as the C o r k  was op en ’ d , and 
the A ir  w as adm itted , w o u ld  m ake a notable E b u llitio n , fom ew hat 
lik e  bottled  C y d e r , th o u gh  this was foon over but they did  yet 
continue their fm art and brifk  T a fte , and h igh ly  Cbalybeat R e lilli, to 
the laft D ro p , th o u g h  w e were fom e H o u rs in d rin k in g  them  off.
In the W in te r-tim e , thefe W aters do not fp ark le , nor ferm ent, at 
leaft m ine did  not •, but they w ere not carefu lly  p referv’ d , being 
exp os’ d  in co ld  C ellars ; and y et, notw ithftan din g, they loft not the 
Cbalybeat T a fte , and alfo retain’ d a very  pleafant brifk G u ft. T h e fe  
W a te rs  have been reck o n ’ d in the N u m b er o f  the German A cid u U , 
and fom e o f  m y  F rien d s, to  w hom  I g a v e  a G lafs o f  the W ater, 
have a fcrib ’ d to  it a iharp  T a fte , and have been ready to  run aw ay 
w ith  a pofl'efs’ d  O p in ion  o f  its being four : B u t, when I have de- 
fir ’ d them  to  confid er, they have o w n ’ d that the fm art and brifk  
I 'a fte  m ined them  to  call it A c id  or tru ly  f o u r : T h u s  C y d e r  and fofc 
A le ,  w hen bottled , w ill g iv e  fuch an acute A ffeé lion  to  the Palate, 
when it is far from  being four : A n d  even Volatile Alkalies o f  Sal A r-  
moniac, or o f  H a rtíh o rn , m ay be made to g iv e  the lik e  P u n g e n cy  to 

the T o n g u e .
In order to  a m ore nice E n q u iry , w hether any A c id it y  were dif- 

coverab le  in thefe Pyrmont W aters, w e d ro p p ’ d in confiderable Q iian - 
tities both  o f  Spiric o f  H a rtflio rp , and o f  S p irit o f  Sal Armoniac,

both
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both  ju ft ly  p rep ar’ d  ; bu t could  not d ifco v cr  the lead  L u x a t io n  or 
M o tio n  to  appear u p o n  this C on jun étion , as it u fu a lly  does w ith  an 
A c id .

I m ade a y et m ore nice and certain E x a m en  o f  thefe W a te rs , b y  
m ix in g  M ilk  w ith  them , fom etim es in equal, fom etim es in double P r o 
portion  ; and in various D egrees o f  W a rm th , both  in lu kew arm  D e 
grees, and alfo w ith a boiling H eat, b u t I co u ld  not p erceive  an y  
C u rd lin g . B u t rather, on the con trary, the W a te r  p referv ’ d the M ilk  
from  C oagu lation , for four or five  D a y s, even in September^ it being 
h ot W eather.

T a k e  a ve ry  little G a ll in P o w d er, about h a lf  a G rain  to a G lafs  
o f  a Q uarter o f  a P in t •, this does in a M o m e n t render it tu rb id , 
and m ake a d ark  P u rp le , efpecially i f  you  ftir i t : B u t i f  y o u  d ro p  

‘I the P ow d er on the Surface o f  the fam e W a te r, it then caufcs a fine
■j blue T in ftu re . I f  you  w ill m ake a v e ry  fine T in i lu r e  pleafant to  the
i| E y e , take five L eaves o f  ftro n g  G reen T e a , p u t them  into the B o t-
■Í tom  o f  a G lafs h olding a Q u arter o f  a P in t, and y o u  w ill fee thofe
Í L eaves unfold them felves, and in a Q u arter o f  an H o u r , tin g e  the
1 W ater w ith  fuch a ceruleous A z u r e  B lue, that few  V egetab les d o  af-
1 ' ford the like. 'V '̂e obferve, that the lon ger thefe L e a v e s , o r  any

-other Stiptics, (w hich  are the P recipitators) d o  ftay  to g eth er, the 
m ore they degenerate into a deep P u rp le , or even to an A tram en tariou s 

 ̂ C olour.
In reference to tlie internal U fe  o f  thefe W a te rs , I  d ran k  about a 

Q u art at a T im e , after this M anner ; I firft began w ith  the Spaw  W a te rs , 
w hich I p rocur’ d v e ry  g o o d , and d rank them  for a W e e k , and they 

 ̂ agreed ve ry  w ell. I then drank the Pyrmont W a ters  fo r three or fo u r
I D a ys, and continu’ d the U fe  o f  thefe W a ters alternately, un til I had
' drank about tw enty D ays. B y  the R e fu lt o f  m y  E x p erim e n t, it
I feem ’ d to m e v e ry  plain, that the Pyrmont W a te r  w as m ore agreeable,

gave m ore S trength  and S pirit, and was as m u ch  or m ore preferable 
for its internal V irtu e , as for its excellin g  the other in a b riiker and 
m ore fp rig h tly  T afte.

T h ere  is another E x ce lle n cy  in thefe W a ters, w h ich  w ill m ake 
them  m ore ufeful to  us, than any foreign  Chalybeat W a ters  w e yet 
k n ow , becaufe thefe w ill keep  b e tte r ; they are not fo foon fp o ii’ d  by 
any accidental Infinuations o f  A ir ,  as the Spaw  are fu b je ft  to  be. T h e  
Chalybeat M ineral is here th rou gh ly  diíTolv’ d  and w ell united, and 
m ix ’ d in this W a ter, fo that it does not eafily  precipitate : F o r  which’ 
R ea fo n , it m ay alfo the better pafs the rafa  la¿lea^ and even enter into 
the M ats o f  B lood it felf, and w o rk  the m ore confiderable E ffects. 
T h a t  this is not a bare H y p o th e fis , m ay be p ro v ’ d  b y  this E x p e 
rim ent.

H a v in g  fufFer’ d the Spaw  W a te r  to  be cxp ofed  in a B o ttle  w hich  
w as h a lf  fu ll ,  and un ftop p ’ d tw e lv e  H o u rs , I exam in ’ d  it, and
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found it tafte ju ft  lik e  com m on W a te r  •, but the Pyrmont W a ters  that 
were op en ’ d  to the A ir  after the fam e M anner, tafted ftro n g  o f  the 
M in eral, and g a ve  their T in c tu re  as at firft i nay, they continu ’ d  thus 
for fu ll tw o  D a y s, and perhaps m ig h t have done ib lo n ger, bu t I 
th o u gh t that T im e  fuffic’ d.

H a v in g  hatl lately  fom e D ifcourfe about a Purging  Q u a lity  contain’ d An Additional 
in thefe W aters, I am inqu iring w hether they in R e a lity  do con* ^‘ «>unt. Ibid, 
tain any p u rg in g  Ingredients or Properties.

I evaporated  about a Q u a rt o f  this W a ter ad Jiceitntem  ; I then 
poured on the Reliquia  fom e R a in -W a te r, enough to  diflTolve and tak e  
up  the Salts, and exh al’ d tl>at W a ter, and had a G rain  or t w a  o f  the 
Salts, that tailed  M uriatic, fuch  as m oft R iv e r  and P u m p  W aters g iv e .
It is w ell k n o w n  that the P u rg in g  W aters have a v e ry  bitter T a fte , 
and b y  D r. Grew, that Salt was ca ll’ d Sal Catharticnm amarum, w hich  
d iftin g u ifli’ d it from  all other Specics o f  natural S a lts : T h a t  o f  the 
Pyrmont W a te r  above-m entioned has no R elation  to this, but to the 
Sea S alt, not bein g  in the lead bitter.

It is alfo w ell k n o w n , that unlefs our W a ters be im pregnated  w ith  
a confiderable Q u a n tity  o f  this bitter Salt, it w ill not p u rg e  at a l l :
T w o  or three G rains fig n ify  n oth in g, nor have the lead C ath artic 
P o w er. F o r  E x a m p le , p u t tw o  D rach m s o f  the p u rg in g  Salts to  a 
Q iia rt o f  co m m o n  W a t e r ;  and this Q u a n tity  w ill g iv e  but a Stool or 
tw o to  one w h o is naturally v e ry  eafy  to  w o rk  upon. I h ave e x 
am in ’ d fcveral other Cbalyheat W a te rs, and found m uch the lik e  In 
gred ients, and never any that I could  fu fp e ft  to  carry  any p u rg in g
Properties.

I th in k  we can m uch better dem onftrate that the Chalyhtat W aters 
d o contain S tip tic  and R eftrin g en t V irtu es, becaufe th ey  ow e th'eir 
B irth to  the Irort M ineral, and m ore p articu larly  to  the Pyrites, w h ich  
D r. Lifter  fu g g efts , (not w ith ou t fom e R eafon) to  be the Parent even 
o f  all Iron Ores, as it is doubtlefs the C aufe o f  all Cbalybeat W’^aters : ,
T h u s  I h ave often exam in ’ d the Solution  o f  the Pyrites b y  the R ain - 
W a te r  at Deptford, and at other P laces, w here Copperas is m ade,
and found it a v e ry  ftro n g  Cbalyheat W a te r. I t  is from  this M ine
ral we have ou r ftro n g  S tip tic  and conftringent M ed icin es, fo r  extern al 
and internal U fe  •, w e  have ou r P ow d ers and Salts o f  Steel, or VitH ol 
o f  M a rs, from  hence •, nay, even  obftinate and inveterate D inrrbaas  
have, b y  a ju d ic io u s  U fe  o f  I ’anhridge and other Iron W a te rs , re ce iv ’ d  
a C ure.

B u t it is aflerted that the W a te rs  really  d o  p u rg e  at Pyrmont, w here 
they are d ran k .

T h is  w e  d o  a llo w  to  be true, that Tunbridge W a ters d o  not o n ly  
p u rg e , b u t fom etim es v o m it, w hen d ran k  h aftily  and in great 
Q u a n tity ;  b u t ou r P h yfic ian s have correéled this Irregu larity , and 
w e hear o f  n o fuch  C o m p la in ts , w here they ob fcrve a j u i l  Regimen:

A n d
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A n d  we d o  all agree, that thofe W a ters  are, in their ow n N atu re, 
b in d in g , and d o o ft require fom e op ening M ed icin e. T h e  Q u an ru ies 
o t W a te r  d ran k  at Pyrmonl are very  large, often  tw o  or three Englijh 
Q u arts. It is no W o n d e r that their W e ig h t  forces them  th ro u gh  the 
B o w e l s f o r  any com m on  W ater, drank h aftily , and in fuch  Q u a n tity , 
w ill d o  the fame. W hereas, i f  you  take this M e th o d , and w ill d rin k  
Pyrmont̂  or any other Chalybeac W aters le ifu rely , viz. a P in t-G la fs  in 
an H o u r , or rather tw o H a lf-P in t GlaflTes, y o y  m ay d rin k  three P in ts 
in fo  m any H o u rs  w ithout D anger o f  lo fin g  them  b y  D ejection . B u t 
i f  any one w ill be careful, and take this C au tion  w ith  h im , he w ill 
fcarce fail o f  S u ccefs; that is, let him  be v e ry  quiet and ili l l ,  both  in 
B o d y  and M ind  i the lefs he ilirs or w a lk s, the better he w ill pafs o f f  
his W aters by U rine.

I iliall mention o n ly  one O bfervation  m ore, w h ich  is, that none o f  
ou r Englijh Steel W aters do ftrike  fuch a P u rp le  as the foreign  celebra
ted W aters do ; for ours do g iv e  a m ore turbid  and d a rk
C o lo u r, and the worfe the W aters are, the b lack er Sed im en t they 
m a k e : T h o fe  o f  IJlington abound w ith  a coarfe Oker^ the M in eral is 
not well d iflb lv ’ d , but g ives an atramentarious C o lo u r ; bu t the Pyr- 
mont W aters excel all I have happen’ d  to  exam ine, in its b rig h t C a m -  
kous L uftre.

N . B. Mojl of the Experiments alledg'd by Dr. Slare, in the foregoing 
Difiourfe, were likewife by him Jhewn before the R o y a l S o cie ty , F eb . 28.
1 7 1 7 ,  and it was found that tbe'Pyvmont IVaters gave a much brighter 
Tinílure with Galls and Teay and had a much more exalted C h alyb ea t “rajle 
than the Spaw  •, and a fmall ̂ antity of each being kept for fome Time in 
Bottleŝ  to compare them̂ the P yrm o n t vaas found to have retain'd its Vir
tues much better than the S paw . rhe Preftdent, and froeral of the Mem- 
bmprefenty having drunk a Glafs of it̂  found it of a very agreeable Re- 
lijhy and to Jit eafy on the Stomach.

X . Accounts ef Books Omitted.
Ferdinandi C o m i t .  Marfigli Danubialis Operis Prodromus, 

A d  R e g i a m  S o c ie t a t e m  Anglicanam. F o l i o  1 700. 
n. J08. p. .2* D r *  Ehm's T r e a t i f e  o f  S t ,  George\ B a t h  b y  Landeck, in  t h e  L o r d -
2346. I h ip  o f  Gkti n e a r  Siltfia,
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C H A P .  I i r .
Mineralogy,

I. I I  E  M arb le  for tliis P u rp ofc o u g h t to  be v e ry  fm ooth 'w\ú\~ ThtWay af 
X  ou t any S p o t, and hard, that it m ay better bear the F o rce  o f  Colouring 

the l-'ire, and then lore A la b a ilcr  is by no means proper for thefe U fes.
2. F ire  is requilite to open the P ores, but in iucli a D egree as tJiatp 

it iliall not be fcorched, for then the C olou rs w ill be deftroyed  *, neither  ̂
m u ll it be too  co o l, lo r then, th ou gh  it receives die C o lo u rs , y e t  
they w ill be lels iixed. F o r  M ir ó le  even w hen it is co ld , w ill im 
bibe fom e C o lo u rs , as Saffron, and Stone-blue tor a blue C o lo u r  ; but 
thcfe C o lo u rs  are cafily  diil'ipated by  the lead  H e a t o f  the F i r e : A n d  
therefore the D eg ree  o f  P leat o u g h t to  be fuificient, g e n tly  to boil the 
L iq u o r  that is poured upon the M arble.

T h e  M en ltru a  are different, acco rd in g  to the D iv e r fity  o f  the 
S tu if  to  be d ifib lved , a L ix iv e  o f  H o rfe ’ s U rin e  m ade w ith  fou r P arts  
o f  P o t-a fli, and one P a rt o f  Q u ic k - lim e , {N . B . D o g ’ s U rin e  is 
better than H o r fe ’ s) A lfo  Spirits o f  W in e , co m m o n  L ix iv e , W in e  and 
fom e oleagenous Bodies m ixed.

4 . T h e  C o lo u rs laid on w ith  a V eh ic le  are thefe. i .  Stone-blue^ d if- 
fo lv cd  in S p ir it  o f  W in e , or a L ix iv e  o f  Q u ic k -lim e . 2. J .ack m u s 
in co m m o n  L ix iv e . 3. Saffron or Sapgreen diiTolved in a L ix iv e  o f  
U rin e  and Q u ic k - lim e , or in S p irit o f  W ine. 4- V erm ilio n  or C o c h i
neal diiTolved as above. 5. D ra g o n ’ s B lood  diiTolved in S p irit o f  W in e  
a cco rd in g  to A r t .  6. Brafil W o o d  d iflb lved  in S p irit o f  W in e . 7.
A lk a n e t  R o o t e x tra d e d  w ith  the O il o f  T u rp en tin e  ; for it cannot be 
d iffo lved  in any other M e n ilru u m , neither in S pirit o f  SS ine, nor a 
L ix iv e . 8. Sapgreen the lefs, m ixed  and diiTolved in S p irit o f  W in e , or 
a L ix iv e  o f  Q u ic k - lin ie  as before. T h e re  is another k in d  o f  D ra g o n ’ s 
B lo o d , called the T ea rs  o f  it, w h ich  b ein g  m ixed  w ith  U rin e , p roduces 
a beautiful en o u gh  C o lo u r , but it is hard to  be g o t. T hofe C o lo u rs  
that are m ixed  w ith  U rin e  anfw er the beil.

5 . T h e  C o lo u rs  w h ich  are rubbed on w ith o u t any V eh ic le  are thefe.
I.  D ra g o n ’ s B lood  v e ry  w ell purifted , for a red C o lo u r. 2 G u m  
G u tta , fo r  a y e llo w  C o lo u r. 3. G reen  W a x , for a green C o lo u r. 4 .
S u lp h u r, P itc h , and T u rp e n tin e , fo r a brow n C o lo u r  •, it is o n ly  re
quired that the M arb le  be fuH iciently h o t, and lo  the earthy C olou rs 
are co m m u n icated  to  it b y  ru b b in g , w h ich  you  w ill find b y  E xp erience.

T h e fe  C o lo u rs  are either eafily  or d ifficu ltly  w aflied  o u t i  he red 
C o lo u r m ay be e x tra fle d  in fix and tw en ty  F lo u rs , w ith  O il o f  1  artar 
b y  D e liq u iu m , w ith ou t h u rtin g  the P o liili o f the M a rb le  in the ie a ll j  
and the brow n w ith  A q u a  iortis  in a Q u arter of an H o u r, bu t the 
P o liih  w ill be hurt.

V o l .  IV . Part I I .  4 S For



2o6 A n  Accormt of a Colliery blô jon up.
F o r a G old en  C o lo u r, tak e  Sal A rm o n lac , w h ite V itr io l, and V c r-  

digrealV, and rcducc them  to a very fine P ow der.
O f  a ^luerry II. I was lately w ith  M r. Cole in the M ountains in the C o u n ty  o f  Fer~ 
c/Marclc ¡n mano.gh in Ireland, w here I had d ilco v cr ’ d a M arble  Q iia rry . T h c C o u n -  

Ne wherein it lies, is fo ftrange for the natural W o n d ers in ir, that ic 
vile . n. 337. w ould  m ake a little H ifto ry  to d e fcrib c  all that is to be leen : It la s  on 
p . 278. the N orth -fiile  o f  Calcagh, in the Farifh o f  Kilajhcr, in the C o u n ty  o f

Ferriiiinagh. T h ere  are M a rb le -R o ck s, w hofe p erp tn J icu 'a r  I lc ig l i t  is 
50 or t o  F eet, d ifcover’ d bv fubterraneous R iver? , w hich  by D egrees 
have w aih ’ d away the E arth  and loofe Stoneü, and d ilco verM  Thvlc 
rr.ighty R o ck s. T h e re  are m anv great P its fallen in on the Sides o f  
the great M ountain •, feveral o f  them  in a fm all Com pai's o f  G ro u n d , fo 
that it is dangerous travellin g  near them . I 'h e re  are m any C aves fo rm ’ d , 
fem e very large, the Sides and A rch es o f  M arb le, fcjme o f  a L iv e r - C o 
lour, varied in w hite w ith  m any little  F ig u re s  i fom e o f  a lig h t blue
varied w ith  w hite 5 but I could  find no entire b lack  and w hite amonc-fb 
them . °

J n  Account o f  Auguji 1 708, at Fatficld, in th”  P arifli o f  Cbffier
fl^Coliiery L e  Street, about T h ree  o f  the C lo c k  in the M o rn in g , b y  the lu d ”d^n
blown u p ; E r u p t i o n  o f  a violent F ire , w hich  d ifcharged  it fe if  at the M o u th s o f
- —  ti^ree Pits, w ith  as great a N oife  as the firing o f  C annon, or the lou d elt

H e w l e t t '  T h u n d er, threefcore and nine Perfons wcr^ d eftro yed  in one
n.3i8.p.2i5. T h re e  o f  them , v iz .  tw o  M en  and a W o m a n , w ere blow n

quite up from  the B ottom  o f  the S haft, fifty-feven  F'arhom deep, into 
the A ir ,  at a confiderable D iftance from  the M o u th  o f  the P i t ; O n e o f  
the M en w ith  his H ead  a lm o ft o ff, and the W o m a n  w ith  her B o w els 
h an ging about her H eels.

T h e  E n g in e , b y  w hich  the C oals w ere draw n u p , and is o f  a great 
W e ig h t , was rem oved and caft afide b y  the P orce  o f  the B i a i l ; and 
w hat is m ore w ond erfu l, the F iih  w hich  w ere in the R iv u le t , that runs 
tw enty Y a rd s under the L e v e l,  and at as great a D iftan ce from  the 
M o u th  o f  one o f  the P its, w ere in great N u m b ers taken  up  dead, float
in g  upon the W a te r  : W h eth er this happen ’ d b y  the v io len t Concu.Tion 
o f  the A ir ,  or w hether th ey  were ch oaked  w ith  the S u lp h u r (that to 
be fure in A bund an ce difperfed itfe if abroad) I leave to  others to  de
term ine ; on ly  this I obferve, that for feveral D a ys a v e ry  ftro n g  and 
noifom e Sm ell continued to  com e ou t o f  the P its.

A s  to the Caufe o f  it , it is to  be p fem ifed , that C o a l M in es are in 
general fubjeft to  Stith  or Sulphur.

Stithy as vu lg a rly  fo  called b y  the P itm en , I th in k  co rru p tly , from  
S ten ch  or S tin k , is a w ant o f  A ir ,  or rather fuch  a Foulnefs in the 
A ir ,  that overcom es the Spirits o f  the M e n , and fo  fufFocates them , as 
w ell as extinguiihes the C andles.

Sulphur differs in this, that as the oth er fuffers not the C andles to 
bu rn , this m akes them burn to o  faft and the F la m e b y  the im p u lfive  
Q u a lity  o f  the A ir ,  or attradlcd b y  the S u lp h u r, e x ttn d s itfe if  up w ard s
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into a p ro d ig io u s L e n g th , and as a M a tch  ligh ted  for the D ifch arg e  o f  
a C an n o n , as fp ccd ily  lets on F ire  that V a p o u r, equ ally  d e ílru é live .

N o w  to  p reven t both tliefc In con vcn ien cies, the V iew er o f  the W o r k s  
tak es the beil C are he can to  p rcferve a free C o m m u n ication  o f  AW  
th ro u gh  all the W o r k s  •, that as the A ir  goes dow n one P it, it ihould  
afccnd another •, but it happen’ d in this C o llie ry , that there was a P it  
w h ich  llc o d  in an E tid y , where the A ir  had not a lw ays a free Pafiagi-, 
and w h ich  in hot and lu ltry  W eath er was ve ry  m u ch  lu b jtA  to  S u l
phur : A n d  it being riicn the M id d le  o f  Augujl^ and fom c D an ger ap- 
¡irehtnded from  the C lo fcn efs and H e a t o f  the Seafon, the M en  w ere 
w ith d raw n  from  their W o r k  in that P it , and turned into another •, but 
an O v e rm a n , fom c D a y s  alter this C h an ge, and upon fom e N o tio n  -o f  
his o w n , bein g  induced, as is fup pofed , by a fre lh , co o l, fro fty  B reeze 
o f  W in d , w h ich  blew  that M o rn in g , and w h ich  alw ays clears the 
W o r k s  o f  all S u lp h u r, had gon e too  near this P it , and had m et the 
S u lp h u r ju lt as it was p u rg in g  and d ifp erfin g  it fe lf  *, upon w hich  the 
Su lp h u r im m ediately  to o k  F ire  by his C an dle, and ib  he p ro ved  the 
O cca fio n  o f  the L o is  o f  h im fe lf atid fo m any M en , and ot the greateft 
F ire  that ever w as k n o w n  in thefe Parts.

I V . I.] T h e  E ru p tio n s o f  M o u n t Vefuvius happen fo freq uen tly , that Accom-.t of 
that they are alm oft innum erable, and there is not a M o n th  palTcs, tar 
Jefs a Y e a r , w hen there is not fom e d e ftru d iv e  C om m o tion  in it, fom e- fuvius;»i707. 
tim es greater, and fom etim es lefs. B u t in 1 7 0 7 , there happened  ̂ hy the Honour- 
v e ry  great E ru p tio n  o f  it, in w h ich  there w ere m any T h i n g s  o b f e r v e d  g a l e n a ,  

w h ich  have not been u k e n  N o tice  o f  in any other neither bttore  nor fince. “ *•
In the Y e a r  1 7 0 7 , when the W eath er was ve ry  hot, in the latter E n d  

o f  7 w/v, M o u n t/V /k v /k ;, w h ich  had rem ained quiet fo r a g o o d  w h ile , 
began to g iv e  Ibm e S ign s o f  an ap p roach in g  C o m m o tio n , tor lir il there 
we” e internal R ca rin g s  heard in the M id d le  o f  the M o u n ta in ; but as 
yet there w as no Apjxrarance neither ot o m o a k  nor F lam e. A fte r  thefe 
Sounds it began gradu ally  to  lend ou t S m o a k  and t la m e , w h ich  in the 
N ig h t  tim e efpecially  Ihonc over all Campania. In the mean tim e at 
iliftersn t Intervals, it fent ou t fuch d readfu l E x p lo fio n s  as are h ardly  
to  be im itated by the la rg tft  A rtille ry . A fte r  this it continued to  th row  
u p  A lh e s , as o f  fom e Stuft' that had been pow dered, to lfin g  them  u p  
into the A ir  fo r fcveral D a y s  and N ig h ts , and d ilp e riin g  them  over 
the n e ig h b o u rin g  C o u n try , acco rd in g  as the W in d  b lew , iom etim es 
into the Sea, fom etim es on the Stabtan C o a it, Iom etim es tow aras 
and fometimes t o w a r d s N o r  m u ll I neglect to  m ention the 
g reat Show ers o f  Stone?, w hich  d eftroyed  every T h in g  w here they fe ll, 
even the v e r y  C attle . N e x t there ruihed ou t trom  its M o u th , as at other 
T im e s , a 1 orrcnt o f  B itu m en , w h ich  they call m elted G ra v e l, w h ich  
at firil had the A p p earan ce o f  a gentle  Stream  o f  F ire , m o v in g  d o w n 
w ard  o n ly  w ith  fuch a C e le r ity , as you  m ay ob fcrve in me ted i  itth , 
or other fuch lik e  Subllances. 'I ’his xMatter, w hu h I w o u ld  com pare 
to  G la ls  m ade ot Sand n:elted in tiie h o itc ll F u n ia ccs, m  the fame iiian-
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ner as G u fs , after it had cooled b y  g o in g  on  ̂ acquired a ilo n y  H a rd - 
nefs. But it is w orth  w hile to  ob fcrve, that the u p p er Surface of this 
M a tte r  when it was co ld , was form ed into I'mall fp o n g y  Stones, w hile 
the low er refem bled a fo lid , broad, and very  hard f  lint, w hich  has 
been ufed o f  a lo n g tim e in p avin g  the H ig h w a y s  •, as if that w h ich  was 
next to the A ir  had im bibed ibm e o f  its P articles, w hile the under 
Parr, h avin g  no A ir  m ixed w ith it, form ed a ve ry  c o m p a ft  M afs. But 
am ongft a great m any Pha?nomena o f  this b o ilin g  M o u n ta in , there 
w ere tw o w hich had not been feen or k n ow n  for njany A g i s :  l<or the 
third or fourth D a y , it began to  fend forth F lafhes o f  l . ig h r n in g  from  
its O rifice, having the fame A ppearance as thofc w h ich  you  I'ce dart 
from  the H eavens, but tortuous and flo w , and at the fam e I 'im e  w ere 
heard E xplofions lik e  C laps o f  T h u n d er, fo that at firfl we w ere afraid 
that it really thundered. T h e  F lalhes at fir il w ere fo th ick  and fre
quent, that we expected it w ould rain, till w e u n d erilo od  that thev 
cam e from  the M ountain, and that the d ark  C lo u d s  were not owini*- 

i  to  the V apours, but to the A fh es fly in g  fo th ick  about. O n  the ftcon d
I o f  Auguji, at four in the A ftern oon , the A ir  at Naples was fo  fu ll o f
( A ih es, that the Sun’ s R ays being exclu d ed , there was univcrfal D a rk -
\ nefs, and to fuch a D egree, that we cou ld  not k n o w  ou r Friends and

5 Acquaintances in the Streets. N o  N ig h t  was ever d arker than that
D a y  ; for i f  any one went abroad w ith  a T o r c h , he was o b lig ed  to re
turn again, w hich happened on ly  in the T im e  o f  Ti/us as Xipbilinus in- 

 ̂ form s us. T h e  M agiflrates o f  the C ity  and the P rie fls , ordered S u p 
plications to be put up by the P eop le, and that the R e lic k s  o f  S t. Ja^ 

15 nuarius the tutelar Saint o f  Naples, ihould  be carried in ProcefTion w ith
I  the ufual Cerem ony to the Capuan G ate , w hich  is tow ard s the M o u n -
|c A fte r  they had g o t there, in the M id f l o f  the th ick e ft D arkn efs,

at length about the firit or fecond H o u r  o f the N ig h t, one or tw o  Stars 
began to Ihine towards the N o rth , w here perhaps the A fh e s  d id  not fly 
fo th ick , and the blue S k y  to appear, and after that the D arkn efs 
w hich had robbed us o f  the D a y  grad u ally  d im in ifh ed . T h e n  the 
A ih es were driven oflf from  us tow ards the Sea. T h e  n ext D a y  h o w 
ever was not quite clear, but the A ir  w as ili ll  fom ew hat obfcured  w ith
the A fh es, and retained----- dxibix difcrimina L,ucis,

T h u s Vefuvius layin g wafte the C o u n try  w ith  A fh e s , exhaufted w ith 
throw ing up m elted G rave l for feveral D a y s, fo  that the b la ck  T o r 
rent ifTuing out from  it reached alm ofl to  the S ea; at laft a fter fifteen 
D a y s  a!moft became ie ttk d , and the 1‘eople about N aples w ho had 
lied , returned H om e. T h e  Inhabitants too  o f  the T o w n  being at lafl 
.reed trom  te a r , and defirous to  perpetuate the M e m o ry  o f  St. Jantia- 
rms w h o  affifls them alw ays in Straits, ordered a G o ld  and S ilver 

edai to  befrru ck , on one Side o f  w hich  was the H ead  o f  St. "Januarius,

J A N U A R I O  L I B E R A T O R I  U R B I S  
V  ?  y  H R everfe  was Vefuvius quieted,

l ^ Ü S l 'C ^ A M  C O L L A P S I  C l N l v
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2 .] A f r i l  1 7 ,  1 7 1 7 ,  w ith  m u ch  D ifficu lty  I reach’ d  the T o p  o f — «/
M o u n t Vefuvius^ in w h ich  I faw a vaft A p ertu re  fu ll o f  S m o a k , w hich  Vc^vius, and 
hinder’ d m e from  feeing its D ep th  and F ig u re . I hf^rd w ithin  that 
horrid G u lp h , certain odd Sounds, w h ich  fccm ’ d to proceed from  the e  B erkc.

B elly  o f t h ;  M ountain  ; a fort o f  M u rm u rin g , S ig h in g , T h ro b b in g , ley , n. 354. 

C h u rn in g , D a fh in g  (as it w ere) o f  W a v e s , and betw een w hiles a N oifeP - 7°8. 
lik e  that o f  I 'h u n d e r or C annon, w h ich  was conftantly attended w ith  a 
C la tterin g , lik e  that o f  T ile s  fa llin g  from  the T o p s  o f  H ou fes in the 
Streets. Som etim es, as the W in d  ch an g ’ d , the S m o a k  grew  thinner, 
d ifco v erin g  a very  rud d y F lam e, and the Jaw s ot the Pan or Crater, 
llr e a k ’ d w ith  R e d , and feveral Shades ot Y e llo w . A fte r  an H o u r ’ s 
S ta y , the S m o a k  being m o v ’ d by  the W in d , g a ve  us ih o rt and partial 
P ro fp c fts  o f  the great H o llo w , in the flat B o tto m  o f  w h ich , I co u ld  
difccrn tw o  Furnaces alm oft con tigu ou s •, that on the L e ft  feem ing a- 
bout three Y a rd s  in D iam eter, g lo w ’ d w ith  red F lam e, and threw  u p  
red-hot Stones w ith  a hideous N o ife , w h ich , as they tell b ack , caufed the 
before-m en tion ’ d C latterin g . May 8, in the M o rn in g , I afcended to  
the T o p  o f  Vefuvius a fecond T im e , and found a ditferent Face o f  T h in g s .
T h e  S m o a k  afccn d in g u p rig h t, g a ve  a fu ll P ro fp e ft ot the Crater^ w h ich , 
as I co u ld  ju d g e , is about a M ile  in C ircu m feren ce, and an hundred 
Y a rd s  deep. A  conical M o u n t had been form ed fmce m y la il V if it ,  
in the M id d le  o f  the B o ttom . T h is  M o u n t, 1 could  fee, w as m ade 
o f  the Stones throw n up  and fallen back  again into the Crater. In this 
new H ill  rem ained the tw o  M ou th s or tu rn a ce s  already m ention d , 
that on ou r L e ft-h a n d  w as in ú\z Vertex o f  the H ill  w hich  it had fo rm ’ d  
round it, and raged m ore v io len tly  than before, th row in g  up  e ve ry  
three o r  fo u r M in u tes, w'ith a dreadful B e llo w in g , a vaft N u m b er o f  
red-hot S to iu s , fom etim es in A p p earan ce above a T h o u fan d , and at 
leall three hundred F eet h igher than m y H ead , as I ftood  upon the 
B rin k. B ut there bein g  little or no W in d , they fell back  p erpendicu
larly  into the Crater^ increafing the conical H ill.  T h e  other M o u th  
to  the R ig h t , was low er in the Side o f  the fam e new -form ’ d H ill.  I  
co u ld  d ilccrn  it to  be fill’ d w ith  red-hot liqu id  M atter, lik e  that in the 
Furnace o f  a G la fs -1 lo u fe , w hich  raged and w rou gh t as the Weaves o f  
the Sea, ca u fin g  a ih o rt abrupt N o ife , lik e  w hat m ay be im agm ’ d to  
proceed from  a Sea o f  Q u ic k filv e r  cla ih in g  am ong uneven R o c k s . T h is  
i'tu ff' w'ould fom etim es fpew  o v e r, and run dow n the co n vex  Side ot 
the conical H i l l ,  and appearing at firft red-hot, it changed C o lo u r , 
and harden’ d as it c o o l’ d , (h ew in g the firft R udim ents o í an E r u p 
tion, or, if  I m ay fo fay, an E ru p tio n  in M iniature. H a d  the W in d  
driven in ou r Face?, w e had been in no fm all D an ger o f  ftin in g  by the 
fulphureous S m o a k , or bc*ing k n o c k ’ d on the H ead  b y  L u m p s o f 
m elted M in erals, w h ich  w e faw had fom etim es fallen on the B rin k  ot 
the Crater, up on  thofe Shots from  the G u lp h  at B ottom . B u t as the 
W in d  was favou rab le, I had an O p p o rtu n ity  to  fu rvey  this od d bccne
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110  Eruptions o f  Moujit Veruviiis.
for above an H o u r  and a h alf together i d u rin g  w h ich , it was v e ry  ob- 
iervable, that all the V o lle y s  ot S n io a k , F la m e, and bu rnin g StDnt-s, 
cam e on ly ou t o f  the H o le  to  our L e ft , w h ile  the liqu id  StuiF  in tlie 
other M o u th  w rou gh t and o verflo w ’ d , as hath been ah'cady defcribed. 
Jutie 5 , after a horrid N o ife , the M ou n tain  was fecn at Naples to  fp cw  
a little  ou t o f  the Cra'er. T h e  lam e continued the 6 tb. T h e  7// ,̂ n o 
th in g  was ob ferv ’ d till w ithin tw o  H o u rs  o f  N ig h t  •, w hen it began a 
hideous b e llo w in g , w hich continued all that N ig h t, and the next D a y  
till N o o n , caufing the W in d o w s, and, as fom e affirm , the very  l  lo u fcs 
in Naples 10 lhake. F rom  that T im e  it Jpew’ d v a il  Q iian tities ot m o l
ten Sruir to the South, w hich ftream ’ d dow n  the Side o f  the M o u n - 
tú n , like  a great P o t b o ilin g  over. T h is  E v e n in g  I returned from  .1 
V o y a g e  through Apulia^ and was furprized , paffing by the N o rth -fid e  
o f  the M ountain , to  fee a large Q u an tity  o f ru d d y S m o a k  lie a long a 
h u ge T r a d  o f  S k y  over tlie R iv e r , o f  m olten Stuff', w h ich  was itfc lf  
o u t o f  S igh t. T h e  9/̂ », Vefuvius raged lefs v io len tly  •, that N ig h t  w e 
iaw  from  Naples a C olum n  o f  F ire  Ihoot between w hiles ou t o f  its 
Sum m it. T h e  \othy when we th o u gh t all w o u ld  have been o v e r, the 
M ountain grew  very outrageous again, roaring and groan in g  m o il dread
fu lly . O ne cannot form  a ju fte r  Idea o f  this N o ife , in the m o ll vio len t 
F its o f  it, than by im agin in g  a m ix ’ d Sound made up o f  the ra g in g  o f  
a T e m p e il, the M u rm u r o f  a troubled Sea, and the R o a rin g  o f  T h u n 
der and A rtille ry , confufed all together. It was v e ry  terrible as we 
heard it in the further E n d  o f  Naples, at the D iilan ce  o f  above tw e lv e  
M iles. T h is  m oved  m y C u rio fity  to approach the M ou n tain . T lu-ee 
or four ot us g o t  into a B oat, and were fet afhore at 'Torre del Crcco, a 
T o w n  fituate at the F o o t  o f  Vefuvius to  the S o u th -w d l, w liencc w e 
rode tour or five M iles before w c cam e to  the burnin g R iv e r , v/hich 
was about M id n ig h t. T h e  R o arin g  o f  the I'olcano g re w  exceed in g  
loud and horrible as we approach’ d. I obferved  a M i::tu re  o f  C o 
lours in the C lo u d  over the Crater, green, y e llo w , red and blue j there 
was likew ife  a ru d d y  difm al L ig h t  in the A ir  o v e r  that T r a i l  o f  
L a n d  where the burning R iv e r  flo w ’ d ; A ih es  con tin u ally  ilio w e r’ d 
upon us all the W a y  from  the Sca-C oail. A l l  w h ich  C ircu m ila n ce s, fct 
o f f  and augm ented b y  the H o rro r  and Silence o f  the N ig h r , m ade a 
Scene the m o il uncom m on and aftoniiliinp, I ever faw ; w h ich  g rew  
Hill more extraordinary, as w e cam e nearer the Stream . Im agin e a 
Vail T orren t o f  liquid F ire  ro llin g  trom  the T o p  d ow n the Side o f  
the M ountain, and w ith  irrefiftible F u ry  bearing dow n  and co n fu m in g 
V in es , O lives, F ig-trees, I T  ules *, in a W o r d , e v e r y  T h i n g  that flo od  
in its W a y . T h is  m ig h ty  F lo o d  d ivid ed  into different C hannels, a c
co rd in g  to  the Inequalities o f  the M o u n tain . T h e  largefl Stream  
feem ed half a M ile  broad, at leall, and five  M iles lo n g . 1 w alk ed  lo  
tar before m y Com panions, up  the M ou n tain , a lo n g  the S ide ot the R i
ve r  o f  F ire , that I was ob liged  to retire in great H a lle , the fu ’ phureous
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Steam  Iiavin g  fu rp rizrd  m e, and a lm o ft taken' aw ay m y  Breath. D u 
rin g  ou r R etu rn , w h ich  was about three a -C lo c k  in the M o rn in g , w e 
co n ilan tly  heard the M u rm u r and G ro a n in g  ot the M o u n tain , w h ich  
between w hiles w ould  burfV ou t into louder Peals, th ro w in g  up  h u g e  
Spouts o f  F ire  find buriiin^; Scones, w h ich  fa llin g  dow n  again , refem - 
bled the Stars in ou r R o c k  ts. S om etim es I o b fe rv ’ d tw o , at others 
tha*e d illin ft  C o lu m n s ot M am e, and fom etim es one v a il one, that 
llrm cd  to fill the w h ole  Crntfr. 'I 'h c fj b u rn in g  C o lu m n s, and the fiery 
Sronts frem rd  to  be iliot lo o o  1‘Vet perjx-ndicular ab o ve the S u m m it 
o f  th'j Volcan-. 'Mr* i yth at N '-ght 1 o b fervcd  it from  a T errafs  in 
K i ’pUs  ̂ to th row  up  inceifantly a v a lt  B o d y o f  F ire , and great Stones 
to a k ir p r iz in g  f I f ig h t .  T h e  x it b  in the M o rn in g , it d a rk en ’ d the 
Sun w ith  A ih e s  and S m o a k , ca u fin g  a fort o f  E c lip fe . H o rr id  B e l
lowing-; this and the fo re g o in g  D a y  were heard at Naples^ w h ith er P a rt 
o f  the A llie s  aUo reached. A t  N ig h t  I ob ferved  it th row  u p  F la m e , 
as on th e i ith .  O n  the 13/^, the W in d  ch a n g in g , w e íaw  a P illa r o f  
b la ck  S m o a k  ih o t u p rig h t to  a p ro d ig io u s H e ig h t. A t  N ig h t  I o b - 
iVrved the M o u n t to  c a ll up  F ire  as b^'tore, th o ’ not fo d iilin c lly  becaufe 
o f  the S m o a k . T h e  14/Í», a th ick  b la ck  C lo u d  hid the M ountain  fro m  
Napfes. T h e  \ 't h  in the M o rn in g , the C o u rt and W a lls  o f  o u r H o u fe  
in Naples w ere c o v e r ’ d w ith  A llie s . In the E v e n in g , F lam e appear’ d  
on the M o u n tain  th ro u gh  the C lo u d . T h e  i6 / ¿ , the S m o a k  was d riven  
b y  a W e lte r ly  W in d  from  the T o w n  to  the op p ofite  Side o f  the M o u n 
tain. r h e  17/^, th e S m o a k  ajipear’ d m u ch  d im in ifh ’ d , fat and g reafy .
T h e  the w h o le  A p p earan ce  ended, the M o u n tain  rem ain in g
ptrfetftly  qu iet w ith o u t any v ifib le  S m o a k  or F lam e. A  G en tlem an , 
w liofe  W in d o w  lo o k ’ d tow ard  VefuvtuSy aíTur’ d m e, that he o b fe rv ’ d  
this N ig h t  fevcral F la fh es, as it w ere o f  L ig h tn in g , ifliie  ou t o f  the
M o u th  o f  the Volcano. I ihall not m ention the Conje<5lures I h ave
form ed co n cern in g  the Caufo o f  thefe Phtenomtna^ from  w hat I o b ferv ed  
in the Im cus /bnfanSli^ the Sol fat ara, Í3 c. as w«rll as in M o u n t Vefu- 
vius. B u t this I m iy  fay, that I faw  the fluid M atter rife ou t o f  th e
C enter o f  the B o tto m  o f  the Crater^ ou t o f  the v e ry  M id d le  o f  the
M o u n tain , co n trary  to  w h at Borellt im agin es, w h ofe M e th o d  o f  E x 
p lain ing the E ru p tio n  o f  a Volcano b y  an inflexed S ip h o n , and the R u le s  
o f  Hydroftatics, is lik ew ife  inconfiftent w ith  the T o rre n ts  flo w in g  d o w n  
from  the v e ry  Vertex  o f  the M ou n tain .

V .  O n  the i?tb o f  Decemhcr 1 7 0 3 , there happenM  an E a rth q u a k e  
in thefe P arts. F ro m  H u ll I am  in fo rm ’ d , that it w as fe lt about three -j»fEarthquake 
c r  fou r M in u tes after five  in the E v e n in g  •, that it h ea v ’ d u p  C hairs 
and T ab le ? , m ade P cw ter-D ifh es  and the W in d o w s  rattle , ih o o k  w hole ,-0 3 .^ . JT/r. 
H ou fcs, and th rew  d o w n  P art o f  a C h im n e y . T h e  S h o c k  cam e and K. Thorefby. 
w ent fu d tlen ly , and was attended v/ith a N o ifc  lik e  the W in d , th o u g h  289. p. 
there was then a p crfe ft  C a lm . ^
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It  was telt in m ucii the fame M anner at neverly and ocher P laces, 
and particularly  at ^outh-Dalton. It was m ore violent near IuKolriy 
w her it neav’ d up  the Chairs ; and, as a certain C le rg y m a n  ih iornied  
n r ,  in ou k  every  L im b  o f  h im . A t  Selby it was fe!t p retty  m u ch  ; as 
ali.j near Navenby^ w here the N oife  w hich  preceded it feem ed to  fom e 
lik e  the R u m b lin g  o f  tw o  or three C oaches driven furioufl\’ , anu im 
m ediately the Chairs they lat on w ere Ih o o k  v io le n tly , and the v e ry  
Stones w ere feen to m ove.

O / T r e e s  I . !  T h e  L e v e ls  o f  Hatfield-Cbace \n I'orkiJjire^ were the g reatcil
found unda- Chace o f  red D eer that K in g  Charles the l-'irll'Ji.id in all Ewrlund ■, con- 

taining in all L im its  above iS o o o o  A cres, about halt o í w hich was 
Chile, /'y yearly  drow ned and I'urrounded w ith  an O cean o í W aters, 'i 'h is  he

A br. de bargains w ith , and fells to one Sir Cornelius Vcrmnidcn^ a Dutciman^ to
laTiyine. n. difchace, drain, and reduce to A rab le  and P a iu r e  L an d -, v/hich to  
- 7>- P- 980. Surprize o f  all, and to the great A d v a n ta g e  o f  the C o u n try  round 

it, he at length  eftcctually p erform ’ d at the L x p cn ce  o f  above 40 0 00 0  
Pounds.

In the Soil o f  all, or m oft o f  thefe 180000 A cres  o f  L an d  ( o f  w hich  
90000 were drained) even in the B ottom  o f  the R iv e r  o f  Oufe, in the 
B ottom  o f  the adventitious Soil o f  all Aiarfblar.d, and round about b y  
the S kirts  o f  the Lincolnjhire W o o ld s  unto Gainjl-urg^ Bautry^ Doncajley, 
£alfj, Snaiihy and Holden, are found infinite M illio n s ot the R o o ts  and 
Bodies o f  T rees, great and little, o f  m olt o f  the S orts, that this Ifland 
cither form erly  d id , or at prefent does produce, as F irs , O a k s , B irch , 
Beech, Y e w , W ircth o rn , W illo w , A f l i ,  the Pwoots o f  a il, or m o lt 
o f  w hich  ftand in the Soil in their natural P o ltu res, as th ick  as ever 
they cou ld  g ro w , as the Bodies o f  m o il o f  them lie b y  their p ro p er 
R o ots. M o il  o f  the great T rees, by all their L e n g th  about a Y a rd  
from  their great R o o ts  (unto w hich they did  m o il ev id en tly  b e lo n g , 
both b y  their Situation and the Samenel's o f  the W o o d ) w ith  their 
T o p s  com m o n ly  N o rth -E a il, th ou gh  tlie fm aller T rees lie a lm o ll e v tr y  
W a y  crofs thoie, fom e above, forne under, a third P art o f  all w h ich  
are F irs, fom e o f  w h ich  have been found o f  th irty Y a rd s length  and 
above, and have been fold to m ake M a lls  and K eels for Siiips. O a k s  
have been found o f  20, and 35 Y a rd s lo n g , y et w an tin g  m any 
Y a rd s at the i'mall E n d . Som e o f  w hich  have been I'old fo r 4 , ii, 10  
and 15/. a -p iece; w h ich  are as b lack  as E b o n y , and v e ry  la ftin g  and 
durable. T h e  A ih e s  are as lo ft as E ai'th, and are co m m o n ly  cu t in 
P ieces by the W o rk m e n s Spades, w h ich  as foon as flu n g  up  into the 
o p en  A ir ,  fall aw ay in to  D u l l ;  but all the re il, even the W^illows 
th em felves, w hich  are lo iter than A llie s , p referve their Subitanee and 
T e x tu re  to  this D ay. 1 have fecn fom e F ir-T re e s , that as they h..ve 
laid all a lo n g , after that they w ere fa llen , iiave (tru ck  up  g rea ’’ Branches 
from  their Sides, w hich have gro w n  into the I 'h ic k n c ls  and H e ig h t  o f  
confid erable T rees.

It
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It  is v e ry  ob fcrvab le, and m anifeftly  ev id e n t, that m an y o f  thofc 

T re e s  o f  all foi ts have been burnt, but e fp ecia lly  the F ir -T re e s , fom e 
qu ite  th ro u g h , and fom e all on a S id e, fom e have been foun d ch o p p ’ d  
and fquared, fom e bored th ro u gh , others h a lf riven w ith  great w ooden 
W e d g e s , and Stones in them , and b ro ken  A x -h e a d s, fom cw h at lik e  
S acrin c in g  A x e s  in S h a p e ; and all this in fuch  P laces, and at fuch  D ep th s, 
as co u ld  n ever be oj)cned from  the ü c ft r u d io n  o f  this F o re ft  un til the 
T m ie  o f  the D rain age. N ear a great R o o t  in the P a riih  o f  Hatfield, 
w ere foun d 8 or 9 L o in s o f  fom e o f  the Roman E m p e ro rs , but exceed 
in g ly  con fu m cd  and defaced w ith  l  im e *, and it is o b fcrva b le, that u p 
on the C on hn es o f  this lo w  C o u n try , betw een Eurntngbam  and Brumby 
in Uncolnjhire^ arc feveral great H ills  o f  loofe San d, under w h ich  
th ey  are yearly  w orn  and blow n  aw ay w ith  the S an d) are d ifco v ered  
m any R o o ts o f  great F irs , w ith  the Im prelfcs o f  the A x  as treili upon 
th em , as i f  they had but been cu t d o w n  a few  W e e k s  •, w h ich  I have 
feveral T im e s  t.ikcn N o tic e  ot.

H a z le  N u ts  and A co rn s have freq u en tly  been foun d  at the B o tto m  ot 
the S o il o f  th ofc L e v e ls  and M o o rs , and F ir -T r e e  A p p le s , or C on es, 
in great Q iian tities , b y  w h ole  B u lbeis togeth er. A n d  at the very  B ottom  
o f  a new  R iv e r  or D rain , that the D rainers cu t, (a lm o ll lo o  Y a rd s  w id e, 
and 4  or 5 M ile s  lo n g , at the C h arg e  o f  above 30000 /. befides the 
g reat S lu ice  at the E n d  thereol, w h ich  co lt  near 30000 /. m ore) w ere 
foun d old  T re e s  fquared and cu t. R ails , S to u p s, Bars, o ld  L in k s  o f  
C h ain s, H o r f c - h e a d s a n  o ld  A x  fom ew hat lik e  a B it t le - A x , tw o  or 
three C o in s  o f  th e  E m p e ro r VcjpaJtan ; one ot w hich  1 have feen, w ith  
the E m p e ro r ’ s H e ad  on the one S id e, and a Spread E a g le  on the oth er ; 
but that w h ich  is m ore o b lervab le, is, that the v e ry  G ro u n d  at the B o t
tom  o f  the R iv e r  was foun d in fom e P laces to  l; e in R i g g  and t u r ,  
m a n ife ilin g  thereby that it had been p lo w ’ d  and tilled  in io rm e rD a y s .

M r . Edv). Cani/y to ld  m e, d iat about 50 Y ears  a g o , under a great 
T re e  in this P a riih , w as foun d an o ld -fh ap ed  K n ite , w ith  a H a tt ot a 
v e ry  hard b la c k  fort o f  W o o d , w h ich  had a C a p  o f  C o p p e r  or Brais 
on the one E m l, and a H o o p  o f  the fam e M etal on the otner E n d , 
w here the B lade w en t into it •, w h ich  B lade loon  m o u ld erin g  a w a y, he 
g o t  a new  B lad e p u t therein, w ith  this D iftic h  upon it,

#
E v e r  fince  K o ’ i  Flood was I  left.
M y old Blade's ccnfum'dy but this is the H aft.

T h e  fam e G en tlem an  alfo found an O a k  T r e e  w ith in  his M o o rs  4.0

_____ ____ ____ lo n g  again ,
another T im e  he foun d a F ir -T r e e  36 Y a rd s  lo n g , befides the co m p u ted  
L e n g th  thereof, w h ich  m ig h t w e ll be 15  Y a rd s  m ore. A b o u t  50 Y ears 
ag o , at the B o tto m  o f  a T u r f- p it ,  w as toun d  a M a n  ly in g  at his len gth , 
w ith  his F lead  u p on  his A r m , as in a co m m o n  P o ftu re  ot S leep , w h ole  
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S k in  being as it w ere tann’ d  b y  the M o o r-W a te r , prcferved his Shape in 
tire, but w ith in , his F le ih  and m oft o f  his Bones w ere con fum ed  and 
gone i an A r m  o f  w h om  is now  in the Pofleflion o f  D r. N a t. Jobnfon.

T h o u g h  thefe T h in g s  m ay feem ftrange, y et m any A u th o rs  have re
lated the fame.

Camhden and others have to ld  us, and it is a T h in g  w ell k n o w n , that 
m oft o f  the great MoraiTes, M ofles, Fens and B o gs in Somerfetjhirey 
Cbejhire^ Lancajhire^ fVeftmorelandy Torkjbire, Staffordjbire, Uncolnjhire, 
and other Counties in England^ arc full o f  the R o o ts  and B odies o f  
great T rees, m oft o f  w hich  are F ir  •, and that th ey  have the fame P o fi-  
tions and Im preflions o f  the F ire and A x  upon them , that thofe have.

Giraldus Cambrenfis tells us, that in K in g  Henry the S econ d ’ s D a y s, b y  
the F orce o f  extraordinary S torm s, the Sands w ere d riven  fo m u ch  o ff  
from  the Sea-ihores, in Pm brokejbire, that under them  w ere d ifcovered  
great N um b ers o f  the R o o ts and Bodies o f  T rees in their natural P o - 
ftures, w ith  the Stroaks o f  the A x  as freih  upon them , as i f  they had 
but been cut dow n yefterd ay, w ith  a v e ry  b lack  E arth , and fom e B lo ck s  
lik e  unto E b o n y  ; the fam e were d ifco v er’ d again at Neugall^ in the lam e 
C o u n ty  in 1 590, and in Cardiganjbire^ and other Places fince.

D r. Plot m entions the lik e  R oots and T rees  to  be found in Shebben 
P o o l, the o ld  Pew it P o o l, and at Layton and other P laces in Siafford- 

Jhire i and from  their natural Situations and Poftures con clu d es, that 
they did certainly g ro w  there.

D r. Leigh, in his H ifto r y  o f  Cbejhire, obferves, that in the drain in g  o f  
M artin M eer (w h ich  was p erform ’ d but a few  Y ears ag o ) w ere foun d 
M ultitudes o f  the R o o ts and Bodies o f  great F irs, in their natural P o 
ftures, w ith  great Q uan tities o f  their C on es, 8 C anoes, fuch  as the o ld  
Britons fa il’ d  in, and in another M o o r  was found a Brafs K e ttle , Beads 
o f  A m b e r, a fm all M illfto n e, the w hole H ead  o f  an Hippopotamus, and 
H u m an  Bodies intire and uncorrupted. I fu p p o fe  he m eans, as to  o u t
ward A ppearance.

M an y Places o f  the Soil o f  Anglefea and M an, as alfo o f  the B o gs o f  
Ireland, are lik ew ife  fu ll o f  R o o ts and T r e e s ;  but o f  w h at S o rt I have 
not yet learn’ d.

Verftegan tells us, that in m any Places o f  the M o o rs am i MoraflTes o f  
the Netherlands, great F ir-T re e s  are co m m o n ly  found w ith  their T o p s  
ly in g  to the N o rth -E a ft, ju ft  as they d o  in thefe L e v e ls , and Helmont 
mentions the Peel there, a T u r f  M o o r  o f  9 M iles broad.

I have likew ife read in fom e o f  the French N atu ra lifts , I th in k  in
M onfieur de la Ferr, that T rees and R o o ts are alfo freq u en tly  found in
the L o w  G roun ds, L e v e ls  and M oraffes o f  France, Sw itzerland  and 
Savcy.

R am m azzini aflures us, that in the T errito ries o f  Modena (w h ich  
are feveral M iles long and broad, and at prefent a m o ft fru itfu l d r y  
C o u n try , th o ’ in the T im e  o f  the Cafars it was n o th in g  b u t a great 
L a k e )  arc found at 30, 4 0 , and 50 F eet d eep , the S o il o f  a lo w  m a rlh y

C o u n try ,
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C o u n try , fu ll o f  S e d g e , R eed s, Sh rub s, R o o ts , T re e s , N u ts , E ars o f  
C o rn , L e a v e s  o f  T re e s , Branches and B o u gh s o f  O a k s , E lm s , W a ll-  
nu ts, A ih e s , W illo w s , and the v e ry  T re e s  th em felves, fom e b ro k e , 
fom e w h o le , fom e ftan d in g u p rig h t, fom e ly in g  at their L e n g th , ^ c .  
w ith  o ld  C o in s o f  t h e E m p e r o r s ,  o ld  M arbles and Stones fquared, 
c u t, ca rv e d , and w ro u g h t, w ith  the H an d s o f  M e n , i^ c.

M o ft  M e n  refer a ll this to  Noah\ F lo o d  •, bu t i f  fo , h ow  com es it 
that the T re e s  and their R o o ts  lie fo near to  one another, and w h y 
le n g th w a y s, from  S o u th * W eft to  N o r th -E a il ? W h y  fom e o f  them  
bu rn t, fom e ch op r, fom e riven , fom e fquared, fom e bored th ro u gh  ?
W h y  the S o il at the v e ry  B o tto m  o f  a great R iv e r  ly in g  in R i g g  and 
F u r ? A n d  w h y the C o in s o f  Roman E m p ero rs  found in th o ic P laces, 
i^ c. ? B u t 1 am  o f  O p in io n , that a ll thofe T re e s  g rew  in the v e ry  P laces 
wlurrc w e now  find th em , both in this C o u n try , and all others w here 
they art- found ; to  w h ich  I have heard bu t tw o  O b je d io n s :  T h e  firft.
T h a t  C V / jr  exp reily  fays, that no F ir-trees in his T im e  g rew  in h r i  
ta in : B u t that C a¡ar  m ay have been m iila k en  in this P o in t, m ay appear 
from  w hat he m entions o f  the next T re e , the Bucb^ w h ich  he exclu des 
a lfo  ; and w h ich  is fo  co m m o n  in every  P art o f  this N ation  : A n d  in 
an o ld  D eed re la tin g  to this v e ry  C h ace, F ir-trees or B uih es are m en 
tio n ’ d as g ro w in g  here and there on e, about 300 Y e a rs  a g o ; and it  i i  
v e ry  w ell k n o w n , that there w as a T re e  o f  the very fam e W o o d  g r o w 
in g  u p on  Hatfield M o o r Side w ith in  thefe 30 Y e a rs , w h ich  a w h ile  a f
ter w as cu t d o w n , it bein g  the ve ry  laft o f  that K in d  that was feen flou- 

r iih in g  here.
T h e  fecond O b jectio n  is. T h a t  thofe forts o f  T re e s  g ro w  a lw ays on 

h ig h  M o u n tain s and R o c k s , and never th rive , nor naturally g r o w  u p 
on fuch  L o w  G ro u n d s and M o rafles, as thefe are, w here w e now  find 
them  ; b u t th o u g h  th ey  d o  indeed in all co ld  C ou n tries o f  the N o rth , 
th riv e  beft there up on  the h ard eil R o c k s  and M o u n tain s, yet are they 
fom etim es feen even  there p len tifu l and g reat, in the L o w  M orafles o f  
Lieflandy Courland^ Pomerania^ and other C ou n tries thereabouts •, anil 
in the L o w  F o r e lh  and W 'oods W e ft  o f  iVm> England, as I have heard 
T ra v e lle rs  affirm , w h at thefe T re e s  require, is a fandy S o i l ; and it it 
lie never fo h ig h , or n ever fo lo w , there th ey  w ill g r o w , and there it 
is natural to  them  A n d  as the R everen d  M r. E a rat  o f  Hatfield lately  
o b fe r v ’ d in the d ig g in g  o f  a P it  o f  a great D e c o y  in thefe l e v e l s ,  the 
R o o ts  ot the F irrs  alw ays flo o d  in the Sand, and the O a k s  in the C la y ;

I  and I have o b fervcd  the fam e in M u ltitu d e s o f  P laces o f  thefe C o m -

Í m ons.
Í T h e  R eafon  w h y  all th ffe  W^oods w ere d e ftro y ’ d , w e m ay learn trom
f  “ the Roman H iftorian s ; w h o  freq uen tly  tell us, that w hen their A rm ie s
\ and G enerals purfued the w ild  Britons, that they alw ays fled into the

FaftneflTes o f  m iry  W o o d s  and lo w  w atery F o refts. C afar  h im felt cori- 
ieflTes the fam e i and fays, that Caffibelan and his britoiu, after th a r  
D e fe a t, pafled the 'ihames, and fled into fu ch  lo w  M oraii'cs and W o o d s ,

’  ^ 4  T  2 that
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that there was no PoíTibility o f  fo llo w in g  them . W e  find alfo, that 
the ftout N ation  o f  the Silures did the fame when they were fet upon  
b y  OJlorius and Agricola. T h e  lik e  did Venutius K in g  o f  the hrigantes^ 
w h o fled into the great w o o d y  M orafles o f  this C o u n try , and pirrhaps 
into thofe v e ry  lame that form erly  overfpread thefe L e v e ls . A n d  He- 
rodian tells us, that it was the C u ftom  o f  the w ild  Britons to k eep  in 
the fenny B o gs and th ick  m arfliy W o o d s , and when O p p o rtu n ity  o f-  
ier’ d , to  ifliie out, and fall upon the Romans, w h o were at length lb  
p lagu ed  w ith them , that th ey  were forced to iflue ou t O rders tor the 
d eftro yin g  and cu ttin g  dow n o f  all the W o o d s  and F oreils  in Britain^ 
c fp ecia lly  o f  all thofe that g rew  upon low  G rou n d  and M orafles. T h is  
O rder, I th in k , is m ention’ d in Vopifcus; and that they were acco rd in g
ly  thereupon cut dow n, is evident in m any W riters, w h o te ll us, that 
when Suetonius Paulinus conquer’ d Anghfta^ he cu t dow n all the W o o d s  
there. tells us, that the k e p t their Soldiers con tin u ally
em ployed in cu ttin g  dow n o f  W o o d s , drain ing o f  M arfhes and Fens, 
and in p avin g  o f  B ogs. I t  is m anifeft alfo, that they did not o n ly  d o  
this them lelves, but alfo im pofed the fa m e T a fk  upon the Britcns ; for 
Galgacus in his Speech to  his Soldiers, tells them , that the Romans m ade 
Slaves o f  them , and w ore out their Bodies in cu ttin g  dow n o f  W o o d s  
and in cleanfing o f  Hogs, amidft: a thoufand Stripes and In d ig n itie s; 
and tells uü, that the E m p ero r lo il 50000 ot his
M en  in a few  Y ears tim e, in cu ttin g  dow n o f  the W o o d s, and cleanfing 
o f  the Fens and M orafles o f  the N ation.

A s  I have ih cw ’ d in general, that the Romans were the D efliroyers o f  
all thofe great V^'oods and F o rtd s , fo now  I fliall fhew  in p articular, 
that they a<5tu ally  were in this Part o f  the C o u n try , and d e ftro y ’ d this 
great and beautiful F oreft o f  Ihtfield-Chace.

T h e  com m on R oad o f  the Romans out o f  the South into the N o rth , 
was form erly  from  I  indum {Lincoln') to Segelocum {L ittle  burrow  upon 
‘Trent) and from  thence to Danum {Donco.jler w here they k e p t a fi:and- 
in g  G arrifon o f  Crifpinian H o rfe) a little o f f  on the E a il and N o rth -E a it  
o f their Rnad between the tw o  laft named T o w n s , lay the B ord ers o f  
the great F oreft, w hich fw arm ’ d w ith  w ild  Britons, w ho w ere co n ti
nually m a k in g  their Sallies ou t o f  the fam e, and their R etreats into it 
•igain, Tnttrcepring their P rovifion s, tak in g  and d eftro yin g  their C a r
riages, k illin g  their A llie s  and P aflengers, and difl:urbing their G arri- 
lons ; which at length fo enraged the Romans, that th ey  w ere refolved 
to deftroy it ;  and that they m ig h t do the fam e m ore e ffe ftu a lly , they 
m a r c h ^  with a great A r m y  againft the fam e, and encam ped upon a 
great H eath  or M o o r, not far from  Finningly, (as b y  their to rtifica tio n s  
tnere yet to be feen, is apparent) where it is probable, that a g reat 
ca ttle  enlued ; for hard bv, is a little T o w n , called Ofterfield. N o w  as the 
Litter P art o f  fhe W o rd  is never ufed to be added to  any other, but w here 
there  hath been a Battle -, fo the form er feem s to  tell us w h at Roman 
O eneral it  was that fo u g h t,to  w it,th c fam ous Oprius,whom all the Roman

H ifto ria n s
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H iftorian s aíTure us, w as in tbofc Farts. B u t w h o g o t  the V id o r y ,  is 
not fo eafy to  be ju d g e d  o t, th o u g h , no D o u b t, it was the valiant R o-  
inans, w ho bcfides the M u ltitu d es ot tĥ ; Britons that they (lew , d ro v e  
the reft back, into the great F o rcft and W o o d , that co v e r ’ d  all this low  
C o u n try  : W hi.rcuix>n the R m a n s ,  that they m ig h t both d cftroy  it 
and the E n e m y  the ealicr, to o k  tlw  O p p o rtu n ity  o f  a ftron g S outh - 
W e l l  W in d , and fet great F ires therein, w h ich  ta k in g  hold  o f  the F ir -  
trees burnt lik e  P itc h , and con lu m ed infinite N u m b ers o f  them  ; then 
w hen the F ir  had done w hat M ilch ict and E x e cu tio n  it co u ld , the R o- 
mans b ro u g h t their A r m y  nearer, and w ith  w h ole  L e g io n s  o f  ca p tive  
Erttons ch o p p ’ d  and cu t d o w n  m o il ot tlie 'I'rees, that w ere vet left 
(lan d in g, U a v in g  o n ly  here and there fom e great ones u n touch ed , as 
M o n u m en ts o f  tiieir F u r y , and un aeedful o f  thcir L a b o u r ; w hich  be
in g  d e ilitu te  o f  the S u p p o rt o f  the U n d e rw o o d , and o í their n e ig h 
b o u rin g  T re e s , w ere eafily  o verth ro w n  by the (Irong W in d  •, all w h ich  
T r t c s  fa llin g  crofs the K iv tr s  that form erly  ran throu gh  this L o w  C o u n 
tr y , foon d a n im ’ d u p  the fa n u , turned it into a great I ,ake, and g a v e  
G rid in  to the great 'I 'urt M o o rs  that are here, b y  the G yra tio n s and 
W o r k in g s  o f  the W a te rs , the P recip itation  th erc-from  o í terreilrial 
M a tte r , tlie C o n fu m p tio n  and P utrefaction  o f  rotten B o u g h s and B ran 
d ie s , and the v a i l  Incrc.ife o f th ick  W a ter M o f s  w h ich  w o n d e rfu lly   ̂
flourifh cs, and g ro w s  ujion  fuch  rotten G rounds-, w h ich , even n o w ,  ̂ - i  
fince the D ra in a ge ,a n d  fince that the C o u n try  is laid d ry  lo r  m an y M iles  
round about, y a  for all that, are fo tu rg id  %viih W a ter, and lo  fott 
and r a t t n .  that they w ill icarce bcar M en  to w a lk  up on  them .

I len ce it i f ,  that o ld  Roman C o in s, o ld  Rc:uan A x -h e a d s , id c  have 
U e n  found b y  thofe R o o ts  and Trees that lie at the B o tto m  o f  thefe 
M o o rs  and L e v e ls , i k n c e  it is, that in all thcfe G ro u n d s are foun d 
great N u m b ers o f  T re e s , that are burnt, únne in tw o , and fom e 
len g th w a y s, others hew n and ch o p p ’ d . H e n ce  it is, that they he b y  
th tir  ow n proper R o o ts  w ith  tiitir  l o p s  N o rth -E a ft : H e n ce  it is, 
that fom e o f  the g rea te il T re e s  are foun d w ith  their R o ots on , anci m
oth ers, as they have laid all a lo n g , have had branches g r o w in g  ou t o t F
the S id es, un to the I 'h ic k n e fs  and H e ig h t  o f  conliderable rrees. H en ce m
it is, that both the C la y  and M o o r  S oil o f  the C o u n try , is m fom e P laces 
tw o  or three Y a rd s  h gh er than it w as to rn .crly , by the g r o w in g  up 
o f  ih c  fam e, and the daily  W a r p  that the R iv e rs  co n tn .u a lly  caft

thereon, ^ c .  r- n. r
A s  the Roo^ans w ere the D e ilro y e rs  o f  this great F o re ft, fo  w ere

they lik cw ife  o f  all thofe others that io rm erly  grew  u p o n  the L o w  
C ou n tries o f  Chejbire, U n c a jh ir t , TorKfljtre, Limolnjbtre, Staff^idfiiire,
Somerfet (hire, &cc. and o f  the ve ry  C ou n tries b ‘tore-m ention d beyond 
S ta  w here fu ch  T re e s  are found. B u t as tac Romans not m u ch  
in IV a ltí, the IJle o f  M a n , nor Ireland, fo it cannot be fu p p o led  tnat it 
flio u ld  b c th e m  that cu t d o w n  their W o o d s  > bu t th o u g h  they d id  not,^
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yet others d id , for Hollinjhead and others o f  ou r H iftorian s tell us, that 
Edw ard  I. being not able to  g e t  near the JVelJh to  figh t them , b y  their 
Continuance and S k u lk in g  in b o g g y  W o o d s, com m and ed  them  all to  
be deftroyed by  F ire  and A x  : A n d  I d ou bt not at all. but that the 
R o o ts and T re e s , before m ention’ d by Cambrenfts in Pembrokejkire^ w ere 
the R elié is  o f  fom e o f  thofe, that were then d e ftro y ’d : A n d  as for 
thofe in M r» , and other Klands, th ey  have all been cu t dow n in the 
T im e  o f  W a r , and have laid till they w ere g ro w n  o ver w ith  the Soil 
o f  the neighbouring G r o u n d s : A n d  as for thofe that arc found in the 
B o gs o f  Ireland, m any o f  our H iftorian s exprefly  la y , that Henry the
Second, when he conquer’ d it, cu t dow n all the W 'oods that g rew  upon
the L o w  Countries thereof, the better to  fecure his C on q u eft and P o f- 
feflion o f  the fam e, to keep  the C o u n try  in a fettled P eace, and to d if
arm the E n e m y, w ho co m m o n ly  tru ftin g  to  fuch A d v a n ta g e s , are apt 
to  rebel.

I m ay alfo add, that it is a v e ry  com m on  th in g  for G enerals, even to 
this v e ry  D a y , to  deftroy all the W o o d s that g ro w  upon advantageous 
P laces and Faftnefles in an K n e m y ’ s C o u n try , i f  they intend to keep  it j 
and that they alw ays do it w ith  F ire  and A x .

— ««/¿ifamc, 2.1 I have received fom e farther Inform ations about the Fir-Trees o f
é> /Aífame.n. Hatfield-Cbace. I have been told by feveral G entlem en, that about 20 
277- ?• ' 073- Y ears ago, one Sander/^, o f  Hatfield, d ied, aged near 80 Y ears, w hofe 

Father, m uch o f  the fame A g e , d id  frequently  afllire h im , and other 
G entlem en that were curious in the M atter, that he co u ld  v e ry  w ell 
rem em ber m any H un d reds o f  great F ir-trees, (lan d in g  one here and 
another there, in a lan gu iih in g  d eca yin g  C on d ition , h a lf  as h igh  as 
H o u fes, and fom e h igh er, w hofe T o p s  w ere all dead, y et their B o u g h s  
and Branches alw ays green and flouriih in g, g ro w in g  all o f  them  in thefe
I .e v e ls  : A n d  John Hatfield o f  Hatfield, E fq ; w h o is not a b o ve  40  
Y ears o f  A g e ,  has b y  him  a large T w ig  that his F ath er p lu c k ’ d o f f  
from  the Sprout o f  a green and flourifliin g  Shrub o f  F ir , that g re w  
from  the great R o o t o f  one o f  the fam e k in d  in thefe C o m m o n s. A n d  
an old M an o f  Croul tells m e, that he has heard his F ath er fa y , that he 
could  rem em ber M ultitudes o f  Shrubs and fm all F ir-trees g r o w in g  here, 
w hile this C ou n try  was a C h ace, and w hile the V e rt  was p referved , be
fore the D rainage. A n d  in m any old  C harters, that I have feen, o f  
Roger de Mowbray, L o r d  o f  Axholm, w ho lived  in the Y e a r  1 10 0 , re
lating to H urjl, Bell-wood, Rofs, Santoft, & c .  it appears, that then all 
thefe Places were co v e r ’ d w ith  a great old  decayin g  F o reft or W o o d  -, 
and not them on ly, but alfo  all that lo w  C om m o n  betw een Crew /Caufey 
and A u th ro f upon Trent *, and th o u g h  there be not one S t ic k  o f  any fuch  
'I'h in g  now  to be feen, yet it is not o n ly  p lain ly  m anifeft, that the fam e 
was true, from  the R oots there found, but alfo from  the faid R o o ts , that 
m o ft o f  the T rees that then g rew  th ert, w ere F irs. A l l  w h ich  w ere 
bu t the A fte r-g ro w th , and R e lifts  o í the great F o re ft, that was d e ftro y- 
ed by the Romatis.
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V I I . T h e re  h ap pen ’ d  an Inundation at Dagenham  and Hcrvering in O f Subtcrra- 
EjfeXy about fou r or five  Y e a rs  a g o , b y  a Breach in the ^hamts W a ll 
at an extraord in ary  h ig h  T id e  ; and b y  M eans o f  the great V io len ce  o f  by Mr. 
the W a te r , a large C hannel was torn  u p , or PaiTage fo r the W a te r  o f  w .  D erham . 

ICO Y a rd s  w id e, and 20 F eet deep in io m e P la ces-, and in fom e m ore, n.335.p.478. 
fom e lefs. B y  w h ich  m eans a great N u m b e r  o f  T re e s  w ere laid bare, 
that had been there interred m any A g e s  before.

T h e  T re e s  w ere all o f  one S o rt, e x cep t o n ly  on e, w h ich  was mani-  ̂
fe ftly  a large O a k , w ith  the greateft P a rt o f  its B a rk  on , and fom e o f  
its H e a d  and R o o ts . T h e  reft o f  the T re e s  were taken  to  be 7*«v, fron t 
the H ardncl's, R o u g h n efs , and W e ig h t  o f  the W o o d , n o tw ith ftan d in g 
w c have no Tew  g r o w in g  any w here thereabouts •, and it feem ’ d ftrange 
to  m e, that Tew  ih o u ld  g r o w  in fuch va ft  Q u an tities, in fuch  a S o il, 
and fo near the b ra ck iih  W aters. S om e to o k  it to  be Horn-beam^ w h ich  
g ro w s  p len tifu lly  alfo  w ith  us in the h igh er L a n d s (b u t I d o  not re
m em ber to  have feen it in w atery  P laces near us) bu t I rather incline to  
the O p in io n  o f  its b ein g  Alder^ (w h ich  g ro w s p len tifu lly  b y  our F re ili-  
W a te r  B ro o k s) the G rain  o f  the W o o d , and M an n er in w h ich  the 
B o u g h s g r o w , í¿ c .  m u ch  m ore refem b lin g  that o f  Alder^ than Horn
beam.

B y  ly in g  fo lo n g  un der G ro u n d , the T re e s  are becom e b la ck  and hard,, 
and their F ib res arc lb  to u g h , that one m ay as eafily  break a W ir e  o f  
the fam e S ize , as any o f  thofe F ib res. T h is  T o u g h n e fs  they m aintain,, 
i f  the W o o d  be k e p t d ry  ; but b y  d r y in g , thofe T re e s  becom e c ra c k e d , 
and v e ry  flaw y w ith in , bu t lo o k  found o u tw a rd ly , and w ith  D iffic u lty  
y ie ld  to  W e d g e s . B u t the T re e s  ly in g  in the M a rih es, w h ich  are c o 
vered  b y  every  F lo o d , and laid  bare b y  every  E b b , in a ih o rt T im e  
becom e ve ry  rotten.

T h e r e  is no d o u b t, bu t thofe T re e s  g re w  in the P lace w here th ey  
now  lie , and that in va ft  M u ltitu d es j th ey  ly in g  fo  th ic k  u p o n , or 
near one another, that in m any P laces I co u ld  ftep  trom  one to  another.
A n d  there is great R eafon  to  th in k , that not o n ly  the M a rih es, w h ich  
arc now  o v e rflo w ’ d (w h ich  arc about 1000 A c re s )  are co vered  un der
neath w ith  thofe fubtcrraneous Tree.s, bu t alfo all the M arih es a lo n g  b y  
the R iv e r  S ide, for feveral M i le s : F o r  w e d ifco v er thefe T re e s  all a lo n g  
the Thames S ide o v e r  againft Rainham^ IVennington., Purfleet, and other 
P la c e s : A n d  in the Breach  that happened at IVeJl Thorrock about 21 
Y e a rs  a g o , th ey  w ere w aihed o u t in as great N u m b ers  (as I have been 
in fo rm ’ d ) and o f  the fam e k in d  o f  W o o d , as thofe foun d lately  in Da~ 
genham and Havering  L e v e ls .

T h c fe  T re e s  are o f  diflferent S izes •, fom e above a F o o t  D iam eter,
fom e lefs. I m et w ith  tw o  o f  the lefler S o rt, ftan d in g  u p rig h t, in the
lam e P ofture  in w h ich  they g re w  •, their T o p s  ju ft  above L o w ^ W a te r,
and their B o tto m s (at leaft the B o tto m  o f  the C hannel) at 16  F eet
Depth. W e endeavoured to draw them out, but could not do it with

all
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all ou r S trength . T h e y  feemecl to  be about tw o  Inchcs D iam eter in their 
T r u n k , had Ibm e o f  their B o u gh s on, were dead, and in all L ik e l i 
h ood , bein g  y o u n g  and lig h t, efcaped the F orce o f  w hat threw  the 
other m ore large and u n w ield y  ones dow n.

M o il  o f  the T rees had their Roots on , and m any o f  them  their 
' ' Boughs^ and fom e a P art o f  their Bark. T h e re  was only one that 1 p er

ceived  had any Signs o f  the Axy and its H ead had been lopped off.
I co u ld  fee all a lon g the Shores vaft N um bers o f  the Stumps o f  thofe 

fubtcrraneous T rees, rem aining in the v e ry  fame P o ilu re  in w hich they 
g rew , w ith  their R o o ts  running fom e dow n, fom e branching and fpread- 
in g  about in the E arth , as T rees g ro w in g  in the E arth  co m m o n ly  are 
feen to do. Som e o f  thofe Stum ps I thought had Signs ot rhe A x , 
and m o il o f  them  w ere flat at top , as i f  cu t o ff  at the Surface c f  the 
E arth  ; but being rotten and battered, I could  not fu lly  fatisfy  m yfe lf, 
w hether the T rees  had been cu t or broken off.

T h e  Soil, in w h ich  all thofe T rees grew , .was a b lack  o o z y  E art!i, 
fu ll o f  the R oots o f  R eed ; on the Surface o f  w hich o o z y  E arth  the 
T re e s  lay proftrate, and o v er them  a C o v e rin g  o f  g rey  M o u ld , ot the 
fe lf  fam e C o lo u r and C on fidence w ith  the d ry  Sedim ent, or M u d , w hich  
the W ater leaves behind it at this D a y . T h is  C o v e rin g  o f  g rey  E-arth 
is about 7 or 8 F eet th ick , in fom e Places i2  F eet or m ore, in iom e 
l e f s ; at w hich D epth s the T rees generally  lie.

A n oth er T h in g  I to o k  notice of, was the Pcjiure in w hich  the T re e s  
la y , which w as indeed in no kin d o f  O rd er, but fom e this w a y, fom e 
that, and m any o f  them  a -cro fs : O n ly  in one or tw o Places I ob ferved  
they lay m ore ord erly , w ith  their H eads for the m o il part tow ards the 
N o rth , as i f  they had been blow n dow n by  a S outherly  W in d , w h ich  
exerts a pretty  ilro n g  F orce upon that Shore.

A s  to  the Age in w hich thofe T rees were interred, it is hard to  d e 
term ine. M a n y  th in k  they have lain in that fubterraneous State ever 
fince Â í?¿ẑ ’ s Flood. B ut although I have not the leail D o u b t, but that 
at this D a y  w e have m any Rem ains ot the Spoils o f  that D e lu g e , even 
in the h igh eil M o u n ta in s ; y et I rather think thefe T rees to  be the R u in s 
o f  fom e later A g e , occafioned b y  fom e extraordinary Inundations o f  the 
R iv e r  o f  Thames., or by fom e Storm s, w h ich  b low  ih arp ly  upon this 
S h o r e : E ith er ot w h ich  A 6 ls  o f  V io len ce m ig h t be able to  root u p , 
and tum ble dow n T re e s  g ro w in g  in fo lax a S o il, as thefe m a n ife illy  
g r e w  in at that T im e . A n d  as for extraordinary Inundations o f  the 
Thames^ there is at this D a y  a M a rk , w h ich , i f  occafioned b y  an In 
undation, was the M a rk  o f  an Inundation v e ry  p ro d igiou s, beyond aJl 
ever k n o w n  to have been in that R iv e r  •, and that is a Bed o f  Shells, i f  
not a k in d  o f  M arble too, ly in g  crofs the H ig h w a y  on the D efccn t near 
Stifford-Lridge, g o in g  from  S. Okendon.

B elo w  this Bed o f  Shells, at above 50 or 60 Y a rd s  D iila n ce  in the 
B o tto m  o f  the ^ 'alley, runs a B ro o k  that em pties itfc lf  into the Thames 
at Purfleet^ about three M iles  from  thence •, w h ich  B ro o k  ebbs and
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flow s as the T̂hames docs, bu t not at any certain H e ig h t, b y  R eafon o f  
M ills  (lan d in g thereon •, bu t above a p retty  H ig h -w a te r  in the B ro o k , 
the Surface o f  the B ed o f  Shells I find to  lie above 20 F eet perjjen- 
d icu lar. C o n feq u en tly  i f  this Bed o f  Shells was repofitcd in that P lace  
b y  an Inundation o f  the Thames  ̂ that Inundation mufl: be fuch , as 
w'ould have drow n ed  a va ft deal o f  the adjacent C o u n try , and have 
o v er-to p p ed  the T re e s  b y  the R iv e r , in JVeft-Thorrock^ Dagenham, and 
the oth er M a rilics , and p robably  b y  that M eans overturn ed  them .

N o w  had thefc I 're es  been left there b y  the Univerfal Deluge, wc 
Ih ould  not find the Bed o f  F.arth, in w h ich  th ey  g re w , fo entire and 
u n d k lu rb e d , as it m a n itc illy  is at this D a y , a fp o n g y , lig h t, o o z y  S o il, 
fu ll o f  R e e d - r o o t ; and I afTure m y fe lf  (a lth ou gh  i never t r y ’ d  it) o f  
m u ch  lefs Ipecific G r a v ity  than the Stratum above it is. W h ereas I can 
from  F.xperim ents afHrm, that in the three P laces w here I have tried it, 
the Strata arc in a fu rp riz in g  M anner g ra d u a lly  fp ecifica lly  heavier and 
heavier, the low er and low er they lie.

A s  fo r the Manner k(rx thefe Trees came to be interredy this I tak e  to  be 
from  the grad u al Incfeafe o f the M u d , or Sed im en t, w h ich  e ve ry  T id e  
o f  the Thames leaves behind it, I p refum e, thofe T re e s  m ig h t be throw n 
doWn before the W a lls  or B an ks w ere m ade, that k eep  the Thames o u t 
o f the M arfiles ; and then thofe T rees w ere over-flo w n  e ve ry  T id e . A n d  
b y  R eafon th ey  lay th ic k , w o u ld  foon gath er a great deal o f  the S ed i
m ent. A n d  after the Thames W a lls  w ere m ade, e ve ry  Breach in them , 
and Inu ndation , W'ould leave great Q u an tities o f  Sed im en t behind it \ 
as I found in g o in g  o v e r  fom e o f  the M arflies , foon after the late B reach, 
w here I fou n d  the M u d  gen erally  above m y  Shoes, and in m any P laces 
a b o v e  m y  K nees. A n d  it is a l'ra é lice  a m o n g  us ( o f  w h ich  w e have 
d ive rs  Inflances) that w here a Breach  w’ou ld  cofl: m ore to fl:op, than 
th e L an d s o v e r-flo w n  w ill cou n terva il, there to  leave the L a n d s to the 
M e rc y  o f  the Thames ; w h ich  b y  g ra d u a lly  g r o w in g  h igh er and h ig h 
er, by the A d d itio n s  o f S ed im en t, w ill in T im e  fliu t ou t the W a te r  o f  
the R iv e r , all ex cep t the h ig h e il T id e s . A n d  thefe L a n d s they ca ll Salt- 

w hen co vered  w ith  G rafs ; or elfe th ey  becom e Reed-groundy & c .
I hat it was the S ed im en t o f  the Thames that buried thefe T re e s , is 

farther manifefl: from  w hat I faid before, o f  the L ik e n e fs  o f  the E a rth  
a b o ve  th em , in all R e fp e fts , to  the S ed im en t the R iv e r  n ow  lets fa ll, 
w'hen d r y , w h ich  m ay be ob ferved  to co n fift o f  m an y d illin c l L ayers-, 
fom e 1 j  o f an In ch  th ic k , fom e lefs, and fom e fcarce -A o f  an Inch. 
A l l  w h ich  feveral L a y e rs  are, no d o u b t, the feveral Q u an tities, w hich  
every  T id e  le ft behind it. T h is  S ed im en t, w hen d r y ’ d by the Sun and 
W in d , becom es to u g h  and hard, and lo o k e th  lik e  .1 g r e y  Lapis SciJjilis 
or Slate, d iv ifib le  into n u n y  P lates or L a y e rs . A n d  w hat i f  we ih ou ld  
afcribe the C on fo rm atio n  o f  Slate, Mt<fcovia-glafs, and other the lik e  la
m inated C o n cretio n s, to a lik e  W o r k  o f  N atu re , b y  a d d in g  new  L a y e rs  
o f  fuch  Petrifaiflions, and P articles, as the FoiTil is m ade of?
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I prefum e there w ill be no d o u b t but that the fubterran:ous W o o d  
receives its B lackn efs from  V itr io lic  Juices in the E arth . 1 have tr y ’ d  
the E x p erim en t, and find that Alder-lf^ood^ w hether green or o ld , be
com es b la ck ifli, m uch o f  the fame C o lo u r as the W o o d  m entioned in 
this P aper, in a Solution  o f  C opperas W 'hich is not o n ly  an A r g u 
m ent, that the B lackn efs o f  the W'^ood is ow in g  to V itr io l, but alfo 
that the W o o d  is Alder, or fom e fuch lik e  W 'ood, that w ill becom e 
b la ck  w ith V itrio l •, for I am inform ed that all fubterraneous W o o d  is 
not b la ck , particularly  Fir. I have tried Horn-beam fince, alter the lam e 
M anner, and find that alfo becom es b la ck , as the A ld ir  doth.

Ü, Jri-ig; V I I I . I .]  M r. John Somnery in the M o n th  o f  September 1688 , fin k in g  
up  ̂ 3 H o u le  o f  his in Chartham, a V illa g e  about three M iles

^ from  Canterbuijy tow ards A ffo r d ,  on a flie lv in g  G roun d  or B an k-fid e, 
/•At within tw elve  R o d s o f  the R iv e r , running from  thence to Canterbury^ and

D o v e r  fo to  Sandwich H aven  *, and d ig g in g  for that purpofe above feventecn 
th rou gh  g ra v e lly  and ch a lk y  G ro u n d , and tw o  T eet into the 

Sonin’tr.̂ 'li'. -p rin g s , there m et w ith , and turned up a Parcel o f  ilran ge and m on- 
272. p. 882. ftrous Bones, fom e w hole, fom e broken, together w ith  four T e e th , per- 
Fi<r 26 2-. found, but in a manner petrified, and turned into S to n e ; w cig h -

 ̂ • in g  (each T o o th )  fom eth in g above h a lf a P ou n d , a lm oft as b ig  (fom e o f  
them ) as a M a n ’ s F i l l ; C h ee k -T e eth , or G rinders, as to  the F o r m , 
they are a ll, not m uch un like, (but for the B igncfs) the G rin d ers o f  a 
M an. I rem em ber to  have read in Ludovicus Fives, o í lu ch  a T o o th , 
but a little  b ig g er (dens mclaris pugno major) w hich  was fliew cd to  him  
fo r one o f  St. Cbriftophcr's T ee th , and was k ep t in a C h u rch  that bore 
his N am e. Ju ft fuch another T o o th , o f the hignefs, he faith, o f  c.n or
dinary F iji, was feen b y  Acofla in the Indies, d ig g e d  out oi the G ro u n d , 
in one o f  their H ou fes there, w ith  m any other Bones *, w h ich  p ut to g e 
ther reprefented a M an o f  a form idable, or as he fpeaks, deformed Bignefs; 
as he ju d g e d  o f  it. A n d  fo m uft we have ju d g e d  o f  thefe T e e th , and 
o f  the B o d y  to w hich  they belonged, had not other Bones have been 
found w ith  them , w hich  could not be M a n ’ s Bones. S om e that have 
feen them , b y  the T ee th  and fom e other C ircum ftan ces, are o f  O p in io n , 
that they are the Bones o f  an Hippopotamus, or Equus Fluvialis  ; that is, 
a R iver Horfe ; for a Sea Horfe, as com m o n ly  underftood and exh ib ited , 
I S  a fictitious T hin g* Y e t  Pliny m akes Hippopotamum {m ari, terra, amni 
communem) to  belong to Sea, Land, and Rivers. B u t w hat the D iffe
rences and P roperties o f  each K in d  are, I leave to  others to  enquire. 
T h e  E arth  or M o u ld  about them , and in w hich they all la y , bein g  lik e  
a Sea-E arth , or F u llin g -E a rth , not a btone in it, u n ltfs  y o u  d ig  three 
Feet deeper, and then it rifes a p erie ft G rave l.

It is not eafy to  define or determ ine w hat the C reature w a s ; and 
doubtlefs dubious enough it is, w hether o f  the tw o , the Sea or the L a n d , 
m ay m ore r ig h tly  lay C la im  to it. B u t I am o f  O p in io n , that it is fom e

M a rin e ,
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M arin e, or S o b r c d  C reature, to  w h ich  the L a n d  can o f  R ig h t  lay no 
Cluim . b u t  lu p p o iin g  it a Sca-bred C reatu rr, h ow  thru  (w ill fom e fay) 
ihould  it poiTibly co m e there ? and at fuch a Pf^prh under G rou n d  ? I 
anfw cr, firft, w ith  as little W o n d e r  as a L an d -creatu re  ih o u ld , w h ich  
w h o w ith  R eafo n  can im agine to  have e v e r  had at firft fo deep a Burial ? 
N e x t, I fay, the M o u ld , S o il, or E a rth , w herein it lay , was altogeth er 
n iiry , lik e  to  that cxnum {oofe  ̂ fom e ca ll it) on m any Parts o f  the Sea- 
coaft, both  in England and abroad. B ut h ow  jw iTibly (w ill it be faid) 
a S ea -crtature, w hen foun d at fo rem ote a D iftan ce from  the Sea ? F o r  
Solu tion  (it niriy be) o f  this, and the lik e  incidental D o u b ts , and rem o
v in g  all R u b s ou t o f  the W a y  o f  this C o n je ftu re  ; I ihall confid er the 
fou r fo llo w in g  Q u e r ie s :

1 . W h e th e r  the S ituation  and C o n d itio n , F ace  and F ig u re , o f  the 
P la ce , m ay p o flib ly  adm it o f  the Sea’ s once infin uating itfe lf  thi- 

ther ?
2. W h e th e r (that PolTibility b ein g  gran ted , or ev in ced ) the Sea d id  

e v e r  a ftu a lly  infinuate itfe lf fo  far as to  this P lace, and when ?
3. H o w  in P ro b a b ility , and w h en , this V a lle y  or L e v e l,  bein g  once 

S ea-lan d , Ih ou ld  co m e to be fo qu ite  deferted and fo rfaken  o f  the Sea, 
as it is at this D a y  the Sea not app roach in g  b y  fo m a n y, a dozen 

M ile s , or m ore ?
4 .  B y  w h at M eans the Sea, once h av in g  its P la y  there, this C reature 

com es to  lo d g e , and be lo u n d  fo deep  in the G ro u n d , and un der fuch a

Ih elv in g  B an k ? r  . o .
I . A s  for the firft (th e P lace ’ s C a p a city  and A p titu d e  fo r the Sea s 

In flu x  or Infinuation) lu ch  as k n o w  the S ituation , w ith a l, cannot bu t 
k n o w , and m u ft agree it to  be fo. A s  for Strangers, and fuch  as are u n 
acquainted w ith  the P lace , they arc to  be in form ed , that the P lace (the 
locus loci)  w e are u p o n , is a Part o f  that w id e, fa ir, and fru itfu l L e v e l,  
or V a lle y , ex ten d in g  itfe lf not lefs than tw en ty  M iles in L e n g th , be
tw een a continued Series and R a n g e  o f  H ills , D o w n s, or h ig h  G ro u n d s, 
ly in g  at a p retty  D iftan ce each from  oth er all the W a y  •, b e g in n in g  at 
the E a jl Kentijh S h ore, and ftretch in g  itfe lf  W e ftw a rd  b y  Sandwich, 
Fordwicb, Canterbury^ Chartbanu Cbilham, Godmerjham, Ji^ye, yljhfordy 
fom etim es in a d ir e it , fom etim es in a w in d in g  C o u rfe , as tar at len g th , 
as to  that fam ous fpacious L e v e l ot Romney-marjh •, and it is w afh  d and 
w ater’ d all a lo n g , at leaft from  about JJhford, b y  a fw eet and pleafant 
R iv e r  ru n n in g th ro u gh  the m id ft o f  it, as far as to  Sajidzvicb, and there 
bv  the C r e e k , o r  H a v e n , e m p ty in g  itfe lf into the Sea : N o th in g  at all 
o f  O b ftru ft io n , by the Interpofition  o f  H ills , or hi^h (iro u n d s , hin
d erin g  or co n tro llin g  the Sea’ s free P la y  and P aflage  for fo  m an y M iles  
togeth er. T h e  P lace  then, w ith  the P arts, the I 'r a f t  ab o ve  and below  
it, from  the C o n d itio n  or C o n ftitu tio n  o f  it, is p la in ly  n ot unapt or un- 

capable o f  the Sea’ s Infinuation and Influence.
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I f  any ihall ob jeét, Canterbury's being in the W a y , as an O b ftru ftio n  
or Bar •, they are eafily  enough aniw er’ d. F o r  although that C ity  fcem s 
(and indeed is at this D a y ) tor the m o ll part fom ew hat elevated above 
the P itch  o f  the reft o f  the V alley  or L e v e l we are upon ; yet not fo 
m u ch  as to defend itfe lf m any times from  F lood s and O v e rflo w in g s, in

2 24 Strange Bones found under Ground̂  and of

and the lik e , daily experim ented, that the m ofl Tart o f  the C ity , not 
excep tin g  the v e ry  H eart and Center o f  it, is m ade and raifcd G ro u n d  : 
T h e  T o k e n s  o f  Foundations upon Foundations, to a v e ry  confid crable 
D ep th , daily appearing, and the G roun d  (as at dmjlcrdam^ Venice^ and 
clfewhere) for fu p p o riin g  Supcritruftures, in feveral P laces often ftu ck  
and ftuffed w ith P iles o f  W o o d , or lo n g Poles and S takes, forced into 
the G rou n d , as W e lls  and C ellar-d iggers have inform ed me. A n d , as 
if, w here now  the B u ll-ftake M arket-p lace  is k e p t, the R iv e r  had fom e- 
tim e had its C ou rfe  or C urrent, P its, and other lik e 'F a n n e r ’ s U ten fils , 
have, not m any Y ears fince, been met withal in d ig g in g  for C ellars 
thereabouts. I 'o  this let me add, that m y  next N eigh b o u r in Caftle jtreet, 
w ithin thefe th irty  Y ears fin k in g  a C ellar, did  a goo d  D ep th  (five or f i x  
Feet deep) lig h t upon, and was put to fom e Stop  and Stand in his W o r k  
b y , a ilro n g  and w ell-cou ch ed  arched Piece o f  Rowan T i le  or B r ic k , 
w hich  he was fain to  take, or break afunder, and rem ove, before he 
could  proceed. H o w e v e r , then Canterbury m ay now  feem  to ilan d  in 
the yEJluafy's W a y , yet T im e  was, when in P ro b ab ility  it d id  n o t ; 
w hen, I mean, the P lace, the S o il, w hich now  the C ity  occu p ies, as the 
reft o f  the w hole V a lle y  both above and below  it, was o f  too lo w  a P itch  
to be an O bftacle to it.

A s  to  the fecond E n q u iry , (w hether probably  the Sea d id  ever a ftu - 
a lly  infinuate itfe lf fo far as to this P lace, and when) the A n fw e r  is nor 
fo eafy : R eco rd  o f  it, we have none. 'I'he Ixrft and eldeft A c c o u n t wc 
have now o f  the C on d ition , Site, and C on ftitu tion , o f  thefe o u r E aftern  
Parts and T r a f t ,  w e ow e to Julius C^far^ and the Romans after him  ; 
from  w h om  we have not the leaft H in t o f  any liich  T h in g , bu t rather 
the co n tra ry ; both the Sea-coaft and Inland P arts, b y  his and their R e 
lation, bearing in a m anner one and the fame F ace  and F ig u re  then, as 
now. H o w e v er, that the L e v e l w e are upon, was fom etim e an ^^jiuary, 
or A rm  o f  the Sea, feveral Criteria^ or T o k e n s  are not w a n tin g  : F or 
E xam p le , befides w hat m ay be argued and inferr’ d from  this P arcel o f  
ftrange T eeth  and Bones now  under C o n fid e ra tio n ; m u ch  (as I co n 
ceive) there is o f  P rob ab ility  for it, refu lting from  ou r R iv e r ’ s N am e 
o f  Stoure more anciently, not feldom  both called  and w ritten JEftur^ 
A ifture, & c .  w hich I doubt not to  proceed and com e from  the L a tin  
MJiuariuin, and in procefs o f  T im e  to have been co rru p ted  and con - 
rrafted  into Sture and Stoure; g iv in g  N am e in part to  Stourmouth^ a P la ce

about
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about fix M ile s  E a ftw a rd  from  Canttrbury ; fo  calJed from  the R iv e r ’ s 
tiile m b o g u in g  there into the S ta  or Salt-w ater flo w in g  u p  th ith er, as a lfo  
g iv in g  N am e  to  the M an o r o f the A rc h b ift io p ’ s, at this D a y ^  and for 
fom e A g e s  p a il called  ¡Vtjt^ate-Court, 2X Canterbury-^ bu t m ore ancient
ly , as in the C o n q u o r .'r ’ s T im e , (w itnefs Domefday B o o k )  called  the 
M an o r o f  Efture and EJlureJate^ fro m  its S ituation  b y  the Sture or Stoure.
F ro m  w h ich  O cca fio n , doubtlefs, the late L o r d  Fitjcb's  Seat i n -----------
about five or fix  M ilt s  nearer to  the S p n n g -H e a d , at this D a y  v u lg a rly  
m ikdW cd Eajl-Steu'ard, is o f  o ld  fom ctim es c a l l e d f o m e t i m e £ /
Jlure. F ro m  Saxcn M o n u m en ts and R eco rd s I co u ld  eafily  trace the 
N am e up  to a v e ry  h ig h  D ate, b y  m any F>xamples.

But to  proceed to other Criteria-, as b y  the T ee th  and Bones now  
under C o n lid eratio n , w e h ave an Inftance on that S ide o f  the V alley  for 
the P ro b ab ility  o f  the Sea’ s quondam O ccu p atio n  o f  i t ; fo I lhall g iv e  
here another no lefs rem arkable from  the oth er, or op p ofite  fide o í it.
B y  credible R elation , then, at a P lace called  IVcbfiere, an obfcure \ 'il-  
lage  about three M iles  from  Canterbury^ F a ftw a rd , ly in g  under the B row  
o f  the H ill  flre tch in g  ou t by Upftreete, as far as to  the W i  ft-end o f  S a ir .  
w all, by  w h ich  you  m ake yo u r E ntrance into Tbanet, upon the lik e  
O cca fio n  to  that here at Cbartkam , (the d ig g in g  or fin k in g  o f  a W e ll)  
at a v e ry  great D e p th , (lore o f  O y ile rs  and o th er-lik e  Shells, togeth er 
w ith  an Iron A n c h o r , firm  and un im paired, were found and turned up  
in ou r T im e . T h e  lik e  I have been told  o f  an A n ch o r  in our D a y s , 
d ig g e d  u p  at Broomedowne, on the fam e fide o f  the L e v e l,  fom ew hat 
a b o ve  Canterbury, W c ilw a rd .

A s  to  the th ird  Q u e r y , h ow  in P ro b a b ility , and w hen this V a lle y  or 
L e v e l,  b ein g  once Sea-land, ih o u ld  com e to  be fo  qu ite  deferted, and 
forfaken  o f  the Sea, as it is at this D a y , the Sea not app roach in g  it b y  fo  
m an y, a d o zen  M ile s , o r  m ore ? In A n fw e r  w h ereol, 1 m uft needs fay 
and g ran t, that in cafe this L e v e l w ere once Sea, an M Jluajy  I m ean, 
o r A r m  o f  i t ; fo v e ry  lo n g  it was a g o , as w e m ay not reafonably th in k , 
that Canterbury (w hether as a C ity , o r  never fo mean a Pagus, or V illa g e )  
w as then in rerum natura, or a P lace inhabited •, w'hich h aply it m ay 
have been, i f  not as lo n g  as 'Julius C iffa r 's  D a y s, yet u n d ou b ted ly  not 
lo n g  after. F o r  an A c c o u n t we have ot it (as ot fom e other P laces in 
Kent) in the Romans T im e , from  Ptolomy, Antomuus's Itinerary, and elle- 
where. N o w  elder R e co rd s, either ot Kent^ or ot Britain, that w e 
m ay con fid e in as authentic, w e h ave none, that I k n o w  o f, before the 
Romans T im e . W e  m u d  either, therefore, th row  o ff  all further In q u i
ry , or elfe ca d  about for Inform ation  as w e can. Such  as are fo r this 
latter, w ill tell y o u , that the W o r ld  is v e ry  ag ed , m any thoufand Y ears 
o ld , and that m any and m anifold  are the A lteratio n s w h ich  T im e  hath 
m ade in feveral P arts and Q u arters o f  the W o r ld  •, to  the N o tic e  and 
D ifco v e ry  w h ereo f no w ritten  R e co rd , or un w ritten  T ra d itio n  at this 
D a y , can reach or dire¿t us : T ra d itio n  itfe lf  (lo n g er l iv ’ d m any tim es
than any w ritten  E v id e n c e ) fa ilin g  us for A g e . O f  fuch  a N atu re  they
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co n ceive  m ay this o f  the jJiftuary be, fo  v e ry  ancient, as T im e  hatli 
q u ite  w orn  ou t the M e m o ry  o f  it •, and that the R eafon o f  the Vca’ s 
R ecefs  here, w ith  an abfolute V aled iftio n  to the P iace o f  its v o n te d  
R e fo rt, was its b rea k in g , b u rftin g, and cleav in g  afundcr, that Ijlhmns^ 
o r  N e c k  o f  L a n d , betw een Gaul and Britain^ rendering tlic latter o í 
the fam e C on tin en t v. ith the fo r m e r : Such  T ilin g s  ( ’ tis certain) have 
happen’ d elfewhere. T h u s  (fays Seneca) hath the Sea rent Spahi from  
the C on tinent o f  Africk. T h u s  (as he adds) by Deucalion's F lo o d  w as 
Sicily cut from  Italy. M o re  Inftances o f  this K ind  m ay be found in M r. 
Cambden's, Cantium, and elfewhere. A n d  although there be no certain 
E vid en ce  o f  fuch an A c c id e n t here, from  ancient H iftorian s or G e o g ra 
phers, yet is the T h in g  fo llro n g ly  and rationally argu ed , by him  el'pe- 
c ia lly , as by Verjiegan alfo, Twine, and others before h im ; and the C o n 

j e t u r e  b a ck ’ d w ith  fuch  P lenty o f  probable Criteria, by the form er, that
1 cannot but be o f  that O pinion ; efpecially , when to the P lcn tv  o f  A r 
gum en ts m u iler’ d up by M r. Cambden, Í iliall have contributetl tliis one, 
b y  him  and the reft om itted ; w hich  is, that b y  a received conftant T r a 
d ition , Ronmey-Marjh, that large and fpacious L e v e l, contain ing (faith  
M r. Cambden) fourteen M iles in L e n g th , and e igh t in H rtadth, w as 
fom etim e S ea-L an d , ly in g  w h o lly  under Salt-w ater. A n d  i f  I m ay 
guefs at the T im e  and O ccafion  o f  both that, and ou r Canterbury L e v e l ’ s 
R eco very  from  the Sea, I ihall be apt to pitch upon that o f  the Sea’ s 
breakin g th rou gh , and in T im e  w o rk in g  and w aih in g  awav that IJlhmus 
between us and France. A n d  then, whereas beforetiine Romney L e v e l 
(w h ich  had and hath its Stoures too, or .^Jiuaria  as w ell as ours) and this 
other not im p ro bably  (no high  L an d s, as w e fee, in terp ofin g  or im 
p ed in g  their C o n ju n ftio n ) were but one and the fam e L e v e l,  and lay 
under the Sea ; now  both the one and the other (the Sea h av in g  fo m u ch  
m ore P la y  and E lb o w -ro o m , than fo rm erly , b y  c lea v in g  a S n d e r  the 
IJlhmus) were refcued from  it, and o f  an jEJluary became^ fuch a rich  
and noble V a lle y  or L e v e l, as is fecond to none in England.

A n d  i f  from  hence any one ihall tak e  an H in t, to  confid er o f the N e 
therlands or Low  Countries, and enquire w hether thofe in w h ole, or in 
part, m ay not have arifen out o f, and co n je ftu ra lly  afTigned for ou r 
Kentijh L o w la n d s, I ihould  not at all w onder at it.

A s  to the fourth Q u e ry , by  w hat M eans the Sea once h av in g  its P la y  
there (at Chartham) this C reature com es to  lie and be foun d  fo  deep in 
the G rou n d , and under fuch a ih e lv in g  B ank ? M y  A n fw e r  is T h a t 
fu p p o fin g  this w ith  the reft o f  the l .e v e l  or V a lle y  once o ccu p ied  b y  
the Sea, or S a lt-w a te r; that being a C reature w h ich  b y  F lu xes and 
R eflu xes alw ays is in M o tio n , and thereby in T im e  beating upon, and 
w o r k in g  itfe lf into the B a n k , or rifin g G rou n d  there, m ig h t at len gth  
fo  far underm m e, eat into, and loofen it, as to  fetch  d o w n  fo  m u ch  
M o u ld  or E arth  upon, or o v e r  the P lace, as to  lo d g e  the C reature at 
fo  great a D ep th . O r  elfe perhaps, the continual A g ita t io n  o f  the 
W a ter m ig h t in T im e  lo rte , d rive  up , and caft o v e r  it that g reat Q u a n 
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t ity  o f  O o fc , E a rth , and other M a tte r, un d er w h ich  it la y . B y  the 
w a y , it is o b fe rv cd , that the N a tu re  o f  the Soil here and there is fu ch , 
fo  lo o fe , fu p p le , rotten  and fan d y, that m eerly  o f  itfe lf, it is apt to  
fin k , and fall in ; as w as la te ly  experienced  b y  a S aw -p it d ig g ’ d hard 
b y , w h ich  after a little  T im e , b y  the E a rth ’ s g iv in g  w ay  on each S id e 
o f  it, fe ll in , and f i l l ’ d up  itfclf.

E ig .  2 6 , 2 7 . Rtprefent two o f  the T e e th  above mention'd. * Fig. 26, 27.

2 .]  M r . Somncr is o f  O p in io n , (w ith  M r . Cambden^ and other A n ti-  — onthefctM, 
qu arics) T h a t  is h ig h ly  probable ( i f  not ab fo lu tely  c e r u in )  that 
France and England  (or G aul and Britain) w ere anciently jo in td  b y  an 
IfibmuSy o r  N e c k  o f  L a n d , w here now  is the narruw  PaiTagc betw een 
D over  and C a la is: W h ic h , m any A g e s  fince (beyon d the reach o f  any 
I l i i lo r y  now  extan t) w as (b y  the Seas v io le n tly  beating up on  it on botli 
S id es) w orn  a w a y, or broken  th ro u gh . W h e re b y , w lu t  was once an 
JJlbmtLS, is now  b ccom e a Frctum  or narrow  Sea.

M r . Cambden is his Britannia  (in that C h ap ter w here he treats o f  Kenty 
o r  Cantium) g iv e s  us m any co g e n t A rg u m e n ts , w h ich , i f  ta k tn  all t o 
ge th e r, fcem  to m e a co n v in c in g  E v id e n ce , that there had once been 
u ich  a C o n ju n ilio n  ; but not tor m any A g e s  now  paft.

l o  w h ich  I m ay add one m ore (ot w h ich  M r. Cambden takes no no
tice in this P la c e ) fro m  the Unity o f  Language between the ancient Gauls 
and Britons •, and from  the great Intercourfe between thofc in GauJ  ̂ and 
the Druides in Britain  (o f  w h ich  ancient W riters take n o t ic e :) w h ich  
is not lik e ly  to  have been, i f  there had not been an eafy C o m m u n ica 
tion  betw een the one and the other. W h ic h , th o u g h  it be not a Phy- 

f ic a l  A r g u m e n t (as are thofe o f  M r. Cam iden) is a g o o d  M oral In d u ce
m en t, in C o n firm atio n  o f  them .

T o  thofe A rg u m e n ts  o\'S\v. Cambden^ M r . adds another, a
Parcel o f  Jlrange and monftrous Teeth and Bones^ w h ich  (in the M o n th  ot 
September i68b’ .)  upon d ig g in g  a W e ll  in the P ariih  o f  Chartbam  (about 
three M ilt s  S ou th w ard  from  Canterbury) in the L a n d  o f  M r. Jobn Som- 
ner  ̂ w ere foun d  at the D e p th  o f feventeen Feet under Ground. W h ic h  
Bcnes and Teeth  (fro m  the F ig u re  and G rcatnefs o f  th em , and from  
the C o n d itio n  o f  the E a rth  w herein th ey  w ere foun d) he ju d g e th  to  
have been the R em ainders o f  Ibm e Hippopotamus^ or other la rg e  M arine  
A n im a l, w h ich  (n ian y A g e s  fm cc) had periihed there-, w h ich  hath 
fince been co vered  w ith  this D e p th  o l E arth .

I 'h is  Chartbam  he obferves to  lie about the m id d le  o f  a large rich  
V a lle y , tor about tw en ty  M iles  or m ore in L e n g th , and o f  a confider- 
able B readth  i h a v in g  on each id e  o f  it, at a con fid erable  D iila n ce , a. 
lo n g  I 'r a d  o f  H ills ,  or h ig h  G rou n d s. T h r o u g h  w h ich  V a lle y , there 
now  runs the R t v t r  Sture, Stcure, or t jlu r e ,  for tw en ty  M iles or m ore, 
b y  yjjhfordy fVye, God.nerpamy Cbilham, Cbartham^ Canterbury^ F o r i-  
"Mchy and fo  to  Sandiaicb, w here it d ifch arges itfe lf  into the Sea.
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T h is  lo n g  and large V'ale, (from  the Situation o f  the P lace, the N a 
ture o f  the S o il, and the R em ains o f  this M arine A n im a l, lo d ged  re 
at fo  great a D ep th  under G ro u n d ) he ju d g e th  to  have been Hn Wer 
A g e s )  an Mjiuarimn^ or A r m  o f  the Sea, into w hich  the S a, (b e in g  
ftopp ed  b y  the IJlhmus, w hich  then jo in ed  France and England., from  
the C o u rfe  w h ich  nov/ it takes) d id  d ifch arge i t fe lf ;  w h ich , in P “ reel's 

'o f  l  im e, being filled up , (p artly  b y  the E a rth , Sand, O o fe  or nrher 
M a tter  brought in b y  the Sea, and lo d ged  there, p artly  by ti.. 1* irth 
w aihed d o w n , or fa llin g upon it from  the H ills  on both Sn'. s) ¡s 
reduced to  the State w e now  fee.

L e t  us then confid er, w hat m u ft have been, i f  this H y p o th r iis  be 
true ; and how  it agrees w ith  w hat we fee.

F irft, i f  fuch an Ifihmin had once been, w here now  is the Pafs be
tween D over and Calais^ the great Seas on both Sides m u it con tin u ally  
btf2t upon it w ith  a fierce im petuous T id e , tw ice in fo u r and tw en ty  
F iours. T h e  N orthern Sea between us and Holland (called Oceanus 
G fm anteas) on the E aftern S id e ;  and the VVeftern Sea between U s 
and France (called Oceanus Britannicus) on the W c fte m  Side. hich (iii 
P rocefs o f  T iir ie) m ay w ell be fuppofed  lik e ly  enough to  w ear aw ay, 
or break throu gh  a narrow  IJihmus.

T h e  W cile rn  T id e  co m in g  in fiercely between U s and France^ fret
t in g  on th e C o a ft  on both Sides, mufl: needs be fuppofed  to b rin g  w ith  
it a great deal o f  E arth , Sand or M u d . B u t, being ftopp ed  in its 
C u rren t b y  this Ijlbmus^ did not depofit it (as m ig h t be th o u g h t) on the 
S ide o f  it, (w h ich  m ig h t ftrengthen it) but found an O p p o rtu n ity  o f  
d ifch a rg in g  itfe lf on the fpacious L e v e l o f  Romney-Marjh ; (w h ich , as 
Car.ibden tells us, is fourteen M iles in lengthy and eight in breadth) fret
t in g  that IJihmus as it com es along ; and then (at (lan d in g  W a te r , a- 
bout the T id e ’ s R ecefs) le ttin g  it fall on that L e v e l, and lo d g in g  it 
th e r e : B u t then again, frettin g  that IJihmus  ̂ and the C o a il all a lo n g , 
as the T id e  returns, w ith  a lik e  F o rce  as it cam e in. W h ic h  g iv e s  us 
a fair A c co u n t, both h ow  that IJihmus m ig h t be w afiicd  a w a y , aud 
h ow  that L e v e l m ig h t be raifed to that H e ig h t  it now  is. F o r  no M a n  
can doubt (w h o  doth  w ell k n o w  the Situation o f  the P la ce , and the 
N ature o f  the S oil) but that all that L e v e l had heretofore been Sea. 
A n d , even at this D a y , it lies fo m u ch  lo w er than the Surface o f  the 
Sea at H ig h -W a te r , that it w o u ld  (m uch o f  it) be overflow ed  e ve ry  
T id e , i f  not defended (at a va ft C h arge) by  Dim -church  W a ll,  for 
m an y M iles together.

W h e th e r it had a lik e  O p p o rtu n ity  o f  fuch an in d ra u g h t (and in 
w hat P rop ortion) on the French C o a il, I cannot tell. B u t, that this 
is the C on d ition  o f  Romney-Marjb^ no M an  doubts.

T h e  N orthern  Sea (betw een us and Holland) m u ft, in lik e  M an n er, 
h ave beat on the E aft S ide o f  that IJihmus w ith  a lik e  im p etuous T id e , 
tw ice  in fou r and tw enty H o u rs. B u t, being there flo p p ed  in its C o u rfe , 
w o u ld  have the l ik e  O p p o rtu n ity  o f  d ifch a rg in g  itfe lf  on the C o a ft o f
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Hollando (as the W c ftcrn  Sea on Rom uey-M arjh.) W h c n c e  it is, that 
Holland and Zealand^ v,’hich (b y  the C o n fcn t o f  a ll) is ju d g e d  to have 
been on ce Sea, is now  raifcd th irty  or io rty  F eet h igh er than it had 
once bcsn.

A n d  the fam e N orthern  Sea, w h ich  (on th is A c c o u n t)  hath fo  large 
an Inlet (E a llw a r d )  on the C o a ft o f  Holland  ; w o u ld  (W e ftw a rd ) infi- 
nuate it fc lf  liicew ife on the Englijh C o a ft, w here-ever it m ig h t find low  
G rou n d s. W h ic h  is  th^ C afe  o f  this V a lle y , w here n ow  runs the 
K iv c r  Sture^ Stourt or Efture (w h ich  N a m e  it‘ is I'uppofed to  have 
u k c n  from  the C o rru p tio n  o f  jE jiuariuni) fo r  m ore than tw en ty  M iles ;
(and n o th in g  appears w h y  w e ftiould  not th in k  it had fo  d o n e ;)  enter
in g  at the lo w  (iro u n d s near Sandviicb (c lofe  by  that JJlhmus) zn á  run- 
u in g  up  that L e v e l (b y  Canterbury, Chartham^ Chilham^ and fo  forth ) ss 
far as /¡fuford, o r  farth er, v/hich V alley  had on cc been m u cii deeper 
than now  it is. F o r , it feem s, that even  at Cbartham  (w h ich  is nov/ 
tw e lve  M ile s  from  the Sea) the G ro u n d  is raifed at leaft feventeen 
F e e t a n d  the S o il, at that D e p th , found to be o f  a lik e  C o n d itio n , 
as w here the Sea is k n o w n  to have been ; and nearer to  the Sea, it m ay 
w ell be prefum ed to  have been yet deeper. W h ic h  is con firm ed  by the 
R eliq u es o f  this M a rin e  A n im a l there found •, and b y  A n ch o rs , and 
Shells o f  F ifties, foun d elfew h cre in the Borders o f  this V a lle y , at a 
gri-at D e p th  un der G ro u n d .

N o w , that the Sea m ay thus raife the G rou n d  on fuch In -d raugh ts, 
b y  Sand, E a rth  and M u d , b ro u g h t in and lo d ged  there at ev'ery 1  ide, 
is not at all u n lik e ly  : F o r  w c  fee the fam e at this D a y . P a rticu larly , 
in the Ifte o f  Oxney (near ad jo in in g  to  Romney-Marjh) there was a lo w  
L e v e l,  o ft  in D a n g e r o f  b r in g  overflow ed  b y  the R iv e r  R o tb e r : B u t, 
iom ew h at m ore than threefcore Y e a rs  a g o , the Sea b ein g  let in, hath 
raifed that L e v e l v e ry  con fid erably  ; b y  b rin g in g  in, and lo d g in g  there 
a confiderable deal o f  E a rth  and M u d  every  T id e  : B u t w ith al, it hath 
fo  fretted the C h an n el, b y  w h ich  it enters and goes ou t again , that the 
C hannel b y  Rye, w h ich  (w ith in  m y  M e m o ry )  was fo lh a llo w  near 
w hat w as c a ll’ d AVn/-Bridge, that M e n  w ere w o n t to  ride th ro u g h  
i t ; but n ow  (b y  the T id e ’ s entering and retu rn in g) that B rid g e  is lo n g  
fince fw allo w ed  u p , and the C han nel becom e fo  broad and deep, that 
a V efle l o f  g o o d  Burden m ig h t ride there at A n ch o r. A  fit R e fe m - 
blance o f  the Sea’ s frettin g  this Jfibmus, and fillin g  up  the ^ Jtuaries  on 

both Sides o f  it.
'r h e  lik e , in g o o d  M eafu re, Is to  be feen at (w hat th ey  ca ll) the D og

ger SandSf w h ich  is a  B an k o f  Sands ly in g  (o b liq u ely) fro m  about the 
C o a ft o f  N orfolk  to w a rd  the C o a ft o f  Zealand, o r  N o rth -p a rt o f  H ol
land, w h ich  is the P la ce  w here the N o rth ern  and W e fte rn  T id e s  (fince 
the R u p tu re  o f  the JJthmus) d o  n ow  m eet •, and d o  there (at ftiil W  a- 
tcr, fo r about h a lf  an F lo u r  or m ore, or at the tu rn in g  ot the T id e )  
d epofit the M u d  and Sand, w h ich  b y  their rapid  M o tio n ) is both 
W a y s  b ro u g h t thither. W 'h ich  is fu p p o fe d  to  be the true C aufe o f
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that fandy B ank. W h eth er this in T r a ft  o f  T im e  m a y  there form  a  
new Jftbmus, ( i f  the W o r ld  laft long enough) I cannot fa y , but 1 am  
apt to  th in k  that the form er Jjlbmus, i f  the T id e s  had ftopp ed  
and had not found thofe In-draughts, on w hich to lo d g e  w hat it w arned 
from  thence, m ig h t have continued, and been m ore llren gth cn ed , b y  
what (upon the R eturn  o f  the T id e ) w ould  daily  be lo d ged  there.

A n d  upon this A c co u n t (I th in k ) it is, that the Ijibmus at Corinth^ 
th ough  beat upon by tw o Seas (w hich  gave  it the N am e ot Bimaris Co- 
riHlhus) is not tiiereby d e itro y e d : becaufc there are not fuch I 'id e s  to  
w alh  it aw ay, nor fuch In-draughts, on w hich to lo d g e  w hat ih o u ld

be wafiaed from  thence.
B ut the Cafe is m uch other\vife w ith  this Ijibmus o f  o u r s ; w here arc 

all T h in g s  to  countenance this H yp oth efis. T h e  d eep  C liffs  at Dover^ 
and thofe at CalaiSy anfw ering d ireftly  the one to the other ; and a p 
pearing to V ie w , as i f  that between them  had been v io le n tly  torn a w a y . 
A n d  the Sea between them  (even at this D a y ) being m u ch  Ih allow er 
at that P lace than on either Side o f  it (as Cambden d oth  w ell o b ftrv e )  
w hich  are ftron g Prefum ptions, that there had been fo rm erly  fu ch  a 
C onjunélion.

T h e  greatefl D o u b t in this Cafe is, that there is no H ifto r y  extan t, 
w hich takes notice o f  fuch an Ijibmus, or fuch a Rupture, in this P la ce , 
w h ich  being a T h in g  rem arkable, m igh t have been th o u g h t w o rth y  to  
be reported.

W h ic h  y e t need not be thought v e ry  ftrange, co n fid erin g  that w e 
have no particular A cco u n t o f  the Britijb C oaft (w h ich  m ig h t determ ine 
this Q u eftion ) older than the Romans A ccefs  hither w ith  Julius C ^ fa r : 
W h ereas this m igh t happen’ d m any H u n d red  o f  Y e a rs  before that 
T im e , when though  the Ifland m ight be k n o w n , yet not the p articu lar 
C oaftin gs o f  it to the Greeks or Latins.

B u t I have this farther to fay ; Plato  tells us a S to ry  (as o f  a T h in g  
w hich  happened fom e A g e s  before his T im e , and w hich  at that T im e  
was in a manner generally forgotten ) o f  an Ifland fom cw h ere in the 
Atlantick O cean , w hich b y  a D elu ge  and E arth quake (in  the S p ace  o f  
a N ig h t  and a D a y ) was deftroyed and fw allow ed u p  b y  the S e a ; 
w hereby that Sea (fo rm erly  navigable) was for fom e T im e  b ecom e un- 
navigable or unfafe, by Reafon o f  the M u d  and R eliq u es o f  that 
abforbed Ifland. T h e  W o rd s  o f  Plato  (as tranflated in Henry Stephens'^ 
E d itio n , p. 2 5 .) runs t h u s ; P ojl autem, quum diluviorum ^  terree mo
tuum ir.ttunperies extitijfet, unius noítis &  diei fpatio, omne illud bellicoforum 
hominum genus in tennm  abforptuvi fu it , illaque etiam Atlantica Infula 
C A t á u  liq  maris flu^itbus plane obvoluta difpaniit, unde illud
mare trajectu difficile efi, quum lutum adhuc copiofum Infula ijtius remar.^ 
ferit.

W h ich  fecms to me very applicable to the R upture o f  this Ifihmus: 
W hereby this Ifland was not indeed w holly deftroyed, but was broken 
o ff from  the Continent, to which it was before united. A n d , upon

lu ch
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fuch an Accident, the Sea muft needs be diílurbed, and put out of its 
Courfe, and render’d unfafe for Paflage, before it came again to be let- 
tied. For though tiie firft Breach might be made in the Space of one 
N ight and Day, we cannot fuppofe the whole Bulk of it, when once 
broken, was prefently carried fmooth away ; but firil the Top  or upper 
Part of it (in a Day and N ight’s Tim e) and afterwards the lower Parts 
of it by Degrees. W hich would render that Sea, if not quite unpaf- 
fable, at leall troublefome and unfafe.

And if in fome Circumilance this Narration chance to differ from 
the Matter of F a d , as calling the Rupture  of this Ijihmus the Subverfun  
of an IJland, this muft be allowed in the Narrative of an old I ’radition 
Irom Hand to Hand : For as fuch it is there brought in.

For Plato doth there introduce Critias (then an ancient Man) telling 
a Story, which (when a Boy of ten Years old) he had heard from his 
Grandfather (who was ninety Years of Age) of what SoUn (long fmcc 
dead) had told him •, namely, tJiat an /Egyptian Pricft had (long before) 
told ¡>olony that it did appear from fome old Êgyptian Records (of 
which the Greeks had no Knowledge) that fuch a T h in g  had happen’d 
in an Age lb long before, as in comparifon of which the Greeks were but 
as Children. And all this I'radition (through fo many Hands, and at 
iuch great Intervals of T im e) is, at every Step, reported from the R e
lator’s prefent Memory. A nd ’ tis very poffible, that fome one or other 
of thefe Relators might lb far miftake, or mifremember, as to call that
i Dijfolution or Difappearaxce oí an llland (v<fetitéb)i) which was but a 
Tearing it from the Continent. |

It ferves, however, to the prefent Purpofe, if at lead fo much of the 
Story be true, That Icng before Plato’j  J/h/í, there had been fome fuch Dif- 
folution or Rupture of an iju or Ijthmuŝ  fomeivhere in the Atlantick Ocean̂
(that is, in the Northern Sea) of which there were fame Symptoms yet re- 
tnaiwng in Plato’/  Time. For, this being admitted, it is as applicable 
to the prefent Cafe (as to any we know) of which there are fa many 
Symptoms yet remaining to this Day.

I know that Rudbeck in \\x% Atlantica., Cap. 7. Seft. 8. pag. 293. doth 
endeavour (in Favour of his Sueonia) to put an allegorical Senié upon 
this whole Paflage.

But I fee not why it may not be underftood in a plain literal Senfe, as • 3
a true Matter of F'aét, (though jierhaps a little difguifed, m  was wont ^
to be the Faihion in that Age in relating old Stories) and is very con- ™
fiftent with all that Rudbeck cites out of PlatOy in that whole feventh I
Chapter of his Atlantica.

For the Name of the Atlantick Sea (wherein this Ifland is faid to 
be) was not then (nor is now) confined to the Coaft of Sweden, but 
extended as far as the Britifh Ifland, and much farther. And when 
Rudbeck tells us out of Plato., that the whole Atlantica was as big as '
lÁbya and Afia (which whether meant of either of them fingly, as 1
Rudbeck undcrftands it, or of both together, as the Words fcem to im -
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p orf, a u a  x a l  'Aa-iaq /uic^uy, I w ill not contend •, we cann ot
iu p p o fe  it to  be P la to 's  M ean in g , that this whole Region w as fw a llo w ed  
u p  ; but rather iom e fm all P a rt o f  it, from  whence perhaps the w h o le  
m ig h t tak e  its D enom ination . A n d  tliou gh  he tells us from  another 
W rite r , that it fiv e  Bays Voyage fro m  the Brilijh  liland, to (that pare 
o f )  his Atlantica^ w here for thirty Days together the Sun doth not f e t ; this 
hinders n ot, but that the Britijh  Idands m ay be part of the Atlantick R e 
gion, th o u gh  fo far d illan t from  the utm oft N orthern  C ape o f  it.

I k n o w  not w hether I m ay y et venture fa rth e r ; T h is  A u th o r  tell> 
us, that this yEftuary (fro m  Sandivich to Afljford) m ig h t perhaps flo w  
fo  m uch farther, as to m eet w ith  that JEjluary on Romney-marjh, and 
(both  being co n jo in ’ d) becom e one Level.

T h ere  is, I th in k , about three or four M iles d iilance between A p fo rd  
and the neareft part o f  Romney-marjh : H o w  the interm ediate L a n d s  be 
qu alified , I do not w ell rem em ber.

B u t i f  this be adm itted , that the tw o yEJiuaries (that o f  Stoure^ and 
that o f  Romney-ntarjh) in form er T im e s m ay thus have n-vet; this opens 
a new Schem e, o f  w hich before w e w ere not aware. F o r  then we m u it 
fay, that the tw o  T id e s  (that from  the N o rth  and that from  the W e ll)  
w hich  now  m eet at the Dogger Sands, did  then meet at the C on fluence 
o f  thefe tw o  A iftu a ries : A n d  then (as was faid o f  the Dogger Satids) 
brin gin g , on both Sides, E arth , M u d , and Sand, to  this P lace, and 
lo d g in g  it there, m ig h t firft form  an Ifthmus there, and, b y  D egrees, 
fill up thofe jíEftuaries on both S id e s : In  the mean w hile, w afh in g  aw ay 
that Ifihmus between D over  and Calais, and op en in g a new  PalTage as 
now  it is.

'I'here be m any other /EJluaries in England, w here the Sea now  e n 
ters a great W a y  into the L^and ; and h ow  far it m ig h t have entered 
farther in form er T im e s , w h o  can te ll?  A s  that Sea by Brijlol between 
JVales and Cornwall: T h a t o f  the Ilumher between Torkjhire and L.rn- 
colnjhire: A n d  w e m ay reafonably th in k , that and the ¥er,s
in Lincolnjhire, m ay have heretofore been Sea, or overflow ed  b y  the 
Sea at h igh  T i d e s : A n d  that o f  the Thames (betw een Kent and E ffcx) 
w h ich  now  flow s (above London and Brentford) w ithin a M ile  o f  King~ 
fion  (at S p r in g - T id e s ) ; it m ay perhaps feem  too d arin g, to  th in k  it 
m ay form erly  have flow ed as far as O xford  (between i¡hot-over H i l l  and 
Foxcomb H ill)  and fo onw ard tow ard ¡Wallingford (in  the Romans T im e  

Galena) \ but there is this to countenance it, that ( if  I be not m u ch  
inifinform ed) there be freq u en tly  found (in ou r Ston e-Q uarries and 
G ravel-p its) about Oxford, F ifli- ih ells , and even the B odies o f  F iih  
petrified , at great D epth s under G ro u n d . A n d  there have been (no 
d ou bt) and now  arc (in England) m an y eth er M fiuaries, C re e k s, or 
A r m s  o f  the Sea (enterin g a great W a y  w ith in  Lartd) fo m e w h ereo f 
ni4y be in a M anner filled u p , and becom e firm  L a n d  ; others m u ch  
n arrow er, ihallow er and fliorter, than in form er T im e s  th ey  have been. 
F o r  it is the N ature o f  /Bfluaries^ w here tlic T id e s  flow  in, to  leave

behind
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behind th em , at th n r  R etu rn , m u ch  o f  M u d , O o fc , or S leech, as they 
a ll it, w h ich  doth  in T im e  co m e to  be firm  L a n d .

3 .] A t  Hytht in A W  (w h ich  is one o f  the Ci>i‘¡ue P crts)  there w a s — ¡ w r T a m e ,  

(in ou r F a th e rs 'I  im c) a convenient H a rb o u r lo r  1 m all V effels, w h ich  ^
i i  now  fw arved  ; ftv cra l A tte m p ts  have been m ade to  recover the 
H a rb o u r, bu t w ith  fm all Succcfs. I-or w hen (w ith  great L ab o u r and 
C h arge) they have (in fom e M eafure) opened it, it hath foon been 
filled up again , b.' w hat the Sea caits up. A n d  w h o ever confiders the 
v a il  Q u an tity  o f  (w h at they ca ll) Beacb •, that is, a va ft M u ltitu d e  o f  
fm all loofe Stones and F iih -ih e lls , ca ll up  b y  the Sea at Hythe^ Lyd„ 
and elfew here, on the C o a ft o f  Rcv:ney-marJJj^ (for d ivers M iles  in 
L e n g th  and B readth , and to  a great D ep th ) w ill not think, it ftrange, 
that a Creek or /EJluary llio u ld  co m e in T im e  to  be filled  u p , and be
com e firm  L a n d . A n d  in m any Places o f  this Ecachy G ro u n d , w here 
(w ith in  the M e m o ry  o f  Perfons now  liv in g ) noth in g  was to  be feea, bu t 
fu ch  loofe Stones and Shells (to  a great D ep th ) it com es (by D eg rees) to  
be co vered  w ith  E a rth , and becom es P a ilu re  G rou n d .

O n  the co n tra ry , that w hat was fo rm erly  F irm -la n d , m ay be fo de- 
fíro yed  or w alh cd  a w ay, as to  becom e Sea, is evid en t from  (w hat th ey  
ca ll) x^i^Goodvi^in-^aniit on the C o a ilo fA V « / , w h ich  is faid to  hav^ 
lx;en the L a n d s o f  E a rl Gocdvjir., bu t lo il by  an Inundation about the 
T im e  that ‘Tcnterden S teeple was bu ilt, (w h ich  g a v e  O ccafion  to that 
Iron ical P ro v e rb  o f  T h in g s  C o te m p o ra ry , that Tenterden Steeple •wus 
the Cdufe o f  G o o d w in  Sends.) T h e  O ccafio n  o f  fuch  diiierent B.f- 
f t d s ,  d ep en d in g  on the d ifferent Situation o f  the Shores, and the fet- 
t in g  o f  the I 'id c s  ; fo  as to  w aih  ofi' fro.ni one P lace  wivat it lod geth  on  

another.
A n d  m any fuch  A lteratio n s i'no d o u b t) have been o f  the F a ce  o f the 

E a rth , ail the W o r ld  o v e r, o f  w hich  w e have no p articu lar H ifto ries.
F o r  the W o r ld  was o f  great A g e ,  before the w ritin g  o f  any H ifto ries  

(excep t the B ib le) now  extant.
A n d  w h o  k n o w s, but that in form er A g e s , even am idft ú\t Alps, 

there m ay have been large Lakes, w h ich , in procefs o f  T im e , ,by E a rth 
qu akes or other A ccid e n ts) m ay have been drain ’ d o f  their W a te r, and 
becom e fru itfu l V a lle y s  : O f  w h icn  it is faid, d ivers S y m p to m s h ave 
been d ifc o v e r ’d , even  am id ft the Alps, in later A g e s .

A n d  fo m eth in g  o f  the lik e  N .itu re  hath happen’ d w ith in  fom e few  
Y e a rs  laft p aft, in 'Jamaica, in Sicily, and oth er Places.

an inhmiis between Dover and Calais. 23^

thf4 .1 S in cc I w rote laft on  the S u b je A  o f  the Ijihmus, & c .  I find 
M r . I  uffkm  t  has in form ed us ot d ivers Bones o f  an extraordinary ¿  
B ig n e fi, fou n d  lately  in a G ra v e l P it, not far iro m  U a r^ 'u b  in E jjcx  p. ,030. 
(m u ch  lik e  tiiofe  foun d at Chartbam  in K ent,) at a great D e p th  under infra,

G ro u n il, w h ich  Bones he th in k s  rather to  have been the Bones o l an S. X.

E le p h a n t, t lu n  o f  an hippopotamos, or oih er M arin e A n im al.
 ̂ B u t



B u t w h ich  ever it is, it w ill equally  p ro ve  thofe V alleys to  have been 
m u ch  deeper in form er T im e s , than now.

I o b lerve, that the R iv e r  in Ejjex, and that in Keuty near w h ich  the 
B ones w ere foun d , are both  o f  them  nam ed the Stowr ; w h ich , w h e
ther it be a C orru p tio n  o f  the Latin  jF.finariim  (as M r. Somncr con- 
je d u re s )  o r  o f  Britijh ys-d îvr  ̂ (that is, t h e 1V a te r ) l  w ill not d if- 
pute.

A n d  that the Bones were found (in both Places) m uch at tlie fam e 
D epth, (about i6  or 17  F eet under the Surface o f  the E arth ) w h ich  
therefore m ay (p rob ab ly} have been lo d ged  (in both Places) m uch about 
the fame I ' i m e : A n d  perhaps, when the- E m p e ro r  Claudius b ro u gh t 
his Elephants into Kent and EJfex •, as M r. Luffkin  intim ates ou t o f  Dion  
Cajfms.

1 obferve alfo, that thofe petrified Bones, in both  Place'?, w ere 
found in gravelly Grounds, (as are thofe petrified SIkIIs, and Botlies o f  
I 'iih es, in G rave l P its and S to n e-Q yarrits  near Oxford). H o w  far the 
Steam s, F u m es, or F luors o f  the E arth , w hich  contribute to  the F o r 
m ation o f  Stone or G rav e l, m ay con duce to the p e tr ify in g  o í th -fe  
Bones, Shells, or other B o d ie s ; I leave to  the C on fideration  o f  the 
N aturaliils.

A n d  w hether the Im pregnation o f  fuch Steams, m ay not Swell fuch  
petrified Bodies, to  a larger P roportion  than before they had. L ik e  
as we obferve W o o d  (and other lik e  M aterials; in a moill: A ir  to  Sw ell •, 
b y  the D itlention o f  their Fores, upon the Introm iflion o f  moilt- P a r
ticles. F o r  I take all Petrifications to be m ade, either b y  Ir,cruj}ati:,n 
or Intromiffon o f  ilo n y  Particles.

A n d  I w ell rem em ber, that (m any Y e a rs  ag o ) at M jk U jh  in Kent, 
(not far from  Feverfliam] on fom e high  G rou n d s, and v e ry  llo n y , (w h ich  
«fed to  be Ibm etim es F ailu re , and fom etim es p lo w ’d) 1 iiave o b ferv ed  
divers OyJler-Jfjells (petrified, or p artly  fo) m uch larger and th ick e r  
than the ordinary P rop ortio n  o f  O y ile rs  in thofe P arts, and v e r y  
w eighty ; w hich  O yfter-Shells m ig h t have been p u rp o fely  throw n  theru 
lo n g  before, as being reputed a g o o d  M anure for L a n d  *, and m ig h t 
h ave been there im pregnated w ith  lik e  H alitus, Effluvia, as are the n u 
merous Stones on thofe L an d s.

I have know n the Inhabitants, heretofore, h ave ufed  to  caufe the 
Stones, in thofe L an d s (becaufe they are v e ry  num erous) to  be g a th er’ d 
u p , and carried o ff  the L an d s b y  C art-load s, to  m ak e m ore R o o m  for 
th e G rafs to  gro w . B u t o f  later Y ears, th e y  forbear (I h ave been 
to ld ) fo  to do, as th in k in g  the W a rm th  (or fom ew hat equ ivalen t) o f  
thofe Stones, is rather an H e lp , than H in d ran ce o f  the E a rth ’ s F e r
tility .

B u t (to  return to w hat I w as fp eak in g  oO I fee not w h y  w e m ay 
not th in k  the Stowr in EJfex, and the Stowr in Kent, to  have been 
(both  o f  them ) .-EJiuaries o f  the Northern T y d e ; before the R u p tu re  
o f  that Tfibmus between D oicr  and U l a i s : (A n d  the lik e  o f  the R iv e r
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near MaldeHy and other fm all C re e k s  on the C o a ft.)  T h o u g h  not fo  
great as thofc o f  Humber and the Thames : w h ich  w ere then M fiuarits  
o f  the fam e Sea ; as arc m an y others on the C o a ft o f  Scotland.

I f^y, before th a t Rupture \ F o r , fince that R u p tu re , the C afe  (as to  
the Thames) is fon iew h at altered. F o r  the W efVcrn T id e  (betw een us 
and France) w h ich  w as then fto p p cd  at this JJlbmuSy d oth  n ow  flow- 
on  (th ro u g li that Fretum) beyond the M o u th  o f  the Thames, as h ig h  
a i the D o^ er-fands  •, w h ich  d o th  therefore fu p p ly  the y^Jitiaiy 
o f  the Thames, w h ich  was fo rm erly  fu rn iih ed  from  the N orthern  
Sea.

A n d  thefe fm allrr . ‘EHuaries m ig h t fooner be fw arved  u p  b y  w hat 
e v e ry  T id e  lo d g eth  there, w h ile  tiiofe greater ^ Jlua ries  arc b u t 
ih o rtn ed , and b cco m c narrow er, than they had form erly  been.

A n d  as to  the Thames in p a r t ic u la r ; it feem s v e ry  evid en t, i f  w e 
co n fid cr their S ituation , and the N atu re  o f  th eir S o il, that m u ch  o f  
the L-ow G ro u n d s (in  Kevt and Effex) on both Sides o f  the M o u th  o f  
th e  Thames (adjacent to  the Sea) had form erly  been Sea, fas w ell as 
th at o f  Romney-marjb.) A n d  w hen the M o u th  o f  the Thames was fo 
m u ch  w id er, no d o u b t bu t it llow ed  m u ch  farther than now  it d o th .
A n d  h ow  far, w h o  can tell ?

i t  m ay perhaps be o b je fte d , that the fm all R iv e rs  n ow  rem ain in g, in 
the B o tto m  o f  thcfc V a lle y s , w h ich  m ay have been fu p p ofed  (in fo r
m er T im e s )  to  h ave been Aijiuaries, d o  n ow  run m ore w r ig g lin g  
(w ith  m ore T u r n in g s  and W in d in g s) than d o  thefe V a lle y s . B u t th is 
need not at all fcem  ftran ge, w hen as w e m ay d aily  fee the fam e, in 
th e  B o tto m  o f  a m u d d y  D itch  (or W a ter-co u rfe) when the W a te r  is 
a lm o ft drained o ff, the M u d  y e t rem aining fo ft :  the little  W a te r, y e t 
rem ain in g, w ill w o rk  o u t o f  it fe lf  (am id ft the M u d )  a w r ig g lin g  
P affage (a cco rd in g  as the M u d  w ill m ore o r  lefs g iv e  w a y ) m uch 
m ore cro o k e d , than was fuch  D itch  when fu ll o f  W a te r, and the lik e  
m uft needs happen in the grad u al D ra in in g  o f  fuch yEftuaries, a cco rd in g  
as the foft K a rth  w ill p erm it. W h ic h  C roo ked n efs w ill continue, w hen 
the B an ks on both  Sides d o  (b y  D egrees) g ro w  firm er.

A s  to  w h at I faid con cern in g  the lile  ot Oxney A  lo w  L e v e l  in 
that Ifle, w h ich  had for d ivers Y ears  lain under W a te r, is n ow  raifed 
b y  in tro m ittin g  the T id e ,  to  a confiderable H e ig h t  above w hat it had 
fo rm e rly  been and the C han nel irom  thence to  Rye, is (b y  the T id e  s 
pafTing in and ou t) becom e m u ch  w id er and deeper than heretofore.
B o th  w h ich  are ev id en t, and not to  be denied.

I f  w e lo o k  in the m ore a n c i e n t  M a p s  o f  Ülíw/(older than the 1  ear j
»640) w e  w ill find, that w hat w e call the IJle o f  Oxney, was then
but a Peftin/uia being (b y  a fm all Jjihnius or N e c k  ot L a n d  at the
N o r th -E a ll C o rn er ot it)  continued to  the reft o f  the C ou n try  : A n d
the T id e  from  Rye to  that P lace  (w h ich  now  flow s ftra igh t onw ard on
the North Side ot the Ifie) was there flopped by that TJibmus, and did

I w h tc l
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w heel about on the South  Side o f  i t ; O r  rather, the R iv e r  Rother d id  
(from  the N o rth  Side o f  the Ifland) wheel about b y  the South  S ide (to  
that E aftern  C orner) and thence (b y  the Channel) \.o Rye.

W h ile  T h in g s  w ere in this ftate •, d ivers M o o riih  o r  M a rih -la n d s, 
ad jo in in g  to the R iv e r  Rother^ were oft in D anger (upon great R ain s) 
to  be d row n ed . B u t To it once happened (b y  w hat A cc id e n t I k n o w  
not) that this drow ned L an d  had u n ex p ed ed ly  (in a N ig h t ’ s T im e , 
o r  little m ore) difcharged itfe lf on another L e v e l, fom ew hat low er th a a  
itfeU*.

U p o n  w hich  Indication, it was th o u gh t advifcable 'b y  cu ttin g  that 
JJlbmus) to a llo w  thofe W aters on the N orth  S ide o f  the Ifland u 
ilra ig h ter P ailage tow ards Rye •, and to let rh o fa  low er G rou n d s for 
fom e T im e  to ly e  under W'ater (paying the R en t of th em ; t i l l  
Juch I 'in ie  as (b y  in trom ittin g  the T id e ) they m ig h t be fom ew hat 
heightned, and then tim ely  recover’ d. In O rder to w h ich , C o m - 
m illioners o f  Sewers have ever fince from  T im e  to  'I 'im e been ill'utd 
ou t for that P u r p o fe ; and tJie W o r k  in a g o o d  M eafurc c ffc ile d , th o u g h  
not fin iih ’d.

jIn Account »f I X . I .]  F o u r large T eeth  were lately found in the N o rth  o f  Ireland^ 

rf’i f X ^ I r e  M iles ñ o m  Belturbet^ at a P lace ca ll’ d Mngbcry, in Part
Mr.^^ B ifiiop  o iK ilh w r e 's  L an d s, ñ n k in g  the P ou ndatioii lo r  a M ill  

J-'. N m lle . n. near the Side ot a im all B ro o k , that parts the C ou nties o f  Cavan  and 
346. p. 367. Monaghan.

I 'w o  OÍ them  are o f  a larger and tw o o f  a fm aller S o r t ; the largtfb 
is the fartheil T o o th  in the under Ja w , the other is lik e  it, and be
lo n gs to the oppofite S id e ; the lefl'er T o o th  1 take to  be the third  or 
fourth  T o o th  from  it, and has its fe llo w ; T h efe  arc all that were fo u n d , 
and one o f them in a P iece o f  the Jaw -bone, w hich  fell to  D irt  as 
foon as taken ou t o f the E arth  ; there was P art o f  the Scvill foun d alfo 
« f  a very  large S iz e  and T h ick n efs, but as loon as c x p o k d  to  the A ir ,  
that m ouldered aw ay as the Jaw  had done.

T h e  A cco u n t I had, led me laft W e e k  to the P lace w here I was re- 
fo lved  to m ake the niceft Search I could  ; but the W a te r-w a ll o f  the 
M ill being built, and the G round all incum bered w ith  the E a rth , that 
was throw n up, I could have little O p p o rtu n ity  o f  d o in g  any T h in g  
bu t to enquire o f  the W o rk m e n  the M anner o f  fin d in g the T e e th , and 
w here and how  they lay. T h ere  were fom e few  Pieces o f  Bones found, 
but none entire, yet by thofe B its that w ere found, one m ig h t gu cis 
that they were Parts o f  thofe that were o f  a larger S ize.

T h e  Place where this M o n iler lay was thus prepared ; w h ich  m akes 
m e believe it had been buried, or that it had laid there fince the D e lu g e . 
I t  was about four Feet under G ro u n d , w ith  a little  R ifm g  above the 
Superficies of the E arth, w hich was a Plain under tiie F o o t o f  a H ill ,  
and about 30 Y ard s from the B roo k  or thereabout. T h e  B ed w hereon 
It la y , had been laid with Fern , w ith  that S ort o f  R u lh es here called

S p riiS y
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Sprits^ and w ith  B uih es in term ixed . U n d e r this was a ilili' blue C la y , 
on w h ich  th e  T e e th  and Bones w ere foun d : A b o v e  this was firft a 
M ix tu r e  o f  y e llo w  C la y  and Sand, m u ch  o f  the fam e Colour*, under 
that a fine w h ite  fandy C la y , w h ich  was next to  the Bed : T h e  Bed 
was for the m o il P art a F o o t  th ic k , and in fom e P laces th ick er, w ith  
a M o iftu rc  clear th ro u g h  it ; it lay  fad and clo fe , and cu t m uch lik e  
T u r f ,  and w o u ld  d iv id e  into F la k e s , th ick e r  or thinner as you  w ould  ; 
and in e ve ry  I . ayer the Seed o f  the K u ih e s  w as as frefh , as i f  new p u l
led, fo  that it was in the H e ig h t  o f  b'eetl-tim r, that thofe Bones w e r- 
laid there. T h e  Branches of the F ern , in e ve ry  I^ay as w e opened 
th em , w ere v e r y  d iftin g u ifh a b le , as w ere the Seeds o f  the R u llies  and 
the T o p s  o f  B o u g h s. I'h e w h ole  M atter fm elt very  fou r, as it was 
d u g , and tra cin g  it 1 foun d it 34 F eet lo n g , and about 20 or 22  F eet 

broad.
It w ill be w ell w o rth  C on fid eration , w hat fort o f  a C reature this 

m ig h t  be, w h eth er H u m a n  or A n im a l: i f  H u m a n , there w as fom c 
K eafo n  fo r the Interm ent, and fo r that Preparation  o f  th e  Bed it w as 
laid on ; i f  A n im a l, it was not w o rth  the T roub le*, i f  H u m a n , it muft 
be larger than any G ia n t w e read o f ;  i f  A n im a l, it co u ld  be n o  
oth er than an F lc p h a n t, and w e d o  not find, that thofe Creatures w ere 
ever the P r o d u ft  o f  th is C lim ate . A n d  co n fid erin g , h ow  lo n g  this 
m uft have laid here, I d o  not believe the Inhabitants then had any 
C u rio firy  or C o n v e n ie n cy  to  b rin g  fuch  into this K in g d o m  ; for I fu p - 
j->ofe the b ed  o f  their Ships co u ld  not carry  one. T h e n  i f  an E lep h an t, 
or fom e oth er B ead  w h ich  m u ft have P rop ortio n  to  the T e e th , it m uft 
have laid there ever fince the F lo o d  *, and i f  fo, then the B ed , on w h ich  
it la y , m u ft be o f  its ow n  m a k in g  : W h e n ce  it w ill fo llo w , that the 
F lo o d  c o m in g  on h im , w h ile  he lay  in his D en , he w as there d ro w n ’ d , 
and co vered  w ith  S lim e or M u d , w h ich  fince is tu rn ’ d into the S u b- 
ftance o f  the E a rth  before-m en tion ’ d. T h e r e  w ere alfo a great m a n y  j,
N u t-ih e lls  found about the B ed , perhaps thofe m ig h t have been on the 

B ufh es, w h ich  co m p o fed  P a rt o f  the Bed.
T h e  tw o  large  T e e th  are o f  equal W e ig h t , tw o  P ou n d  three Q u a r 

ters each : T h e  tw o  little  T e e th  are fix  O u nces each *, bu t there are 
fom e o f  them  w afted , and fom c o f  the H o ld e rs  that g o  into the Jaw  

bro ken  off.

2 .]  T h e  Four T'eetb, w ith  fom e o f  the F ragm en ts o f  the B ones t h a t ------ Rem ark*

were fou n d  w ith  th em , have been b ro u g h t to  Dublin, w here I have exa- on t b m b i
m in ’ d them  p a rticu la rly , and tak en  the fo llo w in g  co rre ft  S ketch es. ibid.

I am  fu lly  co n vin ced , that th ey  m u ft certain ly  have been the rour  ^
Grinding Teeth in the lo w er J a w  o f  an E lep h a n t: A n d  that the m any 
loofe F rag m en ts  o f  thofe large  B ones, that w ere fou n d  w ith  them , m u ft 

have been R em ain s o f  the fam e Animal.
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Fig. 23. Fig. 2 8. y i j  is the larger G rin d er o f  the under Ja w  on the r ig h t 
S id e, w eigh in g  tw o  Pounds and three Q uarters o f  a P ou n d .

if, hy b, b, b, are w hite, rou gh , indented B ord ers, feven in N u m 
ber, o f  an irregular Shape, arifing about the tenth o f  an In ch  h ig h er than 
the hard b la ck  íh in in g  Surface o f  the T o o th  ; this rou gh  raifed W o r k  
ferves for the bruifing and g rin d in g  the Anim al's  F o o d , the rou gh  
G rains of R ice , L eaves, F ru iti, and the B o u gh s o f  T re e s, and is m ade 
o f  fo extrem e an hard T ex tu re , that it refem bles large k n otted  T h read s 
o f  w hite Glafs, laid on and clofely  faftned to the d a rk  S u p erfic its  o f  
the ^ootb: A n d  anfwers that g la fly  Surface w h erew ith  N atu re  has 
arm ed the O utfide o f  the Teetb o f  moil: Animals^ to  preven t their w ear
in g  from  the conftant A ttritio n  in C h ew in g  o f  their F o o d s.

c, Cy c, c, <•, is that P art o f  the T o o th  w h ich  rifes ab o ve the G u m s , 
and continues even now  d iftin g u iih ’ d iro m  the reft o í the B one, b y  
h avin g  its C olou r o f  a different Shade.

dy dy dy d, dy dy arc m any ftrong T a n g s  or R o o ts , feem in g ly  united 
all together, b y  w hich the T o o th  received its Senfe and N o u riih m e n t, 
and though it was fo large and ponderous, b y  thele it k e p t  firm ly  fixe 

into the Jaw .
F o r the M echanifm  N ature ihew s itfe lf to  have fo llo w e a  in fram in g  

the T̂ eeth o f  this Animal^ is no m ore than t h i s : W h ereas in other C re a 
tures, ihe has d ivid ed  that bony Subftancc w h erew ith  they ch ew  thoir 
F o o d , each h avin g  its peculiar R o ots to  fccure its A rticu la tio n  in the 
Jaw -bone \ Ihe has in this o f  fo  great B u lk , fo r the greater S tre n g th , 
Stabilim ent, and D uration o f  its Tee:by and the better to  p ro v id e  for 
a com pleat A ttritio n  o f  the A lim e n t, in order to  p erfect the l^ ig eilio n  
fo th o ro u gh ly, as to fuilain the L ife  o f  the A n im a l fo r  tw o  or three 
hundred Y^ears, (as it is a com m on received O p in io n  in the E a jl)  ihe 
has, 1 fay, contrived to m ake the Subftance o f  the Teeth in their R o o ts  
below , and in their upper Parts above the G u m s , c lo fe ly  unite to g e - 

' t h e r ; and coalefcin g thus, form  a few  larg e  m affy T e e th  in ilead  o f  
m any fm all ones.

A s  for Inilance, in M a n's Body  ̂ that is o f  fo m u ch  a lefs S ize , the 
N u m b er o f  the T ee th , (when the w h ole  Sett is co m p leat) reck o n s to 
th ir ty -tw o ; whereas in the large Elephant^ the T e e th  o f  both  the 
Jaws am ount in all but to E ig h t , befides its tw o  great T u ik s ,  w h ich  
rather ferve as H o rn s for its D efence, than T ee th  to  prepare its F o o d  ; 
and therefore I th in k  not fo ve ry  p roperly  ca ll’ d  T e e th .

F>S- 29* Fig- 29. £ ,  £ ,  is the fm aller Grinding Tooth o f  the u n d er Jaw  on 
the fame Side ; its Surface covered o v e r  w ith  the fam e w h ite  indented 
W o r k ,  as before defcribed for g rin d in g  o f  the F o o d .

/> /» /» are three large R o o ts , that k e p t it firm ly  fixed  in the J a w - 
Bone.

T h is  fm aller T o o ih  w eighed fu ll f u  O unccs.

l ig .
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Tlg. 30. G ,  is the \zrgt Grinder o f  the under Ja w  on the Itft Side, F>g- 30- 
m uch o f  the S iz r ,  and Shape, and W e i g h t ,  w ith  its fe llo w  T o o t h ,  de- 
fcribed Fif'ure 28. It ihews its R o o ts  and all its Parts, w ith  the 
rou gh  protuberant w hite  W o r k  on its upp>er Surface made alter the 
lam e C o n tr iva n ce , nnd fornncd after the fame i lr c n g  M o d e l  as the 
former.

A n d  tru ly  i f  one confidcrs it, ’ tis plain, that v/ere not the Teeth o f  
this Cr-.aturc made o f  fa large a S ize , and w ithal o f  fo m afly  and firm 
a Subllancp, ’ tw cre a b fo lu ie ly  impoíTiblc they co u ld  refift the F orce , 
and bear all that IVclfurc, w herew ith  thofe v a i l  M u fc lcs  exert them- 
fclves, that m o v e  the low er J a w  in M artication, in this fo f tro n g  an 
A n im a l.

l ig .  3 1 .  //, //, is the fm aller Grinding-Toctb o f  the under Jaw  on the Fig. 3«. 
fame Side •, it is lefs com p leat than the fmall T o o t h  defcrib ’ d before in 
/•/V. 29. for fom c o f  the R o o t  is w antin g, and Part o f  its outw ard  g r in 
d in g  Surface is b ro k e  o f f  at fo t h ^  it w eigh s fom ew hat lefs •, yet  
w hat remains, t x a d l y  ihcw s the fame kind o f  W o r k  and Shape o f  the 
other T o o t h ,  that anfw er’ d  it on the right Side.

T h e fe  Fcnr Teeth here defcrib ’ d , fu lly  co m p lea t  the Set o f  the 
T e e t h ,  w h erew ith  N atu re  has furnifhed the low er Jaw  o f  the Elephant •, 
and are anfwered b y  ju f t  as m any m ore, form ed  alter the fame M a n n e r  
in the u p p er  J a w , as D r. M cvlins  inform s us, w ho d if lt fte d  the E lefha n t  
that was burnt at D ublin  in 1 6 8 1. In its A n a to m y ,  p. 40. fp ea k in g  o f  
t h e T c f t h ,  he aíTures, there were bcfides the T u f k s ,  on ly  tour T e e t h  
in each J a w , tw o  in eve ry  Side ; and that thefe e igh t T e e th  were all 
M elares, fo that he had no Incifores.

B u t n o tw ithftan d in g  this, perhaps it w ill  be faid, w e  m ay  not ha
z i l y  co n clu d e  from  hence, that ou r  Great Teeth  d u g  up  in Ireland, m uft  
certainly  have be^n the 1 cur Grinders o f  an Elephant, fince they m ig h t  
as well b e lo n g  to  fom e other large k in d  o ife r r e jlr ia l  or M arine Animal.
A s  for the H in t  o f  their being human or gignntick, ’ tis fo groundlefs a 
T h o u g h t ,  and fo contrad i¿ lory  to comparative Anaton^y and all N a tu ra l 
Ilijiory, it docs not deferve our Confideration.

T o  obviate  this, I take  N o tic e  firil in general, that the d iffering  
K inds o f  l iv in g  Creatures, w herew ith  N atu re  has f to c k ’ d the W o r l d ,  
arc not m ore d iftinguifhed  b y  the M a k e  o f  any P art  o f  their Bodies tro m  
one another, than b y  the various Shape and D ifpofit ion  o f  their T e e th :
A n d  hence it is, w e fhall not find any tw o  diíl in él Clajfes o f  Animals^ 
that d o  e x a i l ly  agree in the fame M a k e  and R a n g in g  ot their

B u t to  be m ore particular, I lhall here fet d o w n  at len gth , the \\ ords 
o f  tw o  late A u th o r s ,  that p u rp o fe ly  have defcribed the Teeth ot the

Elephant. . . , r
'Dr. B la ir, in his D efcription  o f  the T e e th  o f  Ú\\̂  Anim al, fays, j/yjp. infra, V. 

D r  M o u lin s  w ell obferves, that they are a ll M o la res , being two Inches broad v. p. n  7. 
in that P a rt o f  them vjherewith they grind, and f ix  Inches and a h a lf

4  Y  i  ông
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W  the Right Side, and five Inches and a half on the U f t .  Their Sur
face though f ir j, is yet very unequal, fo r  they have alternately placed, run
ning from th Right to th L eft bide, an llollcxnefs and then an tvunence-, 
and this Eminence is furronnded by rough protuberant Border. ‘There are 
nine o f thefe Hollo'^JU'Jfes, and as many Eminences, undulated as tpey paw i

Sea IFaves. ^ . • i r̂ -
’ Ti s  remarkable, how very cxaftly  all this agrees with our F igures :

’ T is  true, zhokHollowneffes -̂ ná Eminences, which he mentions to be uiju', 
do not fo nicely hit with the N um ber ot thol'e in our Teeth ; but this 
Difference proceeds from hence, that he defcribes here the Grinders o f  
the upper, whereas ours are the Teeth o f  the lower J a w , though fuch a 
Diftinction as this, I am apt to think, may very well arifc even in thofe 
o f the fame Jaw, in various Anim als, from  fome peculiar D ilpofition in 
one from another, nay, and perhaps in the fame A n im a l, at different 
T im es, according as it happens to be older or younger. 

r , j .  Infra. A  little farther ♦ where he gives an A cco u n t o f thofe o f  the under
V .v .p . 121, Jaw, hefays.

The hind Tooth o f the Right Side is four Inches, and that cn the Left five  
the one half o f their Surface, ‘inhere they begin to appear above the Gums, is 
femicircular, with the forementioned Ridges and Sulci runni}tg tranfverjly, 
four cn the Right Side, and five on the L e f t ; the ether h a lf  (or I'ooth I 
fuppofe he means) has five of thefe Eminences where it grinds on the Right, 
and four on the L e f t : Each o f  the four Teeth is f ix  Inches long, and has f ix  
or froen of the forementioned Eminences, an i  as many Depreffions: Thefe 
Teeth are the mcji firm, folid, and zveighty Bones, o f  any Animal yet knovjn. 

M r. Ray in his Synopfis Animalium ¡^iadrupedum, when he com es to 
I g ive us the Defcription ot the Elephant, has the fo llow in g \\ ords ; Os
3 pro mole Bellua parvum, quatuor in utraque maxilla Dentibus molaribus feu
j Dentium molarium Maffis inflruulum *, fiquidem plurim i Dentes in O s foli-
1 d u m t?  durum ita infixi funt, ut cum eo ^  inter fe  unum continuum
I Corpus efficiant. Dentes hi lineas parallelas undulatas o¿Jo vel novem in

fuperficie maff,e efficiunt *, funtque reliquo ojje candidiores : Maff^e integrs,
 ̂ Dentium fingulariwn modo, per Gomphofin maxillis inferuntur. Inciforibus

omnino caret.
T hus M r. Ray defcribes the Teeth o f  tliis Animal: A n d  i f  we com 

pare Dr. Elair'h W ords with his, and the Particulars o f  both A ccounts 
with the Defcription and Figures we have given o f  the Teeth d u g  up in 
Ireland, and oblerve how they all agree e x a d ly , even fo as one may fay 
they tally together •, I think it w i'l amount to nothing lefs than D em on- 
ilration, and that all onr Ideas have been taken from  one and the lame 
Natural Oljer: ; and as they, fo v/e, mufl; certainly I'.ave defcribed no 
üth' r Teeth but thofe o f the Ekphr.nt.

B 'j: then perhaps it wii! be r.:lcV, what is bccom c o f  all t l;i rcil o f  the 
Teeth, that were in the upper-Jaw, which brin»¿ as firm and folid Bones, 
as thofe that are here prtltrvcd, m ight fur the fame Realbn have ilill rt--- 
xr.aincd cr.úrc.

Large Teeth found under Ground̂  6cc.

But

BMBL



Rut fince wc ñml it othcrwirt*, ’ tis obvious to im agine a probable 
C onjcduri-, how m ight coinc about. From  what M r. men- 
tioris, ’ tis plain that tiie Bed whore all thcfc Bones were found, m u il 
once have been the outward Surlace o f  the Earthy the Green-Sod, pro
d ucing Ru/heSy Ferns and ^ u t s : A n d  when the heavy Bead firft fell 
dead upon this Spot, the S k u ll, with all the Bones and Teeth o f  the 
upper Jaw , being tlw higheit l.’..rts o f  the AnintaU m igh t like ly  fall in 
fuch a Pofture, as to l)c expofcd fome while above the Earth  ; though 
thofe o f  the under Jaw firil com ing to the G round, m ight make them- 
fclves a Bed, and Ix in g  covered with the M o u ld , remain preferved ; 
w h illl the upper T eeth , and m oll o f  the other Bones, ly in g  expofed to 
the Injuries o f  the A ir  and W eather, before they g o t a C o verin g , m ight 
rot and q u ick ly  m oulder all away.

But though this be allow ’d, yet ftill a greater D ifficu lty remains un- 
folved ; how this large-body’ d Animal, a Native o f  the remote warm. 
Climates o f  the l^orU, ihould be depofited in this w ild  Northern IJland  ̂
(where Greeks or Romans never had a footing) fo many M iles from Sea, 
and diltant from  thofe I ’ laccs o f  the lile, where People m ight m oil 
probably refort. *

A n d  to m ake the D ifficulty yet greater, we m uil confider, not only 
from  the dark black C olour o f  the T eeth , contrafted by their ly in g  
long under G round, and t!\e remarkable Alteration w rought on their 
bony Subllance, w hich (by the mineral Steams and Exhalations it has 
im bib ’ d w hilft it was in the Earth) is now become more folid, hard, 
and ponderous, than it was naturally at firil, (nay, in fome Parts w'e 
find it plainly petrified) but alfo from the p e r i l in g  o f  all the other 
Bones o f  the A n im a l’ s B ody, and from  the confiderable Depth o f  Earth  
that covered thofe that were found : \\ c m uil conclude from hence, 
that they have lain in tlxis Place for many C en tu ries: I won’ t fay, 
with M r. N r :il, ever fince the Floa.i, bccaulc I can’ t fuppofe that the 
flight T extu re  o f  vegetable Subllances, Nuts and the Seeds o f RuJJjeSy 
could poffibly have been preferved fo long : But this, at leail, m ay 
fafely be affirm ed, that thefe Remains m uil be Corem poraries w ith 
fom e o f  the remote A g e s  o f  the ITorld which carries us fo far back 
into the carliell T im es, that we can never im agine the rude Inhabi
tants o f  Ireland, or any o f  their neighbouring Countries, were M ailers 
o f  fo m uch A r t ,  in thofe D avs o f  Ignorance and D arknefs, as to m ake 
Carriacrcs by Sea llro n g  and cajiable, or or C uriofity and Pohtcnefs 
enough, to tr.n lu o rt a Beail o f  this large Size irom  thole lar diilant

C o u n t r ie s ,  w h e r e  ’ tw a s  lu c d .  r  i i-i i.- j
T i l ' f e  C o n iid e r .'it io n s , grovi.^ d ed  o n  o th e r  In ita n c e s  o í  th e  l ik e  k i n a ,  

m a k e  m e  in c h n e d  to  u i i n k ,  th is  i  lctbant m jg h t  n o t  ^bc b r o u g h t  h ith e r
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JJlanSs, Continents, and Sbores  ̂ fo as to allow this Bcaft, and others o f  
its K in d, for ought I know , that may by fnmc fuch A ccident hcreafr.'r 
be lu ck ily  difcovcred, a tree and open Paflage into this Country fro:n 
the Continent.

F o r orherwife, how can w c ever explain that that other vail brpir 
ftately Animal the Moofi-Deer, little inferior to the Elephant itfeif, couUl 
have been brought to Ireland, (where eifewhcre I have flicv/n it for
m erly was common) from diilant North America, even long b-fore chat 
Q uarter o f  the W o rld  v/as known, and is the only R egion, I can ii'-ar. 
where this great Beail is found at prcfent.

A nd can wc well imagine, that Foxes, Otters, Bad:^^, Tygers, 
w ith Linxes, and fuch ravenous Animais, as we have been told, have 
lately been difcovered by the great Snows that fell this prefcnt W inter, 
in the Ĵland o f  Sardinia ami other Places, fhould ever be im ported 'b e 
ing ufelcfs noxious Beads o f Prey) by the Induitry o f  M au, to propa
gate in IJlands ?

N ay, how can we fuppofe, that RirJs o f  fiiortell; F lig h t, the various 
forts o f poifonous Serpents, and o f offl-nfive creeping Vcrrran, with ail 
the various Tribes o f  fmaller Infers, could pofiibly be found in Jf.ands, 
unlefs they had been ilo c k ’d with thofe Inhabitants, when the Intercourfe 
between them and the Continent was free and open ?

But in whatever M anner this Elephant m ight liril have made its way 
for Ireland, this is beyond D ifpute, that the Bones o f  Ekphants have 
been difcovered deep under G round, in other i'laces, as well as this 
K ingdom , and thofe too out o f  the W a y, far diilant from the native 
Countries o f  this Anim al.

For not many Years ago, in a H ill near E rfurt, a T o w n  o f  the Up
per Saxony in Germany, feveral Parts o f  the Skeleton o f  an Elephant were

•  Vid. fupra, dug up ; an A ccount o f which is given by Tentzelius *.
V .ir . c. III. A nd  I am well perfuaded, by the b d l C on ftrud ion  I can m ake o f  
S.XXXVllJ. thofe im perfeit and obfcure A ccounts, we have in Evert IJbrnnd Iddes 

curious T ravels from M ufcoiy  to China over L an d , Chap. 6. (w hich 
he confefles he onjy gather’ d from the barbarous Oftiacks, Inhabitants 
o f that Country) concerning the va il Teeth and Bones and Limbs o f  

as he calls them, frequently found (and d iligen tly fought 
after to make Profit o f  them) in the H ills  and Banks o f  feveral R i:^ rs 
in Siberia, the Keta, Jenize, Trugan, Montgamfer., and I.ena •, that they 
are nothing elfe, but the Remains and Skeletons o f  Elephants buried there, 
and accidentally difcovered by the E arth’ s opening, and falling down, 
on the fudden Thaw s, after fevere long Frofts.

M r. Cainhden in his Britannia is o f  O pinion, that thofe great m on- 
nrous Teeth and Bones, which he takes N otice to have been atTeveral 
T im es d u g up in many Parts o f  Great Britain, m uil have been the R e 
mains o f  E le p h a n ts but then he thinks, they m uft be o f  thofe that 
Dion Cajfms the Hiftorian tells us the Roman Claudius brought
over, when he made his Lxpedition into that IJland. But that this

truly
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truly ¡ S  fo, I own is but Surmifc as yet, and has not been fairly proved 
by him or any other.

W h a t M r. Somrur * has publiihed is more rem arkable *, he informs •  f'iJ. fupra. 
us, that in the Y ear 1668 , in the V illa g e  o f  Cbttrtham near Canierbury^v- 
in England^ digging witbin twelve Rods o f a River^ they found a Parcel o f  

firange monflrous Bones  ̂ fame whole, fome broken, together with four Teeth, 
ferfcSl and found, each weighing fomctbing above h a lf a Pound, and fome c f  
them almojt as big as a M an's Fift. They are all Cheek Tecth or Crindei's; 
the Earth in which they lay being like a Sea-Eartb, cr Fulling-Earth, with 
not a Stone in it.

’ ris  obfervabie how this A cco u n t, in many o f  its Circum ftances, 
agrees w ith that o f  M r. Ar^v/’ s ■, as that the T eeth  were all Grinders, 
four in N um ber, tound with other large’ broken Bones, near a B rook, 
and in a claiey E arth, without a S to n e ; But then the W eig h t and 
M agnitude o f  our la rg til Teeth fo far furpufs thofe, that were found in 
England, that thefc did not com e up to a fifth Part of thofe, w hich 
fiitw r, thry could not be the T eeth  ot the fame A nim al. I muft con- 
fefs, thi A u th or dots not fo m uch as fufpc<ft they v/ere Elephants Teeth, 
but on the contrary, is o f  O pinion that they belong’ d to another Species, 
the Hippopotamus or River-llorfe, a Beall that’ s yet a greater Stranger 
in th ile  Parts ot the W orld, than the Elephant itfelf •, and therefore its 
Pafiage hither can never be accounttd ior, but by fome fuch like Sup- 
pofition, as we have made.

M r. Luffkin  t  differs in his Judgm ent from M r. Sor.wer about thefe f  /7«. infra. 
T ee th , w hich he thinks m uft have been Elephants Teeth ; as he is pofi- p. 245. 
tive  thofe large Bones he defcribes in the fame L etter, and found near 
Harwich in tf je x ,  ctrtain ly muft have been.

N o t h avin g fetn any o f  the Bones or I'eeth concern’ d in this Con- 
troverfy, either thofe that were found in Kent, or thofe in EJfex, I can
not well take upon me to  determine any thing in this M atter : But this 
at prefent I can fafely fay, that i f  the Figures o f  the Teeth given us by 
M r. Somner || be genuine and well expreft, they no way feem to agree | j-.j 
either in Shape or M ake, or in that particular and Charailerijlick W o r k  26,27. 
on the grin din g Superficies, w ith the Teeth o f  the Elephant or with 
the D efcription and Figures we have given , w hich are corredl and

natural. . , -r
I am inclined to th ink, (even from  thefe imperfe(5l  H ints) that i f  we

had more correct llifto rie s  and O bfervations o f  this k ind , matle in 
diftant Countries, ík ilfu lly  rcglftred, with all their in ftru d ive  Circum - 
ftanccs, they m ight lead us into great and momentous Truths relating 
to the Deluge', to the w fe M ethods o f  Providence, in replenifhing all 
R egions c f  the fi'orld  w ith Animal Beings foon after the Hood •, and to 
the K n ow led ge o f  feveral im portant Changes, that m ay have happen’ d 
on the Surface o f this our Terraqueous Globe.

y^he Tooth F ig . 34. :s N ine Inches end a halt long, whereby the M ag
nitude o f the others may be ejlimated.\
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2.44 Large T̂ eeth found under Ground  ̂ &c.
Remarks hy 3-1 T h is A cco u n t o f  M r. Ne-’j i r s ,  M r. Molymux's D raughts o f 
£>r.E.Haliey, the T eeth, and his Rem arks upon them, having been produced and 
:¡>;d. before the Royal Society  ̂ they order’ d, that what T c tth  they liad

o f  like fort fhould be lo o k ’ d out and laid before them •, to which S t  
Ham Sloan was pleafcd to furniih a yet greater V ariety, out o f  his 
Colleélion o f  Natural Rarities. A n d  to obviate all D oubts, there be
ing at this T im e  in IVeJiminJier the entire Skull o f  a large Klephant 
w ith the Teeth in it, T iu t  was likewife ordered to be viewed and co m 
pared with the F ig u re s : W h ich  done, it appeared that the T ectii in 
(^ leilion  could be no other than thoic o f an Elephant.

B y this Enquiry we were likewife fatisfied, that the N um ber o f  T cctli 
found being but four, was no O bjed ion  ; it appearing that the N u m 
ber o f  Molares in this Anim al is not ccrtain. Plitiy, l i b .  X I. c. 37. 
fays expreily, Dentcs Ekphanto î :tus ad n?anJendut/i qttctuor, f  rater eos 
qui prominer,:. A n d  in the Remains o f  that m ighty Ele('hant d elcrib a l by

* H i. fupra, 'Teuzelius^, there were no more than four Teeth found. In that at /f'ejt- 
\ . I l .C . in .  vrnjier there were fix, v iz. one in eacli lower Jaw, and tw o in each o f
S. X X W  II. the upper, whereof the inner T o oth  is about three T im es as long as the 

other, and both together longer than thofe o f  the under Jav.', by about 
an Inclii the upper fmall Teeth being much worn by grinding. 'I'hcfe 

Fig. 32. we have thought ñt to reprefent by t ig .  32. fhewing the rough grin d 
ing Surface ot the leit under 'J'ooth, being confiderably concave ; and 

r*S- 33- by Fig. 33. the iame Roughncfs on the upper'I'eeth is Ih^'wn, h avin g a 
Convexity tallying with the Concavity o f  the under, which is a C ircu in - 
Ixance not obferved by any o f  thole that have defcribetl them.

A n d  altho’ , by the Obfervation o f  M r. / V rm , D r. A/ow/m, and 
D r. hlair, who d ifílfted  three different Elephant?, it ap;:ears, that cach 
o f  them had eight Molares-, yet from thefe it isa lfo  evident, that in the 
D ivifion o f  them Nature obfervTs no R ule : For D r. Mottlir.s found the 
two Teeth, in each o f  the upper Jaws o f  that he d ifled ed , to be d i
vided after a different M ann er; fo that the inner 1 ooth on the one 
Side, and the outer on the other, was bigger than its adjoining F ellow , 
yet not fo as to be very unequal: A nd M r, D u Verney and D r. Blair 
had on both Sides the much greater T o oth  o u tw a rd s; W hereas the 
JVeJiminJler on the contrary, has only a Imall one outwards, and 
the much greater Grinder within. A ll  which confidered, we may with 
A.ffurance conclude, that this Elephant found in Ireland had but four 
T eeth  in his Plead when he died ; and that the tw o greater were thofe 
o f the upper Jaws, and the other two thofe o f  the under.

A gain , by the Size o f  the grinding Part, we m ay concludc thefe to 
be the Teeth o f  a very young and fm all E le p h a n t; fince they are 
not much above half the L en gth  o f  thofe, that are to  be feen at JVefl- 
viinjler, which belonged to a Beail of not more than between 10 and
I I  Feet high ; nor much above one T hird  o f  the L en g th  o f  a Fo.Til 
L ieph an t s Grinder in the Royal Society’ s R epofitory, the which is here 

fig- 34. reprefented by l ig ,  34. H ence it is not to be wondered at, that the

Bones
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Bones o f  fo yo u n g  an A n im al, having not acquired their F irm ity , as 
being in a gro w in g  S u te , Ihoulcl be dilfolved by long ly in g  in the Earth, 
as alio the R oots o f  the I'eeth.

M atthew Paris in his I liilo ry  afiurcs us, that in his T im e  Louis IX .
(afterwards St. Louis) K in g  o f France^ made a Prefent o f  an Elephant 
to his C otem porary llcury III, o f  England, and that in the Year 12 55 , 
after the Englijh had been fourfcore Years M ailers o f  Ireland. O f  this, 
lays Mattbewy Nec credimus  ̂ quod unquam aliquis Elephas vi/us ejl in A n 
g li i ,  prater ilium.

X . H a v in g  re.id M r. 5</;;;«ir’ s A cco u n t o f  ftrange Bones found An Account' f  
Chartham., I think it not im proper to acquaint you with fom ething like 
It : rh a t in 17 0 1 , at IVrabnefs^ a fm all V illage , fituate in the ,
Euftern Parts o f  Ejfex^ upon the R iver Stour, near Harwich, divers ii/r.J.LufÓán 
Bones o f  an extraordinary Bignefs were found at fifteen or fixteen Feet n.274.p.9Z4. 
beneath the Surface o f  the E arth, in d ig g in g  for G ravel to mend the 
Roads w ith , i^c. the largeil and m oil remarkable o f  w hich was pro
cured and fcnt to me by M r. Rich, M iniller o f  the Place.

W e  read in Cambden, p. 3 5 1. that in the T im e  o f  K in g  Richard  II. 
and in the R eign  o f  Q ueen Elizabeth, there were found in the m oft 
Eaftern Prom ontory o f  EJJex, at a Place call’ d Odulfinefs, w hich I take 
to be I'/alton, large T eeth , and Bones o f  an extraordinary B u lk , w hich 
were tilcem cd  the Bones o f  Giants. But M r. Childrey in his Britannia 
Baconica, p. 100. rather thinks them to be the Bones and T eeth  o f  fom e 
E lephant, buried there by the Romans.

T h a t thtfe were the Bones and T eeth  o f  fome Elephant, I am prone 
to believe •, firft, becaufe they far furpafs in M agnitude the Bones, 
o f the larged  Creatures that we have at this D ay in our Ifland.

Secon d ly, becaufe ’ tis evident from  Dion Cajfius, as quoted by M r.
Cambden, (fee the Romans in Britain, and in his Britannia, pag. 347.) 
that Abundance o f Elephants were brought over into England by the 
E m p tro r C</..'ííVKr, in his W ars with ú\t B r i t o n s even into EJfex, as 
appears from the fame Dicn, a little after in thefe W o r d s : Claudius 
having at lail jo ined  Plautius, and to o k  the Com m and o f  the A r m y , 
paflcd°the R iver (m eaning ú\tThames) and upon a fair E ngagem ent w ith 
the 1- n tm y , who were polled there to receive him , obtained the V ié lo ry ,
took Camalodunum, 6cc.

T h ird ly , in com paring this Bone w ith th eO fteo Io gy o f  D r. Moulins, 
in his A natom ical A ccoun t o f  the Elephant burnt at Dublin, & c . I find 
it p c rfe d ly  to agree to and with the Os humeri thereof, not only to out- 
w u'd Appearance or to r m , but to M eafure a lfo ; from  w hich Circum - 
ilances we may conclude, that thefe were the Bones, (^c. o f  ibme E le 
phant, rather than o f  any other A nim al.

A n d  it does feem ingly appear to me, that thefe T eeth  and Bones 
m ention’ d by M r. Sowner, m ight have been the T eeth  and Bones o f  fome 
E lephant, rather than that o f the Hippopotamus : and that,

V o l .  IV . Parr II. A 7.  F irft,
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2 4 6  Coins,  &'c. jound under Ground in L in c o ln ih i ie .
F irit, in refpeft o f  the Place •, for, as M r. Cambden fays in his B ri

tannia  ̂ p. 197. fpeaking o f  Chilham in Kenty ot wliicl) this Cbartham is 
a neighbouring V illage, fituate in the fame D ow n, and on the fame 
R iver Stcur^ that it is a current Report ainongll tlie Inhabitants, that 
Julius Cafar encam p’ d there, in his fecond Expedition againfi; the / r/- 
tons\ and thence it was called Julham, as il one Ihould lay, Julius Sta
tion or H oufe.

It appears farther, Britan, p. 20S. that R ' utupia (which whether 
Ricbborougb ov Stoner matters not) fituate near the prefent was
the Place o f  Claudius's landing in Britain; and that tiirough this Uown 
was his neareft PaiTage to the Îbames whither he was g o in g , is indifpu- 
table. So that *tis h ighly probable, that during the Stay, paiTing or 
repairing o f  thefe Roman Arm ies through thefe D ow ns, fome one o f  
their Elephants m ight periih or die, and be buried there.

Secondly, B y the T eeth  them felves, for if  you com pare the Icons 
given by M r, Somner  ̂ w ith the Defcriptions ot D r. MculinSy p. 40. you 
•will find them the very fame as to Breadth and D epth, i^c. and their 
hting M o la r e s for, fays the D o fto r, thefe eight (which were all the 
Elephant had, befides the tw o I'u lh es) were Molares, for he had no In- 
cifores.

A n d  laftly, to folve that great D ifficulty which obliged this G entle
man to imagine this Down to have been an .fiftuary^ that his Hippopota
mus m ight therein d ig  itfelf a G rave, otherwife how fhould thefe Bones 
be found at fuch a D epth? F or who with Reafon (fays M r. Somner) can 
imagine, that any Land Creature could ever have had (at firft) fo deep 
a Burial ?

. But ’ tis eafily explained, w hy thefe Bones ihould at this D ay be found 
at fuch Depths, i f  we confider the Alteration or R ifin g o f  the V allies, 
by the continual waihing down o f the loofe Earth or Soil by the Rains 
and Snows from the adjacent H ills , and by the annual R o llin gs o f  the 
Grafs, Sedge, i^c. for P ro o f w hereof take the follow ing Inilance from  
D r. Plott's Nat. H ift. o f  Staff or djhire. Chap. vi. p. 48. p. 220. fpeaking 
o f  a M ofs, l^c. wherein there was found a L u m p  o f  Coins o f  Edward IV . 
o f  England (fuppofed to be loft in a Purfe or C loth  now rotted aw ay) 
at 18 Feet deep, which being about 200 Years fince (that is, when they 
were found) whoever pleafes to com pute it, w ill find this M ofs grew  
about one Foot in i 1 Years, or one Inch per Annum and i t  proxime. D i
vers other Inftances o f  Alteration are mentioned in the fame H ifto ry , as 
in Chap. 3. par. 11 , 12. and Chap. 6. par. 45, 46, 4 7 , 48, i^c. Now 
it w ill be eafily granted, that i f  this M ofs grew  or advanced itfelf above 
itsSurface 18 Feet in 200 Years, then this Vale or D ow n  m igh t advance 
itfelf I 7 Feet in almoft 1700 Years.

Coins, {¿ff.
/<»««</under X I . 1 .]  In July 1 70 1, one Edward Lenton, who lives w ith one Philip  
nTcoblhjre ^ f Fleet \x\ South Holland in Lincolnfbire, being about to fence

 ̂ H ay-ftack , and d iggin g  a G rip  for that Purpofe about the D epth o f  
p. 1156. half



C o in s ,  Jou7id  under Ground in L in co ln /L ire .  2 4 7
half a Y a rd , ftru ck  his Spade upon a P o t, which when he broke, there 
was no Icfs than 36 Pound W eigh t o f  old  Roman C opper C oin  found in 
it. T h e  Pieces were found fct in R ow s edge-w ays, one by another, 
and ftu ck  fo together with the Verdigreafe or R u ft o f  C opper, that 
many o f  them required a C h ize l, or fom e fuch T h in g , to fcparate them ; 
but being feparated, clean’ d and brighten’d , the H eads or Figures o f  
all, or n'.oil o f  them , were very fair, (fom e as when newly ftam ped) 
and the Infcriptions o f  many are very legible. T h e  F ellow  carelefly 
gave them aw ay, and difperfed them up and down the Country to fuch 
as defired them . H ere was amafs’ d together a great V ariety o f  Coins 
in this P o t : T h e y  fay D r. Hart o f  JV ^ icb  has a D ozen o f  the beft 
Pieces *, and an A pothecary at Long Sutton a Score o f  the fame, the lar- 
g c il and m oil legible : A n d  Philip IVolverJlon him felf has tw o or three, 
fo very large and fair, that he will not part with them. T h e  Place 
where they were found, is in the m id ll o f  the vafteft Flat or L ev e l in 
England, and in a G round that for many A g es paft ufed to be cover’ d 
w ith W ater in the \N inter, and over-grow n w ith Reed in the Sum m er.
’  I'is about a M ile  and a half South ^  W e il from FUet-Cburcb, and 
about as far South iy  K ail from  Holbeach. T here are no Banks or H il
lo ck s, o ld  W o rk s  or R uins, to be feen near i t ; nor any Remains or 
'I'okens o f  any I'hing extraordinary to have been there •, (but the old 
Sea Bank about tw o or three M iles off-, which Dugdale from a Paflage 
in Tacitus believes to be call up by the Roman Soldiers). But all is as 
Hat as the Sea, and a low  C ountry, producing a coarfe flaggy Grafs for 
the m oil part, round about it. The P ot, which was narroweil at the 
T o p  and B ottom , but thicker in the m iddle, had an Inicription about 
it, w hich, though it fcemeth in Ibme o f  the Shreds or Pieces to be fair 
at firil S igh t, y t t  is not legible, though what it may be to M en fk ill’ d 
in A ntiquities, I know  not.

Near the R iver Welland, (about 5 or 6 Years ago) that runs thro’ the Boat!, O r. 
T o w n  o f  Spalding in Lincolnjhire, at the D epth o f  above eight or ten horn*,
1 eet, thtre were found Jettys, as they call them , to keep up the old 
R iv e r ’ s Bank, and the H ead o f  a T unnel that em ptied the Land-w ater 
into the old R iver •, and at a confiderable D iilance from  the prefent R i
ver, 1 guefs 20 or 30 Y ard s, there were d u g  up (about the like D epth) 
levcral old R oats; which T h in g s ihew , that anciently the R iver was 
either m uch wider than now it is, or ran in another Place, or both.
O n the other, v iz . the N o rth -W e il Side o f  the R iver, and more u p
wards in the T o w n , were d ig g ’ d up (at about the aforem ention’ d D epth) 
the Rem ains o f  old Tan-vats or P//J, a great Q uantity o f  Ox-boms, and 
Shoe-foals, (o f a ilrange F orm ) and I think the very Tanners Knobs, ^ c .  
which T h in g s  íhew , that the Surface o f  the Country lay anciently much 
lower than now it does, and has been raifed by the Sea s throw ing in 
Its Sand in the M aritim e Parts (now m oft inhabited) and by the Moor 
or rotted Sedge in the fenny Parts ni-xt the high C ountry j the whole 
L e v e l is about 50 M iles in L en gth , and 30 M iles over in the broadeft
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Parts. N o  R ecord (printed or M S .) or Tradition whatfocver, (that I
ever heard oO tell us when thcie M utations here difcoverabic happen’d.

O ne T h in g  farther I have to add, that lately at the laying o f  the pre- 
frnt new Sluice or Gcat (as they call it) at the End o f liamoreheck  ̂ at its 
i'a ll into Bcjlctt Havt-n, talcing up the Foundation o f the old thc-y 
met with the Roots of Trees, many o f  them ifluing from their I'jveral Fdes 
or Trunks, fprcad in the (iround, which when th. y had taken up (R oots 
and Earth they grew in) they met with a folid, gravelly , and ftony .^oil, 
o f  the high Country Kind, (but black and difcoloured by the Change that 
had befallen it) upon which hard Earth they laid the Foundation o f  this 
new Goat: W here thcfe Roots were dug up, was ccrtainly the Surfacc o f 
the old Country, the certain D epth w liercof I cannot now tell, but that 
it was much deeper than that at Spalding, as the Land is there at prtferit 
higher. T\\t Jrcbimede.'’n Screw, or fcrew -like T ru n k  or C ylinder, by 
which the W orkm en cleared themfelves o f W ater, was very pretty.

Remark,/ji 2.] T h e  M atter o f F'aft in thefe Relations, is indifputable, this wor-
Perfon being an E y e -w itn tfs ; and I take it for an experimental 

rd y. t t . (;;Qnfirmation o f M r. Ray's O pinion, that the great I^evel o f the Fens 
running through Holland in Lincolnjhire, the Ille o f  Ely in Cambr'tdgejhire, 
and Marjbland in Norfolk, was fometime part o f  the St a, and attcrated by 
Earth brought down by Floods from the upper G rounds, by the great 
Q uantity o f  M ud there fubfiding, which by degrees railed it up. The

•  Vid. fupra. Form o f the Shoe was much like tiiofe found with fom e U rns at Kirby
 ̂Yv^' Thore in Wejimoreland, as defcrib’ d in Ph. Tran. N ” 15b’ . *

S* X X V I •

O f  an uncom- X II. I ihall give the beit A ccount I can, o f what is rem arkable, and 
WÍ/; Sinkingo/j^nown to almoft all hereabouts, concerning the preiTing forward o f  the 
A/r J*̂ Wck- finking o f the H ills in the Neighbourhood of the I 'o w n o f
ette. n. 349. Folkjlone in Kent. I fhall g ive  a Sketch o f  the Situation o f  the Coun- 
p. 469. try, by defcribing a ftraight Road from what we call the Mooring-Rock,

to "Jarlingham-Houfe•, the Manner o f the C ountry, as to the R ifin g  and 
Falling, being much the fame, for about a M ile on either M and o f  the 
Road defcribed.

Fig. 35- the Mooring-Rock, about h alf way between H ig h  and L o w -W a te r
M ark. B, the F oot o f  the C liff, 50 Yards from  thi* R o c k . C, the 
T o p  o f the C liff, about 6 Yards high. C D , a Plain o f  50 Yards. 
D  E, a cragged C liff, o f  60 Yards high. E  F, a Plain above a M ile  
long. F  G, an F lill o f ileep Afcent, near half a N G H, tiie 
L an d from the T o p  o f  the H ilW o the H oufe, near a  ̂ > c. 1, Tarhng- 
ham-Houfe, lying near tw o M iles and a half N . N . W , irom  the R o c k . 
E G  H, z L in e o f Sight, K B L , the Shore at H ig h  W ufer M ark.

Mooring-Rock (though it lies furrounded with },reat N um bers o f 
other R o ck s) is itfclf a m oil noted one, knov/n by mis N am e, T im e  
out o f  M ind. A t  this Veflels ufe to m oored, \ lile they are load
in g  other R o ck s , which they take from  hence, not only for our

own
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own Pier-Heads^ but for thofe o f  Dover-Pier^ and a ve ry  great Q u an 
tity  o f  them were fhipp’ d in the T im e - o f  0 /iver’ & U furpation, and 
carried to Dunkirk, for the Service o f  that H arbour.

T h is  R o c k  has remain’ d fix ’ d thu«, for the M em on.’ o f  M an ; and 
old M rn havt' obfcrved, tliat tor forty Years and upwards, the D i- 
ilance between it and the Font c f  the IciTcr C lif f . '/  l.as bcrn much 
the fame •, neither can they be nnich out in thtir G u ifs , t!ie Diftance 
b iin g  fo ñnall. T h o u g h  tiicre fi-eins nothing extraordinary in this, yet 
its what they take fpccial N otice o f, to their great Surprize : For they 
l^iy, and prove by good M arks and T o k en s, that the leiRr C liff  B, C\ 
has t)een conllantly faUing in, infom uch, that from T im e  to T im e , in 
their M em ory, near lo  R ods forward to the Land has been carried 
away by the Sea. From  w h m ce, as it appears that the Plain between 
the 'I'op ot the kíTer C lif f  and the Foot o f the higher C D , has been 
form erly double the Breadth that it is at prefent, fo the Diftance be
tween the R o c k  and the F oot o f  the leffer and lower C liff  y / 5 , ihould 
have increafed in Proportion, and w ould have been double at prefent, 
to  what it has been form erly. Hut this D iilance remaining the fame, 
or rather lefs, (in the O pinion o f m any; is what is greatly wonder’ d a t:
N o r  can it be accounted for otherwife, than by fuppofing, that the 
L an d  preiTmg forward into the Sea, is waihed away by the high T id es i 
and, as often as this happens, prtiTes forward again. T h is  preiTing 
forward o f  the L an d  into the Sea, would be incredible, were it not 
ihewn to be M atter o f  F 'adl; and that not only ’at this one Place ot 
O bfervation, but by the like  Obfervatiotis all along this Coaft, as iar 
as the Situation continues the fame.

N o w  let us clim b both thefe cragged CWfk, and place our felves at 
the l o p  o f  the higher one, at the Point A n d  here wc are to ob~ 
fervc, that (as old M en inform us) upward o f  forty Years ago, not fo 
m uch as the T o p  o f  Tarlingham-Houfe could be difcern’ d, neither from 
hence, nor yet a good Diftance o ff  at Sea •, but it d ifcover’ d it fe lf by 
D egrees till at this D ay, not only the whole H oufe, but a great 
T r a d  o f  L an d below it, is p ’ainly to be feen, as in the L in e o f  Sight 
£ ,  G , II. In this there can be no F allacy, and we can afcribe it to no
thing lefs than the finking o f  the I lills  (for their T o p s could never wear 
awav confiderably, b .in g  always co ver’d w ith G rais, and never broken 
u p  by the P lough, or otherwife). T hefe H ills  are all o f C h a lk , and 
have' probably very large Caverns w ithin. Springs o f W ater always 
fiow ing plentifully from the F o o t cl" them •, and I have had it obferved 
to m e, that upon their T o p s  frequent C racks have been taken N otice  
of. W hatever be the Caufe o f  it, ’ tis not to be doubted, but that thefe 
H ills  are greatly funk. A n d  this finking o f  the H ills , the People at 
this Placc believe, forces the C liffs and all the L an d  forward into the 
Sea. T h e  C lifts confift o f  great ragged Sand ¿tones,, till we com e to 
near a Y a rd  (at fome Places more) o f  the B ottom  ; then we meet 
w ith  what they call a S lipe, i. c. a ilippery fort o f  C lay  always w et.
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t 5 o  Part of a H ill finking down in freland.
U pon this Slips, at the Bottom , they prefume, that the hard ftony 
Land above, (lides torwards toward the Sea, as a Ship is launched upon 
tallow ’ d Planks.

W c  whofe Names are under-written, do hereby teilify the T ru th  o f  
the M atters o f  F a ft in this A c c o u n t; Benjamin Mafter^ a Jurat o f  the 
T o w n , aged 74. Robert Hammond, Sen. a Jurat o f the T o w n , aged 77. 
William Godden, a Fiiherm an, aged 74. Thomas Marjh, a Filherm an, 
aged 72. JVilUamHall, a Fiiherm an, aged 73. James Godden  ̂ a F iflier- 
man, upwards o f  60.

Pertofamw  X III . L e t 5, 7*, Fig. 36. reprefent part o f  the R id ge  o f  an H ill, gra- 
ñnkif.g do’wn dually rifing from S x o T ,  for near half a M ile  and 7*, J7, the
in Ireland. North-fide o f  the H ill, with a D eclivity from  S to L/, and from  T  to W .

7 'he perpendicular H eigh t at X, to the Plain o f  the Bottom at 150 
..Vcioglier, n. Feet, and the Slope Line or Hypotenufe X , T , 630 F>et.
5 3 7 .  p .  2 6 7 .  T h e D eclivity is pretty uniform from X  to Í,, and from  L  to 2  ̂con- 

36. fiilerably fteeper; T h e  Bank A , E , F, D ,  overgrow n w ith ihrubby 
W o o d , all the Ground on the Side o f the H ill being firm , green, and 
.irable ; o f  a mixed Soil, C k y  and G ravel, but more clayey.

On Tuefday the lo th  o f  March, 1 7 1 2 -1 3 , in the M orning, the People 
obferved a Crack in the G round, like  a Furrow  made w ith a P lo u gh , g o 
ing round from A , by B  C , to D . T h ey  im puted this to (what they call) 
a T h u n d erb o lt; becaufe there had been Thunder and L ig h tn in g  on M on
day N ight. Bur on Tuijday E vening an hideous dull N oife  raifcd their 
Curiofity ; and they obferved that the whole Space A , B, C, Z), con- 
tain-ng about three Irifs (i. e. 4| Englijh) A cres, had been all D ay in a 
gentle M otion : A nd the Noife continued all N igh t, occafioned by the 
rubbing of Bulhes, tearing o f  R oots, rending and tum bling o f  Earth. 
T he M otion ceafed on IVednefday after N oon, when they faw the Buíhes 
on the Bank E  F, were rem oved, fome (landing and fom e overthrow n, 
to the plain M e a d o w /"j». T he green G round above E  F ,  when ic 
came to the T o p  of the fteep Part at E  F , rent with hideous C hafm s, 
ten, fifteen, or twenty Feet deep, and tum bled down in R o lls o f  a Y ard  
or two thick, and ten or twenty long and broad ; not unlike a fm ooth 
W ater breaking over a C atarad , and tum bling in W aves below.

There was a Precipice at the T o p  - ifx , 65 Feet perpendicular, m ak
ing the Slope-Line X x ,  126 Feet. T h e  G round from .v to was 
made more level, the whole perpendicular f  le igh t o f  x  not exceeding 
the Plain o f L ,  above 30 F e e t ; but the G round at L ,  in the whole 
L in e  from £  to /•, was mounted above 20 Feet higher than the un
m oved Ground on cither Side at E  and F  \ and the H e ig h t o f  above 
the Plain ofjr, is 55 Feet.

T h ere  was a Ditch ///, went crofs the G round, w hich being broken 
o ff  at Oy 0, is removed, together w ith the m ovin g P art, 34 Feet lower 
dow n than the irnmoveable *, but, at the Bottom  y, it is tum bled 60 
Feet over the plain M eadow. T h e  Breadth at the B ottom  is 400 
Feet, and at c, about 300. T h e
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T h e  whole Facc o f the ¡’ recipicc X  jf, is o f  a blue C lay , m ixed w ith 

many little b ’uc Stones, T h e  M etal is very hard when dry ; but upon 
any Kain foftens to a kind o f  M ortar, without the D egree o f T o u g h - 
nefs and Stiffnefs that is natural to C lays. It is very much like that 
G ravei or vSand (as they call it) which is fomev. hat o f  a grey m arly N a 
ture, and w ith w hich o f  late they fo m uch im prove the ploughed L an d  
in this ('oun try.

A b o u t X, there are Chafm s or G apings full o f  W ater, which m ake 
a R ill dow n the Hiatus By yij but in no greater Q u an tity , than m ight 
have been exp elled  from  a W ell funk to a Icfs D epth. T h o u g h  I was 
to ld , that there were 1 ioles in the higher M ountains, that received 
W ater under G round ; yet I can find no fuch T h in g , nor any S ym p 
tom s o f  a Current under G round, either where it enters or rifes, in 
all the neighbouring G round for fome M iles.

It feems to m e, that there has been no V acu ity  under G round to re
c e iv e  the fubfiding E arth •, for what the Bank £ , /•’, is raifed higher,
and what is tum bled dow n to the I^lain ü, m ay very well compenfate 
the Subfiding at the Precipice X , x.

Before the R up ture, the D ecliv ity  from  X t o  Z., was not altogether 
uniform , but was hollow er where at is now, than the adjacent P a r ts :
It m igh t have been, by the Del'cription I have from  the People, 10 Feet 
deep in the M id d le , and 100 F tct Diam eter •, and they have a T ra d i
tion, that this was made by a Subfiding before the Forty-one W ars,
(the oldcft Epocha the C ountry Irijb know .)

It lies in the l.an d s o f  Slut-kg, tw o Englijh M iles S. W . o f  Clogher  ̂
on M r. Mowtray'% E llate.

I have enquired d iligen tly o f  the N eighbours, i f  they found any 
Sh ocks or Indications o í an E arthquake, but don’ t find the leaft A p 

pearance o f  any. 1 1 1 n.
T h e y  im pute it to the great and conftant Rains we have had laft

H arveft and W in ter, which have fo ak ’ d and íleep’ d all the G round, 
but cannot guefs atter what M anner they ihould produce this E ffc ft  
for it is im poflible any W ater ihould ftand on the G round, or in the 
V ic in ity , it being all on the D ecliv ity  ot the H ill.

X I V .  T h is  Ifland goes by the N am e of the Sunk Ifiand ; fo called, I An Accent 
fuppofe, from  the f in k i n g  M arfli G round about.
M em o ry o f M an fince it began to raife its H ead above the Ocean, n-
there bein<  ̂ feveral old People here alive who can remem ber when there cover(d Jrom

appeared nothing o f  it but a wafte and barren Sand •, and that o n ly  a t S e a ; 
L o w -W a te r  to o ;  when for the Space ot a few Flours it T chambe^-
H ead , and then was burled again till the next T id e  s R e tre a t: T h u s 
fucceíTively it lived and died until the Y ear 1666, when it began to n. jó i.  p. 
maintain its G round againll the Inlult o f  the W aves-, about w hich 1114.
I ’ime it began to be rclcued w h o lly  from  future D anger, by the Ca r̂e



z^ i O f  the Sunk Illand in the Humber recovered.
and Induftry o f  Colonel Gilby  ̂ who having, as I am inform ’d, a L cafc 
or G ift o f  it from the Crow n, did raile Banks about the rifing Grounds 
o f  it, and fo defending it from the lincroachm ents o f  the W ater, it be
came firm and folid, and in a ihort lim e  afforded good  Palturage for 
Sheep and other Cattle. T h e  Expences at firft, to im prove it to what it 
is, m ull needs have been very confiderable •, it being encom pafs’ d with 
high Banks, and deep Canals for receiving and difcharging the L iq u id  
Elem ent, which every now and then notwithllanding threatens to re- 
poiTefs it, but hitherto in vain.

T h is Ifland is now about 9 M iles in Circum ference, within the B anks, 
which feem to render it impregnable againft all future A tta c k s  o f  the 
Sea, and is o f a very fat and fertile Soil, affords good  G rafs, C orn and 
H ay, and is repleniihed with numerous F lo cks o f  Sheep, w hich are o f  
a larger Size and finer W ool, than thofe in Holdernefs  ̂ from  w hich it is 
divided by about two M iles in Water-, and from Lincobtjhire by about 
four. It is ftor’ d with vail Num bers o f  Rabbets, that feem innum erable, 
they appearing through all Parts in prodigious S w arm s; their Skins are 
counted the fined In Evglandy of a dark M oufe-C olour, ih a g g ’ d, and 
foft as Silk.

There arealfo Cows and Ilorfes feeding conilantly in the Place, w id i 
great Plenty o f  W'ild Fow l.

T he Inhabitants are not fo numerous, there being only three Fam ilies, 
that live conilantly upon the P lace; however they are never too folita- 
rv, there being Abundance o f  W orkm en and Labourers, that continu
ally refort thither, fometimes I am told to the N um ber o f  a f iu n d re d  and 
upwards, for the repairing o f the Banks, i¿c .

T h e yearly Income o f the Proprietor amounts to about 800 /. and 
pays the K in g ’ s Taxes to thofe who co lle ft for úit Eajl-Riding, and is 
ufually uplifted by thofe o f the L iberty and T ow n fliip  o f  Ottriif^hamy 
from the Marihes o f  which there is a Paffage over the Sands to the 
Sunk at Low -w ater. But this Cuilom  o f  paying the K in g ’ s Cefs to 
them, proceeds from the Conveniency, not NeceiTity i fo r k  never be
long’ d to that, or any other Pariih, fo that I cannot rcfolve you, in what 
Diocefe this Ifland lies, unlefs it had been united to fom e neighbouring 
Pariih, or converted to one o f  itle lf;  which i f  cffed ed , the T y th e  o f  
Lam bs, W o o l and Rabbets, would m akeu p  a handibme Benefice. It 
lies nearer indeed to the D iocefe o f York, by at leaft tw o M iles, than to 
that o f Lincoln, being tw o M iles South o f  Holdernefs, in the R iver Hum- 
her̂  and four M iles N orth o f  Lincolnflme.

0 ^,thc 2%d o f  July 1 7 1 7 , near the Seat o f  Sir Charles Potts at 
3 Oaks/Ve Manington in Norfolk  ̂ in the D ay T im e , to the great A floniflim ent o f  

Ground.  ̂ thofe that were prefent, firft one fingle O a k , with the R oots and
feen to fubfide and fink into the E a r th ; and not 

Neve.n. 355. after, at about 40 Yards Diftance, tw o other O aks, that were conti- 
p. 766. guous, funk after the fame Manner mto a much larger P it, being about
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Feet Diameter-, whcrca*; the form er is not fu lly 18. Thefe as they 
lunk. fell acrofs, fo that obltruóHng each other, only the R oot ot one or 
th fm  reachcs the B ottom , whereas the Itrtl: ftands pcrjicndicular.

W h en the firil T ree  funk, it was o b fe iv td  tiiat the W ater boil’ d up 
in the H o le ;  but upon the lin kin g o f  the greater P it, that W ater 
drain’ d o ff  into it, froni the form er, w hich now continues dry. "J'hc 
depth thereof to the firm Bottom  is nine Feet three Inches i and theTree 
tiiat ftands upright it is three Feet eight Inches in G irt, and its Trunk, 
about eighteen Feet long, half o f  which is now witiiin the Pit. In the 
Bottom  o f the greater i 'it  there is a Pool o f W ater about eight Feet 
D iam eter; whole Surface is eleven Feet three Inches below the G round, 
and the 'Frets that arc in this P it aré m uch o f the fame length w ith the 
other, but fom ewhat fm aller, the one being in G irt three Feet live 
Iticiies, the other but tw o F'eet nine Inches.

'Fhe So il, on which thefe 'Frees grew , is g ra v e lly ; but the Bottom  
is a (^ lick-fan d  over a C lay , upon w hich there are Springs, which feed 
Urge Ponds adjoining to Sir Charles Potts's F loufe, at about a Q uarter 
o f  a M ile  from  thefe H oles.

'i'he Nature o f  the Soil feems to afford us a reafonable C o n je tu re  at 
the Caufe o f  this odd A ccid en t: 'Fhc Springs running over the C lay  at 
the B ottom  o f  a Bed o f  very minute Sand, fuch as Q uick-fands ufually 
are, m ay leafonably be fuppofed, in many A g e s, to have w afli’d away 
the Sam i, and to have thereby excavated a kind o f  fubterraneous L a k e , 
over w hich thefe Frees g r e w : A n d  the Force o f  the W inds on their 
L.cavts and Branches, agitating their R oots, m ay w ell have loofened 
the Sand under them , and occaiioned it to fall in, more frequently than 
clfew h ere; whereby in length o f  T im e , the thin Bed o f  G ravel being 
ojily left, it m ight becom e unable to fupport its own W eig h t, and that 
o f  the 'Frees it bore, ' l  hat this is not a bare C o n jeilu re, m ay appear 
from  the b<jiling up o f  theW ater at firll in the leffer H o le, and its Hand
ing in the b igger and lower. A n d  i f  it ihall be found, that it was a 
very w indy D a y , whereon this A ccid en t happen’ d, it w ill much add to 
the Probability o f this Solution.

A n  A ccid ent not unlike this lately luppened in Fiett-ftreety London^ 
by the DefccT: o f  the arched R o o f o f  a very deep Com m on-Sew er. T h e  
F.arth gradually falling into the Sewer, was carried away by it, fo as 
not to obilruét the W a te r ; and the continual T rem or o f  the G round, 
occafjoned by the conflant pafling o f  Carts and Coaches, b y  D egrees 
lliook dow n the F^arth, lo  as to leave a very great Cavern, the 'Fop 
w hereof at length grew  fo very thin, that one D ay a w eigh ty Cart ha
v in g  juft paft it, a  great fpace o f  the Pavem ent funk in, in the m iddle 
u f the Street, not without hazard to a Coach then d riv in g  by.

X V I .  I.] T here are G rounds in Scotland  ̂ w hich we call Mojfes  ̂
whence the C oun try People d ig  1  u rf and Peats. T h e  Surtace is co- 
ver’ d with a H eath y, and (as they call it) H eathery Scurf. U n d e r «/ Cromenie.
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that Scu rf there is a b lack, m oift, Ipungy E arth ; in fom e Places flial- 
lower, and in fome deeper ; from 3 or 4 to 7 or 8 Feet deep ; and in 
jbm e Places, but not in m any, to tw ice or thrice that D epth. T h e y  
cut the heathy Scu rf w ith  a flat kind o f  a Spade, which tiiey force 
H orizon tally  betw ixt the Scu rf and the Ipongy Earth, and turn up the 
S cu rf in flat thin Flakes, which they call T u rfs. It is over-run with the 
(mall R oots o f H eath or H eather, and when dried, m akes a healthy 
brille Fire i but with much A ihes o f  a w hitifh, d u ik iih , or reddiih C o 
lour ; always the whiter, as it contains more o f  the w oody Roots.

T h e  black fpongy Earth, which is under the T u r f, they cut out in 
oblong Squares, with Iron Spades made o f that Shape, about 8 or 9 
Inches long, and about 4 or 5 Inches broad : A n d  as the M en cut them 
lip, the weaker M en, W om en and Children, carry them in fm ali 
W hcel-barrow s, fcattering them on fom e dry G round, to be dried by 
Sun and W in d : Som e become harder, fome fofter, according to  the 
Nature o f  rhe'M ould, or Earth ; the more folid, the better Fire and 
they are lefs cfleeintd, which are more fpongy. A n d  when they have 
cut o ff  one Surface, o f  4 or 5 Inches deep, they proceed downward to 
another, until at lall they com e to the hard Channel, unlefs thev be 
flopped by W a te r ; which aUb they oalinarily rem ove by m aking a 
Channel to fome D efcent, i f  they can ; and if  they cannot, there the 
W ater ftagnates.

A n d  in fuch w ailed P its, where W ater hinders to cu t the fpongy 
Earth to the Bottom  •, the Pits w ill be filled up again, in a good N u m 
ber o f Years, with new G round o f  fpongy Earth ; which in Progrefs 
o f T im e , w ill come to the Confiilence o f Peat-Mefs^ as at firil, and a 
Scurfy H eath -T u rf w ill at laft grow  on the T o p  of it.

1 have obferved that Peat-Pics, winch have been d igged  fince I re
member, have grown up again with new Peats ; and that fom etim es 
oftner than once in the fame Pits •, fom e M ofles gro w in g  in ihorter 
T im e than others. But I have obferved alfo, that when they d ig  the 
Peats to the Channel, and in Places where the W ater runs off, and 
doth not ftagnate, that the M offes did not grow , nor renew there 
again *, which moved me to order m y Tenants not to cut the M offes 
to the Channel, nor in very large O p e n in g s ; but rather in fm aller Pits, 
that they may grow  again more hailily : A n d  the E v e n t hath anl'wer’ d 
m y D efign. But Sir Robert Jdaire has told m e. T h a t w ithout cutting 
the Moflfes, in the M ethod o f  Pits, but by cuttin g in fu lly  to the C han
nel, and by laying the heathy T u rf, which is cut o ff  the T o p  o f  the 
M ofs, on the Channel, fo as to cover the Channel over, that in P ro
grefs o f  T in ie  a M ofs would g ro w th e rc  a g a in ; but not fo lu ftily  as 
in the Pits.

I never obferved any o f  thefe M offes, w hich did not ftand on P la in s : 
A lbeit the heathy or heathery T u r f, do over-fpread the fa c e s  and D e 
clivities o f  the Scots Mountains for the m oft P a r t : T h ere  arc m any 
M offes which ftand very high on thcfe H ills  i fom etim es not very  far

from
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from  the T o p . B ut the Peat-M ofles are always in a Plain, though 
there be Defrents to  them , and Defcents from them *, yet I never ob- 
ferved them to ftand on fuch a Plain, as the W ater m ight ftagnate on ;
A n d  they always have a D efcent to them , from  fom e higher G rounds, 
whereby W ater did defcend to that Plain ; w hich I take to be the P a
rent o f  Peat.

In m any o f  thefe M ofles, there are found Qtiantiries o f  F ir  and O ak  
W o o d  *, I n evtr obfervcd nor heard o f  other W tiods in them. Thefe 
are ordinarily found in whole T rees ; but the fm aller Brar>chcs are fel- 
dom  found uncohfum ed : I have feen very  mahy,- and ve ry  great Trees, 
o f  both K irn ls; biit generally fpeaking, the O a k  is always black ; the 
F ir  fom etim es SwhitVr, fometim es rcckler, as is obferved in all Fir- 
W o o d s ; But neitlwr F ir nor O a k  are found w ith any Bark upon them.
T h e  F ir  is generally as frefh and*tough, and as fit for U£r, as any 
other old W o o d  i s ; O n ly  the W e/xl o f  thefe fotind in Mxjffes, has fo 
im bib id  the* W ater, that it takes" a ífeng T im e t o  d ry, and Hr it  for 
IJff, efjxfcially the O a k  ; infbm uch, that when rt î  put into any fmall 
W o r k , it readily wUrps and changes its Figtm*. W e  never find any tit 
the O aks ftanding in the W oods, have that B la ck n e fs; fo tijat I pre- 
fum e, the Hlackiitfs accrues from^the W ater.

i'h t re arc rhaiiy Places, where W o o d s  do not now  grpw  ;
P eop le cndtí;m)Hr to tu ltiva te  them  ; and y e t the MofTt-s in thofe PInct's 
arc well Itorcd witii this kind o f  undir-ground T im b er, both 0 ?k uni 
F ir, but efpecialiy Fir-, filch are Or^wdT, thc Lrtvfs (which are 
Catbnrfj^ 'Tarhin'tr,?fs^ and the Coaft o f  Buchan. But yet it would ;i’v 
pear, that tlitre have been W oods ol old  in thefe Places, or how ( i!?* 
could they com e to thefe M ofles F or a P ro o f o f  w hich, take the f o l 
low in g A c c o u n t:

In the Y ear i6 ^ c . I being then about 19 Years o ld , and occafiohally 
in the Parifh o f  I  (xljbmn^ pafling from  a Place called jíchadtfcald^ to 
Gonnazdf I went by a very high H ill ,  which did rife in a conftant 
ileepnefs from  the Sea •, oníy in lefs than half a M ile  up from  the Sea, 
tlKre is a Plain about half a M ile  round ; and from  thence the H ill 
rifes in a conltant Steepnefs, for more than a M ile  in A fcent. T h is  
little Plain was at that T im e  all covered over w ith a firm ftanding 
W o o d , w hich was fo very  old , that not only the T rees had no green 
L eaves, but the B^rk was totally thrown o f f ; w hich, the old C o u n 
trym en to ld  !iie, was the univerfal M anner in which F ir-W o o d s did 
term in ate; and that in 20 or 30 Years after, the T rees would ordina- . .‘u
rily  cull rh;-mielvcs up from the R o o t ; and that they w ould lie in 
H e a p s  till th e  People would cut them , and carry them  away. T h e y  
likew ife  il^^w’ d m e, that the outfide o f  thefe {landing white T ree?, 
and for the Space o f  one Inch inward, was dead white T im b er •, but 
what was within that, was good folid T im b er, even to the .Very Pith, 
and as i'uli o f  K oiin  as it could ftand in the W o o d .

A  z A lxiur
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A b o u t fifteen Years after, I came the fame W a y , and faw not ft) 
m uch as a T ree , or Appearance o f  the R oot o f  any ; but in the Placc 
thereof, the whole Bounds, where the W ood lu d  l\ood, was all over 
a plain green G round, covcred w ith plain fjreen M ofs. 1 allied the 
C oun try People, w ho w ere with me, what became o f the W ock.1, and 
who carried it away ? T h e y  told me, no body was at the I ’ains to carry 
it aw’a y ; but that it being all overturn’d from the Roots by W ind?, the 
'Trees did lie fo thick and fw arving over one another, that the g reta  
iVloib (there, in the Britijb L an gu age called Fog) had overgrow n the 
w'hole T im b e r ; w hich, they faid, was occafion’d by the M oiilure that 
came down from  the high H ill, which was above it, and did llagnatc 
upon that Plain •, and they faid, none could pals over it, becaufe the 
Scu rf o f  the Fog would not fupport them. 1 would needs try i t ;  and 
accord in gly  I fell in to the A rm -P itf, but was im m ediately p u ll’ d  up 
by them. Before the Year 1699, that whole Piece o f  G round was 
turn’d into a com m on M o fs ; where the Country People are d ig g in g  
T u r f  and Peats. T h e  Peats, as yet, are not o f the bcil, and are folc 
and fpongy, but grow  better and better; and as 1 am inform ’ d, it does 
now afford good Peats.

T his M atter o f F a d , did difcover the Generation o f  M ofics ; and 
whence it is, that m any MoiTes are furnilh ’ d with fuch T im b er.

T hcfe H ighland W ood s are ordinarily Itored with other K ind o f  
T im ber, as Birch, A ld e r, A ih , befides Shrubs, and T h o rn s; yet w'c 
nev’er find any of thofe W o o d s remaining in the M ofles.

W hat the Reafon m ay be. T h at the F ir  and O a k  do not now g ro w  
in feveral Countries, where they are found fo plentifully in the M o lies, 
I^uirendum ejt. I íhall only add, that in a M ofs near the Tow n o f  E l
gin in Murray^ though there be no R iver or W ater, that runs into the 
M ofs, yet three or four Feet in the M o ff, there is a fort o f  little Shell- 
F iih , refem bling O yilers, found num eroufly in the very B ody o f  tlic 
Peats, and the F ilh  aUve with th e m ; though no fuch F iih  be found 
in any W ater near to that M ofs, nor in any adjacent R iver, nor in rhc 
itagnating Pits that are in that M o fs ; but only'in  the very Subllance ot 
the T u r f : Some o f  w hich were fent to m e from  the P lace, a little be
fore I came irom  Scotland.

i Z r ' h D r  T J  W h at the E arl o f  CremirUt obferves in tlie MoJ[es, & c . in S a th n J , 
i i »  sí¿=í. ■ in ' 1'= o f  M a n d . I have b « n  an
itid. p. 302. -t-ye-witnefs there, that when the T u rf-d ig g ers  have com e to the Bot-

G round, by having d u g  out all the Karth proper to m ake 
I urf or I ea% and com e to the C la y  or other Soil, by draining o ff  the 
\^at r, that then there have appeared R oots o f  F ir-T rees, with their 

•Stumps it.,nding a t o o t  or tw o ftraight upright, and their Branches fpread 
out on every Side horizontally on that firm Surface; as i f  it had been 
tormer V the outward Face o f  the G round , and Place o f  their G row th, 

nd i h aveobfcrv d thefc Roots to be lom ctim es io near one another,

us
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as that their Branches wcrc^ as it were, matto.1, grew  over, and gave 
place to one another, as we every D ay I'ec in R outs o f  I'rees, where 
they grow  too d o le . I üv/ once the Kotly o f  a F ir-T ree  d u g up fo 
b ig , as to be ju d g ’d iit for the main P o ll o f  a W in d - M ill ; which was 
d ifco vcr’d  ̂ as many o f tlv-m (w hich are not found in d ig g in g  T u r f )  
arc, by the G rafs, v/hich r^rew over it, being in a very dry Sum m er o f  
a yellow ilh  Colour.

M r. de la Fnnu  fcnt me-ibme o f  die Cones found with this T im b er 
in the great Fens o f  LauoluJJjire  ̂ which dilTered in nothing Irom thole 
o f  the Scotch F ir, which is plentifully gro w in g  in Scotland at this D ay, 
and which fomo Years fince wece ju d g e d  fo proper by fem e to aftord 
M ails for the N a v y  R oyal, that fome Perfons were fent tiiither for 
that Purpoll'. But they were not able to bring about what they in 
tended, by reafon o f the D itficukies in the R oads, by w hich they were 
to be conveyed to the S e a ; which in Norway I have heard is in a great 
M eafure efTedted by the R ivers. C^/zr, indeed, in his Com m entaries, 
fays, that the Sorts o f  T im b er in this llland, are the fame as in France  ̂
pr.cter fa^um 6? aliete.n  ̂ except Beach and Fir. T h e  Earl o f Cromertk 
is a fu.^eient W itnefs ot his M illa k e , as to one Sort o f  thefe T rees, 
and the Beaches in the Cbiltcrn Countries near London  ̂ prove the fam e, 
as to the other. 1 or the Ufes ot this under-ground Tim ber, befides 
thofe o f  other W o o d , it is fplit into Pieces, and being lighted, fup- 
phes the U fe ot Candles. It is alfo made into R opes, as m ay be feen 
in the Aiufxum  o f  the R oyal Society, by a long piece o f  fuch R o p e, 
bought by tiie 1 lonourable tdn'ord i>outhwtll, Efq» in Ni^ry M ^ k e t  in 
Ireland. T h e  lo n g  foaking in W ater having render’ d the W o o d  oí 
thofe Frees tit to be made into Ropes. T h is feems to prove, that as 
the foakin g o f  H em p , F lax, A lo e  L eaves, i^c. in W ater, diflblves 
the p ulpy part, and leaves the fibrous fit for m aking into Threads and 
R opes, fo the long foaking o f  T rees may m ake in L en gth  of T im e  
the fame, or an analogous Chajige in thole o f  ood and Tirnber. I 
have feen w lu t I thought had been Pieces of W ood, not only in 
p iti, but even in Q uarries or Stone-pits, in the B locks o f  Stone railed 
out o f  their Strata, or Lavers •, and have been allured by M r. BellerSy 
that he hath feen large Pieces o f  \N'ood in the Stone-pits in Gloucejter- 
f}jire \ and alfo in Lancafljirc there is a M o ls, or T u rf-B o g , where the 
b lack fpon gy M o u ld , made ufe o f for Peats, fm ells very ftrong o f  Bi
tumen, or Petroleum ; o f  the O il o f  which it yields a very  great (Quan
tity by D iftillation. A n d  the late Sir Ed'Jî ard Hannes has told me, that 
near the L o rd  Blepigton'^ H o u le  at Bk£ington in Ireland, there appeared 
a I .ig h t, where the H orfes tram pled with their Feet on a certain Space 
o f  loft G round : O n m y Defire he procured me fom e of this M o u ld , 
w hich agrees e x a d ly  in its dark C olour, L igh tn efs, i¿ c . with Peat 
F arth . A n d  on Exam ination ot this by a M icrofcope, I found the 
I -ight proceeded from  many fm all half tranfparent whitilh live W o rm s, 

w hi'.h  lay in it.
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2 15S Of the Moffts in Scotland,
T h e  Blacknefs o f  the O a k , com es, in my O pinion, from the vitrio- 1

Í lie Juices ufT;ht E arth fo ak ’ d into the O a k , which being aftringent, 13 '
turn’ d black by them. Ink is made o f  G alls, an aftringent Excrefcence 
o f  a fort o f  O a k  in Turkey, tliade b y  an Infeft there *, and o f  green V i
triol, w hich is made o f  the Pyrites diflblved by R ain-W ater, and Iron.
F irth  o f all^Sorts, and even human C alculi, and the A fhes o f  V e g e 
tables, have in them Particles o f  Iron, in greater or lefTer Quantities-/
T h e  Pyrites is alfo very com m on, .T h e  Particles o f  Iron com in g to 
be dilTolved by this Pyrites, Subacid, or other Salts diflblved by W a 
ter, or perhaps by W 'atcr it felf, and carried into thefe B ogs, there 
fallens to the T ree, foaks into it, and turns it black.

Thefe Particles in fom e R iver W ater, faftening to the O a k -T im b e r 
floated in it, g iv e  the fame a darkifli Colour, taken N otice o f  by M r.
P¿f>ys in ĥ s N aval M em oirs o f  En^lnnd, p. 7 1 . where we are told -by 
the m oft famous Ship-Builders o f  “ T h at the beft foreign
“  P lank for the R oyal N a v y , was brought either trom D an tzkk,

Í^ihíh0'o<a, (that is Kvning/l;bef‘g )  or Riga, o f  the G row th o í  Po!errd 
“  and I*rnp.a, or from Hamburg •, nanieiy, that fort thereof, which- is 
“  ihipped from  thcnce o f  the G row th o f  Bohemia, d iftinguifh ’d b>- its 

Colour, as being much more black than the other, and render’ d ih  
“  (as is fdid) by its long fobbing in the W ater during its -Pailage thi-*
“ th en ”

In the T u r f  B ogs o f  Ireland 14 Feet deep, are found not on ly  the 
Moufe-Ddiers H orns, mentioned in one o f  the Trm faUiorj, but like- 
wife th eir whole Skeletons, wherein the Bones bear the fame P ropor
tions to the like  Bones o f  other Deer, as the H orns bear to their H orn?.
T here are alfo found therein, G old  Chains, Pieces o f  M on ey, and 
Roots o f 'H e a th , feveral wr«y?/, and Branches o f  Trees, fo foft, as to 
g ive  no Refiftance to the T u rf-S p a d e : A n d  I was told, that in cuttin g 
T u r f  in one, they at ftveral Feet deep cut through what the Irijh call 
a R uikin ot Butter (w hich was a F irk in , or VelTei, made o f the Barks 
of Trees, ufed by the old Irifa for putting up their Butter.) A n d  I 
remem ber, that in d ig g in g  the wet D o ck  at Deptford, there were found 
at the B ottom , about nine F êet deep, Grafs Leaves, H azel-N u ts, and 
Roots o f  Trees : A nd  there was alfo found a Piece o f  M oney, as they 
call’ d i t ; which p ro v ’d to be a Leaden Seal to fom e Bui! o f  Pope Gre- 
gory the IX /¿, who continued Pope from the Y ear o f  our I.o rd  12 2 7 , 
to 12 4 1.

* \ ol. F>om Leland, *  w ho wrote in the R eign  o f  K in g  Henry \"III.
we m ay learn the com m on Opinion in his D ay?, o f  the Caufe o f  the 
D tilruclio/i o f W o o d s, the gro w in g  o f  M olfcs and Pools •, and 
that, at that T im e , in Wcles, the Senfe or the Inhabitants was, 
that the under-grow ing T rees found there, had form erly grow n 
there.

In
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! “  In thefc D cycs in Mone where they drggc T u rves be foundc greate Leland’i //.».- 
“  R ootes o t I 'rces tliat Icrve M en for W ood . F o r after the Trees weT rary. Vol. V. 
“  cut doune lo g g in g  Yerth  and M ofle  overcoverid them , and now th¿ p- 13- 
“  fame Y erth  parid away for i 'u r v e j/  the old mayne Rooccs appere.

“  l.ikc*wil'c at low  W a tir  about ai the ihores o f  both Shores o f  
“  /Iberdein ind-^owen Merioneth appere like R ootes o f  Trees.

“  I faw hard by on the lift H onde a great Fenny M ore, ow t o f  w ich p 
“  the Inhabitantes thcrabout d ig g e  Turt's for F ier, and by the faine 
“  I'cnne is a fair L L ;« , cawllid LU nridde  ii M iles from  Siratejiur.

“  Stratefture is fet round about w ith M ontanes not far diftant, except p. 68.
“  on the W eft Parte, wher Diffrin <Tyvt is. M any H illes therabouti 
“  hath bene well w oddid, as evidently by old R otes apperith, buti 
“  now in them is alm oft no W oode.

“  T h e  Caull*s be thefe ; F irft the W o o d  cutt doun was never copi- 
“  fid, and this hath been© a great Caufe o f  D d tru h io n  oí W o o d  tho- 
“  rough IVaUs. Secondly after cutting doun o f  W o d d ys the G o ttys 
“  hath fo byttcn the yo u n g Spring that it never gr< w but- Hka SRrubbes.
“  'I'h irddely M rn  for the nonys deitroisd the great W o d d is that thei
“  íhoulá not hürborow T h cves.  ̂ . . .

“  From  IVhitcburcb a M ile and a half o f  I cam  b y  the Pale o f  the p,
“  h r» e  Parke o f  Blakmer lo n g g in g  to the E rie o f  ShrAuJbiri, wherein is a
“  v e ^  fair Place or L o g c . f  ile Park, hath both redde D ere and talow.
“  In the Parke fas I hard fay) be iii. taire Poles, o f  the wich I law 
“  bv the Pale the largcft calUd BUiktin  ̂ whareof the Park is namid.

“  It is to be fuppofid that thes Pooles tor the m oft piU't in M orifch  
“  G roundes, and ly in g  fum what in íow O nAindes, drcane the n w ift 
“  Places about them , and fu having no Place ro iffuc ow t ftagne there.

“  Sum  be likelyh od have b<*gon o f  M arie Pittas. F o r  the Sandy 
« G roiinde o f fum  Parts o f  Sbroffljirf, and d'pecially o í  Cbefirejhire 

and Lancaftrejhire, w ill not bere Corne^jlentifully but itb e  m erlyd.
“  F rom  hlakemers to  Bykknt in a hofle iii. M iles o f  Sand hard by 
Cholmeles, firft I faw the great N um bre o f  F irre-Trees, the wiche 

“ the Inhabitants thereby com m unely d igge  up for ti^ r \V ood, but 
“  thrrc did I fe no Fvrre-T rces grouing. O ftentim es in d ig g m  in tljig 
“  Moflfe or M ore for'Pete*? or T u rves they tinde the hole T rees o f  the 
“ firft, fum fliort and fum veri long, w ithout 1  Wiko or B ow , ly in g  

fum tim e not a Foo«e, fum tin^  iii. or iiii. F oote depe in the G rounde,
“  Ixit how or when thes Trees cam doune eth^r be cuttin g or W ind 
“  Faulle no M a n n e'th er can telle. T h e*W o o d  o í them  in Burning

“  favorith o f Refine. . 1 u  j r  • u c-.
“  Morle (in D m hjhire) M r. Lelandes Place is buildid favin g the F un - -  p. -5.

«  dation o f  Stone fquarid that rifithl within a great M oote a v i. I 'W te
»  above the W ater, all o f  T ym b re  after the com m uhe fort ot build ing
“  o f  M oufes o f  the Gentilm en for moft o f  Lnncajhefbire. T here is as , .

m uch Pleafur ot' Oréhardes o f  great V an te  o f  F rute and fair m ^ e
“  W a lk e s  and Gardirtts as therms in any Place o f  Lancafireptfe. H e

brennitii



“  brennith al T u rfes and Petes for the Com m oditic o f  M oilcs and 
“  M ores at hand. F o r Cbateley M olfe that with breking up ot A -  

_ “  bundancc o f  W ater yn hid did much hurt to Landes thereabout, and 
“  R ivers w ith wandring MolFe and corrupte W ater, is within leli than 
“  a M ile  o f  Morle. A n d  yet by Morle as in H eg g e  Kowes and G ro vtttcs 

is meately good Plenti o f  W ood , bur good llu ibandes keep hit lot- 
“ a Jew ell.

“  Syr John líokroflís  H oufe within a M ile orniore o f  M orlt ílüod in 
“  jeopardi with Heting of the MoHe.

“  R id in g a M ile and more beyond Morle I faw on the righ t hond a 
“  Place nere by o f M r. ytdderton, and fo a ii. M iles ot to J.iduiie 

in tlie right lide w hcrof m v G ide faid that ther were Routes ol l-'yiix* 
“  W ood . ' *

p. 8 1. “  A\ Aundermjfe for the m oll parte in tim epaft hath I)een lul oi NS'oou,
“  and many o f  the M oores rcplenifliid with liy Fyrrc 'I 'lu s .

Ohfervations X V II . I have made fome Obfervations relating to the diñVrent 
í/rrt/íi o f  Earths and Minerals found in the Coal-M ines o f  M erJ p 

Mines, is’f. Somerfetjhire. T iie  D raught [F ig -'^ T -)  you m ull fuppofe the Scv-  
¿V J. Strachey, tion o f  a Coal C ountry, and to take in about four M iles trom the N o n h - 
£/q;n. 360. W e il, to the South-E ail, and may be applied to the V tin s o f  C oal, as 

fitrV,-, x\\ty We 3X. Faringdoii GourKe\\ and dX Bifljip-Sutton^ which lall
Place is near SííKvy, but in the Parilh o f  Qbcw-Magna in SomrfetJijirf. 
F or D ifcovery o f  Coal they fid l I'carch for the Cr<9/>, which is really Co.ti, 
though very friable and weak, and fometimes appears to tlie D ay, aj 
they term it, or elfe for the Cliffy which is dark or blackifli R o c k , and 
always keeps its regular Courfe as the Coal does, ly ing obliquely over 
i t : F o r  all Coal lies flielving like the I 'y le  o f  a 1 loufc, not Per{)endi- 
cular nor H orizontal, unlefs it be broken by a R idge, which is a part
ing o f  C lay , Stone or Rubble •, as i f  the Veins by fome violent Sh ock 
werp disjointed and broken, fo as to let in R ubble, ^ c .  between them. 
T h e  O bliquity  or Pitchy as they term it, in all the W o rk s  hereabout, 
is about 22 Inches in a F a th o m ; and when it rifeth to t!ie i.a n d , is 
call/sd the Crop  ̂ but in the N orth Bajfeiwg. In the W o rk s  near Hiowy  ̂
and likew ife at Faringdon, it rifeth to the N o rth -W ell, and pitcheth to 
the S o u th -E a il; but the farther they w ork  to the S o u th -W eil, the 
Pitch  inclines to the S o u tli; and é contra  ̂ wljen they w o rk  towards tlie 
N orth -E ail. So likewife they obferve, as they w ork to the South- 
W e il ,  when they meet with a Ridge, it caufeth the Coal to trap up •, 
that is, being cut o ff by the Ridge, they find it over their H eads wlien 
they are through a R idge: But on the contrary, when they w o rk  
through a R id ge to the N o rth -E all, they fay it traps do'juny i% 
they find it under their Feet.

Coal is generally d u g in V alleys or low  Grounds. T h e  Surface in 
thele Parts is m oftly a red Soi', which under the lirft or k co n d  Spitt 
ilegenerates into Malm  or I m n ,  and often yields a R o c k  o f  R a ld illi

I Ire-
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Yinfiom^ till you com e to ftnir, five, and many 'I'imes to tw elve or four
teen Fathom  dc n li, when by Degrees itch angeth  to a grey , then to a 
dark or b lackilh  K o c k , which they call tlie Coal Clives. T h efc  always 
lie llie lv in g  ami regular as the Coal doth. But in thefe Parts they ne
ver meet w ith I  'irejtone over the C oal, as at Newcajlle and in Stafford/hire.
I 'h e le  d iv es  vary nuicii in J lardnels, in fome Places being little harder 
than MaliK or Loom, in others fo hard as that they are forced to Iplit 
tiieni w ith ( íu n -p o w d e r: So likew’ifc in C olour, the T o p  inclining to 
red or g rey , but the nearer to Coal the blackcr they grow  ; and 
whereloever they meet w'ith them they are lure to find Coal under 
them . Rut to their D ifappointm ent ’ tis not always worth the d ig 
g in g. I 'h e  firft or uppcrm olt V'ein at Hutioh is called tlie Slinking Vein.
Jt is hard C oal, fit tor m echanick U fes, but o f a lulphurous Sm ell.
A b o u t five Fathom  aiid half, fcldom  more than k v e n  Fathom , under 
this lies another V ein, which from  certain L u m p s o f Stone m ix ’d w ith 
it like a Caput mortuum  ̂ not intlammable, called Cats-head, they call 
the Cathead Vein. A b o u t the fame D epth under this again lies the 
Three Coal Vein., lb called becaufc it’ s divided into three dilferent Coals-, 
between the firlt and fecond C oal is a Stone o f  a F oot, in fom e Places 
tw o  Feet t h ic k ; but the m iddle and third Coal feem placed loofe on 
each other, w’ithout any Separation o f  a different M atter. T hefe three 
Veins before-mentioned are fometimes w o rk ’ d in tlie fame P it: B u t the 
next Vein w hich I am g o in g  to m ention, is generally w rought in 
a feparate P i t ; for though it lies the like D epth under the other, die 
C liff  between them is hard and fu b jed  to W ater ; wherefore I have 
reprefented a Pit funk through the three upper Veins at and another Fig. 37. 
fu n k  upon the three Coal Veins only at B  •, and fo i f  they fink on any 
o f  the low er Veins they g o  more to the N o rth -W eft.

N e x t under the three Coal Veins is the Peaw Vein  ̂ fo denominated 
bccaufc the Coal is figured w ith E yes refem bling a P eaco ck ’ s T a il, 
g ilt  w ith G o ld , w hich Bird in this C ountry D ia le d  is called a Peazv.
T h e  C liff  alfo over this V ein  is variegated w ith Cockle-fljells and Fern- 
Branches, and this is always an Indication o f  this V ein, w hich, as I be
fore hinted, is always fearched for about 1 5 Fathom  to the N o rth -W ell 
o f  the form er.

U n d er this again, between five and fix  Fathom  lies the Smith's Coal 
Vein, about a Y a rd  th ick  •, and near the fame D epth under that again, 
the Shelley-Vein: A n d  under that a V ein  o f  10 Inches th ick , w hich be
in g  little valued, has not been w rought to any Purpofe.

Som e fay there is alfo another under die laft, but that has not been 
proved within the M em ory o f  M an. A t  Faringdon they have the lame 
^Vins, w hich, as I am inform ed, agree in all Parts w ith thofe o f  Bijhop- 
Sutton before-mentioned. B ut as Faringdon lies four M iles Soudi-Flaft 
irom  Bijhop-Slit ton, fo, in the regular C ourfe, they w ould lie a M ile  
and a h alf deeper than dioic at Suifon, B ut as in they are d u g
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near the fame D epth, it follows there iniift be a Trap, or ftvcral 
Jraps dowrtj which in all muft amount to that D epth between the laid

W o rk s. . .r  ■ - .
Between Faringdon and High I,itt!(tcn the fame v cins 1 i« m to retain

their regular C ourfc; but at Littleton their undermoit and d e c jx ll W in 
is the bell Coal, which at Faringdon proves Imal'.

O n the other hand, in the Parilh o f  Stitnit.n-Drr.L\ to the N o rth -E u a 
o f the Coal-w orks at Sutton aforefaid, about a M de d ilb n t, and in the 
true Courfe with thofe at Suttcn, the fame Veins are found again. 
B ut here they wind a little, and their Courfe ur D riit runs alm oll 
N orth, and they dip to the H ath which Windinr^ is attributed to 
Ridgesy w h ic h  the W orkm en have met with on l)och S id e s  and h aw  
occafioned them to difcontinue t!ie W o rk  that way. A t  "tantcn they 
have little o f  the red Earth or Maim on the Surface, but com e im m e
diately to an Iron-Gritt or grey Tile Stone  ̂ which is a Fore-runner oí the 
Coal Clives-, in all other M atters they agree with the W o rk s  near 
Stowy.

In the fame Pariih o f  Stanton-Drew, a little to the E aftw ard, they 
have another Coal-w ork, but the Veins are in all R efpeéls diti' rt-nt 
from the former. T heir D rift or Courfe is to the Eleven a -C lo ck  Sun, 
as they term it, they Pitch to the F ive a-C lock M orn in g, and rile ti> 
Imd i confequently to the f i v e  a-C lock E venin g Sun. 'I'hey havp 
fevertl Veins, but as yet only three are thought worth w orkin g. The 
uppermoft about three Feet thick fmall Ltine Coal. m xt is abor.c
three Fathom under it, about two F’eet and an half th ick , fit for culina
ry U fes: T he undermoil is about the like D epth under the form er, only 
10 Inches thick, but good hard Coal.

A t  Chtton, about two M iles from thefe latter, in the fame D rift, 
%'iz. alm oil to the South E ail and by South, thefc lad \>ins app.-ar 
again. T he Surface here is red, and fo continues to ten, and lom e- 
times to fourteen Fathom , and in other R efpefts agree w ith t!ie b i l  
mention’d W o rk s at Stanton-Drew.

 ̂ A t  Bumety ^een-Cbarlton, and Brijleton, they have four ^^eins which 
pitch to the N orth nearly, and confequently the D rift lies a lm ofl E ail 
and W eil. T he Surface is red Land generally to the D epth o f  four or 
five Fathom. T h e  uppermoft is from three to fix Feet th ick  at Frijle- 
to%y but lefs at Charleton and Burnet. T h e  next call’d Pot-Vein, is fix 
Fathom under the former, eighteen Inches th ick , all hard C o al. 'Third' 
fyy T h e  'Trench-Fein, feven Fathom under the other, w hich is from  two 
Feet and a half to three Feet th ick, all folid Coal. Fourthly, Rcck- 

ahvays diftinguiihed by a R o c k  o f  Paving-Stone, called 1 enant, 
ly in g  over it, which R ock  is fom etim e twenty Feet th ick  or m ore, and 
therefore this Vein is never wrought in the fame P it w ith the fo r m e r  

Vein, but about 200 Yards more to the South, or to L an d , as they 
term k . I t ’ s computed feven Fathom under the form er.

T h is
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T h is  is all I can lay in Relation to the different Veins o f  Coal and 
E arth  in the C oal-w orks in thefe Parts •, wherein all agree in the ob- 
liijue Situation o f  the Veins •, and every Vein hath its C liff  or Clives 
ly in g  o ver it, in the fame oblique M anner. A ll o f  them pitch or rife 
aDout tw enty-tw o Inches in a Fathom , and alm oil all have the fame 
Strata o f  K arth, M alm , and R o c k  over them , but differ in refpeft to 
their Courfc or D rift, as alfo in Thickncfs, Goodnefs, and Ufe.

N o w  as Coal is here generally d u g in V alleys, lb the H ills which in
terfere between the feveral W o rk s aboveniention’ d, fcem alfo to ob- 
f(.rve a regular Courfe in the Strata o f  Stone and E arth  found in their 
Bowels. l ‘ or in thefe H ills  (I mean thofc only that are difperfed be
tween the C oal-w orks above-m ention’ d) wc find on the Sum m its a ffo- 
ny A rable m ixt w ith a fj>ongy yellow iih F.arth and C la y , under which 
are Q uarries o f  lyas^ in feveral Beds, to about 8 or lo  Feet deep, and 
fix Fort under that, through yellow iih Lcom^ there is a blue C lay in
clinable to M a rk , w'hich is about a Y ard  th ic k : U nder this, is ano
ther Y ard  o f  whitiih Loom, and then a deep blue M arie, foft, fat, and 
foapy, fix Feet th ick  •, only at about tw o Feet th ick  it is parted by a 
Marckafite about fix Inches thick.

It is to be obferved, that thefe Beds o f  Stone and Marie, different from 
CeaU lie all horizontal.

X V I I I .  I.] A b o u t half a M ile  from Reculver towards Herm  ̂ thtxtO /the VoUi 
appear in the C l i f f  Strata o f  Shells in a greeniih Sand •, they feem to be 
firm , and fome o f  them are entire, but when you g o  to take them from  
their Beds, they crum ble to Pow der between your F in g e rs; but that n. 368-p. 762. 
w hich is m oft rem arkable, is, that in the lower Part o f  the Strata, where 
the Shells are more th ick ly  difperfed, there lies fcatter’ d up and down 
Portions o f  T ru n k s, R oots, and Branches o f  T r e e s ; the W o o d  is be
com e as black as C oal, and fo rotten, that large Pieces o f  it are eafily 
broken with one’ s Fingers. I know  not what D epth thefe may lie, the 
Strata's Surface not appearing above tw o Feet from  the Beach, but I 
iudge it from  the Superficies o f  the T o p  o f  the C liff, about 1 2 Feet. I 
faw ’̂the Stum p o f  one T ree  ftanding upright, broken o ff about a F o o t 
from  the (iround. T h e  Shells were o f  the W h ite  Concbites.

2.] It is very lik e ly , that the B lack  W o o d , m ention’ d by M r. Gray, “  
is O a k , w hich has lain fo long as to be turn’ d o f that C olour by the vi- 
triolic Juices o f  the E arth, in which it has lain as G alls and a Solu
tion o f  V itrio l turn o f  that Colour. I never faw any O a k  that had lain 
any T im e  in any Kind o f  Earth, where W ater came to foak into it, 
that was not turned of that C o lo u r: A n d  I have feen m any Trees o f  
B lack  W^ood o f great Bignefs, taken up (as well as leffer Pieces) and all 
o f  it was O ak. It looks at firfi: taking up like E b o n y, is very ponde
rous, but as it dries, it fplits, grow s friable, ligh t, and comes to be 

good  for little.
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Some Remarks on Fofiils.
X I X . I.]  T h e  State o f  Fojjih is quite different in from  what
is in JFales and Ireland. In thofe Countries the Shells are generally

* '  " jT/r S u / d  Cr^jialline, but in EJfex (and fometimes about us at Oxford) they are
n. 291. p.' ‘Tejidcm s: W h ich  Difference is, d oubtlefs to be attributed to the Soil,
'S66. and particularly to C h alk  and Flint, which all thofe Countries want,

excepting a fmall part (I know  not by what Chance o f  Diluvian D if-  
fo :u iio i:)\o t  into the North part o f Ireland. But there ’ tis rem arkable 
that their Chalk is abfolutely petrify’ d : I mean, whereas the Flints ar: 
here imbodied in C halk, they arc there in a C h alk-w h ite  Lime-fton\ 
And as chalky Countries only afford thofe Eckinita  I have i l i l ’ d P ik -  
atiis. Galeatus., and Cordatus •, fo 1 could never find them  in all m y 
T ravels, but at that Place •, from whence, in the T im e  o f  Pagatiifm., 
the Druids procur’ d them, and fold them am ongft our Northern Britons 
for Stones o f  miraculous E fficacy againil Perils by Fire and W a te r ; 
pcrfuading the V ulgar they were generated in Cocks KnecSy as T h o u - 
fm ds in the Higb-lands believe at this D ay. A n d  one F ello w  had the 
impudence to tell me (finding me a little hard o f  BelieO that he him - 
fe lf had taken one (that his M ailer had ihew ’d me) out o f  a C o c k ’ s 
Knee with his own H and.

W e were furpriz’ d here at Oxford^ to find fo many Foffils  ̂ fcarce dif- 
tinguilhable from Sea Shells •, the Cafe tieing ufually otherwife in thofe 
places I fearched. W e  have indeed in thcfe Parts, one or tw o Fojfil 
shells o f  a Tejtaceous Subftance, but in C olour they rccede farther Ironi 
thofe o f the Sea, than thofe in EJfex. I find that thofe in EJfex arc 
fometimes found imbedded in folid Stone •, which takes oft' any O b jec
tion fome m ight offer, o f  their being an accidental fcattering o f  (JuUs, 
Crows, & c . on the Hanvicb Cliffs.

Of  Harwich 2 .]  H arxich C liff is a fort o f  Promontory, w hicii d ivides Ora»/-/

Clif, mid its Haven ÍVQVÍ\ xht Aijluarium contúntá  between tiiat and Walton Nafe\
s ° j5a l i  it is fituate on the fouthern Part o f  the 'I'ow n, about a Q iiartcr ot 
p! 156̂ 8.̂  diftant, or not fo m uch, and contains many A cre s o f  L an d.

T h e H eight o f  it from the Strand or Beach to the T o p , where it ’ s h ighefl, 
is 40 or 50 Feet. A t  the Bottom  o f  this C liff, there is a Stratum o f
Clay about a F oot thick, which is fucceeded by another o f  Stone for
a Foot m o re ; in this Stratum o f  Stone are im bedded divers Shells 
^though but thinly) as well o f  the Turbinate, as Bivalve K in d , and alfo 
Pieces o f W o o d  and S t ic k s ; over this, are div’ers Strata o f  blueiih 
C lay , about the H eigh t o f  twenty F oot, or m o re ; this C la y  hath Py
rites or Copperas Stones, flick in g  in it, but no Shells, that I could oh- 
ferve : A b o ve  this, are likewife divers Strata, w hich reach to  within 
about tw o Feet o f the Surface, fom e o f  which are only o f  fine Sand, 
other fmall Stones and G ravel, m ixt with Fragm ents o f  Shells, and 
in others fmall Pebbles are m ixt •, and it is in fome o f  thefe laft m en
tioned Strata^ that the Fojftl Shells are im bedded, w hich lie prom if- 
cuoufiy together, I mean the Bivalve or Turbinate ■, neither do the

Strata
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Strata w ith the Shells obferve any O rder in their ly in g , being fom c- 
tim es higher, and fom ctim es lower in the Clift'-, and Ibmetimes 2 or 

 ̂ one above another w ith other Strata o f Sand, Fragm ents, and 
G ravel, between. A b o v e  all tliefe, is a C o verin g  o f  com m on fandy 
Marth, which is about 2 l*eet th ick , in w hich, in fom e places arc 
\'eins o f  a Species o f OJieocoHa, though more tender than Ojleocolla Offici- 
niiru:r}y w hich is brought from  Germany: T h is  I call Ojleocolla Angli
canâ  it doth incrull about fmall Strings, like the Fibres o f  the R o o ts 
o f  Frees, it ’ s o f  divers M agnitudes, and fends forth Branches here and 
there, but is fo tender, as not to be gotten out o f  the E arth in any large 
pieces. W hether like  the German it appears above the E arth, I never 
could  difcover.

Before this Clift', the Shore, as far as the ebbing o f  the Sea w ould  
perm it m y O bfervation, was rudely paved w ith Stones, divers o f  w hich 
are vein’ d w ith that fort o f  B ody, w hich by Helmont and other latter 
N aturalifts, is callcd Ludus Paracelji: O f  thefe Stones the Inhabitants 
have a T rad ition , that they arc form ’ d by the C la y , w hich tum bling 
dow n from  the Clift', and b :in g  wafhed by the flow ing o f  the Sea, 
arc in a ihort 7 'im e converted into Stone *, and M r. Silas ‘Taylor in his 
M anufcript Colle l̂ions of Harwich and Doverconrt  ̂ ('a C o p y  o f  w hich I 
have', thus writes concerning it. ‘IhelVajhing of tbefe Q\\̂ % drfcovers 
a hlueifh Clay, which tumbling down upon the Shore, altho' wafhed by the 
Sea at flig^'water, within a fhort time turns into Stone: There they may 
he feen, fome that are new fallen, as foft as the Clay in the Cliff-, and others 
that have kin there longer, crafted over and hard, but i f  opened or broke, 
the day flill foft in the middle \ others that have lain longeft petrified to the 
very heart, and with thefe the W alls of the T o w n  ere for the mofl part

* built, end the Streets generally are pitch'd. F lo w  far this is M atter o f  
F a ft , 1 w ill not determ ine, m y Stay at Harwich being alwaws too fliort 
for me to m ake O bfcrvations fo critical as this Phenomenon doth de
ferve •, and although I m ult at the fame tim e ow n, that m any o f  the 
Stones are waflied out from  the Stratum, at the Bottom  of the C lift '; 
yet I have Ibmetim es been inclined to M r. Taylor's O pinion, becaufe he 
lived long upon the Spot, being St ore-keeper o f the King's Building-yard 
for many Years, and by his CoIleSfions, & c . feems to  be a perfon ot pro
b i t y  and L e a rn in g ; a n d a lfo , becaufe divers o f  the faid Stones have 
C ra ck s or C hops in them , as C lay and E arth w ill have by bem g expofed 
to the Sun •, and there is vet [.Inuo 17 0 2 ,! ly in g  upon that Shore a 
Stone, in which a large pile (perhaps o f  O a k ) fuch as was form erly 
made ufe o f  there, to prefcrve the C liff’ from  the Injuries o f  rlie Sea, 
i^oth evidently appear to be imbedded ; w hich can ow e its Situation to  
no other O rigin al, than by being preft into the Superficies o f  the C la y , 
while foft, and petrifying w ith it, w hich being fquare, takes off an O b 
je c ió n , w hich fom e m igh t m ake, had i:  been round, of its being lo d g 
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I am not infcnfible, tlu t this Manner o f  i arification  is not only dif
ferent from the com m on M ethods Nature u k s in that O peration, but 
alfo is oppos’d by divers learned and ingenious IVlt n ;  as particularly 
by the Reverend M r. John Morten in OxerJ'in in NurtbdiKptcnjbire, wliolü 
T houghts upon this Subjeft I ihall tranfcribe from a L etter o f  Iiis, to

'  m e, dated Augujl 4, 1 6 9 9 .-------- J t  H arw ich, under the Uiff, npcn the
Sea-fljori, there is a Stratum of a Ciayev-Stone, uhicb is cover'J here 
iiiid there‘Wilh ragged Stones of a chfer texture  ̂ ■ 'h;cb \-üs formerly ( I  
conjeclure) another entire Stratum, but ¡s broken tbus by the 'Tearing of the 
IVaves. Jbe Clayey-Stone Stratum, Mr. LulVkin. and )-'Û  were of cpt- 
nion, had bee» formerly a fofter Suljlance, but was daily petrified by the cta 
Water. Having argued a little about it̂  when turning to tie Cliff, I  found 
a Stratum there, of the voy fame fort of Clayey-Stone, a 7/¿ that upon the 
Shore \ yet the Sea Water very feldom comcs up bitbtr, unlefs by Stormŝ  and 
at Sprlng-tides. I  broke a little piece off, and fhew'd it to you, and then 
you was convinc'd ( I  think) it was not hardned cr petrified by the Sea if'a- 
ter, but in its natural fiate. Jnd I  have often met with jujt fuch fort of 
Stone in matiy of cur Stone-Pits here, in Inland Countries. It appears to me, 
that the Water fhould have rather foftned, than hardned the Stone upon the 
Shore, tho' by wafhing away tbe loofer Clayey matter and other Eart hy fluff, 
that is fometimes left upon it at the ebb, it might feem to be a fort of Pc- 
trification, and occafion this mijtake.

As to P etrifa ilio n s: Fve only obferved thefe three forts. l i l ,  A  Stony 
Incruftation, upon Sticks and any thing that lies in the way, in tbe Petr:- 
fying Springs the Earth in thofe Waters is ufually intermixt with particles 
of Stone, that trickle down into it with the Water, and are there detain'd. 
O f this firji fort you have doubtlefs many injlances in E flex, and I  think there 
is one at Harwich Cliff; tho' this in my opinion is not fa properly call'd a 
Petniaition. 2diy, The fecond fort is that, which is perform'd by the Per
meation or Jnfuiuation of tbe finer forts of Stoiiy Particles, as it is in tbe 
cafe of feme of cur Petrifying waters, ( I  believe) particularly that at 
K a a r e i b o r o u g h ; the Stony particles however of tbe Knareibo- 
rough Spring are very fine. And many of the FoíTil-íhelIs have under
gone tbe fame fate. 3dly, 7be third, which indeed is a Petrification, pro- 
pnly fo call:d, IS often met wiih on thefides of Caves and G ro tto ’ s, at 
Pooly-hoJe ;« the Peak, and in the FilTures, and C lefts of M m es and 
(parries. O f this kind are the feveral forts of F luors, the L a p , Stilla- 
titu  Stalagmitic ¿¿c. that we meet with in the Fifiures, and H iatu s’ s of 
tbe Earth. Thefe are continually grouping (as they vulgarly fay) that is, are 
receiving an additional increafe of real and folid Stine, as is obferx̂ ed in 
many Caves in the ¿f.. This 1 take to be perform'd in fu e l a man-

of Stone are brought along 
T n h l r  , Vehicle, oid are depofited at length upon the fides
of the Qz.vt or FiiTure, {this is matter of fa il, that there is alivays a wa-
2 t I trickling down upon thefides of thofe
hut here, the particles of Stone are extremely minute and fine, and do there-

h
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by naturally concrett and join together very clofe •, whersns in our Incrufta- 
i\on  ̂the Particles of Stone l/eivg p-ojfer  ̂ the Stone is rough and coarfe, and 
friable, ylud this / leave to your 'Judgment  ̂ i f  it he not a more reajonable 
Hypüthcfis than that of Dr. Plot, in pag. 3 .̂ of his Hiftory of Oxtord- 
fliirc, viz. That the very Body of the V\ater is turned into Stone as it 
drops down from the Rocks I  know not indeed of any other forts of 
Pftritication, than thefe I  have alrea^ mention'd. Js to that Hypo- 
thcfis of Tranfmutation of a Stratum, e. gr. of Chalk to Uay. of Coat 
to common Stonê  or the like., I  muft confefs 1 never met vúth any thing in 
Nature •which would countenatue it., that is, fucb a I  rani mutation in the 
Bowels of the Karth. Nor is there any thing that proves ity that ever 1 have 
met with in tuty Natural (3bfcrvations. Only fame will guefs and fancy 
fuch a "I hing but for making it out., I  am fure I  am no more able to do tty 
than to make the Philofophers Stonr, whatever they arc.

A  litii Author is of Opinion, that this Bed of Stones was the Founda
tion of the I.oam CJiff, where the Cliff has been wufhed awa'\ or cut: And 
that they are the Froduilion of a Vitrioliue Juice., in Conjunction with the 
Loani \ as the rommon Copperas Stones arc by the lame Juicc in a Gra
vely and that the latter were only to be found where the Cliff was .gra
vellŷ  and not where the Loam is. How far thefe Stones are the Hftect oí- 
a Vitrioline Juice., I will not determine, but this I can affirm, that 1 have 
now by me fome of the Pyrites., or common Copperas SttuieSy which 1 did? 
pick out of ths Clnyey Stratum of this Cliff, in which they may be tre- 
qucntly met with. Nor do I remember at any Time to havcobferved 
thel'e Stones to be invejled with cither Gypfum or 'Trichuis., as the lame 
Author affirms, but with the aforefaid Ludus Pcratelfty and lome other 
forts of hap. StalagVixita: frequently.

How thofe Shells or Marine Bodies come to be htjrc: ppfitcd, is 
Subjed, which hath imploved the Heads and Pens of divers learned 
and ingenious Men. I lhall not pretend to determine the Corttrovcrly •,
I fhall only make fome Remarks on the pofitive Aflertion of the afore
faid Author, concerning the imbedding of thefe Fofjil Shells in this 
Clift*, and the Alteration of the Channelj viz. lhat this Bed of Shehj, 
which ewers the Cliff, was carried thither at the making of tU  Harbour or 
clearing of it. for the Harbour or Channel there is artificial., and of no old 
date., the Current having been formerly on the other Jide of liandguard-Forr, 
which then flood in PLiTcx. Againft the firft Part of which, altho’ ma
ny Reafons might be given to prove the contrary, I ihall only mention 
the following ; and as our Author begs the (^eftion. How elje could 
the Shells lie a-top of this Cliff? So I ihall alfo aik him, why tlie fame 
Strata of Sand, and Fragments of Shells, with the farne ioffils imbed
ded, are to be found at JValion Nefs, on the other Side ot the 
arium, which is 5 or 6 Miles broad from Harwich, as likewile at 
hawdfey Cliff in 'Suffolk, which is 8 or 9 Miles diftant, and in other 
Cliffs on that Shore, where I have met with theai. A  ftcond C o 
ition may here be aik’d, How it comes to pafs, that none of thole Buc- 
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cin£ IIelerofiroph.f^ Cwhereof fuch Plenty o f  tlieir Kxuvi^t are in all the 
Ciifi^ hereabouts) arc not now to be found in this Channel, nor thr; 
ailjacont Seas ? (where I have clivers T im es been a Fifliing) for 1 can
not think the clearing this Harbour could have dcllroycd all that 
Species o f  Shell-Filh, whereof there was then fuch P l e n t y ; and 
therefore fome other Original m ull be a llow ’d tiiem, than what this 
A u th or has affign’ d. N o r can I allow the Harbour here to be jlr ti-  
Jrcialy becaufe fo great a W o r k  as this is, z’iz . the m akin g  a Channel 
two Miles wide, as it is in this Place, would not havi- btxn without 
fom e Record thereof in H illo ry  •, and befides the F.arth, tiff. wJiich 
muft arife by this W o r k ,  m uil confequcntly have made a much greater 
H ill  than the C lif f  ever w a s ;  and another D oubt will from h^ncc 
arife, why the W orkm en Ihould bring all the l:'.arth, to this lide 
the Channel, and not lay fome thereof on the otht r, as it’ s }>h;ia 
they did not. 1  he Ground on which Landguard Icrt  ilands, as lar as 
Walton Colenefs, which is about three Miles, is only a fandy I x v c l  or 
Beach, which I believe hath in T im e  iubfided there, as may be ob- 
ferved at the Mouths of other great Rivers. A n d  as to the A r g u 
ment, which our A uthor brings o f  Landguard Fort, being accounti-d 
to (land in EJfex, to confirm his HypotJiefis o f  the C lu n g c  o f  this 
Channel, it will be o f  no Force with any one, who doth but obli:rvt-, 
that not only Parts o f  Pariihes, but likewjfe o f  Counties, arc often 
divkled from thofe Pariihes and Counties to which they belong, and 
included in others, ot which I could give  you many Inilances, e. gr. 
a Part o f  Kent is on the Ejfex Side the Thames ; and in Oxfordjhire the 
Pariihes o f  Shilton do belong to Berkjhire, Dnylesford to iV arw kk-  

Jhire  ̂ Compton to Gloucefterjhire, and Strattcn-Audley to Buckingham- 
Jhire  ̂ although all included in the other : A n d  there is a F arm , which 
doth belong to the Pariili o f  Braintree., that is ieparated from it at 
leaft two Miles, and many others m ight be given, but let thefe fuf- 
fice. A nd  to me a probalDle Reafon o f  this F o rt ’ s being accounted in 
EjfeXy is, the Sands here fubfiding, made at firft, 1 fuppofe, an In
fula, which being neareft to £J[ex, was accounted o f  that C o u n t y ; 
or 2dly, the Ifland io made belonging to none but the C ro w n , it 
was at the Pleafure o f  the king's Officers, to call it o f  which C ounty 
they pleafed. N o r was \x.tbe Gentleman in Cambden'^ Ignorance (wliat- 
ever this Author faith) that made him mention thefe Stones fo r  Petri- 
faElions made by the Sea^ for M r. Taylor in his aforefaid ColUatons 
did  not omit the Tradition, the Inhabitants o f  this T o w n  have, a- 
t e u t  the Alteration o f  the M outh o f  this H aven, which I will tran- 
fcribe m his own W o r d ’s. It's  generally believed, that Stourc did fo r 
merly in afirajgbter Current (than no^ it doth] difcharge itfe lf into the 
i^a about Hoadey-bay, under the Iligh-land c f  W alton-Colncls and
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¿ ¡iiw  o f  the Courfe o f the IVater^ and the Entrance into this liarjcn to have 
¡peretopre been by end through them.

A n d  I am o f  Opinion that this Tradition is M atter o f  F aft,  having 
before hinted what Mutations the M ouths o f  great Rivers daily under
g o  by the L o d g m e n t o f  Sands, which may be alTign’ d as a better 
Rcafon for this Alteration than that o f  our A uth or, i. that it was 
artificial; and the yearly waihing o f  the C l i f f  on the Harwich fide, doth 
iikcwifc add to its Probability •, it being a conflant Obfervation, that 
where the Sea gaineth on one Side, it lofeth on the other. A n d  that 
this L ev e l  was fo made, I am confirmed by the modern Rem oval o f  
tlie Fort, more towards the Point more Sands, I conjedure, being 
added after the old Fort was b u i l t : T h is  Alteration is taken notice ot 
by the aforefaid M r. Tayler in thefc W o r d s :  Jndaltho' feveral nô j; living 
pretend to the Remembrance o f the building it  ̂ [L.andguard-Fort] •, yet lue 
find there was an ancienter hort thereabouts^ and called by the fame Name 
I Anno «553-] which was not fa r  dijlant from this modern onê  a little 
North o f  //, Vi here are y t to be feen two Faces and Flankers o f a Bartion, 
the reji o f  it being eaten away by the Seâ  but in its Place hath left upon 
the Shere a long row o f Sand Banks,

T h e  Spring mentioned by M r. Gibfon in his Englijh Edition o f  Camb- 
deny from the aforefaid Manufcript o f  M r. Silas Tayler^ is a very fmall 
inconfiderable T h in g  ; nor could I obferve that it did petrify or in- 
cruflate cither Pieces o f  W o o d  or Sticks •, but I have a Piece, w hich  
I broke o f f  from a large Pile upon that Shore, which was petrified fo 
far as it was drove into the Karth, and the Sea-W ater came ; and do 
fufpcifl there yet remains fome others o f  the fame. A n d  o f  this fort I 
believe is that large Piece fent from hence, which M r. 'Tayler mentions 
to be referved in the Rtpofitory o f the Royal Society.

I have already taken notice, that the Foffil Shells are imbedded in a 
loofe Stratum o f  Sand, G ra vtl ,  i^c. which may ferve to demonftrate, 
that their Alatrix  is not a Clay Bed upon the Top o f  the C l i f f ;  as like- 
wife for another A rgum ent, to evince, that they could not be there 
fcaitered by Crows^ Gulls^ and other Sea F ow ls, as well as that fome 
o f  them arc likewiie bedded in Stone at the Bottom o f  the C l i f f ; 
and although fome few o f  them may be met with upon the T o p  o f  
the Clifii', v( t it’ s only where the Earth has been broken by d ig g in g  

Ditches, Ú í .

A  Catalogue o f  the FofJUŝ  found by me at this Cliff.
I. Buccinum  toíTile heteroftrophum rollratum Irevem m aximum L i-  

fieri referens. 2. Buci inum fofllle rollratum maximum Lifieri reterens.
B uccinum  foíTile minus ventricofum, mucrone obtufo. 4. Buccinum 

fofliie tenue confragofum. 6. Buccinum tofTile, ilriis prominulis mar- 
i»inalibus infignitum. 7. Buccino-turben tofTile reticulatum minus, 
i  Buccino-turben folTile fulcatum. 9. Buccino-turben toíTile rollra- 
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tum. 10. Buccino-turben m axim um  roftratum foíTile, fpiris intu$ ílriis 
elatis infigniiis. 11 . Cochlea foíTilis maxima um bilicata quinque fpira
rum. 12. Cochlea foíTilis um bilicata, mucrone obtufo. 13. N rrita  
parva fcflllis. 14. T u rb o  fofiilis, fpiris duabus ftriis eminentibus iiifig- 
nitis. 15. P eilen  minor foffilis unica aurira. 16. A uricularia m axim a. 
17. Pe(5lunculus foíTilis fere circinatus ftriis tenuibus, valvis prr g in g ly- 
mon connexis. 18. Pedunculus foíTilis cralTus lo iU o acuto (Iriis m ajo
ribus. 19. Peflunculus foíTilis fafciis tranfvcrrfis und.intibus notatus. 
20. Peftunculus vulgaris toililis. 21. Pectunculus foililis llriis m ajori
bus &  elatioribus. 22. Peftunculus maximus iulTilis, L iilerianum  m axi
mum referens. 23 Peflunculitcs maximus Uriis latis. 24. Concha 
parva foifilis, fafciis tranfverfis infignis. 25. Concha longa foíTilis 
fafciata. 26. Conchites litvis maxima. 2 ;.  Conchires p.irv.i fafciata. 
28. T rigonella  minor, five vulgatior A n g lica  U lbopb. Brit. 8 16 .

An Acount of X X . M r. C¿;xí o f  Jiícars-JJbhy \n Nortbamptcn'lire lately clifcover’cl 
Land «/i Ri-fome Land and River-Sbelh under G round, m a niooriih Palhire in

Field, which Place I went .afterwards to view . 
tier Ground ly morc rem arkable, becaufe Laud  and R'Ve-r-Sbfl/s are fo vcr)"
M r. J. Mor- rarely met with in d ig g in g  into the Earth, in Co.mparil'on o f  ^ea Shells^
ton, n. 505. and the T eeth  and Bones o f  Marine Anim ale, w'hicli occur alm uil
p. 22 10. every where and in all Countries. T h e  Realbn o f w hich is now no 

longer a D ifficulty, thefe Bodies having been ihewn to be all Rem ains 
o f  the U niverfal D eluge •, and the M arine Shells being more ponderous 
than thofe o f  the Lands and R ivers funk, and were lodged deeper in 
the Earth, and fo were preferved by that Means •, whereas the latter 
being left generally upon the Surface, perilh ’ d , and are at this D ay 
rarely met with.

Caufing one to d ig  into the m oorifli Ground above-m entioned, we 
found a fmall N um ber o f  Snail Shells o f  various kinds buried there. 
A t  about a Foot in depth they lay very th ick  •, and fin k in g  ftill dow n 
wards,^ the Num ber rather encreafed till we came to the deptli o f  about 
three Feet. ’ T w as troublefome to fink deeper on P u rp o fe ; but we 
made T rials for a confidemble E xtent o f  G round, v iz . about 250 F ett 
in length, and 130 in breadth, Befides, the fame Shells were cail up 
in feveral Places, at Diftance, by M oles. W h a t we principally ob- 
ferved in this Search, was, i .  A  moift m ooriih b lack E arth , in fijme 
Places a Foot and a half, in others fom ewhat above tw o Feet in T h ic k -
neis. T he lower halt o f  it is blacker and denier than the upper half,
of a bituminous Nature, and has all the Charafters o f  Peat-E arth. Be- 
iides Shells we found Stalks and Leaves o f  Grafs, and alfo o f  many 
kinds of other Vegetables, repofited as ufual in like Bitum inous M o o ts 
in otncr Parts o f this Illand. 2. W h ite Earth fo at firil we . i . ’d it: 
But upon clofcr Infptdion it appeared to be little m ore than I lay h a lf 
waited. So deep as wc lunk into it, we tuund it every where c .'pioui y  
interfperfed with Shells. ^

'Ih e
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T h e  finding thefc Shells under G ro u n d , made it very reafonable to 
tnquire, whether there were any o f  the like at this T im e , liv in g  upon 
the Surface. I d iligen tly  fearch’d this Place, but could  not meet w ith 
any live  ones o f  any K in d  w hatever, there.

T h e  F oflil Shells were fome the Exuvia o f Land-Snails, the reft o f 
R iv e r  or Freíh-w ater Snails : O f  the form er, there were the three fo l
lo w in g  K in d s: i .  A  fmall Buccbtuniy o f five W reaths, the Bucdr.um 
exiguum quinque anfraSluum  ̂ ‘Tit. 7. Lift, in Traifat. de Cochleis Terrejlr.
Angl. A  K ind oDferv’ d by D r. Lifter to  live in M ofs upon old Garden 
W a lls  at Eftrope in Uncolnjhire \ by m y fe lf at the M o ffy  R oots o f  old  
'i'rees in many o f  the Nortbampton/hire W o o d s, as alfo am ongft M ols 
upon the b o g g y  Sides o f  feveral ftanding Springs.

a . A  C(xhUa o f  the compreiTtd K in d, but not fo m uch com prefied 
as fom e o f  them  are. It has fix  W reaths, and a fm all circular Sinus 
in the Center. I 'h is , i f  it is not the Cochlea umbilicata  ̂ i3 c. N . 79.
Lift. Bift. Concha IJb. i .  has not hitherto been mention’ d by any 
W rite r  ; though com m on enough in the W ood s in Nortbamptonftjire :
I found a great N um ber o f  them , for the Com pafs o f  G round, inclofed 
in the E arth , than ever I have done in ajiy o f  the Places where they na
turally  breed.

3. T h e  Cochlea citrina  ̂ 7it. 3. Dft. de Cocbl. Terreft. Ang. T h e  co m 
m on llr ip ’ d Snail Shell. But m oft o f  thefe in the M oor are w hite, o f 
the C o lo u r o f  the Shells that have been a long T im e  dead. In fom e I 
liiw faint Footfteps o f  their form er Strijjes. M o ft o f  the Shells o f  this 
K in d , were lo d g ’ d about four Feet deep.

W e  met w ith only tw o different K inds o f  R iver S h e lls : 1. A  Pere- 
w in k le  Shell o f  three W reaths, generally lefs than the Buccinum trium 
tfirar. Tit. 24. Lift, de Cccbleis Fluviátil. Ang. T here was a greater 
N u m ber o f  thefe buried in the M o o r, than o f  any o f  the form er 

Kinds.
2. A  Perew inkle Shell o f  five W 'reaths, m uch fm aller, and more 

prom inent than thofe o f  the Buccinum Icngum fex  Spirarum^ T it. 2 1 . 
f j f t .  de C u b . Fluviat. 'T is  otherwife very like that Buccinum in the 
Faftiion o f  its W reaths. It has not yet been defcrib’d by any A u th o r.
W e  find the K in d  now liv in g  in one o f  the Northamptonftjire B rooks, 

ca ll’ d the Ife.
T h e  m ooriih G round , wherein thefe Shells were buried, extends from 

near the T o p  to very  near the F o ot o f a fm all H ill. A b o v e  the M oor, 
upon the T o p , and at the Brow  o f  the H ill, is a fandy Soil o f  a red- 
tliih C olour. I'he whol<i Face o f the M o o r is plain and even , conform 
able to the reft o f  the H ill not thus m oory o f  the fame Declination w ith 
ir, and appears to be in a natural and undifturbed State, as much fo ai 
any o f  the Slades in the neighbouring Fields •, excepting that three or 
four T renches have been cut through it o f  Lite.

’ ■/■js evident, that tiiefe Shells were left at the D elu g e, when thofe
from  Sta  were alfo repofitcd at I^ n d  •, and not buricxi fince by D e-
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272 Skeleton of an Kv\\xx^ú imprejs d in Stone.
terrations fróin th e 'G ro u n d 'a b o v e  : F or then the upper parts o f  the 
M odr m ud  have been cover’ d with a reddiih Sand, fuch as the G rounii 
¡ 5 ,  for the main, com pos’d o f : But nothing like that appears near the 
Shells in this M oor. Bcfides, here are d u g up fcveral Shells, that in all 
L ikelih o o d  never bred here, but are Inhabitants o f  a different Soil ; 
particular'y the ftripsd Snail-ihell: F or thcfe Anim als have peculiat 
Soils, and a ffcd  particular R rgions.

An Acceunt c f  X X I . A t  thc Reverend M r. Sout//s  at EIJton near Newark in Not-
lately dU'covcr’d a Skeleton, alm oft entire, o f a large 

A n im al (which I have- procur’ d for the Repofitory o f  die Royal Stcteiy) 
Stone, by D r. imprefs’d in a very hard i-tone; it had lain T im e out of M m d , at thx 

Stukeley. fi<je o f  a W t‘l', where it h.id ferv’ d for a Landing-pU cc to thoj'c that 
». ;6o. p. jjrew W ater j but upon-removal, the under fide exhibited this unuilu i 

Form .
T h e  Stone itfelf ii a blue Clay-ftone, the fame as (and undoubtedly 

rame from ) the ncighbow ing Q iurries o f  Fulbtck^ or thereabouts, upon 
the W eftern C liff  o f  the long T raci o f  H ills , extending quite througli 
the adjacent County o f  Lincoln.

It is a great P ity , that fo confuierable a R arity Ihould be m aim ’ d 
and im perfeft i but where the remaining part o f  the Stone is, w hich 
contain’d the upper Part and Continuation o f the Skeleton, or th jt  
which was the other fide, and tally ’d with it, is utterly unknow n. T h i>  
Skeleton at firft was taken to be Human, which upon V iew  I am pcr- 

Fig. 38. fuaded it cannot b e ; it feems rather to be that o f a Crocodile or Porpefs^ 
There are fixteen Vertebrae o f  the B ack and Loins» very plain and di- 
ftin ft, with their Proceffes and intermediate Cartilages. N ine w holr 
or partial R ibs o f  the L eft-fid e, the Q i Sacxum, Ilium in fitu ,  and 
two T h ig h  Bones difplac’d a little, the Beginnings o f  the Itbta  and 
Fibula o f  the R igh t L e g  ; on one Corner there Icem tb be the V^- 

ftigia o f  a F oot, with four o f  the five T oes, and a litcle w ay o ff, an 
entire T o e , now left perfed  in the Stone ; There are no lels than e k v tn  
Joints o f  the T a il, and the Cartilages between them o f  a white C o 
lour, d iftingui(hable from the reft. W e  íhould im pofe upon our S cn k s , 
to queftion whether thefe be the real Reliques o£ an A n im a l; for the 
very Bones themfelves are now to be feen as plainly, as if  p rtferv ’ d in 
an Egyptian M um m v í a very little while ago, the Socicty had a D raugh t 
o ía  Crocodile, though a fm all one, found after the like M anner, indors’ d 

. in Stone, from a Q uarry in the Mountains o f  Upper Germany. I lup- 
pofe the fame Reaion accounts for both, and all the reft o f  thcfe K inds 
o f  Fofiils ; and it is an ocular E vidence; and a great Confirm.-tion oi 
what I laid before the Royal Society, in a late D ifcourfe, where I hinted 
at a Solution o f  fome obvious and remarkable Phx*nomena, in the e x 
ternal Face o f  the G lobe, confequent to its Form ation, as fct forth in 
the Mófate A cco u n t ; and o f  fome Changes it fuffer’ d at the um vtrfal 
Lataclyfm, and Proofe oí that great Catajiropbe o f  the A nim al and V e 

getable
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gftdble W o rld  in Plants, Shells, and Parrs o i;liv in g  Creatures found 
in R o cks and Q iurrics.

It is rem arkable, that all the Stone Pits about die Country whence 
this cam e, abound with prodigious Q iiantitics o f Shells, and the lik e , 
and the greatcll Part ot the SubiLi*;ce ot the Stone is a Com pofition 
of tiirm . I'h ere  are many Accounts ot them in the Tranfa£licns, and 
this Stone has m any iil-iells o f different Kinds in it. Sir HansSloane has 
a F ilh  Skeleton, am ongft his immenie T rcalu re o f  Curiofitics, found 
ne_r tiiis Plac i*, g iven  by the D uke o f Rutland. I f  we look  upon a 
M a p  ot the Luuntry, and obfcrve the lincolnjhir: Jlps^ how they 
run tifty M iK s N orth and South, and on the W eft-fide are fteep ;ind 
ro c k y , we m ay fee the Keafon why thefe Quarries ihould be fo ftuft 
v/i:h them •, for it is Juil to conceive, that upon retiring o f  the W aters 
o f  the D eluge from the Superficies o f  this C ountry, into the Eaftern 
Stas, thtfe h e .v y  Bodies met a full Stop, and were intercepted by 
this Cliti", which has retained fuch vaft Quantities o f  them ever fince :
W h ilil  thofe which fell upon com m on M ould  are m oftly rotten, and 
now loit.

Sir Ifcac Nrjuton’ s D o d rin e  o f  the A ttra clicn  o f  tÍK* Particles o f  
M atter, according to the Q uaruity o f  its So lid ity , P roxim ity , and 
Surfacc -, tfpecially  that it is infinitely greater in tlie Point o f  C o n ta d , 
upon which depends its Cohefion and all the Varieties o f  Phyfical 
A c tio n , w in eafily d ire d  us to a N otion o f Petrifaflion. W e  learn j
how a proper D egree o f I leat or C o ld , M oifture, M otion, R eft and i
l  im e, prom ote this Principle, from the. com m on Experim ents o f  
C h ryftaliization  and F reezin g, even before the Fire, and in many chy- 
m ical M ixtures. W hence we cannot be ignorant o f  Stone grow in g in 
the Q uarries gradually, not by ^ny fancied V egetation, though there '
is fom ething like  it in Corals, but generally by A pp ofition  o f  Parts 
to Parts, Ü  is notorious in the Fluors o f  fubterraneous G rots and C a 
verns. So that w c have no Keafon to doubt but what was C la y , Sand, 
r r  Farth 3000 Years ago, m ay now be Stone or Marble», according to 
the Proportion o f  Concurrence o f fuch mentioned Caufes. T h is  will 
j)trl'uade us, that the now barren and ro ck y  plains o f  the Countries o f  
.<\ria, ln.ua, and Jraiia\  are ow ing to natural Caufes, as well as au ' 
im m ediate C urie  o f G o d , for the Difobedience o f  its ancient PofleiTors 
his peculiar People ; bfcauic the fame is obfervable o f  the fam ous C oun
tries ot Crccce and j^fraa, warm Regions fo renowned for F ertility  in ‘ f 
ancient A uth ors. W herefore tlicre m ay be fome L ikelih o o d  in the 
(Jpinion o f  thofe w ho tliink that in many A g e s  the whole Face o f  the 
( ; io b e  m ay becom e one great R o c k . Dr. in his N atural H ifto ry
of Oxfordjhire, g ives an A ccount o f a Tumulns, now a p e rfe il M ount o f  
Stone V and upon St. Vincent's R o c k  near Briftcly ace Fortifications now 
Incom e folid Clitl'. I reniem btr, abt)ut fix Years ago, M r. Ralph W id- 
drington. Brother to the E arl o f  that N am e, fliew’ d me many human 
Bones taken from  whole S k e leto n s with Britijh Beads, Chains,, Iron
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174-^ O f  C h r y f t a l ,  ^ c .
R in gs, Brafs Bitts o f  Bridles, and the like, which were d u g up in a 
Q u a rry , near the Seat o f  the F am ily, at Blattbicy, Lincohflñre \ w liich 
very probably was plain M ould, when thei'e old Corpi'es ot the Britons 
were interred j and fince then I faw many human Bones and A rm ou r, 
w'ith Roman Coins, FibuU , i^c. found in a Stone Pit in the P a rk  at 
Hunjlanton, Norfolk-^ belonging to Sir Nicholas UEJfrange, in vvhofe 
C u ftod y they now are, which were conjectured to have been buried iii 
E arth  after a ^ t t le .  From  whence we m ay Judge it a vulgar M iila k e, 
when in the Rffins o f  the old Caftles and W alls we admire the T en acity  
o f  the M ortar, and are apt to praife our Anceftors, for an A rt  which 
we fuppofe now loft ; when doubtlefs the Strength o f  the Cem ent is o w 
ing to the L en gth  o f T im e  : A n d  in future A ges our m odern Buildings 
m ay obtain the fame Judgm ent.

F rom  all which Inftanccs, I infer the ancient State o f  thefe C liffs, 
where this Skeleton was, and Shells are daily found, intim ately m ixt 
in the Subftance o f  the Stone, to have been form erly o f  a fofter Con- 
fiftence, capable o f  adm itting them into its Bowels, and to have im 
m ur’ d them as part o f  it fe lf ; and that Earth which is now manageable 
by the P lough, may poilib ly in T im e  alTume the fame D cnfity , at leaft 
very little below the Surface ; for in this very C liff' the upper strata  
are yet C lay , grow ing harder as deeper. W h at Creature this has been,' 
for want of a Natural H ifto ry  o f  Skeletons, we cannot politively  de
termine ; but generally find the like to be amphibious or marine A n i
mals. W h y  fuch, rather than many others, Ihould chance to be thus 
entombed, m ay be thought, becaufe they were able, m uch longer than 
Terreftrial Anim als, to live in that W 'orld o f  W aters, even till they 
began to abate and fall away into their deftin’ d Receptacles •, fo that 
v h ile  the Bodies o f the reft foon perkhing, w'ere corrupted, and their 
Bones feparaced and difperfed m uch e a rlie r; this Skeleton, w ith others 
o f  its like, fell entire into the FiiTures o f  this Bed o f  C la y , which has 
fince turned into Stone, and made this noble M onum ent and pregnant 
T o k en  o f  that general Inundation.

O '̂Chryftal, X X I I .  D n  J .  Cay prefented me w ith a Cbryftal (and other N atural 
kic. iy Mr. Curiofities) which he brought from M ila n : I ihall g iv e  you his D efcrip- 
R. Thorciby. tion ot it, firft prcm ifing his A rgum ents upon a fort o í  Spar w ithin a 
n^2|7,. p. flin t.  T h a t within the F lint (fays he) feems to differ from  the reft o f  

its Subftance, and fom ewhat to refemble Spar: T h o u g h  after all, Spar 
being nothing clfe but a Cbryjlalline fort o f  Lme-Stone, it differs not from  
Flint in R eality, but on ly  in Appearance, i. e. in the M anner of Con- 
cretion: T h o u g h  i f  the enciofcd M atter had in its N ature differed 
from  the reft o f  the Stone, the T h in g  had not been verv uncom m on ; it 
being ufual enough for Stones (efpecially thofe o f  a G lobular or O val 
F o rm ) to have Coat upon C oat, and thole Coats fom etim ts vcrv diff^e- 
rent one from  another, fome o f  them fofr, fom e hard •, n a y ,” iom e- 
tim es, after a lon g Space o f Fim e, one o f thefe Colic's w ill fhrink iruni
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another, after the M anucr o f  a Kernel, when the Shell grow s d ry  ; and 
then, i f  the inclot’ed Subilancc continue ib ft and m arly, they call that 
Stone Geodti \ but i f  ftony, it m akes one o f  thofe rattling Stones that 
are know n by the Nam e oí the Aitites or tagU-Stone.

'Fo confirm  what I have advanced, many Inftances may be brought, 
th.u it is no unukial I 'h in g  for Stones to enclofe Subftanccs o f  a very 
iliir^rcnt N ature trom th em felves: T h e  Shells which I have fcen in Suf- 
fex  M arble is one Proof ■, and the Stones found in our Coal-Pits^ and 
know n am ong the W o rkm en  by the N am e o f  Cat-bcadSy may fcrve for 
another; they are found in a particular Stratum near the C oal, and en
clofe a Fei'n  ̂ or fom etim ts Poltpody 1 eaf in the m iddle o f  them-, and 
fqr that Reafon being ilru ck  with a H am m er very readily break there ;
I think they are a fort o f  Iron-Stone^ a-kin to that which they call 
\n Staford/hire BaUmine ., and D r. Lijier^ Minera ferri PiUfcrm is \ they 
have It upon the W tlle rn  C oails near IVbitebaveny and call it there by 
the N aine o f  Cat-fcamps: 1 have feen it too upon the Ycrkfhirt Coafts 
in Robin-Hood'i It m ay \x ciWtá Lapis M iners fern  ̂  PH^eforrnt

firr.ilis in cuius Meditullio unu;n xel plura lúlicis folid repr.efcntantur. I 
have Specim ens o f  both Sorts. A n d  as an Inilancc, tliat one and tbc 
{ante Piece o f Rock does not always fhoot into Stone at one and the fame 7 /wí, 
i'Ut firfl one Part of zV, and then another, and they too not after the fame 
regular M anner: I have a Piece o f  Rock ChryJlaX where one m ay eafily 
obferve the Modus Concrefcendiy in the M iddle to have dift'crt-d trom 
that o f the outfide-, nay fometim es I have leen in the M iddle o f lomt* 
tranfparent Stones, a fmall D rop that never would take the folid F orm  
ot the reit o f  the Stone at all.

1 have received from  D r. Cay a Piece o f an Iron Bolt (tw o Inches long) iron, 
found in a Stone Q iiarry, now returned into Iron Ore again ; this being 
a ProjTcrty that Iron has, and no other M etal, as D r. Lifter obferves in
his Journev to  Paris.

I have received from  Su'eden a Piece o f Copper Ore regularly ihot into Coppcr-Orc. 

an OilofdrcusVovvcw It has tig h t fo lid 'P rian gles, and confequently fix ^ 
angular P o in ts ; and is ot the Bignefs and Figure o f  the D ra u gh t, f  »S- 4o- 
( i  46.) it came from the C opper G roves at Fallum^ where very many 
oi th f fame F orm  were then found.

X X I I I .  I (hall g iv e  an A cco u n t o f  m y O bfervations on feveral natu- 0 / the Lumi- 
rnl folid Noniiuca'Sy not hitherto by any, as I know , taken notice o f ;  nous 
'1 think I m ay be w ell aflured fome o f the Pbcfnome^a never 
nnd (hall fir lt 'fp e a k  a little concerning the artificial PhofphoruSy which hy
S', a Siibiect I have made a great N um ber ot E xperim ents about, where- wv.l. 1. 
by I was naturally led to the fo llow ing Rem arks. 3'+ P-C9

M any Years ago (about the Year i6 8 o .) M r. com m unicated
to  me his W a y  o f  m aking the Pbofphorus w ith U r in e : Bur his C h y m ill,
M r. BiliatyW^s forc’ d to evaporate' a prodigious Q uantity o f  U rine, to get 
a verv httle o í the Phoithcrus-, which induced me to think for fem e other 
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M atter, from which more m ight be made than irom  U r in e ;  It be
in g  then a very hot Sum m er, I causM a Piece o f  the d ry ’d M at
ter in the F ields, where they em pty the Ilo u fes o f  O ffice, to be 
d ifig ’ d up, in which, when brok-.n in the D ark, a great N um ber 
p i  fmall Partióles o f  Pbcfphorus appear’d ; but o f  this could be made 
little or no Phofphorus^ d íl another M atter was added to it in D iftiila* 
tion. •

Refle<Sling on the artificial Phofpborus^ I confidered whether there 
m ight not be, in rerum nsturdy other nati;ral ones, befides thofe that 
M r. Boyle and fome others have given an A ccount of.

H um an U rine and D u n g do plentiiuliy abound w ith an Olecfum and 
com m on Salt, fo that I take the artificial Pbojpborus to be nothing ell'e 
but that Anim al coagulated with the M ineral A c id  o f  Spirit o f
Salt, which Coagulum is preferved, and not diflblved in W ater, buc 
accended by A ir.

Thefe Confiderations made me ccnje<flure that Antber (w hich I take 
to be a Mineral Oleofum coagulated with a M ineral V olatile  A c id )  
m ight be a natural Phofpborus^ fo I fell to make many E xperim ents upon 
i t ; and at laft found, that by gently rubbing a well p o lifh ’ d Piece 
o f  Am ber with my H and in the D a rk , which was the H ead o f  m y Cane, 
it produced a L ig h t ;  w'hertupon I got a pretty large Piece o f  A m b er, 
which I caufed to be made long and taper, and d raw ing it gen tly  
through m y H and, being very d ry, it afforded a confiderable L ig h t. I 
then ufed many kinds ot lott A nim al Subftances, and found none did 
fo well as that o f W ool. A n d  now new Pksnoinaui offered them felves; 
for upon drawing the Piece o f A m ber fwifty thro’ the W oollen  C lo th , 
and fqueezing it pretty hard with m y H and, a prodigious N um ber o f  
lî ttle C racklings were heard, and every one o f thofe produced a little 
r la fh  o f  L ig h t, but when the A m b er w'as drawn gently and fiigh tly  
t^hrough the Cloth, it produced a L ig h t, but no C ra ck lin g  ; but by 
holding one’s Finger at a little Diftance from the A m b er, a large C ra c k 
ling is produced, with a great F laih  o f  L ig h t fucceeding it, and, what 
to me is very furprizing, upon its E ruption it ftrikes the F in ger very 
lenfibly, wherefocver apply’ d, with a P uih  or P u ff like W in d . T h e  
^rackhng is full as loud as that o f Charcoal on F ire ; nay, five or fix  
p a c k lin g s , or more, according to the Q uicknefs o f  placing the F in ger, 
have been produced from one fingle F riilio n , L .g h t  always fucceedine 
each o f them. N o w  I m ake no Q ueftion, but upon ufing a longer 
and larger Piece o f  A m ber, both the C racklings and L ig h t  w ould be 
much greater, ^ cau fe  I never yet found any C rack lin g  from  the H e .d  
o f  m y Cane, although 'tis a pretty large o n e; and it feems, in fom e

iVrlnrr ' Thundcr and L ig h tn in g ; but what to me is more
it^range, is, that though upon FnJtion with W o o l in the D a y -1  ime,

Tri;,kTh ail
7  ,” l  Á  i . " ’' ‘ “ r'‘  'h o u g h  in the darkvft

R o o m j and the belt T im e o f m aking thefe E xperim ents, is when the
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Sun is 18 D egrees below the H orizon  ; and when the Sun is fo ,  though 
the M oon fhines never fo brigh t, the L ig h t is the fame as in th e d a rk cil 
R o o m , which m akes me chufe to call it a No£liluca.

A s  the artificial Pbofpbcrus led me to that o f  A m ber, fo A m ber di- 
refted me to that o f  a Diamond, from its being E leftral as well as the 
o th e r ; which is alfo a N atural Phofphorus, or rather a Noililuca, ex
ceeding all others, and m ay, without any E xception , be called a M i
neral Phofphorus^ it being, as I think, the m oil pure o f  all Oleofims, 
coagulated with a M ineral Acidum •, and i f  in the D ifcovery o f  this I 
have not obliged the Learned, I am in H opes I ihall all thofe who deal 
in Diam onds : M r. %/<rhas givtrn the W o rld  an A ccoun t, at the latter 
I 'jid  ol his B ook of Colours, o f  iVir. Ciayion^s D iam ond, and afterwards 
fays, that fome Diam onds would not ihine in the D ark ; but i f  any 
one elfe has fince then made a D ifcovery, that all Diam onds would 
g iv e  L.ight in the D ark, they have been very unkind to the W orld  in 
not letting them know  it, becaufe I am well aflured that a great m any 
People have bern but too often cheated w ith them, w hich I hope to 
prevent. I have now by me a yellow  D iam ond, which 1 have ihewn 
to  a great many Jewellers and others, and but a few o f  them w ill al
low  it to be a D iam ond but by as many T rials as I have made, I 
th ink m y W a y  o f  diftinguiftiing Diam onds is fo certain, that none 
need fear to affirm them to lie fo.

A  D iam ond, by an eafy flight Friclion in the D a rk , w ith any foft 
animal Subftance, as the F inger, W oollen, S ilk , appears in its 
w hole B ody to be L u m in o u s; nay, i f  you keep rubbing for a little 
w hile, and then expofe it to the E ye, ’ tw ill remain fo for fom c little 
T im e :  But if  the Sun be i8 Degrees below the H orizon, i f  any one 
holds up a Piece o f  Bays or Flannel rtretch’ d tight between both H ands, 
at fome D iftance from the E y e , and another rubs the Bays or Flannel 
w ith a D iam ond fw iftiy  and pretty hard on the other fide o f  it, the 
L ig h t  to  the E y e  o f  him that holds it, feems m uch more plcafanc 
and perfeift, than any other W a y  I have yet try ’d. But what to me 
feems more furprifing is, that a D iam ond being expos’d to the open 
A ir , in V iew  of the S k y , gives alm oil the fame L ig h t o f  itfelf w ith
o u t rubbing, as i f  rubb’d in a dark R oom  and i f  in the open A ir  you  
put your H and or any T h in g  elfe a little over it, to  hinder its C o m m u 
nication with the S k y , it gives no L i g h t : I have try ’ d all or m oft o f  
the precious Stones, but could find no fuch Ph,tnomenon in any o f  them.
A ll  thefe Experim ent were made at the latter E nd o f May, and B egin
ning o f  June, and therefore, I cannot pretend to account for the Pbano- 
mena that m ay attend Experim ents made while the Sun is on the other 
Side o f  the Equator.

I am well aíTur’ d , that all or m oft o f  the Bodies which have an E le c 
tricity  yield L ig h t  for in m y O pinion ’ tis the L ig h t that is in them , 
w hich  is the Caufe o f  their being E le é lra l; yet this .E le d r ic ity  never 
ihew s itfelf w ithout F r iilio n  i f  you rub any B ody that has an E le ilr i-
• V o l .  IV . Part II. 5 D  cU y,
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The Luminous ^alities of Amber, ^ c,
city , and apply it near to fomc light Bodies, as particularly very  thin 
Slices o f  C o rk , ’ tw ill put them into a great A gitation , and m ake them  
feem to the E ye , as hanging at the Body by a line 1-Iair.

I forbear fpcaking o f  / i/ , which feems to me to be a black A m b e r, 
having moft o f  the Properties o f  A m ber, but not lb p erfed  and pure.

I muft not forget to fpeak o f  another Subilance, not hitherto by any 
(as I know ) taken N oticc o f  to be endu’d with a lum inous Q u a lity , 
which is alfo another natural Pho/pborus or Noililuca^ and that is Gum 
L ac, and alfo red Sealing-W ax, which is made with Gum Lac  and Cin
nabar, the Cinnabar no W ay im peding, but rather prom oting its lu m i
nous Q u a lity ; for I caufed long taper R olls to be made up o f  L a c  alone, 
:ind o f  pure red Sealing-W ax, both being well p o liih ’d : T h e  Seal
in g-W ax upon F riftion , feems to me to em it its C ra ck lin g  and L ig h t  
fooner than the Lac, which 1 impute to the Q nnaiar's  co n ilrin gin g  its 
Parts, tho’ I think Lac, per f t ,  has the g re a te ilE le d ric ity , both h avin g 
all or m oil o f  the Properties o f  A m ber ; and by all the I'ryals I have 
hitherto made o f Lac  and Sealin g-W ax, I find that though the C ra c k 
lings are as plentiful in the D ay-tim e, as when the Sun is dow n, yet in 
the darkeft Places I could d ifco verb u t a little Appearance o f  L ig h t , fo 

' that this deferves the Nam e o f  a or Phofpborus, as w ell as the
others it being no other than a vegetable OUofum, coagulated w ith an 
Anim al V olatile Acidum. I don’ t know  in the A nim al K in gd o m  any 
T h in g  but Pifm ires, that affords a Volatile A c id , and in the Eaji-Indies 
there’s a large kind o f them that live on the Sap o f  certain Plants, 
affording both a G um  and a C olour, which Sap pafllng through the 
Body o f thofe Infeéts or A nim als, is by their A c id  Spirit converted 
into an Anim al Nature •, which is the Reafon, that w ith the C o lo u r 
extrafted from  Gum-Lac (which Gum-Lac is nothing elfe but the E x c re 
ments o f thefe Infects or Anim als) alm oft as go od , and full as lafting. 
Colours are made as from Cochineal: I am the m ore confirm ed herein, 
becaufe I know  o f  an Artificial W a y  o f  converting V egetable C olou rs 
into an Anim al Nature very much .like this, by which the C olours 
are made more pleafant and pcrm antnt. A fte r  the fame M anner 
the remaining G um , which is an Oleofum, being digefted and pafiing 
through the Bodies o f thofe In fe rs  or A nim als, is by their V olati e
A cid  converted into a Vegetable A nim al Phofpborus or Noiiiluca  ; the
A rtificial Phofpborus is a Mineral Anim al Phofpborus, whereas I take 
the others to be altogether M ineral.

ATreatifc on X X I V . A cco rd in g  to Avicenna, Ambergreafe is generated in the M an- 
Am^,|reafc, ner o f  a Fungus upon R o cks and T rees in the B ottom  o f  the Sea.
taelli\ n. 200. I'a.ve it, that Fungufes gro w  upon the Surface o f  the
p. 1591. iame Manner as they grow  upon the Surface o f  thje E arth ,

Hieronymus a Huerta, in his N otes upon a Tranflation o f  Pliny afl'erts, 
that there are certain Sea-W eeds or excrem entitious M affes upon the 
Surface o f  the Sea, formed like a kind o f  F u n gu s, w hich have no 
Sm ell when they are firft gathered, nor do they becom e fragrant till 
they are prepared : A n d  that it is not a Bitumen^ nor the Seed o f  the

W h a le ,

I LflED



O f  AmBergrealé. 279
W h ale, becaufe thefe when once hardened, cannot be rendered Coft 
again like the tm e Amffer^reafe. Jonatius A h in a  in his H ifto ry  o f 
lays ?t is called by the M in n s T fja  Bonganfifo^ that is, the Excrem ent 
o f  the W hale, bccaufe it is Ibmetimes found in the W h ale, and fome- 
tim es vom ited up by it. A n d  he im agines that it is produced from Sea 
W eed , refinous Sea Plants, the Refin o f  T rees grow in g in the Bottom  
o f  the Sea, or even from  rotten Sea W eed , or what they call Sea W are, 
fw allow ed by the W h ale and digeiled into a kind o f  M ucilage. Nicolaus 
Monardts w ill have it to be a kind o f  Bitum en flow ing from  Fountains 
in the B ottom  o f  the Sea •, and Guilli du Wallig. is o f  the fame Opinion.
^imon Sethi and others fay that it fprings up in different Places, and that 
there are Fountains o f  it as o f  Bitumen. Garcias ob Orta is o f  O pinion 
that probably there are Iflands or Countries where A m bergreafc m ay be 
found. Ferdinand L o frz  Caftanneda w ill have it to be the D u n g o f  Birds 
o f  the liland M aldiva, w hich feed upon odoriferous H erbs. Servatius 
M arel told Carol. Clujius that it was produced from a vifcid  M atter found, 
in the Stom ach o f  the true W hale. Others again alledge, that it is 
fw allow ed by the F iih  called Azelunty and taken out near its Back-bone.
Ferdinand Cajlrillo Ctys it is a L iq u o r collefted about the Oefophagus o f  
F iflies, as fom e w ho are return’ d from Brajil teftify. Fran. Combes fays 
rhat the Inhabitants o f  lolo will have it to  be the Excrem ent o f  the F ilh  
Gudiamina, w hich is different from  the W hale, and larger. * Som e fay that 
it is produced from  an odoriferous F ruit fwallowed by the W hale. Som e 
call it the Seed, fome tlie L iv er, fome with the Cbinefe (w ho call it Hay ano 
fajty that is, preferving Cloaths from  the M oth ) the Excrem ent o f  the 
W h ale •, while fom e again w ill have it to be a Foam  o f  the Sea. Ctejias fays 
it is the Seed o f  the Elephant. Fuchjius calls it a Com pofition o f  A loes 
W o o d , C iv e t, Storax and Ladanum . T h e  L utai Indians according to 
Combes fay, that it is produced from  m affy o r  v ifcid  Excrefcencies f lic k 
ing to  a large A ro m atick  T ree in the Sea. O thers, and th o fe o f better 
Senfe, again alledge, that it is produced from  the Refin o f  that T ree , and 
this O pinion the A u th or him felf goes into, adding that the crude Am ber- 
greafe is void o f  all F lavo u r, fo like the R efm  o f  the Pilis  (o f  the A lm on d  
and Piftach K in d) and fo eafily inflammable, that many have been de
ceived b y  it, and fuffered for their HeedleiTnefs. Hieronimus a Huerta 
fays' it is the O pinion o f  fome, that Am bergreafe is the Refm  or G um  
o f  T rees, or the Refm  o f  the Pine-tree. i:i'omas Bartholin in the M e- 
dico-philofophical T raniaftions o f  Copenhagen o f  the Y ea r 16 7 3 , O bf.
12 2. f. 306. t  affirms that it has the fame O rigin  w ith A m b er, (xtz. 
after he had proved A m b er to be the Refm  o f  T rees) and m akes no doubt 
but that there are cxloriferous Trees in America which pour'out Juices o f  
the fam e Nature. T^acitus writes, that as the T rees in the E aft fweat T’hxn 
and Balfatns (and w h y not alfo Ambergreafe?) fo it was poifible that thofe

i i
(

♦ Jott Lion. in his Defcrifticn o f  Afrlea fays that Ambergreafe is th rw n  up by Filh 
yfmbara. + Qdaardui Barbcfa remarkj the fame.
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28o O f  Ambergreafe.
o f  the W e il m ight fwcat A m ber. A ll  thefe O pinions and C o n je tu re s  
being confidered, is it not moft probable that its O rig in  is derived from  
T rees ? F o r that it is produced in the Manner o f  Fungufes is extrem ely 
doubtful i and that it is derived originally from Sea W eed , or a putrid 
Recrem ent o f  the Sea, I cannot eafiiy believe. Neither is it probable that 
it is a Bitum en, or kind o f  Earth *, and that it is made by A r t , is falfe. T h a t 
it is the D u n g o f Birds, the Seed o f the Elephant, or o f  the W hale, or a I li
quor, the L iv e r, Seed, or Excrem ent o f  fome other F ifli, appears to be fa
bulous. I lliall w illingly grant, how ever,that Ambergreafehtin^
unfit for Nutrition {^sOdoardm Barbofa remarks) has been vom ited up by 
W hales, or other Fifhes o f  the W hale K ind, or has been found in their 
Oefophagus, or fometimcs in their Stom achs, thefe M onlters d evouring 
whatever comes in their W ay. I very much fu fp eil too, b eg gin g  Par
don o f  thofe who are o f  the contrary O pinion, that that refinous F lu id , 
which the Indians o f  different Provinces call Agacabac^ Hagabac^ Bintogo, 
BitUoco  ̂ Apitono and Malibabo^ Cayancang and BolotlCy and w hich is the 
very fame with that dry and hard R elin, which was brought to me in 
large L um ps from the Mountains o f  llocos and Paynan, is not the true 
Ambergreafe. But after a violent Storm , and heavy continued R ain, 
overflowing the whole Country, it is hurried down into the Sea by the 
Im petuofity o f  the Torrent, from the uninhabited inland Parts, and in- 
acceflible T o p s o f  the M ountains, and being wafhed and tofled about 
violently by the W aves, and fomewhat cleared and foftened, by means 
o f  the Salt W ater and the Force o f  the Sun’s R ays, it is w orked  up and 
prepared in the Form  that we find it, ♦ from a Refin cither lately waihed 
from the Trees, or hardened by ly in g  fome T im e  upon the M o u n tain s; 
and is more or lefs pure, as it has been macerated a longer or ihorter 
while as the Sea W ater has been more or lefs tofled, and expofed to the 
Sun. But fuch w eighty Bodies are feldom  thrown out upon the Shore, 
except after the Country has been overflowed with continued Rains, and 
the Sea ftrongly agitated with furious T em p eils. T h o fe  large, folid, 
and pure Pieces o f Ambergriafe, free o f  heterogeneous Bodies, gathered 
upon the Shore at Palagpag, and brought to Manilla in January 1694, 
afford a flirong and evident A rgum ent for this C onjeflure. (N o te , to 
wards the End o f  February 1693 there was a violent I'em p eft.) T h e y  
were partly o f  the Colour o f yellow Amber, or that o f  Gum A ra b ick ; 
more duiky than the Refm  fent from  llocos, which was alm oft as pellu- 
cid  as Cryftal, and very like the Refm which was brought from  Paynan^ 
but lefs odorous when they were burnt, eafiiy m elting in the F ire, in 
the lame manner as the Refm , and alm oft o f  a ftony H ardnefs, fo that 
neither the Knife nor the Teeth could m ake any Im preflion upon them.

a C -  T   ̂ Sr-iy C olour, varioufly cracked ,
and brittle mdeed, but more folid than any Ambergreafe I have ever feen.

continuall/ expofed to the Sun and M oon, it becomc.

They
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O f Ambergreafe.
T h e y  were fold however for genuine and the beft K ind o f  Amher- 
greafe. A  certain Perfon made a O b jed io n  to this O pinion o f  mine, 
layin g  that Ambergreafe could not be the Refin o f  T rees, becaufc 
i f  was found in fuch large L u m p s ; to w hich I anfwered, that tiu- 
various little L u m p s o f  Refin o f  w hich thefe large ones are com - 
jofcd, being homogeneous and adhefive, and drove againfl: one anoth:T 

ŷ the Force o f  the W aves or Torrent, m ight unite and cohere 
firm ly  together fo as to form  larger Pieces. A n d  w h y fliould it 
be impofliDle for large Pieces o f  this Refin to be found, when 
thefe M ountains nouriih refinous Trees o f  an incredible H eigh t, and 
at Pilis  and Lauvan there are found B locks o f  Refin o f  a hundred 
Feet long, and thofe Fragm ents that were brought from llocos and 
Paynan plainly ihew that the Stock they were taken from  m uft have 
bern very large. Fran. Combes in his H iftory  o f  the IQands o f  M in- 
danai, f  15. lays that upon the Shore lolo (called by xht Dutch Date 
IJland) there was found a Piece o f  Am bergreafe larger than the B ody 
o f  an O x , but it was alm oft all fold for com m on Refin. Franc.. 
Colin feems to mean the fame, in his H iftory o f the Philippine 
¡¡lands f. 49. when he fays that in the liland lolo there was found 
a Piece o f  Ambergreafe o f  a gray C olour, and o f  the very beft K in d , 
w eighing upwards o f  tw o hundred Pounds. A n d  I imagine Ignatius 
A lzina  in his H ifto ry  o f  the Byfaian Jflands means alfo the fame, where 
he tells o f  a Piece o f  Am bergreafe found at lold  ̂ thicker than a M an ’ s 
B otly, and twice as long, which on A ccou n t o f  its great P lenty was 
fold very cheap. In the Year 1632, at the Cape o f  Holy-Gboft^ u p
on the Coaft o f  IgbabaOy there was found a Fragm ent o f  Ambergreafe 
w eighing about five and fifty Pounds, which being extrem ely go od , 
was Ibid for a th irty  Imperial Crow ns the Ounce. F o r an Indian who 
found it a ccid en u lly , had filled three Baikets w ith it, tw o o f  which, 
not kn o w in g  what it was, and confequently ignorant o f  the Value o f  
it, he had carried H om e to burn inftead o f  Refin (for form erly the 
Byfaians for the m oft Part made this U fe  o f  the Ambergreafe, not di- 
ftinguiihing it from  Refin) and was g o in g  to do the fame with the 
third, i f  a G ueft he had in his H oufe, who knew a little more o f  the 
A ffa ir, had not difcovcred by the Fragrance o f  the Sm oak, that it was 
not com m on Refin, but exceeding fine Ambergreafe. f  In Eangahun^ 
an old W om an gathering o f  Shell F iih , found a Piece o f  Amber
greafe o f  the Bignefs o f  one’ s A rm , w hich ihe took  to be com m on 
odoriferous R efin, (for there are a great many different K inds o f  odo
riferous Refins thrown out upon the Shore, as Bátete, w hich fmells 
lik e  Ambergreafe, and I take it to be the fame w ith w hat they call the 
b lack Ambergreafe; becaufe when purified, it is frequently fold for a 
cheaper K ind o f  Ambergreafe •, DrJriangao, and Raporago, which fm ell 
lik e  Gum Benzoin, T'angay and Samato, w ith others Samata, fm elling

t  Cafpar Bryam about the Y c ir  i68c, met with a very large Lump o f Amber^rtaft in 
the i'ea bclweerl Adtn and hUcc..

like
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l ik t  liquid A m ber or Balfam) fct it apart for Fum igation, and had 
alnioft confumed the whole o f  it  before ihe was intom ied what it was. 
Ami'irgreafe is frequently very adhefivc, and there are m»ny who affirm 
that it is fometimes. found as foft as T a r, which Fran. Combts feems 
likew ife to infinuate, when he fays, that fometimes it is gathered foft 
and recent upon the Shore, and after being kept and prepared, turns 
out extrem ely good. But the com m on O pinion is, which both Hiero^ 
n^mus de Huerta and Fran. Cm hts confirm , that the crude A m bergreafe, 
or that w hich is new gathered, has no Sort o f  Fragancy. B ut Jobi 
Botero BeneSy f. 90. an Ambergreafe M erchant ac A va  fays, that even 
when it is not adulterated, it has a very fragrant Sm eil, and fo Ihtrp , 
as being held to the N ofe, to fct it prefently a bleeding. Alphonfus 
de Qvalle in his H iftory  o f  Chili writes, that the gray Ambergreafe has 
a fweet Sm ell, and the black a more pungent one, but this Difference 
o f  Sm ell and Colour proceeds from  hence, that the black has been a  
ihorter while in the Sea, and lefs expofed to the Sun than the gray.
* I therefore impute the Bleaching, H ardnefs, and D enfity o f  Aniber^ 
greafe to the Sun, and the Sea W ater, as I'bomas Bartboiine in the M e- 
dico-philofophical Tranfa<ftions at Stotkbelm in the Y ear 1 6 7 1 .  Obf. 5 7 .  

f. 1 15 . imputes the Solidity o f  Amber to the fame Caufes. I have a 
Piece o f  the whiteil and fineft Kind o f  Ambergreafe bored in different 
Places, with five Shell F iih , and a Bit o f  rotten W o o d  flic k in g  in it. 
W hich is a certain A rgum en t, that the Goodnefs o f  it is o w in g  to its 
being frequently waihed, and long expofed upon the Shore.

O fth e k ^ { .  X X V . I.]  I have four forts o f  xht Ajbefius in m y M ufrum . T h e  
o f making Corftca ovCorfu, loHg, o f  a w o ^ ly  F orm , o f  h alf a Palm  length

the Incombuf- and more, of a whitiih Colour, fom ething inclining to a reddifh. 'I'he 
tibie Cloth.^jr fecond o f  a filverilh L ead C olour, fofter and Ihorter, about three Inches, 
Ca^^ini^n ffom  Seflri di Ponente in Liguria. T h e  third (w hich is tlie w orft
27™^p"*9n. Scales or L a m n a  one upon another (like an O nion ) o f  a

blackiih Earth Colour, with fom e white, b lack, and dark red V eins, 
interfperfed, fcarce tw o Parts o f  an Inch Rotnan long, therefore fitter 
for m aking o f  Paper, than fpinning o r weaving. T h e  fourth fort, g iven  
me by Signior Boccone  ̂ found in the Pyrentcans., fom e w hereof were 
a Roman Palm  lo n g ; its Filam ents, though longer, were yet th icker 
and rougher I have heard o f  another fort in Volateranis Montibus.

Some have fuppofed, that the W ieks o f  the fepulchral L am p s o f  the 
Antients were made o í this ; but from Experim ents I conclude it unfit 
ior that Purpofe, always finding the W iek s made o f  it to g o  out, and 
not contradt or continue up the O il for the Flam e 

I have kept it for 3 W eek s in a Glafs-houfe F ire, but found it un-
a.ter d ; but it would not preferve a S tick  w rapt in it from  the F ire j 
whence 1 conclude, the Amiantus lofes nothing in the F ire , becaufe it

odorous ¡s a  Eitumcu fiowmg

docs
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doc3 not burn nor flame •, but in the handling it waftes, th ough  not 
m uch, as I found by an cxaft Bal lance.

A s  to the M anner o f  Spinning it, I have tried thus j firft, I laid the 
Stone in W ater ( i f  warm , the better) for fome T im e  to foak ; then it is 
opened and divided  with the H ands, that the Earthy Parts m ay fall 
out o f  it, w hich are w hitifli like C h alk , and hold the thready Parts to
gether ; this m akes the W ater thick and m ilk y  *, this is repeated fix or 
I'cven T im es w ith frelh W ater, where it is again opened and fqueezed, 
till all the heterogeneous Parts are waihed out, and then the F lax-like 
Parts are co lletled , and laid in a Sieve to dry.

O f  tiie four forts o f  AmiantuSy I found that from  Corjica belt, being 
lo n g  and f o f t ; and the Cyprian w orft •, I am in doubt, whether mine 
was o f  tlie bed fort, fince the Cyprian was com m ended by Pancirollus and 
others. T h e  W a y  o f  fpinning it, diicovered to me, was th u s ; L a y  
the AmiantuSy cleanfcd as betorc, between tw o Cards, fuch as they Fig. 3 9 ,40. 
card W o o l w ith, where let it be gently carded, and then clapt up in be
tween the Cards, fo that fom e o f  it may hang out at the Sides •, then 
lay the Cards, fail upon a T ab le  or Bench. {Fig. 4 1 .')  T a k e  a fm all Recle, Fig. 41. 
{Fig. 4 2 .)  made w ith a little H o o k  at th'i E n d , {Fig. 43 .) and a Part to 42» 43» 
turn it b y , {hig. 4 4 .) fo tiiat it may eafily be turned round this Reele 
is to be wound over w'ith fine Thread •, then having a fmall Veffel o f  
O y l ready, {Fig. 4 5 .) with which the Fore-finger and T h u m b  are con- ^‘2* 45- 
ftantly to be k ep t wet, both to preferve the Skin  from the corrofive 
Q iia liry  o f  the Stone, and to render the F'ilaments thereof more foft and 
p ly a n t ; thus by tw illin g  the Thread upon the Reele about, w ith the 
Ajbcjius hanging out o f  the Cards, fome o f it will be w orked up together 
w ith i t ; by little and little this Thread m ay w ith Care be woven into 
a coarfe fort o f  C lo th , and by putting it into the Fire, the Thread 
and O y l w ill be burnt aw ay, and the incom buftible C loth  remain.
B ut finding this W a y  o f  uniting the Stone w ith the Thread very tedi
ous, inllead o f  the I'hread I put fome F lax  upon a D iila ff, and by 
ta k in g  three or four Filam ents o f  the AjheftuSy and m ixing them w ith the 
F'lox, I found they m ight eafily be tw illed  together, and the T hread 
thus made m uch more durable and ftrong : So that there is no Need o f  
carding, w hich rather breaks the Filam ents, than does any G ood  ; 
open only and feparate the Filam ents after wafhing upon a T ab le, and 
take them  up w ith the F lax, wjiich is iufficient. A s  to the m akm g ot 
Paper, in the w afliing the Stone, there w ill remain feveral ihort I'icces 
in the Bottom  o f  the W ater, and o f  thefe after the com m on M ethod
Paper m ay be made.

T h e  bell W a y  o f  preferving the C loth , or any other T h in g  made o f  
the Stone, when made (tor by Reafon o f  its exceeding D rynefs it is very 
apt to break and w aile) is to keep it always well oyled , which is the 
on ly Prefervative for it ; and when the C lo th  is put in the F ire, the 
O y l burns oflf, and the C loth  com es out white and purified.

2 .] In the G rounds o f  Francis Gordon o i Acbindore, in the Shire o t —
Abtrdeeny near the Highlands, on the Side o f  a H ill ot a H eath  k in d  o f
Ground» fom ew hat inclining to what w e call M ofs, in a very  im all ;v/r. Wilfon,

B H o k ,  0.776 ?. 1000
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284. O f the Albeilus, ificomhufiible Clotĥ  See.
B rook, and lurd  by it, in the Bounds o f  ten or tw elve Y ard s, I found a 
great many Stones, fom e a F oot in length, which appeared plainly like 
W ood : But becaufe I could not perceive any F ootllep  o f  W o o d  there
about, neither could any o f them be found, except in that very  Spot o f 
G round, I could not be perfuaded they were petrified W o o d . T h en  
I went to cut up the Ground about the Place w ith  m y K nife, where 
I found likew lfe fome Pieces o f the Stone, and very near the Superficies 
I  got feveral Pieces o f  a fibrous M atter, which m y Knife could not cut •, 
this I im m ediately jud ged  to be an incombujlible M atter, as it proved 
afterwards, when I try ’d it by the Fire. A n d  becaufe, fo far as I then 
remember’d I had heard or read ot it, I thought it had been always 
efteemed certain Filaments that came o tf ú\tLnpis Amianthos^ I refolved 
to obfcrve more narrowly the P rotludion o f  it.

When I found fome Pieces o f  the Stones very hard in the M id d le, 
and the fibrous M atter on the Outfides and E nds, 1 was inclined to be
lieve that the F lax came from  the S to n e : But then finding feveral 
Pieces o f the F lax fo condenfed and prelled together, that at firft they 
appeared to be hard Stones, but being a little w et, the Filam ents were 
eafily pai ted from one another. M any more I go t, fom e lefs and fome 
more condenfcd into the Nature o f  a S to n e ; and all o f  it, both that 
wJiich was condenfed together, and what was not, was ly in g  about 
an Inch within the G round, parallel w ith the Surface fo interw oven 
with the Fibres o f  the R oots o f  the Grafs, that it feemed to me m uch 
more probable to believe, that the L in t turned into the Stone, than 
the Stone into the L i n t : E fpecially feeing moft Part o f  the Stones ap- 
)eared fo tender and brittle on the O utfide, that it ’ s hard to believe 
low they could turn into that tough Subilance o f  F lax.

T h e  Stones are o f  different Sorts, fome are white, the C o lo u r o f  
the L in t, and o f  a very foft' S u b ila n ce; fo they m ay be eafily cut 
with a Knife without blunting it i others are m uch m ix ’ d w ith 
whitiih ^alkt but m oft o f  them are o f  a grayiih  C o lo u r, and very 
hard.

A s  for the P roduftion  o f  the F lax, I think it’ s hard to determ ine in 
this Place •, becaufe tiie greateft Q uantity I found o f  it was ly in g , as 
I faid before, about an Inch at m oft within the G round , parallel with 
the Superficies, interwoven with the R oots o f  the G rafs, w ithout any 
R oot o f itfelf, but alike at both E nds, as i f  it were cu t w ith a Knife. 
T h e  Ground wherein it is found is o f  a grayifh  C olou r, about one Inch 
o r  tw o thick, under which there isa  bJack E arth for a F o ot in D epth. 
So that I could find nothing in the Places where m oft o f it was go t, 
that I could rationally conclude to  produce i t : But in fom e other Spots 
I found m uch o f  a T’alkijh Sand, and fom e Pieces o f  F la x  near to it ; as 
alfo 1‘ ieces o f  the Stone m uch whiter than the reft, and very  like  Talk\ 
which w ould iricline one to believe that it was produced o f  it. Y e t  
there being no Appearance o f  any Talk in the other Places, where m oft 
o f  it was found, I can fcarce conclude any T h in g  about the Production 
o f  it, but leave it to others.

Pliny^
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Plitrty AldrrjavduSy and OUius H'ormius \i ytvy  ihon,*.w hereas 
iom e o f  this 1 iound ñvc, fix, liv e n , and I'ome tig h t Inches long.

A s  for the m aking o f  it into C loth , they all conclude it very hard ; 
riiny  calls it inventu rarum, texiu difficile propter brevitatem. Olans l^or- 
tnius in his M ufawn  lays, Modm vtro, quo ex eo fiunt Una, jam  pemtus 
ignoratur. I conlefs indeed, it is true what Plt>iy lays •, yet it may be 
feen, by the Experim ent I have ihew n, in m akin g  Yarn o f  it, th^t 
C loth may bé maile o f  it alfo, for the D ifficulty is m uch greater in the 
one than the oihc-r.

3.] I receiv’ d the fo llow ing A ccount from  a Gentlem an in the High- — cr thci^z'.c, 
lands, (not many M iles from  Coupar o f  Angus) who had lately built an ^  _
H oufe o f  difingular kind o f  Stone, d ig g ’d out o f a Q uarry not far from  p.^^3 '̂
him . T h is : tone, after the R ubbifh  (w hich is not very deep) is done ^
aw ay, lies H o rizon tally  in a Bed endu’ d w ith parallel F ibres, w ith few '
Interdices, foft at the Beginning, and eafy to b e  fm ooth’d and p o lifli’d 
w ithout any I 'o o l, but rather w ith Sand, or another hard Stone o f  a 
blueilh C olour, which afterwards hardens fo, that it rtfiileth  the In ju
ries o f  A ir  or l^rejudice o f  Fire. W hen firft the Q uarrier began to  d ig  
it, he was at a m ighty L o fs  •, for endeavouring to cut and raife it after . . .
die ordinary M anner w ith W ed ges, and other ufual Inftrum ents, it 
broke and crum bled all to Pieces : But afterwards, obfervin g more nar
row ly the D u it  ol its f  ibres (fo to Ipeak) he endeavoured to cut it
w ith Spades lengthw ays ; and by this M eans he procured Stones as big
as he had a M in d , w hich fm oofhed very eafily along the T ra¿t o f  their 
Fibres i but when cut tranfverfe, no M eans nor M ethods G îuld render 
them  fm ooth, but their Surface rem ain’d unequal as the E xtrem ities 
o f  a Piece o f  W ood . A lth o u g h  this Q uarry has but few luterilices, 
yet in thofe it iias the true AJhejhs, o f  a whitifh S ilver Surface, co n fin 
ing ot (twcrxl fafciculi with p^ralkl Fibres, like to thole o f  the m ufcu- 
lar Fibres ot faked B e e f;  eafily feparable from  each other, pure white, 
till it becomes fo fm all as the fineft F lax •, and fo ductile, that it m ay be 
fpun into the fineft T hread, w hereof it were caly to m ake the incom* ’ '
buftible C loth , fo famous for Shrines am ong the A ncien ts. , In other . 
Places o f  thofe Interdices was likew ife to be oblervcd a reddifli^Sub- ' >
ftance, near to the C olour o í  Sanguis Draccms •, but whetliL^r fibrous or ,
not, I cannot fay, fincc the Gentlem an could not fliew m e any o f  i t ; : ’ 1
but added, he believed it m ight be g o o d  for d yin g . I g o t a fm all Par- " ' •> ■
cel o f the Ajl-efios from  him ■, and he told m e, if he had know n its V a 
lue, he could have preserv’ d Ibme Pounds o f  it. 1 am ready to think ' ‘ *
the fccond kind was fibrous too, w hich m ight m ake a very beautiful 
C loth , being ilriped  w ith the other. T h is  whole Q u a rry  may be laid 
to be AJkeJlos o f  diÜerent C olours, the blueifh being o f  a m uch co a rllr , 
and the white and red o f  a finer Grain.

X X V I .  Papers Omitted. ^
I .  A D e fc rip tio n  o f  {oxnt Shells, brought from  ú\t Molucca Tjhvds, b y  n > p.

M r. Sylvanus London, and M r. Rowlejion luccbs, by M r. 7 . 7 ’ T-
V o l . IV . Part II. 5 E  " : .V *

Of the Aibeftus, incombujl̂ iblê  Clotĥ  See. - 285



n .  2 8 2 .  p .  
I 2 6 6 .

r .  2 9 9 ,  p .  
1 9 5 2 .

n .  2 8 6 .  p .  
1 4 1 9 .
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n .  3 0 1 .  p .  
2 0 4 2 .

n .  ^ 0 2 .  p .  
2 0 8 2 .

n- 3 > r. p.
2397-

n .337.p.222

B . 3 « 4 . p .  77

n .  2 9 1 .  
j£o4..

2. A  D cfcription o f  fomc Sh l̂lsy fent from Fort St. Geargfy by the R e
verend D r. George Lewis to M r. J . Petiver^ by the fatne.

3. A n  A ccount o f  fome Shells and Animals fent from  Carolina to M r. 
J. Petiver.

4. A  D efcription o f  fome Corals  ̂ and other curious Submarines  ̂ fent 
from  the Philippine IJlcs, by the Reverend G. J . Camelli to M r. J . P e
tiver.

5. Catalogus Concharum foffilium^ Metallorum^ MineraUum^ t c c .  quai 
a  C l. D . Johanne Scbeucbzero nuper accepit D . J .  Petiver.

6 . Mineralia quxdum , Conchylia pctrefafta, &  alia I'cjftlia é Berolino  ̂
a C l. Chriftian. Maximiliano Speneroy D o d . M ed. R e g . Prujf. A u l. 
A cad. S. R . I. Cur. &  Soc. Scient. R eg . Brandenburg. C o lleg . ad D . 
J . Petiver mifla.

7. D e Conchyliis Tnrbinatis^ Bivalvibus &  Univahibus ; item de M t- 
nfralibusy FoJJilibus &  ‘Thermis PhilippenftbuSy ex M S S . R . P . Geo. Jof. 
Camdli com m unicavit D . 7 .  Petiver.

8. A  Ihort A ccoun t o f  fome Swedijh Minerals^ See. fent from M r. 
Angeftein^ O verfeer o f  the K in g  o f  Sweden'^ M ines, to M r. J . Petiver.

9. A n  Advertifement o f  a Catalogue o f  feveral Specim ens o f  Figured 
Foffils, to be had o f  M r. Alban Thomas.

X X V I I .  A h  Account o f a Book omitted.
Specimen Lithographia Helvetica curiofic, quo L apides ex F iguratis 

Helveticis SeleílifiTimi Mve. incifi fiftuntur &  defcribuntur, a Johanne 
Jacobo Scheuchzero., M . D . Ttguri i 702. 8í;<7.

Of the Invention and Improvements

C H A P .  IV.  

M a g n etics.

provemcnts ^
the Mariner’,  - ----  - -----1  j -  ---------- o ------ / — - j j - v - ---- ---------->
Compals, by Only becaufe England was o f  old as famous for N avigation  as any other 
i f  ̂ N ation, long before the Holland Sea-Trade was in being •, but (fince

2-̂ 8 Inventions com m on ly take their N am es from  the Place where the 
p. 1 106. '  ’ Invention itfelf is taken) from  the Name itfelf o f  the M ariner’ s Compafs.

T h e  W o rd  Compafs (in L atin  Circulus Nauticus) is an antient Englifb 
W o rtl, for what we otherwife now call by a French N am e a Circle. In 
Kent, where I was born and bred, it was com m only ufed in that Senfe, 
when I was a Y o u th  ; and Minfhew  in his D iftion ary takes Circle and 
tompafs indifferently to fign ify the fame w ith Circulus : A n d  hence it is 
that Circinus is In Englifh call’d a Compafs  ̂ (or a P air o f  Compajfes) as 
being the Inilrum ent wherewith we defcribe a Compafs or Circle •, but

whether
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whether Circinus^ call’ d by us a Pair o f  Compajfes  ̂ m ay have fam e like  
N am e in another L an gu age, I do not kn o w , nor how antiendy.

I do not know  that the W ord  Compafs^ or any W o rd  l ike it, was 
ever ufcd in any other L an guage for a C ircle  hukjimtelyy or tor any other 
C ircle  than the Circulus NaulUus. In French it is Cercie  ̂ Cercbio in Ita
lian, Circulo in Spanijh^ or fome other W o rd  d eriv ’d from  the Latin  
Circulus ; and from  hence the Cinulus Nauticus m ay com e to be call’ d 
the Mariner's Compafs  ̂ w hich N am e being given  it by the firiV Inventors, 
m igh t g iv e  O ccalion for like  Nam es in other L an gu ages, Fremb, Ita
lian, Germany & c . Compafsy Cotnpajfo  ̂ Zet-Compafs^ & c . which N am e, 
to"ctht:r'w ith  the A rt, I gucfs they borrow’ d trom  England.

1  m ight urge the iiimc from  another N am e, B^oloy Bojfola, & c .  F o r 
as Circulus Nauticus is the Mariner's Compafs, fo Pyxis Nautica is the M j -  
riner's Box, (for the E.ngltjb Box is from  the Laltn Pyxis) and Pyxidula 
(as a D im inutive from  Pyxis) m uft be Boxel, or fom e W o rd  like it, 
which eafily palfeth into the French Buxole, BouJfoU \ and the Italian 
Rogóla, Bcujfula ; w hich all feem to be from  the Englijb Boxel {Pyxidu
la) a little Box foftening the found o f  the L etter x in Jf-, as in Alejjan^
dro for Akxandro. ^

A ll  w hich, though it be not a d ireft Detnonftration, yet (fince it it 
not agreed by w hom , or where the Compafs was invented) m ay m the 
Silence o f H iftory  be adm itted as a probable Ccnjetlurcy and a plaufiblc 
Pretence to the Invention, till a better claim  do appear •, for New  In
ventions com m only take their Names from  whencc the Invention i t k l i  is

A n d  where Inventions creep in by D egrees, it m ud  not be th ou gh t 
ilrange, if it be not cafv to fay, who is the Firjl Invtntor.

In the prefent Cafe, 'he who ñrft obferved (I kn o w  not by what A c c i-  
tlent) that the Magnet hath a Polarity^ or Inclination N o rth w ard , made 
the Firft Step towards this Invention. T h is  (I think) was at firft wont 
to  be niew cd, by putting a M agnet into a little B oat, fwi^niming on 
W a te r, when it was obferved, that this M agnet w ould o f  itfd t fo Iteer 
this little Boat, as that a certain Point in the M agn et w ould  ( if  not 
hindered) turn toward the N orth . W h ich  Point was thereupon called

the M agn et’J North PoU. n  1 ’
H e  that afterward obferved that tins \crticit> ', or P o larity , was

com m unicable to a Piece o f  Iron or Steel, rubbed on a M agn et, added

^And*'he^'who contrived a W a y  to fet a N eedle or P iece o f  Steel fo 
touched on a lharp P m , fo as in the A ir  to  m ove horizontally there
on, fo as o f  itfelf to find out the N o rth , and point toward it, as be
fore the fw im m in g M agnet in its Boat had done on the W a ter, had 
now  difcovered a new E xperim ent in N atural P h ilo io p h y, very  lur-

^ But^ this cannot yet be called Qrculus Nauticus (or the Manner^i 
Compafs) till they had further contrived a W a y  how  to  p u t a N eedle 

^  5 E  2
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thus poifed into a B ox, w ith a Com pafs or Circle round i t ; fo divided 
as to denote the Azim utbnl Points o f  the Horizon^ or, as they be now 
called, the Points o f the Compafs ; and fo com m odioufly to fix this B ox, 
fo prepared, to the Ship, as thereby to iniVrud the M ariner or Stterf- 
man toward what Point o f  the Com pafs the Ship moved ; that by the 
H elp  o f  tiie R udder he m ight put it intó fuch a Courfr, as was proper 
for his V oyage. A n d  it was now indeed Pyxis Nautica or Circulus Nan- 
iktis, (the Mariner's Box or Compafs) but not till then. A n d  he who 
firft contrived this Application, did corr.pkat this Invention o f  Circulus 
Nauticus. But all thofe antecedent D ifcoveries were Steps towards it, 
and Parts o f  the Invention.

N ow  it is not likely that all thefe D ifcoveries were made at once, by 
the fdm'é'Man, at the fanie T im e, but fuccelTivcly, by the jo in t A d v ice  
o f dTvcirs inquifitive M en, and in a confiderable T ra ft  o f  T im e ;  yet 
all perhaps o f  the fame Nation, ahd probably the EngUfh.

But whoever gave the fir 11 H in t o f  this Invention, certain it is, that 
the great Itfiprcvements o f  the M agnetic D oftrine arc due to the Englifljy 
and fhicfly to thofe about London and Grcfham College. A n d  it is fit 
the M em ory o f  it Ihould be preferved.

T h e  Cafe is much the fame w ith that o f  Printings which we cannot 
reafonably fuppofe to be invented all at once, nor perhaps all by the 
fame M an ; but rather, by the concurrent A d v ice  o f  divers, and in a 
confiderable T r a d  o f  T im e , before it came to that D egree o f  P erfec
tion which we now call Printing.

It m ight be firft obferved, that the Shape o f  a L etter, F igu re , or 
P id u re , graven on W o o d  or M etal, m ight (with help o f  a convenient 
Preparation o f  O il, In k , or coloured L iqu or) be ftamped on P a p e r ;

• and, i f  once, then as oft as you pleafe.
A n d  i f  by ftam ping the Print on Paper, then as well by due A p 

plication o f  the Paper to the Print, thus prepared.
A n d  i f  one, then by the fame Reafon to tw o or more, i f  fitly con

joined, and even to a w hole Page at once •, and, of that, as m any
Copies as we pleafe.

But, this being adm itted, it remains further to be contrived, how all 
thefe Prints or Stamps for a whole Page rtiall be fo com pofcd into one 
Frame, that the Paper m ay be applied to all at once.

It is then to be confidered farther, what kind o f  Ink, (or fom ewhat 
inftead o f  Ink) is to be applied to the Face o f  the L etters, thus com - 
poft d ; for common W ritin g -In k  will not ferve the T u rn .

T h en , how the Paper ihall be applied (w ith  an equal Prefiure, and 
fufficient) fo as to take o ff ju ft  fo much o f  that In k, as reprefents the 

ace o f  thofe Letters, and no more.
A n d  after all this, it m uft be further contrived, how to eredt fuch

a Stru(fiure, as what we now call a Printing-Prefs, and how to manage
•r, fo as to anfwer all thefe E x ig e n c e s: F or, till all this be done, we

' arc
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O f the Mariner s Compafs. • 2^9
are not arrived at what we call Printing. B u t all thofe previous C o n 
trivances, m uft b : owned as o f  the

A n d  in the Magnetic Doiirine likew ife. A n d  to  thofe prevtous D if- 
covtrics, m uft be added, the fubfequmt Im provem ents o f  M agnetic 
K now ledge, fmce the firft Ufe o f  the Marinei-'s Cm pafs.

But w hoever was the firtl Inventor o f  the M anner's Compafs, it is cer- 
U in, that the DcHrine o f  Magnet has receiv’ d very great Im prove
ments from  the EngJifh-, from  Hlagrave, Gunter, UUtbrand Gilbert,
Norwood, fVrigbt, Brigs, Fojler, & c . and of late by C apt. Hailey in his 
M ap  o f  the Magnetic Variations \ w hich I lo o k  upon as an excellenc 
D clig n , w ell contriv’ d , and well executed, and which fixes the Bufmels 
o f  the M agnetic Variation in thefe Seas for the prefent T im e.

I think it is agreed on by all H ands, that what we call P anatton o f  
the Needle, is an Englifh Difcovery, (ot M r. Gelfi^and, i f  I m iftake not, 
one o f  Sir rbomas Crejham's ProteiTors at Grejkam C o lleg e) about the 
Y ta r  1625. that is, that the Magnetic Needle in its horizontal 
doth not retain the fame Decltnalion or Variation from  the true N ^rth, 
in the fame Place, at all T im es, but doth fucceiTively vary that D e c li
nation from  T im e  to T im e  •, w hich, though it were about that 1 ime a  ̂ ^  
New  Difcovery, is now admitted as an undoubted T ruth . «

It was about the B eginning ot the R eign  ot K in g  Charles the F ir ft , 
that M r. G llibrand ( if  1 have not been m ifinform ed) cauftd the G reat 
Concave D ia l to be erefted in the Privy-Garden at IVhtteball,
Care to fix a true Meridian-Line ; and w ith a large MagneUc Needle .  
(hew ing its Variation from that Meridian from  T im e  to T im e . A n i  1 
think it were not amifs, i f  exaft O b k rv a tio n  were now made, whether 
the M m dian  be now ju ft the fame as it was then •, for it is very poiTible 
that the Pole o f the E arth m ay in T im e  luflfer lom e little Variation (w h ^ h  
m ay not readily be difcerned) which m ay caufe an Alteration ol the M i-  
ridlan L in e  : A n d  this, i f  fo, w ill be more difcerm ble nearer the P ole,

W h at we call the Dippifrg Needle, is adm itted alfo to be zn Englijb 
D ifco ve ry , (I think ot M r. Blagrave^s) fom ewhat older than the form er, 
that is, that the M^rgnetic Needle, bcfides asH onzontal toward
the N o rth , hath alfo a D ire ilio n  o f  M itu d e  above the H o n z o n , \t bal- 
lanced on an H orizontal A x is  •, pointing, as
E nd in our C lim ate to fom e Point within the B o d y o f  the Earth. 
W h eth er or no this D ired io n  do vary from  T im e  to I im e as doth 
that o f  its H o rizo n tal Pofition N orthw ard, I cannot te I nor do 1 
k n o w  whether or no it hath been yet obierved ; nor 'whether or no the 
Southern End in other Parts o f  the W o rld  do dip, as the N orthern L n d

‘^^'Ti^'Lfo^’ an EnglifhOhfervation, that not only a Mag^eti^c Needle, but
any Piece o f  Iron ( i f  kep t long in the lame Pofture) lhall ot itfelt con-
tra ft a Polarity. A s  for Inftance, an ereft Bar in a W in d o w , after lon g
Continuance in that Pofition, w ill, i f  d u ly  poifed, be found w ith its
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iipprr E nd , to point toward the N orth ; and Southward w itli the otiirx 
l-.nd. A n d  i f  afterw irds it be continued long in a contrary PoUtiun, 
it w ill attain a contrary Polarity.

A n d  M r. G;7¿^ /’ s N otion (o f the E arth’ s whole B ody being but one 
great M a g n e t; and, k fler M agnets being fo many TVrr^/j’s, fyaipa- 
d iizin g  w ith the whole) is Englijh alfo.

It hath been obferved alfo, that a magnetic N eedle, i f  hsatcd red- 
hot, w ill lofe its Polarity *, and, i f  then cooled in a contrary P olition , 
w ill acquire a contrary Polarity.

It hath alfo been obferved by our Englijh M ariners, (and, I th in k, 
more than once) that, upon a great F lalh o f  Lightning at Sea their 
M agnetic Needle hath loft its form er Polarity, and contraded the con
trary.

In general, the D o ilrin e  o f  Magnetifm hath been more im proved by 
our Englijh Naturalifts, than (for ought I know ) by any other N ation. 
A n d , it fome one would take the Pains to g iv e  us a true U ifto ry  o f  
thefe (and the like) Im provem ents, it w ould be an acceptable W o r k , 
and for the H onour o f  the Nation.

Magnetical I L  I .]  H a v in g  lately invented an Azimuth Compajs  ̂ as I w'as prc-
P^fing it for obferving the Magnetic Variation^ I took O ccafion to try 

"ho-s, I j l lr .  M agnetic Experim ents, and l)y tliat Means happened upon this
W. berham. odd PhancmenoH.
n. 303. p. H a vin g  touched a Piece o f  W ire, fo that it tlrongly tended N . and
2*36. S. I was minded to fee whether it would have any Inclination to eitlict 

o f  the Poles o f  the W o rld , when turned round like a R in g , fo that the 
two E nds ot the W ire  m e t : A n d  having again ftraightened it, I was 
furprized to find it had quite loll: its Verlicity ; the Caufc o f  w hich, I 
prefcntly concluded, to be the C ontaft o f  the Northern and Southern 
Ends ot the W ire, which I thought m ight fo influence one the other, 
as to con fufe its P o le s «, although I confefs I had never obferved any fuch 
Contufion to arife upon the bare Conta¿l o f the N orthern and Southern 
Ends ot tw o other touched Pieces o f  W^ife.

U pon this, I touched ftrongly the fame, and other Pieces o f  freih 
Iron Wire* and having found them all greedily to turn N . and S. I 
coyled them round fo as tiiat the Ends fhould rtot com e near one ano* 
ther, and again ipeedily opened them ftra ig h t; and tound, as before, 
that every Piece had utterly loft its Verticity: N a y , the Magnetic Ftr- 
tue was lo abfolutely deftroyed by bending the W ire , that it had not 
only loft its Inclination to either P ole, but the tw o E nds o f  each W ire 
feemed indifferent to the Poles o f  the Loadjlotie, v iz .  whereas before 
die bendm g, the adverfe Poles o f  ú it Loadjione ^o\úá  repel, and the 
fim ilar Poles attraft the adverfe, or fim ilar E nd s o f  the W ir e ;  now 
. quite extinguiihed, and either E n d  w ould
indifferently be attraded by cUher Pole o f  the M agn et •, all one as i f

the
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Magnetic al Experi?nents, 2 9 1
the W ire  had been heated red-hot (w hich is well know n to  deftroy the 
V irtue) or never had been touched at all.

T h is  I experim ented over and over again upon W ires o f  different 
L en gth s, w ith the fame Succefs. O n ly  this muft be obferved, i f  you 
on ly  bend the W ire  round, fo as that it fhall fpring back into its P lace, 
o r recoil, fo as to  be near the fame Straightnels, that then no fuch, or 
but little o f fuch, E ffe il  w ill enfue. B ut to produce this Eflfeft, the 
W ire m uft be Jharpiy bent, fo as that Violence m ay be exerted upon it.
I f  it be coyled  tw o or three times round a fniall round S tick , it will beft 
fucceed. A n d  farther alfo, it is neceflary that every Part o f  the W ire  
Ihould be bent, to evacuate the M agnetic V irtue : F or i f  the E n d i, or 
any other Part happen not to fuffer the Violence o f  bending, that P art 
fhall retain its M agnetifm  : A s  for Inftance, i f  the W ire  be all co y le d , 
except half an Inch, or indeed half a tenth o f an Inch at each E n d , 
every Part fo coyled  fhall both lofe its V erticity , and fhall incline indif
ferently to  either P ole o f  the M agnet •, but the tw o E nds (although not 
able to turn the w hole W ire  N . and S.) fhall fly from , or tend unto the 
refp eilive  P ole o f  the M a g n e t: O r if  every Part o f  the W ire  be c o y l
ed, cxcept a fm all Bit at one End on ly, ail that coyled  Part, when 
extended, fhall utterly be deprived o f its M agnetifm  as before ■, and 
o n ly  that uncoyled B it retain its A verfio n , or Inclination to the M a g 
netic Poles.

F rom  the Confideration o f  all which Particulars, it is very  m anifefl, 
that the V iolence exerted upon the W ire  by bending, doth utterly e x 
tirpate the M agnetic V irtu e, or at leaft m ake fuch a Confufion therein, 
that it is as i f  w h olly  deflroyed : W h ich  is a Cafe very  o d d , and never 
(that I have ever m et w ith) taken N otice o f  before.

2 .] T h e  A cco u n t which I lately gave o f  the Deftru^ion o f  the Mtig- FurtherOM»'- 
netic Virtue in a touched Piece o f  Iron W ire , by Bending, or Coyling vathm ^tht 
roundy I thought had been N e w  : B ut by lo o kin g  over what others have ‘
written o f  M agnetics, I find in Grimaldi de Lumine Colore, that he, p 2 ,jg. 
and in our Pbil. Tranf. N °  i8 8 . * that M . de la Hire had hit upon the • Vid. Supra, 
fame D ifco very  before me. A n d  I am glad that I have the A u th o rity  V. H- ^ •
o f  others on m y Side, the E xperim ent not fucceeding in fom e T ry a ls  ‘ 
fince.

I 'h e  M atter o f  F a i l  was thus, and to me fu rp r iz in g ; I touched and 
coyled  fcveral Iron W ires, but the E ffe d  that enfued was not fuch as I 
told the Society. T h e  V erticity  was indeed m uch w eakened, but not 
totally  deftroyed, and the E nds o f  the W 'ires w ould be atcraded o r 
repelled by the Poles o f the M a g n e t; whereas I faid they ufed only to 
be attradcd . T h e  next M o rn in g I tried again •, and then the M a g - 
netifn-i o f  the W ires was totally deftroyed, :is I related. T h is E x p e ri
m ent 1 repeated divers T im es, and on divers W ires this W in ter, and 
com m on ly find, that, all th-. D a y , co ylin g  w ill evacuate the M agnetifm  v 
but that it w ill not abfolutely d o  it in the E venin gs. B ut whether it

will



will iiü to in Sum m er, or ail W eathers, or whether it fuccecdeth thus 
only in difTerent T im es o f  the D ay, I m ull leave to farther T rya ls . I 
well kn o w  that the O rb  o f  the A ctiv ity  o f  M agnets, is larger, or lefs, 
at different T unes. T h at noble iMagnct in the Society’ s R epofitory, 
found in Devouftjire by D r, Cotton  ̂ is know n in fome W eathers (or ac 
Ibmfc T im es) to keep a K e y , or other Piece oí Iron, fufpended to ano
ther Iron, at 8, 9, or lo  Feet Diltance. But at other T im es, the Iron 
w ill drop down at the D iilance ot 3 or 4 Feet irom  the M agnet. N o w  
whether at all, or how far this may reach the fore-mentioned Cafe, I 
cannot fay, not having as yet fufficiently experimented the M atter.

Finding the Cafe thus with Coyled  ̂ or Bent I was minded to
try the E vent o f  Twijiing o f  Iron W ire from End to E n d , after it had 
bten well touched. T h eS u ccefs was, ú\^Verúcily was always weaken
ed, and fometimes inverted. A n d  w'hen it was fo, the Load-H one did 
accordingly com m only repel or attradl, all one as i f  the tw illin g  the 
W ire had given a new T ou ch  the contrarv W ay.

But in fome W ires fo tw iiled the V rrticity  was w holly d cilroyed, 
or rather much confufed : For I found by draw ing one o f  the Poles o f  
the Load-ilone along near the Sides o f  the W ire, that in fome Places ic 
would attradl, in others repel, and fo attraól and rep?l all along the 
W ire. N ay, 1 fancied in fome Places, that one Side o f  the W ire would.- 
be attradled, the other repelled by one and the fame Pole o f  the 
Load-ilone.

T o  thefe odd Changes I coukl add divers others, which the T'n'ijiing 
produced : But thcfe do fuificiently iliew , that the M agnetic V irtue is 
put into great Confufion by the Violence exerted upon the W ire by 
‘■I'wijiing: W hich not only feparateth the P'ibres o f  the Iron (as m ay be 
leen with the E ye, efpeci.illy alTiited with a M icrofcope) but alfo chang- 
cch their Situation Irom L o n gw ays to Screw-ways.

1 then try ’d what would be the liTuc of Splitting or Cleaving touched 
W ires ; Particularly whether they would exert the fame l ‘’.tfc<5ls  that 
M agnets are faid to do, when fawn in tw o M eridionally. C oncerning 

-\TreatijtQf which D r . j j  laith, “  C ut a Piece from a M agnet-ftone m eridio- 
Magnct. Lo- nally, and that E nd which was placed S. when it was whole, being

tions!cii. I'. N orth , although naturally at firil it was the S.
Point.”  But M r. Barloiv is o f  a contrary M in d , and faith, 'Phat 

tiie Poles o f  fuch a Piece o f  M agnet, when fevered, will abhor the 
fame Poles, to which it grew in the whole M agnet. B ut he fub- 

+ M.^gret. joins t ; “  But here you m uil beware o f  an E rror, w hich fom e un- 
^^^ppily have entangled themfelves withal, who beholding the afore- 
mcjitioned D iicord, w rongfully fuppofed, tiiat if  both thefe M ag- 
nets the greater and the lefs [z. e. the Piece cut o f f ]  were conve
niently placed to fw im  in V/ater, the little one w ould not w ith 
his End point unto the South ot the E arth as it did in the M ag- 

“  net being entire, when it was a Part o f  the true N orth  E n d , but 
would point contrarily. Ih e re  is (faith he) no M anner o f  any fuch

“  A lteration ,
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“  A lteration , but that both the great one, the little one, and all the 
“  lik e , that are cut M eridionally one from  another, w ill abfolutely 
“  point the fame W a y  w hich the entire one did. O n ly  the M eridian 
“  w i'l be fom ewhat rem oved, Csfc.”

D r. Gilbert is as eicprcl's as M r. Barlow. F o r ( L .  2. c. 5.) fpeaking o f  
a M agn et d ivid ed , and ihew ing how that the Parts, which in the w hole 
Stone coalefced, d o  by Separation repel one another, he faith. That 
what was the N  and 0. PoU before  ̂ is jucb Jlill. Non enim (faith hc/ im
mutatur Ver ticitas (quod male ajfirmat B. Porta.) Nam licet \^Pdi Jtparati] 
non conveniunty ut alter ad alterum inclinaret; tamen uterque in idem H o
rizontis punitum convertuntur.

H o w  the T ru th  licth between D r. Ridley and the tw o  latter A u th o rs ,
I cannot determ ine, having never fo cut a M agnet. But by the M a g 
netic L aw s, as w ell as from  the A u th o rity  o f D r. Gilbert and M r. Bar- 
low  ̂ I doubt not but the latter is the trueft O pinion.

B u t in C k ft fVires the Cafe is very uncouth : O ftentim es the Poles 
■rcr quite changed : So that what was the North, becom eth the Stuth^ 
Pole o f  the W ire  in all R cfp efts •, I mean, not only turning, but alfo 
em bracing, or avoidin g the Poles o f  the L oad-ftone, as it it had r e - ’ 
ceived a new and contrary T o u ch . Som etim es one h alf o f  the W ire  
w ill retain its M agnetifm , which it had before fp littin g, and the other 
half have it quite changed. Som etim es no Change at all w ill enfue, 
o n ly  the M agnetifm  be m uch w eaken ed ; as indeed it alw ays is 
in all the E xperim ents where the W ire  is fplir. (B u t generally, where 
one ot the H alves hath fuffered Change, the other not, I have obferyed, 
that *tis the thinndt and weakeft that hath been changed, and the th ick - 
eft hath retained its I 'o u ch .)  Som etim es where one o f  the fplit H a lves 
received an inverted Verticitŷ  or feemeth to  have no V erticity  at a ll, 
one o f  its E n d s w ill incline to one o f  the Poles ot the M agn et, not ac
co rd in g  to its T o u ch , but in an inverted O rd er, and the other E n d  ^  
attrailed  indifterently by both the Poles o f  the L oadftone. A n d  in 
fo m t Cafes, that E n d  íhall be attrailed b y  one P ole , but be neither at- 
tra<fted nor repelled by the o th e r; but ftand as it were hefitating w he- 
tlier it* had beft fly to, or from  that P ole o f  the Loadftone. O n ly  i f  
that Pole ot the M agnet be too near, then that E n d  o f  the W^ire w ilt  
conftantly fly thereto : A s  indeed it is the N ature o f  all M agnets and 
M agn etic B oJies to d o , when they touch or approach very  near one 
another, though they repelled before.

T h e  Caufe o f  thefe great Changes in touched W ir e  produced b y  
S/'littingy I have fomerimes im agined to arife from  the \  io le n c e  exerted 
thereon by bending. But in fom e W ires that 1 fp lit, or cleft w ith v e ry  
little bending, one half hath been utterly changed, the other not.

In others that I cleft, by fuffering the H a lves to  bend ^  m uch as 
they w ould, no Change hath been •, and fom e have quite futfered
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Som etim es I have im agined that the Splitting the W ires in a N , or
S. Pofition, or that the Beginning to Ipht at the N . or S. L n d  o f  the 
W ire  firft, m ight be the Caufe of this Contravcrfion or the Poles. B ut
T ria ls  ihewed there was Httle in any o f  this.

T h u s 1 w ould  have done with Split or Cleft mres-y but there is one 
T h in g  very  furprizing, v iz . 'That the laying one-, or the other Side o f the 
H a lf uppermoji, w ill caufe a great Alteration in its T en dency, or A -  
verfion to the.Poles o f  the M agnet 'as I have faid). But if you lay 
the contrary Side o f  that H a lf upperm oil, the fame E nd fhall be at- 
trafted  b y  one, and repelled by the other Pole o f  the M agnet. In 
other Pieces, where the Ends are regularly attraftcd or repelled, only 
in an inverted O rder (as i f  new touched) it it lay w ith the round 
Side upperm oil at that T im e, and be then turned upfide dow n, v iz . 
the flat cleft Side upperm oil, ’ tis ten to one if  one o l the Ends be not 
cither attraéled by both the Poles, or repelled by b o th ; or elle at- 
traéled or repelled by one, and hefitatvjs as to the other, t o r  fo it o f
ten befals. **

T h e  Caufe o f  this L u b ricity  o f  the M agnctifm , I im agined m igh t 
be, btcaufe the Sides or E dges o f  the W ire had received contrary Poles 
b y S p littin g : A n d  confequently were turned to p fy-tu rvy, that what 
was the N . m ight then be the S. E d ge oi the H all, But I could never 
difcover but that the Sides o f  each E nd, or o f any other Part, were the 
fame, when I held the L oadilone to one or the other Side. W h ich  in
deed I always did in every E xperim ent tor greater Certainty Sake.

M y  H and being in, I try ’ d the old Experim ent o f  touching W ires, 
by rubbing them backwards and forwards w ith one of the Poles o f  the 
Loadftone, becaufe it m ight probably g iv e  fome L ig h t  into the afore
mentioned ilrange Phenomena.

M r. Barlo-v was I think the firil that difcovered the E rro r o f  this 
W a y  o f  T o u ch in g, v iz .  T h at it weakeneth or m uch hurteth the 
T ou ch . T h is I try ’ d , and found what is faid not only to be true, but 
alfo that the Reafon thereof is, Becaufe the Poles o f the íVire^ or Needle^ 
fo touchedy are not at the Ends., hut in or near the Middle o f the IVire er 
NeedU. Sometimes one is near the Center, the other at one or bc.th 
Ends. F o r in fome W ires fo touched, both the Ends o f  the W 'ire 
w ould  be attraftfd  by one Pole o f  the L oadilone, and repelled by the 
other : A n d  in fuch Cafe the repelling Pole always found a fym pathetic 
P art near the Center o f  the W ire. In o f  rs (efpecialiy whf-re a '  er- 
ticity  fucceeded, as fometimes it w ill do, c- id that pretty llro n g ly  too, 
in fuch a Cafe) the V'erticity w ould be inverted, and the E nd s o f the 
W ire  be attradtrd and repelled in a direvil contrary M anner to  the N a 
tural F o rm , A n d  the Reafon o f  all this will be m anitcll f n m  thefe 
fo llo w in g  Exptrim ents.
* I  touched a W ire  from E nd to E nd with only one Pole > >f the M a g 
n e t ; T h is  g a ve  fo vigorous a T o u ch , that I am alm o^ o f  O pinion, 
Ji is the beji Way o f  Touching. T h e  Conlcquence was, .nc E n d  where

I began
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I began a lw ays turned con trary  to  the P o le  that tou ch ed  it. I again  
touched  the fume W ire , and others to o  w ith  the other i^ole o f  the M a g 
net, from  the fam e E n d , and then that E n d  turned the co n trary  W a y ,  
e. g . M a r k  one E n d  o f  a W ir e  for the N o rth  E n d , and tou ch  that W’ ire, 
b y  d ra w in g  the N . P o le  o f  the M a g n e t d ivers  T im e s  a lo n g  the W ir e  
fro m  the N . to  the S. E nd-, this W ir e , fo tou ch ed , lh all have a v i g o 
rous V c r tic ity , bu t the N o rth  E n d  ih all ftand S o u th : B u t i f  y o u  to u ch  
that, or another W^ire, (fo r  it is all one, bccaufe the latter d cftro ys the 
fo rm e r ' l o u c h •, I fay, i f  y o u  tou ch ) b y  d ra w in g  the N . P o le  o f  the 
M a g n e t from  the S. to  the N . E n d  o f  the W ir e , then this N . E n d  w ill 
turn  N . A n d  fo it w ill d o  the fam e, i f  you  to u ch  w ith  the S o u tn e m  
P o le  from  the N  to  the S.

'I h tre  is one E x p e rim e n t m ore, d o th  y e t g iv e  farther L ig h t  into  
w h at g o cth  before, v iz .  I touched an Iron  W ire  e x a d ly  in the M id d le  
w ith  o n ly  one P o le  o f  the L o a d fto n e , w ith o u t d ra w in g  it b a ck w a rd s 
o r  forw ard s. T h e  E v e n t w as, that in that P lace  that P o le  o f  the W ir e  
w as, and the tw o  E n d s w ere the co n trary  P o le  o f  the W ir e , and w ere 
a c c o rd in g ly  repelled  or attraéled b y  the P oles o f  the L o a d fto n e : A n d  
the M id d le , and an Inch  or m ore on  each S ide, w as a ttra d e d  b y  the 
P o le  o n ly  that tou ch ed  it.

I f  w e reflcdl and co m p are  the fo re g o in g  E x p erim en ts  one w ith  ano
ther, th ey  not o n ly  illu ftrate one another, b u t fcem  to  lay  open  a fair 
W 'a y  tow ard s the D ifc o v e r y  o f  a g reat m any o f  the intricate Pbanomena 
o f  M a g n e tick s .

O f the Power oj the Loadftone at different Diftances. 495

III . I .]  W ith o u t  m en tion in g  the D ifficu lties that attend the tn zk in g  Experimn/t 
o f  E x p erim e n ts  o f  this N atu re , 1 fliall g iv e  an A c c o u n t  o f  their S u ccefs. eofcfrKitg the 

I t o o k  a Q u a d ra n t o f  fo u r F eet R a d iu s, and lia v in g  f ix ’ d it to  the J^^PWcr 
F lo o r , in the P o fitio n  o f  the N e ed le , w h ofe  S o u th  P o in t d ir e d e d  it fe lf  L o ^ o n c
to  no D e g re es , I then f ix ’ d a B oard (lik e w ife  on the F lo o r )  in a d ir e i l  
A n g le  fro m  the fam e, the G rad u ation s o n  w h ich  B oard  w ere 3 Inches D iftanccs, by 
d iftan t fro m  each other. T h e  N eed le  was fu fpen d ed  on a P o in t  ari- 
f in g  from  the C en ter o f  the Q u ad ra n t, fro m  w hence w ere m eafured  the p 
ieveral S tations o f  the M a g n e t. T h e  M a g n e t w as laid on a thin  P iece  
o f  B o ard , un der w h ich , to  one S ide w as nail’ d  a n arrow  S lip  o f  W o o d , 
to  Aide it a lo n g  the S id e o f  the fo rem en tio n ’ d  grad u ated  B o ard , w h ere
b y  the Stone m ig h t be alw ays k e p t in the fam e D ire é lio n  to the N e ed le .
I 'h e  Ston e that I u fcd , w eigh ed  about fix  P o u n d s j w as ro u g h , 
and o f  an irregu lar F ig u re  ; y et I co u ld  d ifco v er  no In co n ren ien cy  in the 
E x p e rim e n t a rifin g  from  the fam e, it b ein g , and a d in g  at all D iftan ces 
in d ie  fam e P o fitio n  as it is firft p la c ’ d  on the B o a r d : A n d  I fee no R ea - 
ibn  to  d o u b t, b u t the l^roportions o f  its P o w e r  w ill be regu lar, and 
agreeable to  th e feveral D iftan ces, as m ore than on ce I h ave o b fe rv ’ d . F'or 
w hen the Stone hath been d ifferen tly  p ofited  on the fcre-m en tio n ’ d thin  
B o ard , different A n g le s  o f  the N eed le  w o u ld  enfue at the fam e Station s, 
y e t  their P ro p o rtio n s one to  another w o u ld  be nearly  the fam e. M y
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M e a n in g  is this : S u p p o fe  the Stone was fo  p lac’ d , as at 3 Inches from  
the N e ed le , it w o u ld  g iv e  the N eed le  an A n g le  ot 90 D egrees, the 
Ston e bein g  continued in the lam e Dire(ftion, at the I'everal S tations, the 
P ro p o rtio n s o f  its P o w e r one to  another w o u ld  be m uch thr fam e, as 
i f  the A n g le  o f  the N eed le  at the firft B egin n in g  m ^ c  but » 7 , or even  
b u t 80 D egrees on the Q u ad rant •, for upon a Imail A lte r  tion o f  tlic 
P o le s  o f  the Stone, fuch  D iv e rfity  o f  A n g le s  w ill oiríé.

In  thefe E x p erim en ts  I m ade ufe o í tw o N e e d k s , one o í a Radius o f
6 Inches, the other bu t one Inch ; w hich  la il, after m any I
fo u n d  to  be moli^ accurate, bcfides the A d va n tag e  it n::iv- in b e g in n in g  
th e  E x p erim en t 6  Inches nearer the '^tone, than thr ochcr i and from  
tw o  F eet D iftance from  the fam e, it becam e n ean y  ogreeable to  tl>c 
A n g le s  m ade b y  the lo n g  N eed le to  all the farther DiiVances •, as you  w ill 
find by the fo llo w in g  T ab les, w h ich  were made w ith  the ieveral N eedles 
in  the fame D ire d io n  o f  the Stone. 1 m eafurtd  the A n g ie s  b y  a S ilk  
T h re a d  ftrained d irectly  o v er the N eedle to that i 'a rt  o f  the Q iiad ran t to  
w h ich  it  w as d ircA ttl j w h ich  w as the b tft W a y  I co u ld  co n triv c  to  co m c 
neareft the T ru th .

It  m ay be o b fe rv ’ d from  the fo llo w in g  T a b l:s , that the lo n g  N e ed le  
a t 9 Inches from  the Stone, m ade fom ew hat a larger A n g le  than t¡K  
ih o rt N eed le  at 3 Inches D iila n ce  from  the fame-, that the rtiort N eed le  
at the D iftance o f  9 in ch es, m ade an Anj^ k* o l 9 D egrees Itfs than the 
lo n g  one at the fam e P lace. B u t this O d d s w ill cafily  be accoun ted  
fo r, i f  w e confid er the D ifp ro p o rtion s o f  the N eedles L i^ ngth s; for the 
P o in t o f  the lo n g  N eed le  at 9 Inches, was b ro u gh t w ith in  an Inch as 
near the Stone, as the P o in t o f  the ihort Nei^dic w as, w hen bu t 3 
Inches diftant from  the fam e : T h e  P oin t o f  the ihort N eed le  at 9 Inches 
fro m  the Ston e, w as 5 Inches fartlier from  it, than the lo n g  one at the 
fam e Station, T h e fe  D ifp ro p o rtion s being co n fid er’ d , it is no W o n 
der fuch  D ifferen ce o f  A n g le s  ih o u ld  enfue upon the U fe  o f  the fe- 
vera l N eed les near the Stone *, for at tw o  F eet, and the farther D i-  
ilan ces, th ey  becom e nearly agreeable, as I faid before. W h e n  I 
fp ea k  o f  D iftances from  the N eed le , 1 a lw ays mean fro m  the C en ter 
o f  i t

F arth er it is obfervabie, that the Stone at 5 F eet D iftan ce from  the 
N eed le  m ade an A n g le  o f  2 D tg re e s  w ith  one, and w ith  the other o f  tw o  
and a h a lf; y et upon the A b fcn ce  o f  the Stone, th ey  w o u ld  return to no 
D e g re es , as at f i r f t : W h ic h  plain ly ihew s, that the Influence o f  the 
Stone extended h irrh er; a lth o u gh  O b fcrva tio n s, at rem oter S tatio n s, 
co u ld  not eafily be determ ined.

A t  greater D iftances, r.nd even  the m ore rem ote in thefe T a b le s , the 
P o w e r  o f  the Stone is fo  w e a k , .nd the m eafuring the A n g le s  at all 
T im e s  e x a é lly , fo d ifficu lt, that *tis w ell i f  w e co n ic  fom ctim es w ith in
10  or 20 M in u tes  o f  the T r u th .

aQÓ  ̂ . O f the Power of the Loadlione at different DIftanccs.
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Experimenti by the Jhort Needle.
Diftancet o f  
the Load* 
ftone from 
the Needle 
in Inchcs.

T h e  feveral
Angles o f  the 
Needicatthe 
feveral D i-  
ftanccs.

3-
6

9-
1 2 -

*5-
1 8 -
2 1 '
2 4 -
2 7 -
3 0 -

3 6 -

39'
4 2 -

45'
4 8

5 ' -54-
57-
6 0

T h e  differences 
compared one 
with another, at 
the feveral Ob- 
fervations, in 
Minutes.

D
8 7 -

8 4 -
78 “
6 9 -

5 6 -
4 3 -33-
2 4 -
18-

«3-
I I '

8-

7-
5-
4 -

3-3-
3-
2-
2-

-00
■00
- 3c
-00

-45
-30
-00
- 0 0

-00

“30
- 0 0

■45
-0 0

-3 0
- 3 0

-5 0
- 2 0

-0 0

-45
. 3 0

1 8 0

330

570735
795
6 30
540
360
2 7 0
15 0

»35
10 5

90
60
40

30
20

15
15
0 0

Experifunts by the long Needk.
Diftances o f  
the Load- 
ftone from 
the Needle 
in Inches.

T h e  fercral
Angles o f the 
Needle at the 
feveral Di- 
danccs.

9'
1 2 '

* 5 -
1 8 -
2 1 -
2 4 -
2 7 .

3 0 -

33-
3 6 -

39-
4 2 -

4 5 -
48 -

5 »-54-
57- 
60  •

TTve differeoces 
compared one 
with another, at 
the feveral O b- 
fenrations, in 
Minutes.

D
8 7 -
8 1 -

7 2 -
53-
35
¿4 -

7 -
^3 -
10 -

8 -  

6 -  

5- 
4- 
3- 
3' 
2-
2-
2-

—  30 

“ 45
—  15
— 20
—  00 
— 10
— 50
— 10 

— 10  
— 00
—  3 c

— 15
— 10
—  30  
— 00

—  35
— 15
— 00

• 345
• 5 7 0  
i «37  
1 1 0 0

• 6 6 0
• 3 8 0
■ 2 8 0
- 18 0
• 13 0

- 9 0■ 75
- 6 5
-  4 0

'  30
• 2 5
-  2 0

-  1 5
-  00

T h e  Stone w ith  w h ich  thefe E x p erim e n ts  w ere m a d e, 
w as o f  this F o r m , and w e ig h ’ d  c x a ft ly  f ix  P o u n d , 
on e O u n ce , and a Q iw rte r , A v e r d u p o is -W e ig h t . Its 

r, Breadth  at the N o rth -p o le  was fo u r Inches, at the S o u th - 
p o le  fiv e  In c h e s ; the P o les ru n n in g  th ro u g h  th e S to n e , 
m  the D ir c ft io n  o f  the p r ic k ’ d  L in e . T h e  L e n g th  o f  
the ih o rteft S id e w as fix  Inches and a H a lf ,  and o f  th e  
lo n g e ft b ide feven Inchcs and a H a lf .  Its T h ic k n e fs  at 
the N o rth -p o lc  w as cuue In c h  and a H a lf ,  and at the 

S o u th -p o lc  one In ch .

2.1 B y  O rd e r  o f  th e  R oyal Society, M r . Hawkjbce 7 in á m y (t\í 
an E x p  i im tiit  w ith  the g reat L o a d fto n e  b e lo n g in g  to  the S o c ie ty , 
ü íd f r  to  d ifco v e r  th f L a w  o f  rhc M a g n e tica l Attra<ition, an A c c o u n t  Law /f#
o f  w h ich  I g a v e  to  the S o c ic ty , in a L e tte r  to  D r  Sloane, dated Jufie  M agnetical 

2 5 , 1 7 1 2 .  tlincc tliat, M r . Hawkjbce m ade another E x p eriia crK  o f  the
fam e 0-344-P- *94'



fam e N atu re  w ith  a I'maller Loadftone*, upon co m p arin g  the N u m b e rs  
o f  that E x p erim e n t w ith  thole o f  the other, I find the N u m b e rs  o f  
the firft E x p erim e n t to  be v e ry  m u ch  m ore regu lar •, w herefore I co n 
clu d e  the ftrlt E x p erim e n t to  be the beft. I t  was m ade in the fo llo w in g  
M a n n e r :

W e  p laced  the G reat L oad fton e b elon gin g  
to  the Royal Society fo , that its tw o Poles lay 
in  the P lan e o f  the H o rizo n , and were in a 
L in e  e x a ft ly  at R ig h t  A n g le s  w ith  the natural 
D ire ftio n  o f  the N eed le w e m ade ufe o f  (w h ich  
w as that D r. Hailey had m ade to  obferve the 
V ariation s w ith :)  A n d  b y  means o f  a C arriage 
c o n tr iv ’ d for that p urpofe, the Stone was eafily 
m oved  to and fro , the Poles continu in g alw ays 
in the fame L in e . T h e  N eed le was fo placed,
that the C enter it p la y ’ d upon, was in the f a m e _________________
L in e  w ith  the Poles o f  the S to n e ; the N o rth -p o le  bein g  tow ard s the 
N eed le. W e  m eafur’ d  the D iftances from  the C en ter o f  the N e ed le  to  
the E x tre m ity  o f  the S to n e: and w e found the V ariation s o f  th e N e ed le  
from  its natural P o fitio n , to  be as in th is T a b le .
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B ifi .  Feet. V ariat

1 4 5
2 58 0 0

3 3 0 0 0

4 1 6 0 0

1 9 2 0
6 5 3 5

7 3 3 0
8 2 2 0

9 I 3 5

C H A P .  V .

Agriculture. Botany.
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O f the Uzn\i- ^  b  A  H  E  C ou nties o f  London-Derry and Donegal in Ireland^ are v e ry  I m ountainous, and thofe M ou n tain s co vcre d  w ith  B o g s  ajid
Irchnájythe  H e ath , in fom u ch  that there is little  A ra b le  G ro u n d  in th em ,
ArchbijJjop t f  except w hat has lately  been m ade fo. T h e re  are three W a y s  pradliftfd 
Dublin, n. to  reduce H eath  and B o g  to A ra b le  L a n d  : T h e  firft is, b y  c u tt in g  o f  

the S cu rf o f  the G ro u n d , m a k in g  up the T u r f  fo  cu t in H e a p s , °and 
w hen the Sun has dried thefe H eap s, they are then fet on F ire  \ w hen 
bu rnt as m uch as th ey  can be, then thofe H eap s are fcattered on  the 
G ro u n d , and it being p lo u g h e d , it beareth B a rle y , R y e , or O a ts , fo r  
abo u t three Y ears.

T h e  Inconveniences are, firft, that fuch  B u rn in g  defiles the A ir ,  
caufeth  R a m  and W in d , is not p ra ftica l in a w et S u m m er, and b y  d e- 
ftr o y m g  the Sap  o f  the E arth  and R o o ts  o f  the G ra fs , and all oth er 
V eg e ta b le s , renders it  ufclcfs for fcveral Y e a rs  after the th ird , in w h ich  
It IS p lo u g h e d .

T h e
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T h e  fccond W a y  is b y  U m ing  ; this is m u ch  better than the fo rm e r, 
becau fc it d o th  not fo m u ch  depauperate the G ro u n d , w ill laft lo n g , 
and beareth better G ra in , and w h atever is p retended, d o th  not d e ftro y  
the G rafs , i f  d ue C are  be tak en  not to  o v e r-p lo u g h  i t ; bu t then th is is 
v e ry  dear, and L im e -fto n e  is not e v e ry  w here to  be had, and in m an y 
P laces F ire  is w an tin g.

D u n g  is the co m m o n  M an u re  in all P la ces, and therefore I lh a ll fay  
n o th in g  o f  it.

M a r l  is n ot u fed , that I h ave ob ferv ed , in the N o r th , b u t abo u t the 
S ca-fid e the great M an u re is Shells: A n y  one that w ill lo o k  into the M a p , 
w ill fee h o w  the B ay  o f  London-Derry^ co m m o n ly  called  Lougbfoyle^ l i e s ; 
tow ard s the E aftern  P art o f  it there lie fevcral E m in en cies that h ard ly  
app ear at lo w  W a te r  •, thefe are m ade o f  S hells ot S ea -F iih  o f  all forts, 
m o re  p articu la rly  o f  P e rew in k le , C o c k le s , L im p e t , T h e  C o u n try  
M e n  co m e w ith  Boats at lo w  W a te r , and carry  L o a d s  ot thefe S h e lls  
aw a y  ; th ey  leave them  in H eap s on the Shore, and there let th em  He 
till th e y  drain and d r y , and by that M eans becom e m u ch  lig h te r fo r  
C a r r ia g e ; th ey  ca rry  them  b y  B oats as far as the R iv e rs  w ill a llo w  
th e m , and then in S a c k s  on H o rfe s , perhaps fix  or feven M ile s  into the 
C o u n try  they a llo w  fom etim es 4 0 , bu t m o il ly  80 Barrels to  an A c r e  ; 
th e y  agree w ith  b o g g y , h eathy, c la y e y , w et, or f t i f f  L a n d , bu t n ot 
w ith  fan d v. T h e y  fetm  to  g iv e  the L a n d  a fort ot F erm en t, as B arm  
d o th  to  B read , o p e n in g  and lo ofen in g  the C lo d s , and b y  that M ean s 
m a k in g  W a y  for the R o o ts  to  penetrate, and th e M o iftu r e  to  enter in to  
the F ib res o f  the R o o t s : T h e  M anure continues fo  lo n g , that I c o u ld  
fin d  none that co u ld  determ ine the T im e  o f  its en d u rin g.

T h e  R ealo n  o f  its lo n g  C on tin uan ce feem s to  be th is , that the S h ells  
m e lt e v e ry  Y e a r  a little , t il l  th ey  be all Ipent, w h ic h  requires a co n fi- 
d erable T im e , w hereas L im e , é f f .  operates all in a M a n u re  at once i 
b u t it ’ s to  be ob ferv ed , that in fix  or feven  Y e a rs  the G ro u n d  g ro w s  fo  
m e llo w , that the C o rn  that g ro w s on it becom es ra n k , and runs o u t in  
S traw  to  fu ch  a le n g th , that it can ’ t fu p p o rt itfe lf, and then the L a n d  
m u ft be fuffered to  lie a Y e a r  or tw o , that the F erm en t m a y  be a little  
q u ieted , and the C lo d s  harden, and then it w ill bear as lo n g  again , an d  
fo r  o u g h t I k n o w  and co u ld  fin d, it continues to  d o  fo  w ith  the lik e  

In tern iiilion s for 'o  o r  30 Y ears.
In the Y ears in w h ich  the L a n d  is not p lo u g h e d , it bears a fine G ra fs , 

m ixed  w ith  D aifies in A b u n d an ce  ; and it is p leafant to  fee a fteep  h ig h  
M o u n ta in , chat a few  Y e a rs  before v/as all b la ck  w ith  H e a th , on a 
fu( en lo o k  w h ite  w ith  D aifies and F lo w e rs.

It fint-s tiie G ru fs, but m akes it ih o rt, th o ’ th ic k . O b fe r v in g  that 
this M an u re  p ro d u ced  F lo w e rs  in the F ie ld , I m ade m y  G ard en er ufe 
thefe Shulls in in y  F lo w e r-G a rd e n , and never faw  b etter C arnation s, or 
F lo w e rs  tuirtr o r  larger than in that co ld  C lim a te  ; and it co n trib u tes 
to  d e ilro y  ecd s, at lea il d o th  n ot p ro d u ce  th em  fo  m u ch  as D u n g ;  it 
lik e  w ife  ijro d u ccs v e ry  g o o d  P o tato es at abo u t a F o o t  D ifta n ce  tro m

o n e
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one anotlicr ; anti this is a M e th o d  o f  red u cin g  b o g g y  barren L a n d .
lay a h ttle  D u n g  or Straw  on the L a n d , and I'prinkle it w ith  

S hells 1 fom etim es th ey  cu t the P otato es, i f  la rg e , that th e y  m ay g o  
the further, and then d ig  T rcn ch es about fix or I'cvtn F eet D ift.irice, 
and th row  the E a rth  or S o il, they take oiit o í th em , on the P otato es, 
fo  as to  co ver th em , and then fen cin g  the P lo t  o f  G ro u n d  fo  p lan ted , 
k t  them  g r o w . P lan t them  in A p ril or A % ,  and th ey  are r ip s  in 
Auguji \ th ey  d ig  them  as they have O cca fio n , and let them  lie till 
next Y e a r , t h e n  d ig  them  again , and fo the third  Y e a r ;  e v e ry  Y e a r  
th ey  b y  this M eans g o  deeper in the F -irth , and the l i f t  they d ig  th em , 
then p ic k  them  ou t as careiu lly  as they can, that little  Seed m ay re
m ain ; and the fourth  Y e a r  th ey  p lo u gh  the G ro u n d , and fo w  B a rle y , 
and the P rod u ce is v e ry  g o o d  for fom e Y ears. S o m e  P otatoes w ill 
rem ain and g ro w  up w ith ou t any H u r t  to  the B a rle y  o f  O ats ; and 
thofe they d ig  and p ic k  o u t, and the G rou n d  rem ains g o o d  and arable 
ever after.

’ T is  obfervable, that Shells d o  beft in b o g g y  G r o u n d , w h ere the 
Surface is T u r f ;  T u r f  generally  is n o th in g  but the P r o d u d  o f  V e g e 
tables, fuch as G rafs, H eath , ¿ f f .  that being rotten , the S alt is w alh ed  
aw ay b y  the W a te r, and there rem ains o n ly  the earthy* and e fp e c ia lly  
the fulphureou^ P arts o f  them , as appears from  the In fla m m a b ility  o f  
T u r f ;  now  Shells being chiefly  a S alt, it incorporates w ith  the S u l
p hur o f  the P lan ts, and renders them  fit fo r  the V e g e u t io n  o f  new  
Plants.

A n d  this appears further from  th is, that S h ells  that h ave been un der 
the Salt W a te r  are m uch better tlian fuch  as h ave been in the E a r th , 
to  d ry  at the Strands : A lm o ft  about the B ay o f  Londonderry^ i f  y o u  
d ig  a F o o t or tw o , it y ie ld s Shells, and w h o le  B anks are m ad e u p  o f  
them  ; but thefe, th o ’ m ore intire than fuch  as are b ro u g h t o u t ot the 
Shell IQand, are not fo profitable for M anure.

I obfervcd  in a P la ce  near Nfívtown-Lamarjadyy ab o u t tw o  M ile s  
from  the Sea, a Bed o f  S hells, fuch  as lie on the Strand ; the P la ce  w as 
co v e r ’ d  w ith  a S c u r f  o f  w et fp o u ty  E a rth , about a F o o t  th ic k  ; th e  
C o u n try  P eop le  ufed the Shells, but th ey  w ere n ot re c k o n ’ d  fo  g o o d  as 
thofe that are foun d  in the Sea or near it.

T h e  L a n d  about the Sea-fide bears v e ry  indifferent W^heat, nor w ill 
the Shells d o  in that P articu lar, w ith o u t fom e D u n g  ; b u t I v e r y  m u ch  
d o u b t, w hether that be not due to  the Ign oran ce o f  the F a rm e rs , that 
g en erally  underfland n o th in g  o f  W h eat.

S o m e T houfan d s o f  A c re s  have been im p ro ve d  b y  th e S h ells , and 
that w h ich  form erly  was not w o rth  a G ro a t ptr A c r e , is n o w  w o rth  
tou r S h ill in g s : I h e y  h ave in m an y P laces thus im p ro v e d  the v e ry  
M o u n ta in s, that before w ere v e ry  1  u r f  B o gs. In  thefe th e y  m eet w ith  
th is In con ven ien cy, that i f  the Scafon for P lo u g h in g  p ro v e s  w e t, th eir

orfes fin k  fo  d e ^  in  the S o il, that th ey  c a n ’ t p lo u g h  it , e fp e c ia lly  
a fter tw o  o r  three Y ears. r  © . /
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T h e y  co m m o n ly  m ade L im e  o f  the Shells fo rm e rly , and fom c d o  fo  
ftill. I have nor, that I rem em ber, feen any fuch L im e , bu t I u n d erllo o J  
that it bound ve ry  w ell, and I believe it is not fo co rro fiv e  as L im e  
m ade o f  Stone *, for I find, in the H ii lo r y  o f  Ceylan  ̂ that they m ak e up  
their L a n d  w ith  L im e  o f  O y ile r-S h c lls , and w h ich  I believe w o u ld  be 
im p raélicab lc  w ith  C o m m o n  L im e .

A b o u t 30 Y e a rs  a g o  they m ade I-im c o f  the S h ells, and m an u r’ d 
th tir  L a n d s  w ith  it •, but a p oor C o u n try m a n , that, o u t o f  L a z in e fs  or 
P o v e r ty , had not p ro vid ed  to m ake L im e , th rew  the Shells unburnt 
on his L a n d  •, his C ro p  p r o v ’ d as g o o d  as his N e ig h b o u rs , and the le- 
co n d  and third  C ro p  better, and all to o k  the H in t, and h ave ufed them  
i'o ever fm ce.
. W h e re  Shells are not to  be p ro cu r’ d , S e a -R a c k  or Sand fu p p ly  the 
W a n t  o f  th em , but are not lo  g o o d  j S e a -R a c k  lails but three 1  ears, 
and Sand little  lo n ger.

’ T is  ccrtain , Ireland has been better inhabited than it is at p r e fe n t :
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fervab le  in the w ild  M ountains between A d m a g b  and D urJa:k, w here 
the R e d o u b t is b u ilt, and lik ew ife  on the M ou n tain s o f  AUmore: T h e  
la m e, as I am in fo rm ’ d , has been o b fcrv ’ d  in the C ou n ties o f  London-Ber- 

and Donegal-, a P lo w  w as found in a v e ry  deep B o g  in the latter, 
and a M e d g e  w ith  W attles (lan d in g  under a B o g  that w as five  or fix  F eet 
deep ab o ve  it. I have feen the S tu m p  o f  a large T re e  in a B o g , ten t e e t  
d eep , at Cnflle lrorbes \ T h e  tru n k  had been bu rnt, and fom e o f the C in 
ders and A iI k s  lay Hill on the S tu m p . I have feen lik e w ife  large o ld
0 .'.ks g ro w  on L a n d , that had the R em ains o f  R id g e s  and F u r r o w s :
A n d  I am  to ld , that on the T o p  o f  a h ig h  M o u n tain  in the N o rth , there 
arc y ^  rem ain in g the Streets and I 'o o tlle p s  o f  a large T o w n ; and in 
d eed  there are but few Places, w h ich  d o  not v if ib ly  (w hen the B o g  
is re m o v ’ d ) retain M a rk s  o f  the Plow  •, w h ich  fure m u ft p ro v e , that the 
C o u n try  w as w ell inhabited. I t ’ s l ik e ly  that the Danes firfl:, and then 
the Englijh, d c ftro y ’ d the P e o p le ; and the old. W o o d s  feem  to thofe that 
pretend to  ju d g e , to  be about three or fo u r hundred Y e a rs  H and ing, 
w h ich  was near the T im e  ú\iX.Ccuycey and the Eugliflj fubd ued  the N o rth  
o f  Jrc.'and, and ’ tis lik e ly  m ade H a v o c k  o f  the P e o p le , that rem ain ’ d 

after the Danes were beat ou t o f  Ireland.

II. T h e  B u rn in g  o f  the Su rfacc o f  the L a n d  is fo  m u ch  practis’ d  in 0//¿/ Maiiu. 
Devon/hire, that ’ tis elfew here k n o w n  b y  the N am e  o f  D e v o n jh ir in g bu t 
is ufed o n ly  tor bad L a n d s , and b y  w orfe  H u ib a n d s , fo r  it robs the j^evonihirc,

CjTOVinci ^
Salt q u ick en s dead L a n d , and is ufed In the S o u th  W e i l  P a rt o f  the Bury n. 316

C o u n try , w h ich  w o u ld  elfe be the barrenneil, b u t is n ow  the richeft P a rt P- 
o f  it. T h e y  g o  as far x , the Sea w ill perm it th em , at the lo w e il E b b ,
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and take the Sand in B ags and carry  it on H o rfch a c k  14  M iles  in to  
the C o u n try , and fprcad it upon the L a n d , and thereby im p ro v e  it both  
for C o rn  and G rafs. In other Parts they force their barren I ^ n d , b y  
m in g lin g  the E arth  w ith  L im e , and carting it U{>on the G ro u n d .

In this they d iffer, that C ru d e and S in gle  5^//, if  ftrow  d up on  the 
G ro u n d , does^not im p ro ve , but co rro d e i t ;  but / /ww, th o ’ u n m in g lcd , 
betters i t : B u t in this they agree, that they p ro d u ce not G ra ls  fit tor 
the S cyth e, bu t for F ailu re, Ihort and fw ert, and w h ich  g ro w s  all the 
W in te r ;  fo  that their i^heep k n o w  not cirhcr H a y  or W a te r , nor arc 
their h igh eft G roun ds p arch ’ d by the Sun in the hotteft S u m m er. 'I he 
beft W a y  is, to  m ix  thefe M ale  and Fem ale Salts •, tor th f  Sea S alt is 
too  lu fty  and a d iv e  o f  i t f e l f ; the L im e  has a m ore B a lia m ic, but g e n 
tler Salt, and regu larly  jo in ’ d w ith  the oth er, is thereby in v ig o ra te d . 
H o w  to  m ix  thofe tw o , Glauber thus d ire fls  : ^ake  (fays he, ^ ú c k -  
Lim e, let it flack by Time without IV a ter ; then take Salt and IVater^ mingle 
them together, and make them into Balls' er Pieces, w hich you p iea fe ; them  
as you do Bricks, then burn them fo r  about two H ours; tkis Cempojt w ill *«-

rich the poorejl Land.
T h o fe  w ho are m uch devoted  to  A g r ic u ltu re , ih ould  ch ufe fuch a 

Situation for a D w e llin g , as is beft accom m od ated  w ith  L ’.m e, o .ilt, 
and C o a ls ; and i f  our G en try  un d erilood  this H u fb a n d ry , th ey  w o u ld  
fo far free Salt from  its T a x ,  as it ih o u ld  be e m p lo y ’ d on L .  nd, whic»i 

is not intended to  pay for it.

©bfervationj III.. It m ay in general be ob ferv ’ d o f  Plants, that they arc cither S er~ 
relating tD tU Amphibious, or Aquatic -, and fo nearly d o  V eg etab les  a g r .c  v.'ith

A n im als in m oft P oin ts, except L o c a l M o tio n  and its Confequcri.- % 
tables” ¿V Mr. that from  the K n o w led g e  o f  the one w e are rcafonably led to  the iJ ;l-  
R. Bradley, n. co very  o f  the Other.
34.9. p. 486. T h o fe  P lan ts, w h ich  I call Ttrrejirial, are fu ch  as Trees, Shrubs, and 

Herbs, w hich  g ro w  o n ly  on the I.an d . T h e fe  lik e  L a n d -A n im a ls  h avr 
D iverfities o f  F o o d , a M eth o d  o f  G en eratin g , and certain P erio d s ot 
L ife .

O f  the Amphibious R a ce , w h ich  live  on I ^ n d  as w ell as in the W’ a- 
ters, are the W illow s, Riifhes, M ints, See. T h e fe  arc not u n lik e  in m an y 
R efp efts  to  the Otter, Tortoife, Trog, & c .

T h e  Aquatics, w hether o f  Lakes, R ivers, o r  the Sea, are v e r y  n u m e
rous : T h efe  m ay be co m p ar’ d w ith  the Pifls-kiud, and w ill n ot liv e  ou t 
o f  their proper E lem ents. In Frejh IVaters arc the W a ter-L illies, P la n 
tains, & c .  and iti the Sea, Corals, Fuci, &rc.

Plants  feem  to poflefs o n ly  the next D eg ree  o f  L ife  b e lo w  the m o il 
r tu p id / fw W / ; or where A n im a l L if e  leaves o ff, the V e g e ta b le  L ife  
feem s to  begin .

T h e  Seafons o f  M o tio n  in Plants are the fam e w ith  thofe  o f  Animals^ 
w h ich  ileep d u rin g  the W in ter. A n  A rtific ia l H e a t  w ill g iv e  M o tio n  
to  either o f  thefe iii the co ld cft T im e ..
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T h e  co m m o n  O p in ion s relatin g  to  the Sap's  M o tio n , arc as fo l lo w s :
F irrt, the Sap docs not rife by the P ith  % becaufc fom e have o b fc rv ’ d  
th e T r u n k s  o f  large T re e s  to  be w ith o u t that P art, and y e t  the fam e 
T re e s  have con tin u ed  to p u t io tth  F r u it  and Branches on their T o p s . I 
h ave  o b fe rv ’ d , tliat the V itb  is not found in thofe Branches o f  a T r e e , 
w h ich  exceed tw o  or three Y e a rs  G ro w th  •, and it is certain , that the 
Pithy  w h ich  is in a Brancii o f  this Y e a r , w ill (the grea te il P art o f  it/ be 
d iilr ib u te d  into thofe B o u g h s, w h ich  form  th em felves the next Seafon.

It is faid by fom e, that the T re e  does not receive its N o u riih m e n t b y  
the Barky for that T re e s  h av in g  lo ll  that P art, w ill ftill con tin u e their 
G r o w th . O th ers tell us, that i f  the Bark  be cu t aw ay rou n d  th eT ru n k . 
o f  a T r e e , it w ill p refen tly  die. T h e fe  various O p in io n s feem  to  h ave  
been fet on F o o t w ith o u t extraord in ary  C on fid eration , u p o n  th e B elie f, 
lh a t a T r e e  has b u t one B a r k ; w hereas, u p on  E x a m in a tio n  w ith  the 
M ic ro fc o p e , w e find fo u r diftincit C o v e rin g s  to  each B ran ch , w ith o u t 
th e w o o d y  P arts. I 'h e  tw o  ou term o ft Barks m ay be taken  from  a T r e e  
w ith o u t any g reat D a m a g e , bu t the otlier tw o , w h ich  lie nearer theW  o o d , 

b e in g  ftr ip p ’ d o ff, w ill k ill  the T re e .
S o m e affirm , that the Sap d o th  neither rife n or fa ll in the w o o d y  P a rt 

o f  the T re e , becaufe th ey  have not been able to  difcern  any Sap to  iflue 
o u t o f  that P art w hen a Branch has been cu t. 1  he M ic ro fc o p e  p la in ly  
ilicw s us the V e fle ls  in the W o o d , th ro u gh  w h ich  the Sap  rifeth  fro m  the 
R o o t ; but as th tfe  T u b e s  are not large e n o u g h  to  a d m it in to  them  an y 
T h in g  m ore g ro fs  than V a p o u r, fo they have not been efteem  d to  be 
o f  any great U fe . T h e  K xp lan ation  o f  Figure  47« w ill in fo m e m eafure 
d ifc o v e r  the O ffice  o f  thefe and o f  fuch  other P arts o f  a  Plants as are 
fcv c ra lly  d e fig n ’ d for the Growth o f  V eg etab les  •, b u t let us firft enquire

a little  into the N atu re  o f  t h c i iw / .
I 'h e  Root o f  a T re e  is ch iefly  co m p o fed  o f  a Parenchyma^ m ore g r o ls  

than that in the Stem  or B o d y  o f  the T re e  -, it has likewife V e ffe ls  and 
a C o v e r in g . T h e  R o o t, that is, the p rin cip al P a rt o f  it, receives in to  
it fuch  Ju ices o f  the E a rth , as are p roper fo r it, and no other. 
w h at lik e  a W ie k  o f  C o tto n , w h ich  h a v in g  been im p regn ated  w ith  O i l ,  
w ill o n ly  a d m it O il in to  it. T h is  P ro v iiio n  b e in g  m ad e in the Stomach 
ot the P lant fas I call it) ch iefly  in the A u tu m n  M o n th s , the T r e e  is 
prepared fo r G erm in atio n , fo foon  as the E a rth  is fu ffic ien tly  w a rm ’ d , 
cither b y  the S u n ’ s Beam s, or an artificial t le a t ,  lu ch  as H o r fe -d u n g ,
Bran and W a te r, or other fuch  lik e  F erm en ts, T h e fe  H e ats  raife into 
V a p o u r  the Ju ices contained in the R o o t , and b y  that M ean s cau fe  e-

getatio n . _ ,
Fig. 4 7 . is part o f  the B ranch  o f  ^ n -Jp pk  T*ree m ade in M a y x -ji  and Fig. 47- 

c u t in A p ril 1 7 1 6 . It was cu t in F ig u re  o f  a h a lf C y lin d e r , the le n g th  
fom c'w hat m ore than the D ia m eter, w h ic h  w as a b o u t a Q y a rte ro f  an 
Inch. 'I ’ liis b ein g  m agnified  w ith  one o f  M ic ro fc o p e s , d ii-

cu vers the fo llo w in g  P a rts , r/2.

5 G 2  i> 2,
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I ,  2,  3 ,  4 , 5 ,  6 ,  7 ,  A r e  C a p illary  V cfie is , w h ich  run io n g itu d iiu i-  
ly  chrovigh the B ranch, in the ligneous p art, w h ich  was m ade in the 
Y e a r  1 7 1 5 . I 'h r o u g h  th d e  T u b e s , the Steam  riftth  from  the Koor^ 
the Strength  o f  w h ich  is wtII exp la in ’ d by  the E n g in e  tor raifing W atci* 
by F ire , invented by the late Captain Savery.

F ro m  A  to B , w'c m ay v iew  \'eHcls ot the iarne fo rt, m ade at tiie 
fam e T im e .

8, 9 , A r e  V efle ls  o f  the fam e U ie  w ith  the form er, now  fo rm in g  
them felves for the U le  o f  the Y e a r  1 7 1 6 .

B y  this iVIeans the D iam eter of the Branch is increas’ d , and addition al 
N ou rilh m en t fuffer’ d to pafs into thofe B u d s, w h ich  are to  m ak e new  
Branches. T h e fe  are m ade out o f  the fourth  or innerm oit B a rk , m a r k ’ d  
C , C .

T h e  M o u th s o f  the C a p illa ry  T u b e s  , o f  the Y e a rs  1 7 1 5 ,  and i - ' i i ,  
are D , ’H. T h e  V apoirr w h ich  n ft th  fro m  the RoD t, is con tin u ed  i;i 
thefe V efle ls , to  the E xtrem ities  o f  the Branches, w here it m eets wit.h 
Farts (not here d efcrib ’ d) lik e  to  G hnds \ w h ich  i f  w e m -v  fo
call them , are likew ife  found at every  K n o t o r  Jo in t. A t  thefe F la c t s  
the V ap ou r co m in g  near the A ir ,  is condenfed, and rrturns betw een the 
B arks, b y  means o f  its ow n W e ig h t, dow n F , G ,  H ,  le a v in g  in c jc h  
B ark  m a rk ’ d I , K , L ,  fuch Juices as each o f  them  naturally  is in clin ’ d  
to  feparate from  i t ;  till at laft, the m ore o ily  part palFinr to  the R o o t , 
m ay lengthen the Fibres thereof, as icicles arc le n g th e n ed ; ami b v  \tl 
oleous F articles, p refervc them  from  ro ttin g  b y  the V. et. 'F h -  óarts 
w h ich  com pofe the feveral B arks, are Parcnchymous or

T h e  firft m a rk ’ d M , is o í a clofer T e x tu re  than the fecon d X ,  and 
the fecond clofer than the third O , and fo  on till tkefe par n. h ym o u s 
parts are interw oven w ith  the lon gitud in al W o o d -V c ffe ls , w h cri tht-y 
are fom ew hat co n ilra in ’ d , till th ey  co m e to  m ak e the P ith , m . r k ’ d V . 
T h e n  they are m u ch  larger than in any other part o f  the T ree ; and b y  
w hat I have ob ferv ’ d , feem to  contain a m ore fin iili’ d Ju ice  than the 
rcfl:, aiid m ay w ell en ough  be ñ iled  the Medulla.

W e  m ay note, that when the fourth  o rin n e rm o ft B a rk  C ,  has o n cc  
com pleated its Sap -V eflels, and is firm ly  jo in ’ d to  the w ooden  p art, then 
the third  B ark O , takes its place for the fu ccced in g  Y e a r ; and fo the 
reft, except that the firft, m a rk ’ d M , fplits and d iv id es  itfe lf, to  fu p - 
p ly  the place o f the fecond. ^

T h e  fo llo w in g  E n q u iry  I recom m end to  the C u rio u s, v iz .  I f  the fe- 
veral B ark s, h avm g different T e x tu re  o f  parts, adm it in to  each feparate 
and different Juices from  the re ft; w hether thofe Ju ices m a y  not be o f

oth ers, the fe-
cond perhaps E m tttck ; and the third  Cathartick,
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I V . T h e  nice and cu riou s T e x tu r e  o f  the llo w er  in P la n ts , and 
F u rn itu re, has e m p lo y ’ d the E n q u iries o f  m any L earn ed  M en . B u t lin ce  «*!’
thefc Searchers in to  the H il lo r r  and O p eration s ot N atu re , feem  n ot fo  u fe  «/ tht 
lu cce fsfu lly  to  have reach’ d her D c fig n  in this C a fe , as in m any oth ers, F low er 

\ ihall a ttem p t to  accou n t fo r the F ab ric  and U fe  o f  thefc P arts, and to  
m a k e  the P ro p agatio n  o f  V egetab les m ore in te llig ib le , w h ereb y  the ^  '
W a y s  o f  N atu re  w ill appear m ore harm onious, and o f  a piece. p.

It has been lo n g  a g o  o b fe r v ’ d , that there is in every  p articu lar Seed a 
Sem in al P lan t, co n ven ien tly  lo d g ’ d Ixtw een  the tw o  L o b e s , w h ich  con- 
Ikitute the B u lk  o f  the Seed, and are d e fig n ’ d  tor the firft N o u rilh m e n t 
o f  this tender P lant.

D r . G trw  is the o n ly  A u th o r  I can fin d, w h o  has o b fe rv ’ d  th a t the 
Farina  (o r  rine P o w d e r  w h ich  is at its p ro p er Sealon flied o u t o f  thí>íc 
*rbec^ or Apices Scminiformes^ w h ich  g ro w  at the T o p  o f  the Stam ina) 
d o th  fom e W a y  p “ rtorm  the O ffice  o f  M a le  S p erm . B u t herein I th in k  
he falls ih o rt, in that he fuppofes them  o n ly  to  d ro p  up on  the o u tfid c  
o f  ih c U tir u s  ox Vafcxilum Seminale^ and to  im p re g n a te  the included  Seed 
b y  fom e fp iritu ou s E m anations or energetical Im p rcls.

T h a t  w h ich  is now  fu b je ile d  to  E n q u iry , is, w h eth er it be not mor:; 
proi'yer to  fu p p o fe , that the Seeds w h ich  com e u p  in th tir  p ro p er h r jo -  
lucray are at firft lik e  u n im pregn ated  O-ya o f  A n im a ls  i that this 
m  is a Ccrtgcri<s o f  Sem inal P lan ts, one o f  w h ich  m iift be c o n v e y ’ d  into 
e v e r y  Ovum  before it can becom e p r o l i f ic k ; that the Stylus in M r . Ray'i> 
L a n g u a g e , the u p p e r part o f  the Pijiillum  in M r . '■Tournefort'Sy is a 
T u b e  d c fig n ’ d to  co n v e y  thefc Sem inal P lan ts into their N e ft  in the 
Ova-, that there is fo  vaft a P ro v ifio n  m ade, becaule o f  the O d d s  there 
are, w h eth er one o f  fo  m any íhall ever find its W a y  into, and th ro u g h  
fo  narrow  a C o n veya n ce .

T o  m a k e  this S u p p ofitio n  the m ore cre d ib le , I ih all lay  d o w n  the 
O b fcrv a tio n s  I hav'e m ade upon the Situation  ot th tfe  Stamina and the 
Stylus in fom e few  Species o f  P lants.

'p"irft, in the Corona Imperialii, w here the Uterus or Vafculum fem inak  
o f  the P lan t itand s upon the C en ter o t the F lo w e r, and tro m  the I q p  
o f  th is arifeth the Stylus^ the Vafculum feminale and Stylus to g eth er re- 
j^refenting a Pijiillum . R o u n d  this are p lanted  fix Stamina., u p on  the 
J'lnds o f  each o f  thefe ar« /¡pices., fo  a rtfu lly  f ix t , that th ey  tu rn  e v e ry  
AVay w ith  the leaft W in d , bein g  in H e ig h t  a lm o ft e x a it ly  equal to  the 
Stylus about w h ich  they p la y , and w h ich  in this P lan t is m anifeílljr 
open at the T o p ,  as it is h o llo w  all the W a y . T o  w h ich  w e m u ft add,^ 
that u p on  the T o p  o f  the Stylus there is a fo rt o f  T u ft ,  co n fiftin g  o t 
p in g u id  V illi, w h ich  I im agin e to  be p la c ’ d there, to  ca tch  and detain  
the Farina, as it flics o u t o f  its Thec^. F ro m  hence I fu p p o fe  the R a in  
eith er w aihes it, o r  the W’ ind ihakes it d o w n  the T u b e ,  t ill it  reach the 

Vafculum feminale.
In Capn-folium ,or Honey-ftickle, there rifes a Stylus from  the rudim ents o f  

a B e rry , into w h ich  it is inferred to  the T o p  o í  the Monopetalous t  lo w er,
fro m
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from  the M id d le  o f  w h ich  F lo w e r, are fcnt forth  fovcral Stamina, that 
ihed their Farina  ou t o f  the C afes upon the O r i lk e  o f  the Stylus, w h ich  
in  this P lan t is v illo u s or tu fted , upon the fam e A c c o u n t as the form er.

In  Alhum  or common Garlicky tliere arilcs a Tricoccous Uterus, o r  hecd- 
V effe l, in the C enter o f  w h ich  is inferted a ihort Stylus, not reaching fo 
h ig h  as the Jpices, w h ich  thus Q ver-toppin g it, have the O p p o rtu n ity  o f  
ih ed d in g  their G lo b u les into its O rifice  m ore eafily . F o r  w h ich  R cafon 
I  can d ifcern  no T u f t  upon this (as in the form er) to cnfure th eir F'.n- 
trance, that being p rovid ed  tor b y  its Situation ju i l  under them .

I ih a ll now  m ake f^ich R eafonings or R e fle x io n s  as the fo re g o in g  A c 
co u n t doth  fu g g e ll, and w ill fupport.

N o th iq g  can be m o re natural than to co n clu d e, that w here a fine 
Rowder is cu riou fly  prepared, carefu lly  repofitcd , and ilied  abroad at a 
peculiar Seafon, where there is a T u b e  fo p lanted, as to  be fit to  reccive  
it ,  and fuch Care in d ifp o fin g  this T u b e , that w here it d o th  n o t lie  d i-  
ró ít ly  under the C afes that fhed the P o w d er, it iu th  a p articu lar Appa
ratus at the E n d  to  enfure its E ntrance : N o th in g  can be m ore g e n u in e ly  
deduced from  any P rem ifes, than from  this it m ay, that this Pow der  or 
fom e o f  it was d efigned to enter this T u b e . I f  thefe Stamina had been 
o n ly  excretory Du<5ls ,  as has been hitherto lu p p o fe d , to  Icparate the 
groíTer Parts, and leave the Ju ice  ck fign cd  for the N o u riilm ie n t o f  the 
Seed m ore referved, w hat need was there to  lo d g e  thele F^xcrem^nts in 
fuch  curious R ep ofitories ? T h e y  w o u ld  have been co n v c y cd  any w here, 
rather than where there was fo m u ch  D a n g e r  o f  their d ro ¡)p in g  in to  the 
Seed Vejfel again, as they are here.

A g a in , the Tube over the M o u th  o f  w h ich  they are ilied , and in to
■which they enter, leads alw ays d ir e d ly  into the Seed Vejfel.

T o  w hich w e m uft add, that the Tube a lw ays begins to  d ie , w hen 
thefe Thecte are e m p ty ’ d o f  their C on tents ; i f  they laft any lo n g e r, it 
is o n ly  w hilft the Globules w hich  enter at their O rifice , m ay be fu p p o fa l  
to  have finiihed their P afiage. N o w  can w e w'ell expedí a m ore co n 
vin cin g  P r o o f o f  thefe Tubes bein g  defigned to  co n v e y  thefe Globules, 
than that they wither when there are not m ore Globules to co n ve y  ?

l i  I could  ih o w  that the O va , or unim pregnated  Seed, are e v e r  to  be 
obferved w ith out this Seminal P lant, the P r o o f w o u ld  arife to  a D e m o n - 
llration 4 bu t h av in g  not been fo h ap py as to  d ifccrn  th is, I re co m 
m end the E n q u iry  to  thofe w ho are M a ilers  o f  the b c il M icro fco p e s. 
T h o u g h , in the mean T im e , I have m ade fom e S tep s tow ard s a P r o o f  

o f  this Sort, and have m et w ith  fom e fuch  H in ts  as m a k e  m e not de- 
fp air o f  being able to  do i t : F o r , not to  infift u p on  tliis, that the Se
minal P la n t  alw ays lies in that P art o f  the S eed , w h ich  is neareil to
the Infertion o f  this Stylus, or fom e P rop agatio n  o f  it in to  the Seed
Vejfel', I h ave difcovered  in Beans, and Peafe, and Pbafeoli, un d er 
one E n d  o f  that w e call the Eye, a m anifeft P erfo ration  fd ifcern ib le  b y  
the groflTer fo rt o f  M a g n ify in g  GlaiTes) w h ich  leads d ir e it ly  to  the 
Seminal P la n t, and at w hich  I fup pofe the Seminal P la n t  d id  enter j and

1 am
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I am  apt to th in k , that the Beans or P cafc w h ich  do not th riv e , w ill be 
foun d d cftitu tc  o f  it.

1 lh all now  d efcribc fom e other P lan ts, w h ereby it w ill appear, that 
there is a particu lar C are alw ays excrcifed  to  co n v e y  this P o w d e r into a 
Tube, w h ich  m ay co n ve y  it to  the O va. N o w  in Leguminous P lants, i f  
wjc ca re fu lly  tak e  o f f  the Petala  o f  the F lo w e r, w e ihall d ifco v e r  the 
Pod  or Siliqua c lo fe iy  covered  w ith  an in v o lv in g  M em b ran e, w h ich  
abo u t the '1 o p  feparates into m any Stamina^ each frau gh t w ith  its Q u a n 
tity  o f  Farina, and thefc Stamina are d o le  bound upon the Brujh, w h ich  
IS ob fervab le  at the E n d  o f  that Tube, w h ich  here alfo leads d ired tly  to  
the P o d :  It itands not u p rig h t indecii, but fo ben ded, as to  m a k e  near 
a  r ig h t A n g le  w ith  it.

In Rofes there (lands a Column, co n fid in g  o f  m any Tubes c io fc ly  c lu n g  
to g eth er, th o u g h  eafily  fcparable, each leading to  their p articu lar C e ll, 
the Stamina in a great N u m b er planted all round about. In Titbymaluf^ 
o r Spurge, there rifes a Tricoccous V e ffe l, that w 'hilft it is Im all and not 
ea fily  d ifce rn ib le , lies at tlie B o tto m  till im p regn ated , but afterw ard s 
g ro w s  u p , and ilan d s fo h ig h  upon a tall Pedicle o f  its o w n , as w o u ld  
incline one to  th in k  that there w ere to  be no C o m m u n ica tio n  b e tw ix t 
th is and the yipices, w h ich  he fees d y in g  below .

In Stra-jü-berries and Rafp-berries, the H a irs w h ich  g rew  u p on  the ripe 
F ru it  (w h ich  I fu p p o fe  m a y  be fu rp riz in g  to  fom e) arc fo  m any Tubes 
lea d in g  each to  their p articu lar Seed, and therefore w e m ay o b lcrv e , 
that in the firft o p en in g  o f  the F lo w e r, there fkands a R in g  ot Stamina 
•within the Petala, and the w h ole  inw ard J rea  appears lik e  a little  W o o d  
o f  thefe H a irs  or P u lp , w h ich  w hen th ey  have received and c o n v e y e d  
their Globulesy the Seeds fw ell and rife in a carneous P u lp .

I have o b ferv ed , and can deduce the C o n triva n ce  and A d m in iftra tio n  
o f the P arts in all the P lants I have o b ferved , and I d o u b t not but o th ers 
m ay be able to  p erte ft  w hat I have ru d ely  hinted •, and that from  th is 
1 heory m any C oro llaries m ay be d e riv e d , w h ich  w ill let in L ig n t  into 

m any P arts o f  N atu ral P h ilo fo p h y . I ihall at prefent o n ly  fu g g e lt , that 
hence one w o u ld  co n clu d e , that the Petala  o f  the F lo w e r  w ere ra
ther d efign ed  to  fe v e r  fuperflu ous J u ices, fro m  w h at w as left to  afcend 
m  the Slamina, than the Stamina to  p erform  this O ffice,, e ith er fo r  
th em , or the u n im p regn atcd  Semiua •, and o b fcrve  the A n a lo g y  betw een 
,^4imal and l e g it  able G en eration , as far as w as necelTary, there íh o u ld  
he an A g re e m e n t betw een th em .

T he Explication o f th t Figures.] F ig. 48- reprefents a yellow L illy . A  p!g 48. 
the T o p  o f  the PiftiUum  o r  T u b e , at w h ich  the Seminal Plants are fu p - 
pofed to  enter, and th ro u g h  w h ich  they arc co n v e y e d  to  the u n im p rcg -

nated Seed in tiie Seed Veffel,.
b, b, b, b, b, b , the Apices Sm iwform es,, w h ich  w h en  th ey  are ripe 

óp en , and ihed that pow der w h ich  enters the Tube at A .
C , the P lace o f  th e Seed Veffel at the B o tto m  o f  the Tube, the S ecd - 

V t l lt  l itfe lf bein g  concealed under the L e a f  ii\ this D ra u g h t,
F ig,.
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■̂’C- 49- 4 ’'̂ * Siliqua in a F lo w e r  o f  the Pea-kind.
E ,  the Tuse  w hich  anl'es from  the Siliqua, and co n veys the Plants  to  it.
/*’, the Mertihrcnous C oat that in vo lves the Siliqua laiil open.
g , g ,  g ,  g ,  g ,  g ,  the Apices, w h ich , before the M einbranons 'I 'cg iim cn t 

is laid open, appear to* rife from  its E d g e s , and b y  the P e ta h  o f  the 
F lo w e r, are k e p tc io fe  upon the Orifice o f  the T u h ,  that they m ay c o n 
ven ien tly  Ihed their Farina into it.

Fig. 50. Fig. 50. A French-Bean reprtfented fidwilc.
Fig. 51. Fig. 5 1 .  T h e  fame opened.

h . T h e  Sem inal Plane.
/, A  Perforation, at w hich, ’ tis fupporcd, the Sem inal P lan t f ir il 

enter’ d.

0 /  the Slunk ^ ' I had lately a large M e lo n -F ru it, w hich  I fp lit  len gth w ays th ro ’ 
Propaga^n the M id d le , in order to  obferve the Vefll-ls w h ich  co m p oled  the M tm -  
e^Moldinei', brane or I 'u n ic  o f  each O v a r y ;  but not co n tin u in g  the W ork. I h.ul 
lor Í xM Jon, to be exam ined w hen I m ig h t
R . Bradley, have m ore L eifure.
11.349. p.490. A t  the E n d  o f  four D a ys, I found feveral Spots o f  M o ld in cfs  began

to appear on the flefliy P art o f  the F ru it, fom ew hat G reen  tow ards the
K in d  ; and o f  a paler C o lo u r tov/ards the M id d le  o f  the F ru it. T h e fe  
Spots grew  larger every  i lo u r ,  io r  the Space o f  tive  D a y s  ; at w h ich  
T im e  the w hole F ru it was quite covered.

T h is  fu rp rizin g  V egetation  m ade m e curious to  exam ine i f  there w as 
any D ifference between thole P arts w h ich  were G reen and the oth ers, 
bcfides th tir  C olou r. T h e  fir ll bein g  feen w ith  the M icro fco p e , a p -

Tjg. 52. pear’d to be a Fungus, whole Cap was ñlied with little Seeds, to the
Number of about five Hundred ; which ihed themfelves in two Minutes
after they had been in the GlaiTes.

T h e  other Sort had m any G rafs-lik e  I.eaves, am o n g w h ich  appeared
I'ig- 53. fom e S talk s w ith  F ru it on their T o p ,  each P la n t m ig h t w ell en o u g h  Ix: 

com pared to a fort o f  Bull-R ujh. I 'h e y  had their Seed in g reat Q u a n 
tities, w hich I believe were not lo n ger than three f lo u r s  before th e y  
began to  vegetate ; and it was about fix  H o u rs  m ore, before the PlanLs 
w ere w h o lly  p c r fe d e d : F o r , about fcven o f  the C lo c k  one M o rn in g , I 
found three P lants at fom e D iila n ce  from  any others \ and abo u t fo u r 
the fame D a y , I co u ld  difcern above liv e  H u n d re d  m ore g r o w in g  in a 
C lu ite r  w ith  them , w h ich  1 fup pofed  w ere S eed lin g  P lan ts o f  that D a y . 
T h e  Seed o f  all thefe w ere then ripe and fa llin g .

W h e n  the w hole F ru it had been thus co v e r ’ d  w ith  M o ld  fo r  fix  D a y s , 
this veg eta b le  Q u a lity  began to  abate, and w as en tirely  g o n e  in tw o  
D a y s  m ore. T h e n  was the F ru it  p u trified , and its fle ih y  P arts n o w  
y ie ld ed  no m ore than a ftin k in g  W a te r, w h ich  began to  h ave a g en tle  
M o tio n  on its Surface, that continued for tw o  D a y s  w ith o u t any other 

fig- 54' A p p earan ce . I foun d then feveral fm all M a g g o ts  to  m o ve  in it, w h ich  
g re w  fo r the S p ace o f  fix D a y s ; a fttr  w hich  they laid th e m lclv cs  u p

in
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T̂ he Husbamlry of Canary Seed, 309
in their Bags. Thus they remain’d for two I^ys more without Mo
tion, and then came forth in the Shape of Flies. The Water at that 
rime was all gone, and there remained no more of the Fruit than the 

Seeds, the Velfels which compofed the Tunics of the Ovaries, the 
outward Rind, and the Excrement of the Maggots; all which toge- 5v
thcr weighed about an Ounce. So that there was loft of the firft Weight 
OÍ the l*ruit when it was cut, about twenty Ounces.

We may judge from this, and other Cafes of the like Nature, how 
much vegetable Life is dependent on Fermentation, and animal i.ife on 
Putretadion.

\ I. To prepare T̂ and for Canary Seed̂  let it he broke up fome Tim* Of the Huf 
in jipiily and ploughed aguin about A^dfunimer  ̂ and ploughed again 
in Augujl  ̂ that by frequent I'illage the Weeds may be burnt up, and 
deltroyed. Pk>ugh the lall 'I'ime about the latter End ot February  ̂ or fbn’ n. 337!* 
the Beginning ot March, if the 5>raf«n proves dry; if not, you had p. 91. 
btft wait for a dry Seafon; for in fuch a Seafon only will the Ground 
be fit to receive the Seed. With a Hoe, ''that has a Bit about the
Bigncls oi an Onion-Hoe) you mufl; from Time to Time carefully
cut up the Weeds. It they are not kept entirely under, much of the 
Seed will be loft for Want of rij^ning. In very good Land half a 
Bulliel of Seed will be enough to fow an Acre. It will thrive beft upon 
a llifi' Clay : It will grow upon any fort of Loamy Land, that is rich 
enough to bear Hemp. If you apprehend that the Land is not fuffi- 
ciently ftrong, you will do well to allow from half a BulTiel to feven 
Gallons ot Seett to fow an Acre with.

'I'he Seed is ripe fooner or later, according as the Spring affords you 
an early or late Seafon of fowing it. In fome Summers ’tis cut in Au- 
gujly but the moft ufual Time is after Wheat-I larveft. \N'hcn it is cut 
it muft in moft Years lie five or fix Days in fwarth, and then be turn’d, 
and lie till one Side is dryed and rotted as much as the other, whicli 
may be about four or five Days longer. The certain Number of Days 
cannot be fixed, becaufe they muft be more or lefs, according as the 
Weather proves fair or rainy.

The Reafon of its lying io long in fwarth is, that the lower Heads 
of the Seed (being expofed to the Air, Wind and Sun) may the better 
perfeiil their Ripenefs, and the Grafs and Weeds that fprung up with 
the Stalks be thoroughly withered, and the Ears or Heads well and 
lufficiently rotted, and that the Seed upon threfliing may come out 
clean.

I'he Produce upon Land that is very good, is about fix Quarters 
per Acre.

If the Land be but indifferent, or if the W*eeds be not kept under, 
then from four to five Quarters upon an Acre, is as much as you can 
expeil.

V o l. IV. Part II.  ̂ H  The



T h e  P rice  o f  Seed is, from  tw o  P ou n d s to fix  P o u n d s per  Q u a rte r   ̂
but the m oft ufual P rice  is fro m  fo rty  S h illin g s  to  three P o u n d s.

It is d ifficu lt  to  threih. S o  m u ch  o f  tiie Seed as, after th reth in g , is 
beaten o u t (as foon as ’ tis fanned) is to  be run th ro u g h  a W ire-.S ievc 
(fuch  as is ufed to  feparate C o c k le  from  C orn ) and the M u lk s  o f  e v e ry  
fiftin g , that w ill not pafs th ro u gh  the S ie v e , are to  be th ro w n  by la  
a I le a p  to be thrcfhed over again,

I'ht. ord in ary  P rice  for th relh in g  is l  ive  S h illin g s , b u t in fom e l e a r s  
the I hreflier has S ix  S illin gs per Q u arter.

[•'vpcriincnis VII. v*̂ ome h ave m ade K xp erim en ts o f  the M e lio ra tin g , F e rtili-  
egftatiou, ¿¡ng^ and M u ltip ly in g  o f  G rain , b y  fteep in g  them  in d iv e rs  L i -  

quors. Di¿by fom cw hcre m entions, a P lan t o f  B arley a ll r ifin g  fro m  
n!̂  2̂ 81 one C o rn , tl\at b y  S teep in g  and W a te rin g  w ith  S alt P ctro  d illo lv c d  in
«214. ’ W a te r, bro u gh t forth  249 S ta lk s, aiul ab o ve 18000 G rain s. A n d  the

h i l  E d itio n  o f  Camoden m entions a  T h in g  v e ry  o b fcrva b le, that th e  
C o rn  fow n in a F ield  in Cornwall^ after a g rea t B attle  in the C iv i l  W a r  
I 'im e , brought forth  fou r or five  E ars on every  S ta lk . I h ave t r y ’ d  
fom e fuch lik e  E xp erim en ts on fcveral G rain s, and th o u g h  the E n crea fc  
v/as not fuch as I e.xpeiled , I com m u n icate  them  to  y o u .

O n  the 2 o f  Marcb^ 16 9 9 ,  ̂ to  d e e p  a P ea, a B a r le y -C o rn , 
and a W h e a t-C o rn  in B rim fto n e-W ater.

A  Pea, a W h e a t, a B arley , and an O a t-C o rn , in A llu m -V V 'ater, and. 
the fame in an o ld  D iflb lu tio n  o f  Salt o f  T a rta r , in the Caput M ortuum  
o f  Sal Armoniac d iflb lved  in U rin e , in a D illo lu tio n  o f  the S alt o f  W'^alls, 
in a D ilTolution o f  S a k -P e tre , in a D iiTolution o f  N ojloc  o r  S ta r-G elly ^  
and in U rine.

I fteeped them  thus five D a y s  and five  N ig h ts , and fet th em  in a  
G ard en  in a g o o d  S o il, again ll a N o rth  W’ all fu ll in tiic S u n , on the 
z y tb  o f  the fam e M o n th  after a rainy N ig h t , w ith  a P e a , a W h e a t, a 
B arley, and an O a t C orn  u n ileep ’ d.

U p o n  the lo tb  o f  A p ril  fo llo w in g , I foun d  that fom e w ere j u l l  co m e  
up , Ibm e not.

'The Pea, the B a rley , and the W’ heat iteejx;d in B rim fto n e-W ’^ater 
cam e all up  togeth er.

T h e  Pea fteeped in A llu m -W a te r  was v e ry  b ig  and fw elled , b u t not 
ib  m uch as fprou ted , bu t the B arley , W h e a t, and O a t a b o ve  G ro u n d .

T h e  Pea fteeped in the o ld  S olu tion  o f  Salt o f  T a r ta r , w as h a lf c o m c  
u p , the W h ea t fcarce fp ro u ted , but the B arley  and O a t q u ite  up .

T h e  P e a , the W h e a t, the B a rle y , and the O a t fteep*d in the Caput 
Mortuum  o f  Sal Armoniac d if lo lv ’ d  in U rin e  w ere all u p  to g e th e r  ; as 
w ere alfo the next R o w , that w ere ft^ep’ d  in the S o lu tio n  o f  S alt o f  
W a lls .

T h e  P e a  a n d  W ’ h e a t  f t e e p ’ d  in  t h e  D i f l b l u t i o n  o f  S a k - P e t r e  w e r e  
a b « u t  h a l f  u p ,  b u t  t h e  B a r l e y  a n d  O a t  q u i t e  u p .

i m f i i -  _  -
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T h o fe  wliTch w ere llp fp ’ d  in NojloCy w ere none o f  th em  c o m e  u p , nor 
fca rre  fp ro u tcd .

T h e  H:irley and O a t ftcep ’ d  in U r in e , w ere co m e u p , b u t th e  P e a  and 
W h e a t  fcarce fp ro u tcd .

A n d , to  m y  S u rp rize , the P ea, W h e a t, B a r le y , and O a t, that w ere 
riot at all fteep ’ d , w ere all o f  them  as foon u p  as any o f  the fo rm e r, 
e x ce p t o n ly  the W h e a t, w h ich  w as ab o u t h a lf  up .

I fet th em  all abo u t a F in g e r  deep  in the G r o u n d , and there w as all 
th e  T im e  o f  their G r o w th  v e ry  fine W eath er.

F ro m  all w h ich  I fu p p o fe , that A llu m -W a te r  is again ft the N atur- 
o f  }*cas, and retards their G r o w th , b u t agrees w e ll e n o u g h  w ith  W h e a t,
H arley, and O ats.

'I'hat the S o lu tio n  o f  S alt o f  T a rta r  is not fr ie n d ly  to  the N a tu re  ei 
thcr o f  Peas or W h e a t, bu t agreeable to  the N a tu re  o t O a ts  and B arley .

I'h at the W a te r  o f  S a lt-P e tre  had not any ot the g reat P o w e r  or 
V irtu e  that I fufpectevl, i^ c.

A n d  that thefc S teep in g s d id  not fu rth er an y  o f  the faid G rain s i.« 
their G r o w th  and C o m in g , bu t p la in ly  retarded fo m e o r  m o ft ot th em .

Then I d i g g ’ d all o f  them  u p , bu t three S pires o f  B a r le y , w h ich  1 let 
ftand alx)ut a F o o t and a h alf, or tw o  F e e t, from  one another ; w h ich  
g re w  and in c a a fe d  fo  e x c e e d in g ly , that th ey  had f ix ty , f ix ty - t iv e , and 
lix ty -fe v e n  S ta lk s  a -p iece , from  th eir fin g le  G ra in  and R o o t , w ith  e v e r y  
one an F a r  on , and about fo rty  or fom ew h at m ore C o rn s a-p iece  in 
th em  •, w h ich  Increafe p roceeded  n o t fo m u ch  perhaps fro m  the G ra in  
h a v in g  been ile e p ’ d in any L iq u o r s , as fro m  the F e r tility  and G oo d n ef»  
o f  the S o il, and their co in p e trn t D iila n ce  one fro m  another. I obler- 
v e d  that new  S h o ots co n tin u ally  ftru c k  u p  fro m  the R o o t  •, and tiiat as 
in the Eaft a.nd Indies^ there arc T re e s  that a lw ays bear B lo flb m s 
and F lo w e rs , grt^en and rip e F ru it  at the fam e T im e , fo  th at here, it 
the in v ig o r a tin g  H e a t o f  the Sun had not been c o o l’ d and w e a k e n ’ d b v  
th e A p p ro a c h  o f  the W in te r-S e a fo n , there w o u ld  h ave been co n tin u a lly  
n ew , rip e  C o r n , and e m p ty  E a rs , on  the fam e R o o t .

V I I I .  A t  Sutton-Coliifield in JVaru'ickJhirf, a p eaty  G ro u n d  near a P o o l O f tht ( ir « t  
( o f  w h ich  it was fo rm e rly  a P a rt) w as fo w n  w ith  T u rn ip -S fd i on  th e  
D a y  o f  Jitiy 1 7 0 2 . Jn lefs than three D a y s  T im e- th e  T u r n ip s  w ere 
leen a b o ve  G ro u n d . A t  three W e e k s  E n d  th e R o o ts  w ere  in  B ig n efs  ty
equ al to  W a ln u ts . W ith in  lefs than fiv e  W'^eeks after the S o w in g , the D r  ]. v. lie- 
G ard en er d re w  g rea t Q u a n titie s  o f  T u r n ip s  to  fe ll, thej^ theri b e in g  as b ig  ” •
as large  A p p le s . A t  the E n d  o f  fix  W e e k s , v ix .  on  the 1 i t b  D a y  o f  A u -  ̂ ’ P-974- 

a large T u r n ip  w as p lu c k e d  u p  (th o u g h  p ro b a b ly  n ot fo  b ig  as 
feveral oth ers then g r o w in g  u p on  the fam e G r o u n d ) w h ic h , to g e th e r  
w ith  its 1  o p  and lo n g  d e fce n d in g  P a rt o f  the R o o t , w e ig h e d  a b o v e  
tw o  P ou n d § and fourteen O u n ces. A t  the fam e T im e  alfó  w as w e ig h 
ed  an O u n c e  o f  the fam e S o r t  o f  T u rn ip -S e e d , th af the G a rd e n er  had 
I'own his G ro u n d  w ith-, and afterw ard s a thoufand o f  the G rain s w ere

j  H  2 co u n ted
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7J2 Culture ^ T o b a c c o  in Ceylan.
rounted fin g ly  o u t o f  the O u n ce  To w eigh ed  i and tlie reft o f  the O u n cc  
was d iv id e d  into H eap s, as near as co u ld  be guelTed, equal to  the i o o o  
Seeds firft fevered and laid  togeth er : A n d  it was to u u d , that the w h o le  
O u n ce  contained above 1460 0  fin gle  G rains j w h ich  num ber niulti[)Jied 
b y  46  ('y/z. the N u m b e r  o f  O unces that the I 'u r n ip  w eigh ed ) p rotiu ccd  
6 7 1 6 0 0 , the N u m b e r  o f  fm glc G rains ot Seed required to  equal 
the W e ig h t  o f  the I 'u rn ip . p'rom  w hence m ay be gath ered, that (u p o n  
S tip p ofition ’ that the Increafe o f  the T u r n ip  w as all a lo n g  u n itorm  and 
pqual, from  the T im e  it w as lo w n , till it was p lu c k ’ d u p ) the G ra in  ot 
Seed w h ich  it fp ru n g  fro m , w e ig h in g  when it was lo w n  but ot 
:in O u n ce , was increas’ d in W e ig h t  a cco rd in g  to the ta llo w in g  IV o p o r- 

:ions, r/z .

In fix  W e e k s  T i m e -----------6 7 1 6 0 0

¡
W e e k ------------ 11103.^ i |

D a y  ® > T im esit5i0 \vn W erght.

H o u r -------------------006 °
M in u te  o f ?  ______

an H o u r  X

Som e D a y s  after another O u n ce  o f  the fam e S o rt o f  Seed w as e x a ctly  
w eigh ed , and the G rains w ere found to  be in N u m b e r i4 6 7 '^ .

A n o th e r  T u rn ip  o f  the fame C r o p  was p lu c k ’ d up  on the 2\Jl o f  
OSlobefy and was found to  w eigh  ab o ve 10 P ou n d s and a halt, w h ich  
unufual and w onderfu l B u lk  it acqu ir’ d (it being fup pofed  as ab o ve  that 
the G ro w th  was all a lik e) by increafing the W e ig h t  o í tiie Seed it w as 
raifed from , 15  T im e s  in every  M in u te  o f  an 1 lo u r , fr o m  tlie lo w in g  
to  the d raw in g  o f  it.

T h e  G ardener n eglecled  to thin his T u rn ip s  in due T im e , c llc  p ro b ar 
b ly  their G ro w th  iiad been m ore confiderable.

A t  another T im e , in tw o  otlier Sorts o f  T u rn ip -S e e d , it w as fo u n d  
b y  co u n tin g , that an O u n ce  o f  one S o rt  contained 14 7 0 2  G rain s •, and. 
an O u n ce  o f  the other Sort no few er than 14 9 0 5  G rains.

It is cred ib ly  reported, that o f  late Y e a rs  T u rn ip s  h ave been p re tty  
frequently foun d g ro w in g  in fevcral C ou n ties o f  this K in g d o m , that 
have w eigh ed  above tw ice  as m u ch  ; one o f  w h ich  was feen at Birm ng  - 
ham  about the Y e a r  1 7 1 0 .

Culture I X .  T h ere  are tw o  S orts o f  T o b a c c o , b o th  w hichs th ey  call D tu tk d , 
 ̂ S ign ification  is a S m o a k in g -L ea f-, fo r D un  is S m o a k , K ol a I-ea f, the 

S t r a c h l n ' ! ' Hingek Dunkol^ or SingeU Dunkoly fo r they m a k e  n o D iftin c -  
279. p. 1164. tio n  o f  H  and ó’ j the other is called  Dunkol Kapadâ  w h ich  W 'ord  Ra

pada fign ifies g e ld in g , and is d erived  from  the Portuguefe •, w h ic h  T o 
bacco  is v e r y  in to x ica tin g , and m u ch  ftro n ger than the torm er v it is d ie  
fam e P la n t, the D ifference is o n ly  that Singelefe I 'o b a c c o  has little  a t

ten d an ce.



*íh6 Culture (^'Tobacco in Ct-ylan.
tendance, u p o n  the other a g reat deal o f  Pains Is tak en , iin ill ii be lit  
for U fe  *, and it is done after the fo llo w in g  M an n er :

T h e y  clear a little  piece o f  G ro u n d , in w h ich  th ey  fow  the Seed o f  
T o b a c c o , as the G ardeners here fo w  P arflcy  and C o lc w o rts  j a g a iiill the 
T in '.e  that this is read y for tra n fp la n tin g , th e y  ch o o le  a p iccc  ot G r o u n d , 
w h ich  th ey  h ed ge  about •, w hen the l iu ifa lo ’ s b e g in  to  ch ew  the C u d , 
th ey  are p ut w ith in  this H e d g e -G r o u n d , and Itt rtand u n til th ey  h a v e  
d o n e, and this th ey  con tin u e D a y  and N ig h t , u n til the G ro u n d  be lu ffi-  
c icn tly  d u n ged  •, then the G ro u n d  is tille d  w'ith a S p ad e, in F o rm  o f  a  
P ic k -a x , fuch  as C arpen ters ufe w hen they fm o oth  P la n k s , b y  h o e in g  
the G ro u n d , and tu rn in g  the fam e, and m ix in g  the D u n g ,  a m o n g  th e 
lia rth  ; w hen they have m ade the G ro u n d  In ioo th , th ey  re m o v e  th e  
P lan ts ou t o f  the B e d , w h erein  th ey  w ere fo w n , and fet them  in th is 
G ro u n d , alx>ut a F o o t D illa n ce  one fro m  another, and then they grow^ 
u p  a lm o ll lik e  a D o c k  ; w h en the S tem  has g o t  1 5 L e a v e s , th e y  cu t oiF 
;ill the T o p s  o f  the P lan ts ; i f  th ey  defire not to  h ave the I 'o b a c c o  to  Ix* 
v e r y  ftro n g , they let it g r o w  until it have 18 or 20 v it they w ill have it 
i lr o n g c r , th ey  to p  it when it has g o t  10  or 12 L e a v e s , not c o u n tin g  th e 

 ̂ o r  4  lo w eft L e a v e s , w h ich  arc nearell the G ro u n d , bccaufe th ey  n ever 
g r o w  lo  b ig  and g o o d , as th o fe  ab o ve  th em . 1 hus the M o iftu re  o f  the 
( jr o u n d  b e in g  h in d er’ d  fro m  w a ilin g  in m ore L e a v e s , F lo w e rs  and S eed , 
all the faid M o iftu re  enters in to  the L e a v e s  rem ain in g, fo  th at thefe 
le a v e s  w ill be 4  o r  5 T im e s  la rg er, fu ller  o f  F atn efs, S tre n g th  and V ir 
tu e , than the T o b a c c o  w’hich  is not ord ered  after this M an n er. N o w  the 
M o iftu re  a fccn d in g  fro m  the R o o t , b ein g  conftrained  w ith in  the B o u n d s 
o f  thefe L e a v e s , forces its W a y  b e tw ix t the Stem  and L e a v e s  re m a in in g , 
and fends fo rth  y o u n g  S p ro u ts , and w o u ld  g r o w  fo rth  in B ran ch es, it 
no C are  w ere taken  to  hinder. T h e re fo re  e v e ry  3, or 4  D a y s  th ey  g o  
th ro u g h  all the S tem s, and break o f f  thefe B u d s w h en ever tliey fp r in g  
io r th , and this th ey  co n tin u e, u n til thefe L e a v e s  be r ij^  (w h ich  tak es 
;is m u ch  T im e  as the Singele T o b a c c o  d o es, w h ich  g ets  F lo w e rs  and rip e 
Seed , and then begins to  w ith er and fp o il, i f  no U fe  be m ad e o f  it)  
w h ich  is k n o w n  b y  the T h ic k n t fs  and F irm n efs.

T h e n  before the L e a f  begins to  w ith er, and is g reen , th ey  c u t  d o w n  
the Stem  to g e th e r w ith  the L e a v e s , and d o  b r in g  th em  in to  their I lo u fe s , 
and lay th em  in a H e a p  ; and thus the L e a v e s  w ill b eg in  to  ferm en t, 
turn  h o t, and fw eat, then w hen the L e a v e s  b eg in  to  fw eat, th ey  tu rn  th r 
in n erm oft o u tm o ft, that they m ay e a lily  fe rm e n t; o th erw ile  the inner- 
m o ft w o u ld  ferm en t to o  m u ch , fp o il, and r o t : 'F h u s the lo n g er they lie 
in a H e a p  to g e th e r, the T o b a c c o  turns the m ore d a rk  o f  C o lo u r . W hen 
th e y  th in k  it  has fw eat e n o u g h , th ey  h an g  it a fun d er u p o n  C o rd s , t ill 
the L e a v e s  be d r y , then they feparate the L e a v e s  from  the S ta lk s , and 
la y  th em  u p  in B u n d les to g eth er, u n til th ey  h ave U fe  fo r  them .

N o w  the o th er I ’o b a c c o , ca lled  Singele Dtinkol, is o n ly  low’n, and then
p lan ted , and has L ib e r t y  to  g r o w , to  fh o o t o u t, flo w er, and leed •, thu -̂
uU ripen  to g e th e r  : T h e n  it Í3 cu t eiow'n and caft to g eth er in a 1 le a p  ^

Ibir'-
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fom e w ill ferm ent to o  m u ch , and rot, others w ill ferm ent not at a ll, arrd 
w ill rem ain green , a lth o u g h  it )■)€ d ry , and w ill hav'e a I'mell ot H a y  o r  
d ry  G rals. I 'h e  Sold iers, w h o  d e lig h t to fm o ak  a b ig  P ip e  fu ll, and that 
freq u en tly  in one D a y , do fm o ak  this com m on  fort, fom e w ill m ix  fo m c 
o f  the a m o n g  i t ; x\\zCjnpialcfer^ w h o fm o ak  not fo  m u ch  at
once, n( ither lo  freq u en tly , d o take a p iecc ot the Kapada^ and ro ll i t  
togeth er, then roll a p ie ce o t d ry  L e a f  o f ú\t JJ’titt'.'.kav I rees about th is, 
and k in d le  it at one K n d , and lu c k  at the other, until it be co n fu m ed . 
•Some d o  ch cw  it a m o n g  B ctle, ta k in g  but v e ry  little  at once.

o r a  'l arta- X .  T h e  M a p  o f ‘T'tzr/jn’, w h icii w e m ade b y  O rd e r o f  the K m p e ro r 
Cbiua, ga\'e us an O p p o rtu n ity  o f  feeing tlie fam ous P lan t Cin-fen^ 

íengTéV. ” î ’ch  elVeem’ d in aiid fo little  k n o w n  in Europe.
Fatl(rJdT- T o w ’ards the K n d  o f  'July 170 9 , w c arrived  at a V illa g e , not a b o v e  
toux, f.iie,; fo y r  fniall L e ag u e s d illan t from  the K in g d o m  o f  Corca^ w h ich  is inha- 

^ITa/^Lrtters ‘Tartars called Calca tatz?. O n e  o f thcl'e 'Jartars w en t
and found upon the n eigh b ou rin g  M ountains fou r P lants o f  the Gin  

jofuits. Jeng., w h ich  he bro u gh t us entire in a H alket. I to o k  one o f  th em , and 
»'•3^7 P-237-d efign ed  it, as w'ell as I could .

'I ’he m o ll em ineiit P hyficians in Chir.t have w rit  w h ole  'V'olum es u¡)* 
o n  the V irtues and Q u alities  o f  this P lan t, and m ake it an In gred ien t 
in a lm o il all R em ed ies w hich they g iv e  to  their c h ie f  N o b ility  ; fo r  it is 
(if' too  h igh  a P rice  for the co m m o n  P eop le. I 'h e y  affirm , that is a 
fo vere ig n  R e m e d y  for all W eakneiTcs occafio h ’ d by excelFive Karigue^ 
either o f  B o d y  or M in d  ; that it d iflb lvcs  p itu itous H u m o u rs  ; that it 
cures \\'’eaknefs o f  the L u n g s , and the P ieu rify  ; that it fto p s V o m it
ings •, that it ilrength ens the S to m ach , and helps the A ji jx - t itc ;  that it 
dii'perfes F u m es or V a p o u r s ; that it fortifies the Breaft, and is a R e 
m ed y for ilio rt and w eak  B reath in g  ; that it ftrengthens the V ita l S p i
rits, and increafes L y m p h  in the B lood ; In llio rt, that it is g o o d  a g a in ll 
D izz in e fs  o f  the H e a d , and D im n efs o f  S ig h t, and that it p ro lo n g s  
L ife  in old  A g e .

N o  B o d y  can im agine that the Chinefe and Tartars  w o u ld  fet fo h ig h  
a V alu e  upon this R o o t , i f  it d id  not con ftan tly  p ro d u ce  a g o o d  
T h o fe  that are in H ealth  often m a k e  ufe o f  it to render th cm fe lvcs  m o re 
v ig o ro u s  and ftro n g  : A n d  I am  perfuaded, that it w o u ld  p ro v e  an e x 
cellen t M ed icine in the H an d s o f  any European w h o  un d erltan d s P h a r
m a cy , i f  he had bu t a fufficient Q u a n tity  o f  it, to  m ak e fu ch  T r ia ls  as 
are neceflary, to  exam ine the N atu re  o f  it ch y m ic a lly , and to  a j)p ly  it 
in a p ro p e r Q u a n tity , acco rd in g  to  the N atu re o f  the D ifeafc fo r  w h ich  
it  m ay be beneficial.

I t  is certain , that it fu b tilizes, increafes the M o tio n  o f, and w a rm s 
the B lood  ; that it helps D ig e ftio n , and in vigorates in a ve ry  fen fib lc  m an 
ner. A fte r  I had defigned the R o o t , I ob ferved  the i^tate o f  m y  P u lfe , 
and then to o k  h a lf  o f the R o o t , raw  as it w as, and u n p rep ar’ d  : In an 
H o u r  after, 1 fou n d  m y  P u lfe  m u ch  fu ller  and q u ic k e r  •, I had an A p p e 

tite ,
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t itc , and fou n d  m y  fe lf  m u ch  m ore v ig o ro u s , and co u ld  bear L a lx )u r
n iu c h  better and caficr than before.

B u t I d id  n ot re ly  on this T r ia l  a lone, im a g in in g  rfiat this A lte r a 
tion  m ig h t  p ro ceed  fro m  the R e ft  that w e had th at Ü a y  : B u t fo u r 
D a y s  a fte r , fin d in g  m y  fc lf  fo  fa tig u e d  and w eary  that I co u ld  fca rce  lit  
o n  H o r fe b a c k , a Mandarin^ w h o  was in C o m p a n y  w ith  u s, p e rc e iv in g  
it , g a v e  m e one o f  theie R o o t s ; 1 to o k  h a lf  o f it im m e d ia te ly , and an 
H o u r  after I w as n o t the leaft fenfib le o f  any W ea rin efs . I h ave o ften  
m ade U fe  o f  it fu ice , and a lw ays w ith  the fam e S u c c tfs . I lia ve  o b - 
fcrv e d  a lfo , that the green  L e a v e s , and e fp tc ia lly  the fibrous P a rt o f  
th em  ch ew ed , w o u ld  p ro d u ce  nearly the fam e l i l f c c l .

T h e  Tartars often  b rin g  us the L e a v e s  o f  Cin-feng  inftcad o f  T'ea and 
I a lw ays find m y  fc lf  fo  w ell a fterw ard s, that I Ihould read ily  prefer 
liie m  before tlie b e ll I'ca. T h e ir  D e c o ilio n  is ot a  g ratetu l C o l o u r ; 
aiul w licn one lu s  taken  it tw ice  or th r ice , its 1 a ile  and S m e ll becom e 

v e ry  p leafant.
A s  fo r  the R o o t  o f  this P la n t, it is neceíTary to  b o il it a little  m ore 

tlian  T e a ,  to  a llo w  T im e  for extrae'ling its V ir tu e  •, as is p ra ttife d  b y  
th e  Cbintfe, w hen they g iv e  it t o f i c k  P erfo n s, on whic!\ O c ca lio n  th e y  
ie ld o m  ufe m ore than the fifth  P a rt o f  an O u n ce  ot the d r y ’ d  R o o t . B u t 
as fo r thofe that are m  H e a lth , and tak e  it o n ly  for P re v e n tio n , o r  Ibm c 
n ig h t  Indif{)ofition , I w o u ld  a d vife  th em  not to  m a k e  lefs than ten  
D o fcs  o f  an O u n ce , and not to  tak e  o f  it e v e ry  D a y . i t  is prep|U-cd in 
th is M an n er : T h e  R o o t is to  be cu t into  thin  S lices, and p u t in to  an ^
E arth en  P o t  w ell g la z e d , and filled  w ith  about a Q u a rte r  o f a P m t o f  i
W a te r  P a ris  M ea lu re  : T h e  P o t m u ft be w ell c o v e re d , and fet to  boiJ *
e v e r  a gen tle  f i r e  ; and w h en  the W a te r  is co n fu m ed  to  the Q iia n tity  
wf a C u p fu l,  a  little  S u g ar is to  be m ix ’ d w ith  it ,  and it is to  be d ra n k  
im m e d ia te ly . A fte r  th is, as m u ch  m ore W a te r  is to  be p ut in to  th e 
i ’o t  uj)on the R e m ain d e r, and to  be bo iled  as b efore, to  e x tra ft  a ll the 
J u ice  and w hat rem ains o f  the fp iritu o u s P a rt o f  the R o o t . T h e fe  tw o  
D o fes  arc to  be ta k e n , one in the M o r n in g , and the oth er at N ig .h t.

The P la c ts  w here this R o o t g ro w s  are betw een the th irty -n in th  and
to riy -fc v e n th  D e ^ rte  ot N o rth ern  L a titu d e , and betw een the tenth  and

•tw e n tie th  D e g re e ^ o f F.aftern l .o n g itu d e , re c k o n in g  fro m  the M e rid ia n
or Pekift. r iu r e  ib there a lo n g  iVaCt t)f M o u n ta in s, w h ic h  the th ic k
F o rcfts , t!iat co v e r  and en co m p afs th em , render a lm o ft unp.urable. It
is up on  the D e c liv it ie s  o í thefe M o u n ta in s and in thefe thicü. F o re ílb ,
u p o n  the B a n k s o f  T o rre n ts  or ab o u t the R(X)ts o f  T rees, and an ú d íl
a '1 houfand o th tr  d ifferent forts o f  P la n ts , th a t th e Gin-fiftg  is to  be
fo u n d . I t  is not to  be m et w ith  in P la in s, V a llie s , M a rih e s , the B o t
tom s o f  R iv u le ts , or in P laces to o  m u ch  ex p o fed  and op en . It tlxe F o -
re il ta k e  F ire  and be co n fu m e d , th is P la n t d oes n o t appear t ill tw o  o r
three Y e a r s  a fter : It a lfo  lies h id  fro m  tl\e S u n  as m u ch  as p o flib le  i.
w h ich  Ihew s th at H e a t  is an F n e m y  to  it. A l l  w h ic h  m a k e s m e b e lie v e ,
t i u t  i f  i t  IS t o  b e  f o u n d  in  a n y  o t h e r  C o u n t r y  in  t h e  W o r l d ,  i t  n w y  b^* 
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prtrticul.irly in Canadu, w here the F o re ll and M o u n tain s, a cco rd in g  to  
r!ie relation ot^thol'e that have lived  there, v e ry  m u ch  rcftm b le  thtl'e. ■

'I'he IMaces w iiere the Gin-fcng g ro w s, are on every  S ide feparated 
from  the P rovin ces o f  î ûan tong (w h ich  in ou r old  M ap s is called  Leao- 
ium ) by a Barrier o f  w ooden S takes, w hich inconipafles this w h ole  P r o 
v in ce , and about w h ich  G uard s co n tin u ally  p atrol!, to h inder the Chi- 
ncfe from  g o in g  ou t and lo o k in g  after this l^oot. V et h ow  v ig ila n t 
ItK'ver they are, their G reedincls after G ain  incites the Chinefe to  lurk, 
about p rivate ly  in thefe D eferts, I'ometimes to the N u m b e r o f  tw o  or 
three T h o u  land, at the H a za rd  o f  lo fin g  their L ib e r ty , and all the 
F ru it o f  their L a b o u r, i f  they arc taken cither as tlipy g o  ou t o f, or 
co m e into, the P ro vin ce.

I'he K in p ero r h av in g  a m ind  that the Turtars fhm ild  have th e A il-  
van tage that is to be m ade o f  this P lan t, rather than the Chinefe^ g a v e  
O rd ers this prelent Y e a r  170 9  to  ten T h o u fan d  Tartars^ to  g o  and g a 
ther all that th ey  cou ld  o f  the Gin-jhig^ upon C on d ition  that eac h I ’er- 
fon llio u ld  g iv e  his M a je ily  tw o  O u n ces o f  the belV, and that the re ll 
ilio u ld  be paid for acco rd in g  to its W e ig h t  in fine S ilver. It was c o m 
p u ted , that b y  this M eans the E m p e ro r  w o u ld  g e t  this Y e a r  a lx iu t 
tw en ty  T h o u fan d  Chinefe P ou n d s b y  it, w h ich  w o u ld  not co ft h im  ab o ve  
one fourth  P art ot its A’’alue. W e  m et b y  C h an ce w ith  fom e o f  thefe 
Tartars in the m id ll o f  thofe fr ig h tfu l D eferts : A n d  their Mandarins^ 
w ho were not far d illan t ou t o f  ou r W 'a y , cam e one after another, and 
offer’ d us O xen  for ou r Subfiftence, a cco rd in g  to  the C o m m a n d s they 
had received from  the E m p e r o r ..

T h is  A r m y  o í H erbarifts ob ferved  the fo llo w in g  O rd er. A fte r  they 
had d ivid ed  a certain Traci: o f  L a n d  am o n g their feveral C o m p a n ies, 
each C o m p a n y , to  the N u m b e r o f  an H u n d re d , fpreads itfe lf  o u t in a 
ftraigh t L in e  to a certain f ix ’d P la ce , e ve ry  T e n  ot them  k e e p in g  at a 
D iftance from  the relt. T h e n  they fearched ca refu lly  for the P lan t, g o 
in g  on leifurely in the fam e O r d e r ; and in this M an n er, in a certain 
N u m b er ot D ays, they run o v er the w h o le  Space o f  G ro u m l aj^ixjinted 
them . W h en  the T im e  is e x p ir ’ d , the Mandarins^ w h o  are en ca m p ’ d  
w ith  their 'I'ents in fuch Places as are p roper fo r  the S u b filten ce  o f  their 
H o rfcs , fend to  v ie w  each T r o o p , to  g iv e  them  frelh  O rd e rs, and to  * 
m form  them felves i f  their N u m b e r is com p leat. I f  any one o f  them  is 
w an tin g, as it often happens, either b y  w an d erin g  ou t o f  the W a y ,  o r  
b ein g  devoured b y  w ild  Beafts, they lo o k  for h im  a D a y  or tw o , and 
then return again to their L a b o u r  as before.

T h e  p o o r P eop le fuffer a great deal in this E x p ed itio n . I 'h e y  ca rry  
w ith  them  neither T e n ts  nor B eds, e v e ry  one being fu ffic ien tly  loaded 
w ith  his P ro v ifio n , w h ich  is o n ly  M ille t  parched in an O v e n , u p o n  
w h ich  he m u ft fubfift all the T im e  o f  his J o u rn e y  •, fo  that they are 
^ n f lr a in ’ d to  lleep under T re e s , h a v in g  o n ly  their Branches and B a rk s,
Ú th ey  can find th e m , for their C o v e rin g . 'I'heir M andarins fend them  
fro m  tim e to  tim e fom e Pieces o f  B eef, o r  fu ch  G a m e  as th ey  happen
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to  ta k e , w h ich  they eat v e ry  g re e d ily  and a lm o il raw. In tins m anner 
th cle  ten thoufand M en  paiTed fix M o n th s o f  the Year-, y et n o tw ith - 
ftan d in g  their F a tig u es, continued lu fty , and feem ed to  be g o o d  S o l
diers. T h e  Tartars, w h ich  were o u r G u a rd , d id  not fare better, h a v 
in g  o n ly  w h at rem ained o f  an O x , that w as k ille d  e ve ry  D a y , and had 
ftril fcrved  fifty  IV rfon s for their Subfiftencc.

yf, ih o w s the R o o t  o f  the P la n t ; w h ich , w hen w a fli’ d , w as w h ite  and Fig. 56. 
a little  ru g g ed  and un even, as the R o o ts  o f  other H an ts gen erally  are.

fíy C’,Z ) , reprcfent the L e n g th  and T h ic k n e fs  o f  the S t a lk ;  w h ich  is 
fm o oth  and p re tty  rou n d , o f  a dcepiih  red C o lo u r , e x cep t near its B e
g in n in g  at By w here it is w h iter, b y  R eafon  o f  its N earnefs to  the 
G ro u n d ,

Z), is a fort o f  K n o t o r  J o y n t, m ade b y  the ih o o tin g  o u t o f  four 
B ran ch es, w h ich  all rife from  the fam e C en ter, and d iv id e  from  another 
at equal D iilc n c ts , and at the fam e H e ig h t  from  the G ro u n d . T h e  
underfide o f  the Branch is g reen , m ix ’ d w ith  w h ite ;  the u p p er P«rt is 
m u ch  lik e  the S ta lk , o f  a deep red, in clin in g  to  the C o lo u r  o f  a M u l
b erry. 'J'hd'e tw o  C o lo u rs  g ra d u a lly  decreafe and unite to g eth er on 
the fides in a natural M ix tu re . E a ch  B ranch  ha.- five  L e a v e s . It is 
rem arkab le , that thefc Branches feparate from  each oth er at equal D i-  
ü an ces, as w ell in R c fp e ft  o f  th em felves, as o f  the H o r iz o n , and m ak e 
w u h  their L e a v e s  a c ircu lar F ig u re , nearly parallel to  the S urface o f  the 
( iro u n d .

T h o ’ I h ave fin ifti’ d the D c fig n  but o f  h a lf  o f  one o f  the I x a v e s  at 
/', y et any one m ay eafily  co n ceive  and perfe<fl the reft in the fam e 
M anner. I d o  not k n o w  that ever I faw  I.e a v e s , fo large as thefe, that 
w ere fo  thin and fin e: T h e ir  F ib res arc v e ry  d ift in g u iih a b le ; and on 
the u p p er fid e they have fom e fm all w h itiih  H a irs . T h e  S k in  betw een 
the F ib res rifcs a little  in the m id d le  ab o ve  the L e v e l o f  the Fibre»^.
T h e  C o lo u r  o f  the l .e a f  is a d a rk  green ab o ve, and a ih in in g  w h itifli 
green  underneath. A l l  the L e a v e s  are ferrated, or ve ry  fin ely  indented 
on the E d g e s .

F ro m  Z), the C en ter o f  th e  Branches, there rifes a fecond S ta lk  D  
w h ich  is Very  flra ig h t and fm o o th , and w h itifh  from  B o tto m  to  I 'o p ,

Ix-aring a B u n ch  o f  round F ru it  o f  a beautifu l red C o lo u r . T h is  B u n ch  
w as co m p o fe d  o f  tw e n ty -fo u r Berries, tw o  o f  w h ich  arc here d ra w n , 
m a rk e d  9 , 9 , T h e  red S k in  that co vers the B e rry , is v e r y  thin  and 
fm o o th : It contains w ith in  it a w h ite  fo ftiih  P u lp . A s  th efe  Berrien 
w ere d o u ble  ( fo r  th ey  are fom etim es found fin g le) each o f  them  had 
tw o  ro u g h  S tones, feparated from  one anoth er, o f  the S iz e  and F ig u re  
o f  ou r co m m o n  L e n tils , e x ce p tin g  that the Stones have not a thin  E d g e  
lik e  L .entils, but are a lm o ft every  w here o f  an equal T h ic k n e fs . E a ch  B er
ry  w as fu p p o rted  b y  a fm o o th , even , and v e ry  fine S p r ig , o f  the C o lo u r  
o f  thofe ot ou r fm all red C h erries. A l l  thefe S p rig s  rofe from  the fam e, ' 
C en ter, and fp read in g  e x a d ly  lik e  the R a y s  o f  a S p h ere, th e y  m a k e  
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the B unch o f  B erries, that they bear, o f  a circu lar F o rm . T h is  F r u it  
is not g o o d  to eat. T h e  Stone is iiice the Stones o f  other co in n io n  
F r u i t ;  it is h ard , and inclofes a K ernel It is alw ays placed upon the 
fam e P lan  o r  L e v e l w ith  the S p r ig  that bears the B erry. T ro m  w hence 
it is, that the B erry is not round, but a little flat on each fide. U it be 
d ou ble, there is a k in d  o f  D epreflion  or h ollow  l*lace in the m id d le , 
w here the tw o  Parts unite. It has alfo a Im all Beard at T o p , d iam e
trica lly  o p p o fite  to  the S p rig  on w hich  it han^s. W  hen the B erry  is 
d r y , there rem ains o n ly  a ih r iv c l’d s k in  that i lic k s  clo fe  to  the Stones, 
and is then o f  a d a rk  red, or aim oft b la ck  C o lo u r.

T h is  P lant dies aw ay, and fprings again e ve ry  Y e a r. T h e  N u m lie r  
o f  its Y ears m ay be k n ow n  b y  tiie N u m b er o f S ta lk s it h.is ih o t iorch, 
o f  w hich there alw avs remains fom e M a r k ;  as m ay be feen in the I t -  
gure by the L etters b, & c .  F ro m  w hence it appears, that the R o o t 
^-/was feven Y ears o ld , and that the R o o t Fig. 5 7 . was fifteen.

A s  to  the F lo w e r, not h av in g  feen it, I can g iv e  no D e fcrip tio n  o f  
it. Som e fay that it is w hite and ve ry  Im all: O th ers have aifur x l rn t, 
that this P lan t has none, and that no B ody ever faw it. 1 rather b e
lieve that it is fo fm ail, and fo little  rem arkable, that th ey  never to o k  
notice o f  i t :  A n d  w hat confirm s m e in this O p in io n , is, that th o le  
that lo o k  for the Gin-feng^ h av in g  R eg a rd  to, and m in d in g  o n ly  the 
R o o t, co m m o n ly  n e g le tt  and th row  aw ay all the reit ot the P la n t, as 

o f  no U fe.
T h e re  are fom e P lants, w hich  befide the Ikm ch o f  Berries I h ave de- 

fcribed , have alfo one or tw o  Berries lik e  the form er, p la c ’ d an In ch  o r  
an Inch and a h a lf below  the Bunch. A n d  u h en  this happens, they fa y , 
i f  any one takes N o tice  of the P o in t o f  the C om p afs that thefe Berries 
dire(5Í to , he can’ t fail o f  fin d in g  the P lant at fom e P laces d illa n t that 
w a y , or therrabouts. T h e  C o lo u r  o f  the Berries, when the P lan t has 
an y, diftinguiO ies it irom  all others, and m akes it rem arkab le  at fir il 
S ig h t:  But it fom etim es happens that it bears none, th o ’ the R o o t be 

F i g .  5 7 .  v e ry  old  •, as that reprcfented Fig. 5 7 . had no F r u it , th o ’ it w as in its 
fifteenth Y ear.

T h e y  h av in g  fow ed the Seed in va in , w ith o u t its p ro d u c in g  any 
P la n t, m ig h t p ro b ab ly  g iv e  O ccafio n  to  this S to ry , w h ich  is cu rre n t 
a m o n g the Tartars. T h e y  fay that a B ird  eats it as foon  as it is in the 
F a rth , and not bein g  able to  dig>-il it, it is putrified in its S to m a ch , 
and afterw ards fp rin gs u p  in the P lace, where it is Iclt by the B ird  w ith  
its D u n g . I rather believe that the Stone rem ains a lo n g  T im e  in rhe 
G ro u n d , before it ihoots ou t any R o o t. A i.d  this O p in io n  o f  m ine 
feem s the m ore probable, becaufe there arc found fom e R o o t? , w h ich  
are not lo n ger, and not fo b ig  as ones little F in g e r, th o ’ th ey  have flio t 
forth  fu c c tfiiv e ly , at Itaft ten S ta lk s  in as m any difterent Y ears.

T h o ’ the P la n t I have litre  d cfcribed  had four B ranches, y et there 
are fo m e that have but tw o, others but three, and lom e that have five  or 
fe v e n ; w h ich  laft are the m oft b e a u tifu l: Y e t  tv c r y  Branch has a lw ays

five
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Araliaftrum a New  Genus o f Planti. 3^9
fiv e  L e a v e s , as w ell as this here fig u r ’ d , unli-fs the N u m b e r  has been 
d itn in ifli’ d b y  any A c c id e n t. T h e  H e ig h t  o f  the P lants is p ro p o rtio n - 
able to  their B ign efs and the N u m b e r  o f  th tir  B ran d ies. T iw ie  that 
bear no F ru it, are co m m o n ly  fm all and very  low .

T h e  R o o t , the larger and m ore u n iform  it is, and the few er fm a ll 
S tr in g s  o r  F ib res it has, is a lw ays the better •, on  w h ich  A c c o u n t , t l u t  

m a rk ed  F ig . 5 7 . is preferable to  the other. I k n o w  not fo r  w h at reafon 
th e  Chinefe ca ll it Cin feng^ w hich  fignifies the Reprefertation or Form o f  
M a n :  N e ith e r I m y  felf, nor others w h o  have fearched and in qu ired  in
to  it on p u rp o fe , co u ld  ever find it had any R efem b lan ce  to  the- S ig n ifi
cation  o f  its N am e  •, th o u g h  a m o n g  oth er R o o ts  there m ay now  anü t!ien 
be found fom e w h ich  b y  acciden t have v e ry  od d  F ig u re s . T h e  Tartars 
w ith  m ore R eafon  call it Orhota^ w h ich  fignifies the ch ief o f  Plants.

i t  is not tru e, that this P lan t g ro w s in China^ as fa th e r  M a rtin i a f
firm s fro m  the A u th o r ity  o f  fom e Chinefe B o o k s , w h ich  m ak e it to  g r o w  

on the M o u n tain s o f  Y on g -f infon in the P ro v in c e  o f  P eh n g . T h e y  m ig h t 
ea fily  be led into this M ifta k e , becaufe that is the P lacc  w here it firft a r

rives v/hen it is b ro u g h t from  Tartary  in to  China.
T h o fe  that gath er this P la n t, p referve o n ly  the R o o t , and b u r y  to - .

g eth er in fom e certain P lace  in the F,arth, all that they can g t t  ot it , in  "
ten or fifteen D a y s  ' l  im e. T h e y  tak e  C are  to  w aih  it w e ll, and clean le 
it w ith  a B ruih  fro m  all extraneous M a tte r  •, then th ey  d ip  it into fca ld - 
in g  W a te r , and prepare it in the P u m e  ot a fort o f  y e llo w  M ille t , 
w h ich  co m m u n icates to  it part o f  its C o lo u r . 1  he M ille t  is p u t in to  
a VeiTel a little  W a te r , and Ixjils o v e r  a gen tle  F ire  •, the R o o ts  
are h id  u p o n  f n a l l  iran fverfe  pieces o f  W o o d  o v e r  the VeiTel, and arc 
th u s p repared, b e in g  co vered  w ith  a L in n e n -c lo th  or fom e oth er \ e f -  
fel p laced  o v e r  them . T h e y  m ay alfo be d r y ’ d in the S u n , or b y  the 
F ire  ; bu t then, th o u g h  th ey  retain their V ir tu e  w ell e n o u g h , y e t  th e y  
h ave not that y e llo w  C o lo u r  w h ich  the Chinefe io  m u ch  ad m ire . W 'h cn  
the R o o ts  are d r y ’ d , th ey  m u ft be k e p t clofe in fom e v e ry  d ry  P la ce  v 
o th crw ife  th ey  arc in D a n g e r o f  co rru p tin g , o r  b ein g  eaten b y  W o r m s .

[ fth is  P la n t  (G in -fe n g , grows to the Height o f  about 18 Inches.]

X I .  Araliaftrum  is a Genus o f  P lan ts, w h ofe  Flo^jjer A *  is co m p le te  f .  
re g u la r , p o ly p c ia lo u s, and h erm ap h rod ite , H anding on the Ovary  B . v
T h e  Ovaryy w h ich  is cro w n ’ d  b y  a Calyx cu t  into feveral P arts, becom es cin-feng h  a 
a  B erry  D ,  in w h ich  are, for the m oft p art, tw o  fiat Seeds, lik e  a Sem i- Species. Cm- 
c irc le , w h ich  both  to g ctlie r  reprefent a fort o f  a H e a rt. A d d  to  th is, the 
S ta lk , w h ich  is fin g le , en d in g  in U m b e l, o f  w h ich  each R a y  bears w  
b u t one F lo w e r. A b o v e  the M id d le  o f  the S ta lk  co m e o u t feveral P e-  shcrr¡nl. 'n. 
dides, (as on th at o f  xht Anemone) on the F .xtrem ities o f  w h ich  g r o w  fe- 354. p. 7 0 5 . 

vera l L e a v e s  lik e  R a y s , o r  lik e  an open  H a n d .

•  /';V. A R A L I A  In ft. rt't tirb. T a b . 1J4 .
C cm p lctc , that i$ to fej, that hat a C a ly x .
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320 Araliaftrum a New  Genus o f Plants.
The  Species o f  ibis  G enus arc, [ i . AraUaJlrum ^ in q u e fo lii folio^ majus^ 

N in -z in  vocatum D . Sarrazin . Gin-ftng. D es lettres cdifiantes &  c u n e u - 
Tcs, ‘I'om. X . ¡>ag. l y i .

2. At'aliajlrum ^^inquefolii fo lio , tntnus. D . Sarrazin. Plantula Atari-  
lanJica, fo liis  in fummo caule tem is, quorum unumquodque quinquefariam 
dividitur, circa margines ferratis. N . 36. R a ii H i i l .  III. 658.

3. Araliaflrujn Fragraris fo lio , minus. D . V aillan t. Najlurtium  M a ria 
num Anemones fylvatic.e fo liis, enneaplyllon, fionbus exiguis. P lu k . M an - 
tiíT. 13 5 . T a b . 4 3 5 . F ig . 7.

T o  Ihew w herein Araliafirum  d iffers from  Aralia, (from  w h ence it 
tak es its N am e) ’ cis convenient to  g iv e  all'o the C h ara fter  o f  this laft 
Genus, fuch as M r. Vaillant eftabU lh’ d  it, in his D em o n llratio n s o f  the 
Y e a r  1 7 1 7 .

Aralia * is a ltogether lik e  the Araliafirum , as to  the S tru ctu re  and S i
tuation o f  its F lo w e r, but its B erry confifts o f  five  Seeds p la c ’ d  rou n d  
an Axis. M o reo ver its L e a v es  are branched, a lm o 'l lik e  thofe o f  A n 
gelica-, and its S ta lk s (w h ich  in fom e Specics arc n ak ed , and in others 
have L eaves fet alternately) bear each ftvcru l U m b els  at their ' l o p ,  in 
the F o rm  o f  a B u n ch  o f  G rapes.

The Species o f  A ra lia  are, [ i . Aralia caule aphyllo, radice repente.
D . Sarrazin Chrijlophoriana Virginiana Zarza; radicthus fu n u lc jis  ü* fu n -  
gofis, Sarfaparilla noftratibus diBa. P lu k . A lm a g , 98. la b .  23 8 . F ig . 5. 
Tjarfaparilla Virginienfihus nojlratibus di¿ía, lobatis umbellifer^e fo liis , Am e
ricana. E ju fd . A lm a g . 396.

2. Aralia caule foliofo l<evi, D . Sarrazin. AraUa Canadenjis. In il. rci 
H erb . 300.

3. Aralia caule foliofo y  hifpido, D . Sarrazin.
4. Aralia arborefcens fpinofa, D . V aillan t. Angelica arborefcens, fpinofa, 

feu Arbor Indica, Fraxini folio, cortice fpinofo, R aii H i l l .  II. 17 9 8 . C bri-  
ftopboriana arbor aculeata Virginienfts, P lu k . A lm a g . q8. T a b . 20,

A l l  the Sp.cies o f  thefe tw o  Genera, excep t the la u  o f  each o f  th em , 
are com m on  in Canada. T h e  Inhabitants o f  that C o lo n y , and thofe o f  
Virginia, call the fir il Species o f  Aralia  b y  the N am e o f  Sarfaparilla, be- 
caufe its R o ots have alm oft the fam e F ig u re  and V irtues.

M r. Sarrazin  w rites, that he had a Patient w h o  had been cured o f  
an Anafarca, about tw o  Y ears before, by the U fe  o f  a D r in k  m ade o f  
thefe R o o t s ;  and aifures us, that the R o ots o f  the fecond Species, w ell 
b o il’ d and a p p ly ’ d b y  w ay  o f  Cataplafm, are v e ry  excellen t for the c u 
rin g  o f  o ld  U lcers-, as alfo the D e c o flio n  o f  th em , w ith  w h ich  th ey  
bathe and fyrin ge the W o u n d s . H e  docs not at all d o u b t, bu t the V ir 
tues o f  the third Species (w h ich  I lh all briefly defcribc) are the fam e w ith  
tliofe o f  the fecond.

* Fid. Injl, rei Herb. 300. Tab. 154.
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Of a N ew  Plant caltd Iquetaia. 321
Its R o o ts  crcep , and fend forth  S ta lk s , w h ich  rife co m m o n ly  to  the 

H e ig h t  o f  a F o o t  and half, and fom etim es to  tw o  F eet \ the b o tto m  
p art o f  them  is ro u g h , w ith  red d ifh , ilifF, and p r ic k lin g  H airs. T h efp  
S ta lk s  are fct fro m  the B o ttom  to  alm o ft the T o p  (w h ich  arc d iv id e d  
fucccflTivcly into feveral n aked  Branches c h a rg ’ d  w ith  U m b e ls)  w ith  
branch ’ d  alternate L e a v e s , almofl; lik e  thofe o f  Podagraria hirfuta A n 
gelica  fo l'o  Ci? odore D . V aiilan t •, w h ich  P lan t is g r a v ’ d in the fecon d 
T o m e  o f  Boccone's Mufrum^  b y  the N am e  o f  Cerefolium rugofo Angeli
c a  folio^ Aromaticum^ T a b . 19. and in R iv in i b y  that o f  M yrrbis folio  
Podagraria.

X I I .  M o n fie u r  M arcband  acquainted the A fle m b ly  o f  the Academy o f  
Sciences in France^ w ith  the D ifc o v e r y  o f  a new  Simple. I'h e i ir i l  that 
b ro u g h t it into R ep u tatio n , w as a Portugueze Surgeov^ w h o  h a v in g  ^¡th  
lived  m any Y ears  in B ra zil, d ifco vered  the V irtu es ot this P la n t ; after Scrophularia 

retu rn in g  into  Portugal w ith  a D efign  to  raife a great T ra d e  w ith  it, he 
fent feveral o f  it e v e ry  w here. H e  called  the P la n t ¿hand.n.27;.
and attrib uted  to  it no Itfs V irtu es than the C u re  o f  Apoplexies, P ltu ri-  p , ,0^, 

and Intermitting F n e r s .  I le  added one T h in g , w h ich  th o u g h  m ore 
p articu lar, y t t  feem ed m ore p robable, w h ich  w as, that the L e a v e s  in 
fu s ’ d  w ith  Senna, to o k  from  it its d ifagreeable r a l le  and S m e ll, w ith o u t 
a lterin g  any T h in g  o f  its Purgative  Q iia lity . T h e  Samples that he i'enr, 
w ere not in fuflicicnt Q u a n tity  to  m ak e F.xperim ent on tiie D iile m p e rs , 
he faid it was p ro p er for ; bu t there Wus en o u g h  to  try , w h ctiier they 
had the V irtu e  to  corredt the T a ile  and S m ell ot Senna. T h creiore  then* 
w as in fu s’ d tw o  Drachms o f  it, w ith  as m u ch  Senna in a Cbopine ot *
W a te r , and the F .xp trim en t c o n firn / d  the M a tter o f  F a c í : B e in g  d t ii  \
rous to  k n o w  w h at Species o f  P lan t it w as, and it b e in g  im p o flib le  t »
d ifco v e r  it by the L e a v e s , w h ich  the Portuguefe Surgeon had taken  lo
m u ch  C a re  to  cu t v e ry  fm a ll, M o n fie u r Homberg, w h o  had fom e 6 f  it 
fent h im , p crceived  fom e ^eeds fw im m in g  on the W a te r, in w h ich  th ey  ’
w ere in fu s’ d •, and ta k in g  up  as m any as he co u ld  o f  thefe Seeds, g a v e  f
th em  to  M o n fie u r  Marcband^ w h o  fow etl them  ; fro m  w h en ce g re w  u p  [
a P la n t, w h ich  w e need not g o  to  B ra zil to  feek , it g ro w s  in E u ro p e ; 
nor need we g o  ou t o f  France to  find it •, n ay , w e m ay have it all ro u n d  
P a ris \ ’ tis  the Scrophularia aquatica. T o  be the m ore certain  o f  it, there 
w as fo m e o f  o u r Scrophularia fow ed  on  a B ed , and fom e o f  th e oth er 
Seed on another, and there w as ob ferved  bu t fom e fm all D ifferen ces , 
w h ich  m ay be w ell attributed  to  the d ifferent C u ltu re  and S o il. T h e r e  
w as lik e w ife  t r y ’ d the V irtu e  o f  o u r Scrophularia, and it w as foun d to  
have the fam e E f f e i l ,  in ta k in g  aw ay the T a fte  and S m ell o f  Senna. M o n 
fieur M arcband  co n clu d ed  from  this D ifc o v e r y , that it w as m o re fit to  
labour to  k n o w  the R em ed ies that are in ou r o w n  L a n d , than to  run 
o v e r  all the K arth  in qu eft o f  that, w ith  m u ch  L a b o u r  and C h a rg e , w h ich  
w e m ay have for n o th in g  at H o m e , if w e to o k  the Pains to  fcarch  : A n d  
ad d ed , that a k n o w in g  Botanijl (m ean in g  his F a th er) cift/T m any lo n g

T ravels



T ravels avow ed, that ther: m ight be found in all Countries R em edies 
for all Difeafes, and that having apply’ d him felf to this M atter, he had 
difco\'crcd a good N um ber o f  Sim ples com m only to  be found, that had 
great Virtues, o f  w hich he had graved the Plants. H e  named am ong 
others, the  Achillea M ontana Pen.r, which fm oaked in a P ip e  as To-  
hncic^ confiderably eafcs an Afihm .i.

/Icemelldy and H a cm lli^  for the Seeds are fo named 
la e L  Hi n -  which were fcnt to me in the Y ear 1691 tiom  the Ifiand Ceylon^ where
tnontriptic i iú s  i ’ l.int grow s and is very well known.
n , ^ , k y D r .  Plant itfelf, which I reared in the Y«.ar 1692, bears F low ers on
.;(.S T - L ” ’ the T o p s o f  the Stalks, com pofed o f  fevtral fmaller tubulous Flow ers 

'  ' collciftcd together, and form ing a kind ot H ead, lupported by a fix- 
Icaved or many-leaved C alix, very much refcm bling the w in g-ila lked  
Curajfa M arigold, with the Orange Flow er ^of which there is a F igu re  
in Pluknct's  P h ytog. in Herman'% Par. B.itavo, in the H orto  M onfpel. 
Magnol. and the Flora Noribergenfi o f  Volkamer) but fom ewhat yellow . 
A fter die Flowers arc ihaken, the Seeds follow , which are o f  a greyirti 
brown Colour, long, fiat, with a double Beard at T o p , to which the
Flowers were contiguous. It grow s , up in fquare Stalks covered w ith
conjoined Leaves, longer and m.ore p rick ly  than thofe o f  the N ettle  or 
Dead-nettle-, whence it is conjedured that this Plant is doubtlefs o f  the 
T h iftle  or A rtichoke T ribe, and o f  the fame Specie's with that called 
Biüóns by CafalpinuSy and after him by Tcurnefcr:, from  its fo rk id  
Seed. W herefore fmce this Plant hitherto has no N am e, 1 think from  
the Nature o f  the Plant the follow ing may be given it.

Bidens U rtica  folio Lithontriptica Zeylanica^ or the L ith o n trip tic  
Nettle-leav’d Bidens o f  Zeylan. F o r  am ongft all the M edicines w hich 
have been ufed for d iflb lving the Calculus, this Plant o f  late Years is 
become the m oil celebrated, both am ongft our Countrym en liv in g  in 
that Illand, and very lately it is likew ife becom e very fam ous am ongft 
ourfelves.

A  Soldier, who in the Year 1690 firft gave an A cco u n t o f  this H e rb  
to our E ajl-India  Com pany, declared that he had cured upw ards o f  a 
hundred Perfons o f  the Stone and N eph ritick  Com plaints. A n d  the 
G overnor and chief Council o f  the D utch  in the liland o f  Ceylon^ te ftify  
in Letters wrote that fame Year, its Sitccefs on tw o Perfons w h o were 
troubled with the Stone *, for they fay that thefe Perfons void ed  a great 
deal o f  Sand, and broken Pieces o f  Stone, alm oft w ithout any Pain.

Colombo^ chief Surgeon to the H ofpital in the above Ifland, in L e t 
ters w hich he wrote to me in the Y ear 1699, in order to confirm  the 
T ru th  o f  the above, fays, that he is pofitive there is no M edicine t!iat 
has hitherto been found more effeftual againft the Stone and N ep h ritick  
D iforders ; and he farther adds, that w ith very great P;Uns he had found 
out three Species o f  it. T h e  firft o f  thefe is covered w ith lig h t green 
L eaves, and its Seed is o f  a d irty yellow  C olour. I 'h e  fecond has

Leaves

2Z2 Of the Attmella, ^c.
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L c i v c s  o f  n d eep  green  C a ft , and its Seed is o f  the fam e C o lo u r  w ith  
the other. T h e  Seed o f  the third  is b la c k , and the L e a v e s  are a g rea t 
deal la rg er than thofe o f  the oth er tw o , w hich  he fays arc the bcft. I Ir  
ad d s, that th is l^lant is e x trem ely  fertile, each p ro d u c in g  u p w ard s o f  
ten t.ioufan d  Seeds.

I 'h e y  m a k e  ufe both  o f  the L e a v e s  o f  this P lan t and the Seeds, w h ich  
Colombo praifes ab o ve  a ll the reft o f  the P la n t *, as alfo o f  the R o o t ,
S u lk s  and Branches.

'I'he L e a v e s  b ein g  gath ered  before the F lo w e rs  p u ih  o u t, dried in the 
S h ad e, and reduced to a P o w d e r, are g iv e n  in a p ro p er V eh ic le , or in- 
fu fed  in h ot W a te r , and d ran k  in the fam e m anner as T e a . T h e y  are 
lik e w ife  in fufed  in S p irit o f  W in e , and a S p irit is d iftilled  from  the 
R o o t , S ta lk s  and Branches.

A n o th e r  G o v e rn o r  o f  the I lo fp ita l  at Ceylon aíTcrts, that he had ufed 
the F lo w e rs , R o o ts , E x tra c t  and S alt w ith  g o o d  S uccefs in the Pleurif\\
Colick  and Fevers.

M r . Colombo\n his L e tte rs  co m m en d s lik e w ife  for their L ith o n tr ip tic  
Q u a lity ,  the B a rk  o f  the R o o ts , and the R o o ts  th em felves, o f  a certain 
H e r b , ca lled  b y  the I’eop le  o f  Ceylon  ̂ M angul Caranda P o ttu  ; bu t w iu t  
K in d  o f  H e rb  this is, 1 k n o w  not.

X I V .  P eru  Bark  co m es from  a T re e  o f  about the B ign efs  o f  a P h im b
T r e e , w ith  L e a v e s  lik e  I v y ,  but not qu ite  fo b ig , and are alw ays g r a  n. „
T h e  Indians ca ll it ^ e r a n g o .  It is g a th e r ’ d in A u tu m n , and the K in J  p
tak en  o f f  all rou n d , as w ell from  the T a i n k  as B o u g h s, w h ich  grow.^ 
again  in fo u r M o n th s, as Cork does : I 'h e  I 'r u n k  is about the B ig n e ls  oí 
a  M a n 's  T high  ; it bears a F ru it  not u n lik e  a C befnui^ (excep t in its outv r 
R in d  o r  S h ell) w h ich  is p ro p erly  called  China China, and is e ñ ce m ’ d b; 
the N a tiv e s  b eyon d  the B a rk  taken from  d ie  T r u n k  or B o u g h s. T i i o  
A c c o u n t  I received  from  an ingenious A p o th e c a ry  at C adiz  in Spain^
A . D  1 6 9 4 , w h o  had l iv ’ d in P en (, and had íéen it g r o w in g , and g a th e r ’ d 
it feveral T im e s . F ro m  this H ifto r y  I m ade this O b ferv a tio n , that p ro 
b a b ly  China China, or the R in d  ot the F ru it, was firft o n ly  in U fe , and 
the m ore p o w e rfu l M ed icin e  ufcd in fm aller Q u an tities , and that the 
B a rk  o f  the T r e e  cam e not into U fe , till fom e T im e  after •, w hen the 
V ir tu e s  o f  it  k n o w n  in Europe, occafioned a greater D em an d  for it.

X V .  O f  th e U 'alnut-Tree  A u th o rs  feem  to  h ave k n o w n  b u t fix  Spe- A  new  K ir j  
cies, th o ’ I can re ck o n  nine. T h e y  co n fou n d ed  (unlefs I am  d ece ived )
w ith  the common fo r t, that w h ich  the C o u n try  P e o p le  ca ll N o ix  Angleu- 
¡e s , w h ich  one m ay call l^ux Juglans putamine duriffm o, w h ich  appears me.' n. 273. 
to  m e to  be that w h ich  in Hermolaus, and in the H ijloria Lugdunevfu  is p- 90S. 

called  Morati^e MoraciU^, and w h ich  Cafalpin  ca lls Surd¿e.
I d o n ’ t fee that the fam e A u th o rs  have d irtin g u iih ’ d another S p ecies,

■which m ig h t be ca ll’ d N u x  Juglans fruJJu prxcoci, becaufe they arc fooner 
r ip e  than the oth ers, and catvn al>out the F e a il o f  Sr. John ai C on ca ux,

w liich
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3 2 4 A  New K in d  c/W alnut-Tree ,  & c ,
w h ich  has g iv e n  tlicm , am o n gft the C o u n try  P eo p le , the N a m e  o f  N oix  
Joanneties. A s  for th at Species I am  to  treat u p on , I can t find any 
A u th o r  that k n e w  o f  it, and therefore I ihall ca ll it N u x Juglans^ folio  

eleganter diJfe^Oy o r  Acanthi-fclia.
T h e  O il w h ich  is preiTed ou t o f  the W a ln u t-T r e e , in certain P r o 

v in ces is ufcd  inftead o f  B u tter and O il-O liv e . In Berry, w here th ey  
have v e ry  g o o d  W o o l ,  and w here th ey  trade v e ry  m u ch  in C a ttle , th ey  
have y et b u t v e r y  little  B u t t e r ; and that little  w h ich  they h ave, is 
w o rth  n o th in g , and is v e ry  dear *, fo  that th ey  ufe N u t-O il in d reflin g  
their M e a t to  eat. F o r  this R eafon there are an infinite N u m b e r 
o f  W a ln u t-T r e e s  planted in the m iddle o f  the p lo u g h ’ d  L a n d s, in 
fuch  fort, that afar o f f  one w ould  take thefe L an d s for W o o d s o f  W a l
n u t-T rees.

T h e  W a n e  o f  thefe T re e s  in this C o u n try  o b lig es  the Inhabitants to  
cu ltivate  th em , and th ey  take care to  nouriih  them  in particu lar P laces, 
as in a fort o f  N u rfc ry , in order to plant them  afrefli w hen they d ie , 
w h eth er it be o f  A g e  (w h ich  is rare) or w hether th ey  d ecay, or that they 
are fe ll’ d , for the W o o d  to w o r k  w ith.

T h e  laft Autumn^ tw o  L e ag u e s from  S d k s  in 5 <rrv, in the P ariih  o f  
Z./j, as I w a lk e d  in an O rch ard , lo o k in g  upon fom e Plants near a P lace  
w here they bred u p  a v a il N u m b e r o f  y o u n g  W a ln u t-T re e s , I p e rc e iv ’ d 
in the m id d le a fort o f  L e a f, (or F o lia g e ) w h ich  I hatl never taken  N o 
tice o f  before. I w ent thither forth w ith , and h av in g  e x a m in ’ d it, as I 
k n e w  not the Subftance o f  this L e a f, I tailed it. T h e  T a fte , S m e ll, 
W o o d  and F ig u re  o f  the T re e , perfuaded me to believe that it was a 
W a ln u t-T r e e , and I co n clud ed  that this w as one, th o ’ I d id  not re
m em ber tliat I had ever read, or heard o f  any fort lik e  this.

T h is  T r e e  is v e ry  y o u n g , and did  never yet bear any F ru it , p er
haps, becaufe it m ay be {in a manner) c h o a k ’ d u p , and that there is 
neither A ir  nor N o u riih m en t en ou gh , by reafon o f  the great N u m b e r  
o f  other W a ln u t-T re e s , w h ich  g ro w  round about it. Jt is near fix  
F eet h ig h , and tw o  Inches D iam eter at the B o ttom . ’ T is  adorned at 
the T o p  w ith  m any Branches, and (as the C o u n try  P e o p le  faid , w as 
about e igh t or nine Y ears  o ld , and that th ey  had alw ays foun d its 
L eav es lik e  thofe w h ich  I faw.

T h e  (common) W a ln u t-T r e e  bears its L e av es by P airs, up on  a S ta lk , 
w h ich  term inates w ith  a lik e  L e a f, that is ord inarily  b ig g e r  than the reft : 
A n d  it has v e ry  ftld o m  above three Pairs upon each S ta lk .

T h is  has fom etim es fo u r o r  five  P airs, and fom etim es m o re, w h ich  
are one w h ile  o p p o fite , another w h ile  alternate, a lth o ’ its L e a v e s  ap
pear fm aller than thofe o f  the com m on  W a ln u t- l 'r e e , becaule o f  the 
C u ttin g s  o r  Sla/hes. T h e y  are neverthelefs as b ig , i f  one m in d s t lit ir  
C ircu m feren ce  taken from  the E xtrem ities  o f  theie Slajhes.

T h e  fir il P a ir , and fom etim es the fecon d, are lefs cut than the reft, 
b ein g  fo  o n ly  u p on  the C ircu m feren ce : b u t the others are cu t fo  deep, 
that it lo o k s  as i f  the N e rv e  in the m id d le  o f  the L 'ja f  w as o n ly  a S ta lk  v 
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.Papers Omitted.
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I • >

and the Cuts o f  the L e a v e s  arc fom etim es b y  P airs, fo m etim cs Tingle on 
on e fide. T h e fe  le a v e s  dre fom etim es fo rk e d  at the E n d , and fo m e 
tim es end w ith  a P o in t. T h e r e  are alfo  fo m e P laces, w here it lo o k s  
as î f the L e a f  w as torn  on p u rp o fc , a lm o ft lik e  the Angelica Canadenfis, 
foliis quafi prttmorjis. T h e r e  are others, w h ere it  fcem s that th e y  arc 
d o u b le , as i f  the S ta lk  o r  the N e rv e  was w in g e d , ju f t  as the w in g e d  
S tem s, o r  T r u n k s ,  o r  Caules alaii. A l l  thefe C u ts  and S ia ih c i are not 
lik e  In den tures o r  N o tch e s , b u t fin iih  w ith  a R o u n d . A n d  n o tw ith - 
fta n d in g  a ll thefe Irregu larities, they lo o k  fo  p re tty , th at I c z t f t  c o m 
pare th em  better (io any tbing) than thofe w ro u g h t L e a v e s , w h ich  ferv e  
fo r  O rn am en ts to  the P ain ters, rjlm oft lik e  tliofe  w h ich  adorn the 
C a p ita l o f  (Columns of) the Cxriuthian O rd e r , o r  that w h ich  iri H e 
ra ld ry  th e y  ca ll the Mantleŝ  or that w h ich  the B otanifts term  Aink- 
thus o r Branca Urfiac, w h ich  is the ñ r íl O rig in a l o f  th is fo rt o f  O r 
nam ent.

D ahcbam p  has o b fe rv ’ d  an A erea! H o n e y  o f  a y e llo w iih  C o lo u r  u p - . - ^
on the l e a v e s  o f  a W a ln u t-tre e , d u rin g  the greateft H e a ts  o f  tne 
S u m m er ; w h ich  can be n o th in g  b u t an L ffe d : o f  the I 'ra n fp ira tio n  o f
tlus T r e e , as o f  all o th er T re e s , w herein the fam e th in g  is to  be found t
as I p r o v ’ d in a D ifc o u r lc  to  the Acadttst^ laft Y e a r , in fp e a k in g  o f  the 
Sycamore.

X V .  Papers Omitted.

1. A n  A c c o u n t  o f  M r . Sam. Brown's (a P h y fic ia n  at Fort St. G eo rg e}p. 
Third B o o k  o f  Eaft-Iñdia P lan ts, w ith  their N am es, V irtu e s , D e fcr ip - 
tio n s, fcV . b y  M r . J. Petiver.

2. A n  A c c o u n t  o f  the Fourth B o o k  o f  the fam e.
 o f  the Fifth B o o k .
 o f  the Sixth B o o k .
------o f  the B o o k .

3-
4 -
5- 6. ■ o f  the E igh th  B o o k .

« 27+ .^ 9: ' .
«27Ó./.1007.
K . 2 7 7 . / . I 0 5 5 .  

» . 2 8 2 . ^ . 1 25 i .  

«.299/..195 2.
7. G . y .  Camelli de Plantis PhiUppenfthus Scandentibus TraHatus^ fent « .2 9 3 / 1707. 

to  M r . Petiver. T o  w h ich  is ad d ed , a Catalogue o f  Flcrbs he fo rm e rly
ien t h im , the D ejigns o f  w h ich  are defcribed by  M r . J .  Ray  in the A p 
pendix  to  his T hird  V o lu m e  o f  Plants.

8. G . J .  Camelli de P lan tis Philippenjibus Scandentibus, P ars 5’í*-».29+/.»76j. 
cunda.

9  . ---------- V zv sT ertia . « .jgj.^ .iSog.
1 0  . ---------Pars ^ a r t a .  » 296/. 1316.

1 1 .  A n  A c c o u n t  o f  feveral R are  Plants  la te ly  o b ferv ed  in fevcra l "-332 A s r s -  
cu riou s G arden s about London., and p articu la rly  th e Company o f  Apothe-
caries P h y fic  G ard en  at Chelfea, b y  M r . J .  Petiver^ in S ev en  T r a its .  1-7.

IT. 343.^.229. 
». 344 . / . 26g ,

a K XVI.

Im• «I
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I
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3 2 6  Accounts of Books Omitted,

X V I .  Accounts of Books Omitted.

n,2io.f.2^i'. I. The whole Art of Hujbandry  ̂ by John Mortimer  ̂ Efq; Zvo.
«.285./.1411. 2 .  Gazophylacii Natur<g Artis Decus. In qua Qiiadru-

peda. A v e s ,  Pifces, Reptilia, Infefln, Vegetabilia; item FoJJiliâ  
Corpora marina, &  Stirpes Minerales, é T e r r i  eruta *, Lapides figura 
infignes, &c. Defcriptionibus brevibus & Iconibus illuftrantur. Hil'ce 
annexa eft Supellex Antiquaria  ̂ Numilrnata, Gemmas excifx* &  Sculp
turae, Opera Figulina  ̂ Lucernie, Urnie, Inftrumenta varia, Inlcriptio- 
nes, Bufta, reliquaq; ad Rem Prifcam fpe<ftantiü; item Machina*, 
Effigies clarorum Virorum, omniaq; Arte produfta. A  'jacobo Petiver, 
R. S. S.

•.3JI./V. 344. 3. Gazophylacii Natura ^  Artis, &cc. Vol. I. in V. Decadibus, per
y. Petiver.

».3o6./,2253. 4. Samuelis Dale, Pharmacologic five Manudu5Iionis ad Materiam
Medicam Supplementum; Medicamenta Officinalia compledens : Ut &  
Notas Generum Charadlerifticas, Specierum Synonyma, Diiferentias, &  
Vires. Cum duplici Indice, generali Altero nominum &  fynonymo- 
rum prscipuorum; Altero Anglico-Latino, in Gratiam Tyronum. 
I imo. Lond. 1 7 0 5 .

»-325> / -3S- 5- In dex Plantarum P lo rti Lugduno-Batavi, per Uermannum Boer-
haven. L u g d . Bat. 1 7 1 0 . %vo.

” 3 4 S /-3 SO- 6. Ludovici Ferdinandi Marjilii D iflertatio  de Generatione Fungorum.
R om se 1 7 1 0 . 8 w .
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A  G E N E R A L

I N D E X
O F  A L L

T h e  M A T T E R S  contain’d in t h c f e T w o  V o l u m e s ,

N o t e ,

Second
Pages.

T h e

Part
Numeral Letters 

in  c a c h  V o l u m e

d i í l i n g u i í l i  t h e  Volumŝ  i i  fignifies t h e  
a n d  t h e  f m a l l  Figures f i g n i f y  t h e

A .

I V .A
CO V S T IC  Expcrim cnU , Vol. IV 

Page 396.

Jcret, how many in England.

449
A gt, o f  the A ge o f  M SS. A uthon, l i e .  V ,

ii. I.
T h e  G reat Agt o f  O ld Baylet, V . 314. o f 

feveral Pcrfons in Shrcfjhirr, V .  ii. 1 12. in Tork- 
Jhirt, 1 15 . in A ' / n w - 165.  T h e  Mcnfes 
ti!l 70 Y e a n  o f A-e, V . 352. A  new Sett o f 
T eeth  after 80 Y e a n  o f  Age, V . 3 5 ;. T h e  Age 
o f the World to be found by the Encreafe o f  the 
Sahnefs o f  the Sea, V . ii. 216.

Agriculture cS. Chifitje, V . ii. 175.
Áir, F.xperimcnts ihewing how much the Re- 

fiftancc o f  the Air retards hailing Bodies, I V .  ii. 
175. 17S.

T o  Eftimate the Motion o f the Air flowing out 
o f  the Lungs in Expiration. I V .  441.

T h e  Human Allantois difcover'd, V .  309.
A n Altar to llerculc , V .  ii. 47.
.fmhcr, o f its Luminous Quality, I V . ii. 275. 

A  I reatifc on it, 279.
Amulets, V . ii 123.
A  Courfe o f  Anatomy, V . 184.
A deridtt, w here fituatcd, V . ii. 77. 
yitiimalj, o f Carnivorous A.itnah, V . 1, to 9. 

A  new Clafs o f  Animah, 177.
Animalcules in the Itch, V . i^~.

Aneurifma, two Cafes o f  it, V .  334., 335.
O f  the Ant-bear, V . ii. 180.
Antiquities, vid. Rosman.
Antiquities in ttorthumberland, V . ii. 57. Frmeb 

and Irifi}, 57. in Ireland, 1 2 ;.
Antient Brafs Inftruments, V .  98 to 108.

Trumpets, 109.
Approximation, the Method o f  Apfroximatirg, 

in Extrafting the Roots o f  Equations in Numbers, 
improv’d, I V . So.

A particular ApopleSic Cafe, V ,  210. 
Arialijirum, a new Genus o f  Plants, I V .  ii. 3 J 9. 
Arfenic, o f its Preparation, V .  420.
Arteries xná Veins, Tables o f  them explain’d , 

V . 328. iipermatic, 329. 0_ffl/ications oí xhe Ar
teries, 341, 344.

AJbeJiu!, and the incombuftible Cloth made of 
it, I V .  ii. 282. AJbcftus found in Scotland, 285, 
28c.

An Afihmatic diifeited, V4 220.
Agronomical Obfervations for 1 7 1 1 ,  1712  at 

Greenwich, I V .  281. for 17 13 , 291. A  C ol- 
leftion o f Afiro'tomiiol Obfervations for 17*7* 
1718 , I V . 329. for 1710, 336. Aflronomital 
Matters in Nc’w-Englanil, V .  ii. 16 1.

Attraaion, a Drfence o f  it, V .  428. T h e  
Law s o f  it, I V .  353.

Attmella, a Lithontriptic Plant from CeiUn, 
ii. 322.

Aurorae Boreales, I V .  ii. 134, 135, 153» >54* 
163, lb8.
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B.
Cjiuvilhiutti, V .  Ü. 4V  
A Chalybiat W ater at Caattrlury, I V .  i¡. 19^^ 
Chances, a Problem in them ib lv ’d , Y . ij.

A  General I N D E X .

BttremfUr, o f  D r. Hook's M arine Barometer ̂  I V . 
ii. 4 . Barométricat Experiments in Ŝ vitvrlanii, 
16. Bcrcmttricol AltiiUiles at 'Tox\:niy, Ufminfier, 
and 7.Mruh, 62, 66, 6 7 , 77 . I 'h e  Caufe o f  the 
V ariation  of the Baromiter, ic^

Barc/rope, a  N e w  one, IV'̂ . ii. 6 . Obfervations 
made with it, a.

T h e  Jefuita Setfi, an Account o f  it, I V .  ii.

3 - 5-
Bramines, Indian, an Account o f  their Opinions 

and W orih ip , V .  ii. i6^.
T y c h o  Brahe's Caftle, V .  Ii. 13 2 .
A  T rip le  Bladder, V. 284.
Be.tds the Druids, V .  ii, i : i .
T u m ou rs ijl the Breajf, V .  2 16 ,
Beajis, V .  ii. 146, 156. in Wales, 116 , > i8.
Beliini, fom e Account o f  him , V .  ii. i 37-
'Bfrds, M igration o f  them, V .  33. Birdi in 

Ycrkihire, V .  ii. 1 17 . in Kc -̂Lrgland, 160. 
Strange ones is  H'ales, V .  j j .

‘ Births, the Regularity o f  them in both Sexes, 
V '  ii. 240. 1

Llood, to eftimate its M otion, I V .  4 4 1, 445. 
Its fpeciñc G rav .ty , V .  320. T h e  Circulation o f  
the Blood feen in the Omentum o f  a C at, ?2g, 
330. in Tadpoles, 5 3 1 . T h e  Blood-VeJJek o f  the 
L ungs o f  a F ro g Uije^d, and v ew ’d w  th a 
M icrofcope, V .  327. 4'lcuritic  BImJ view ’d with 
a M icrofcope, l Y -  204. A  llrange Eruption o f 
Blocd, V . 349. A  Periodical Evacuat oq  o f  it 
at the T h u m p , 35.1« W h ite  ib id .

Bonrs, llrange ones dug up near Canterbury, I V . 
ii .  222, 22 7, 2 3 J . Bear 245 in  A'rtv-
Lngland, V .  ii. 15 9 . Hum an Bctui o fa n e jttra- 
ordinary S ize  near S/. Albans, V .  387.

O n  the Fra£lurc o f  tlie N eck  o f  the T h ig h - 
Bane, V .  388. T h e  L o t  o f  Bttus iupplied by 
a  C allus, 387.

Burmng-GUifs, Experim ents on M etals with 
the D . o f  Qrltans'if I V .  190. with, M . Villettcs, 
1 9 Í .

C .

Calenture, a H illo ry  o f  one, V .  364.
Californiâ  a P allágc by L an d to it, and fome 

A ccoun t o f  it, V .  ii .  1 9 1 .
Callus'i, fupplying the Lofs o f  Boocs, V .  387.
Ccnary-^ea, h ow  cultivated, I V .  ii. 3C9.
Cancer, a llrange on e, V .  214.
Cantharides, o f  their internal U fe , V .  405.
Cafe o f  Qood Hope, an A ccou n t o f  it, V .  ii. 

>53-
Carleta, w here ¿tuated, V .  ii .  8 j .

¿5 >•
ChctraSlers unknown at Camara in Sal/tt, V ,  

ii. 6o. in líales, 120. in Nê ~Eng!and, 165.
T h e  Crff/ir o f  O fcillation, IV'̂ . 3¡<o.
O f  tiie Law s o f  the Ctutrifetal Force, t f r .  I V .  

359, ',6 7 .
Ctilan, fome A ccount o f  it, V .  ii. 1 76 , to  

iS j.
Cinnamon T rees n Ceilan, V .  ii. 180.
A  Child cTy'mg in tne W om b , V'. 305. \  ChilJ 

born fu ll o f  the Sm all-Pox, 308. A n  E m aci^ ed 
one dilTefted, V . 270.

Coal-mines, o f  the Strata in them , I V .  Ü. 
j6 o ,

A  CfHieri blown up, I V .  ii. 206.
Coins, vid. Rtm::n.
Coins, found under G round in Linccln/hire,

I V .  ti. 546, 248.
Coirs, If’elé, V .  ii. 1 2 1 . Norman at Tori, V .  ii .  

30. Swedi/'̂ , ibid.
Pewter M oney C:ind by the late K .  Jasnes ia  

Ireland, V .  ii. 31.
Copn, a Leaden one found in a Roman B urial 

Place, V . ii. 4 1 .
Cohalt, V  420.
Cfl/,/Diflblutions and Fermentations, V '. 4 2 1. 
Colic, an unufual one, V'. 264. A n extraordinary 

Effect o f  the Colic, zGb.
Colours, and L igh  , Experim ents on them , I V .

»■’ 3-
Cofiivenefs, an extraordinary C afe of it, V .  2 6 9 , 

270.
Compafs, o f  the Invention and Im provem ents o f  

it, 11  . li. 268.
CimfutatioHj, the com m on ones o f  Intereft cor- 

re£led, V . ii. 24.2.
Coathinations, and Alternations m prov’d , I V .  

60.
Obfervations on the G»«i/, A n . 1664. at R.mê

I V .  339. A n . 1680. in Saxony, ^̂ 0- A n  1 7 18 . 
at Berlin, 342. A  fm all Telefcopicid  Cunut, 1 7 1 7 .  
3 4 1.

Conic Seilions, fome Properties o f  them , I V  5 . 
Copper O re, I V .  ii 274.
Clot is, keeping T im e  with the Sim’s A p paren t 

M otion, I V .  394.
O f  the Contagious D ifeafe am ongft the G w / ,  

A n . 1 7 1 4 . V .  48.
Cewoulftons, of an uncommon kind, V .  206. 
Cornea, Inciiions on it, V .  204.
Curves, a new M ethod o f  T angen ts to them^

I V .  7 . Quadrature o f  a Curu* o f  the T h ir d  
O rder, I V .  25. Problems o f  Carves refo lv’d ,

35» 45»
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A  General I N D E X .
, 4 ?. +6. Col>flro£\ion »nd M calurc o f  them, 

r i !  A  ne«» ol deiriib in j them, 57. ' Tne 
L en gth  o f  ihcm , A i-  T h e  Qtnvt -j. t'a lh n g Dody 
w o jU  jc icrib c, U t

Chufan in Oii a an A ccount o f  it, and o f  the 

Com.ft, V .  ii .  17'-
I V .  11 17» -

'J he O pcraiM jniitt Chytmffry, to  be fo lv ’d by 
A t .n d io n ,  V .  4.2ÍÍ.

D .

A  Darifh Spur, V .  Ü. 108.
De> m̂ rk, U bfcrrable» there, V .  ii. 128.
O f  the Death ’v.atcb, V .  26, a3.
A  D fti/ a n d  Dumh Perfon recovering his Speech 

and h e a fiiig  after a tc » c r , V .  3 57.
T v .0  Dtuf Herfon» undcrllanding w hat ij faid 

to  them b y tlie M o tion  o f  the L ip i, V . ii. 

2 19 .
Dfjctnt, the L in e  o f  qu ickeil Difcrnt, I V .  

35'*
Diamcndi, their luminou» Q i^ it y ,  I V .  n .

^ he M ethod illaArated, I V .  1 4 1 .
Som e Hitkory ot tkat M eth od, 16 2 , 1 7 1 . 

Diving )inpro»’d , I V .  ii. i8 á .
A  DL/tHum u f  M M orbid B od y, V .  319

A  ScrTei for expreffing tlic H oot o f  any Q oadfa-
tic Equation, 87.

txhalatitm, no¿tum al in the LJits, V .  ii.
2 15 .

F .

Faer, an unuiual Blacknefs in it, V ,  195. 
Tiandnt, Curiofities thrre, V . ii 134. 
Flcnxnga, the Natural Hiltory and Defcription 

o f  that Bird, V . 6 } .
Tra£htrt, o f  the N eck o f  the 'A ig h -B o a e , 

an Obfervation on it, V .  588. A  remark*hic 
F r tS u it  o f  the Skull, V . 202.

Fermentat tin , cold, V . 421.
Fifb, inU 'alts, V . ii. 115 , i\% .\n Califtfntia, 

193. '1 he W ay o f  Fij^ing in Chufan, 175. A
remarkable Skin o f a Fi^'% Stomacn, 220.

Ficui i.Mca, V . ii. iH i.
FoJfUi, Remarks on them, IV*". ii. 264. o f Rr- 

fulver Cliff, 2Ó5. o f  Harwich Ciiff, 264. in 
W alts, V . ii. 119 , 120.

Frofi, o f  the Great one. An. 1708. I V .  ii. 

H 3-
Flcnutr, o f  the Parts, and U fe o f  the Flvwer in 

Plants, I V . ii. 305.
Faius, o f a Bitch receiving r o  Nouriihmerit

. .  3 .7 . at the M outh, V . 34. Bones o f  a dead Fatui
Dropfy, V .  231. ¿V Body dilfe iled ,'taken out o f a C ow ’s Uterus, <;<. P a r to fo c e

286. A  Dropft.al Cafe, the Gall-Bladder dif-| voided by the N avel, 300. through an l^mpofl- 
tended, 287. i>r f f f  roiflaken for Grasfkla- hume in the Groin, 301. Extra-uteriDC
tion, 288. A  Drcffy o f one o f  the Ü variei, 30k
290.

T h e  D»fa o f  P in gm g and V om itin g  M edicines, 

V .  394, to  402.
Dura Mat^, the C au fe o f  its M otion, V .  199. 

A  Bone taken from  uie F a lx  o f  it, 202.

E .

Ear, Obfervations on its Struflure, V .  204.
A n  Eartb̂ uakt in the N orth  o f  England., A n .

170 3 , I V .  ii. 210- Eartbquaku m Nrw-Englund,
V .  ii. 16 4 .

Eafter, the R ule for finding it explain’ d, I V .  
ii. 2 7 .

Echo, o f  its M otion , I V .  4 13 .
Eirfhtxnt, A n atom y o f  one, V .  8 i .  T h e  Parts 

o f  G eneration in a Fem ale, 167. M icrofcopi- 
cal Obfervations on its S k in , ibid. T h e  w ay o f  
fu n in g  EUphantt in Ctilan, V .  ii. »76.

A n  EmaciattdQiiWá diíTeéled, V .  270.
Strange Efiltptie F its, V . 209.
Efu- ti»ii, an univcrfal Solution o f  C ubic 

and Biquadratic, I V .  6 6 . Equaticms o f  tht 
3d, 5th, 7th , 9 th , W f. Powers lo lv ’d, 7 7 . T h e  
M ethod  o f  A p proxim atin g in extratlin g  the 
R oots o f  Ê uatiint in N um bers im prov’d^ 80

Fountain, a ren urkab le one in S widen, I V ,  ii. 
18 7 .

Fe'u.Jr a  Pin in the G iza rd  o f  one, V .  ;3 -  
Fhutts, lujw cur’d in ScotUnd, V .  iL 12 7 .

G .

Gangrene, an A ccount o f  a ilrange one cu r'd , 

V .  388.
GlarJluhe Rtnalti, and U terus in  a Puerpera,

V .  290.
Gibraltar, the G eo grap h y o f  fom e Roman 

T o w n s near it, V .  ii. 3 1 .
OiGin-f ng, ^Tarta,ian Plant, I V .  ii. 3 14 , 3' 9* 
Gum LttCy. its Lum inous Q u ality, I V . ii. 275. 
Gurnard, ytllim.', defcrib 'd , V . 35.
Gut, a PieciT o f  a D o g ’ s Gat cut out and cur’d ,

V .  2 7 1 .

H .

Hair, a Bunch o f  Hair voided w ith the U rin e ,
V .  2 :9 ,  2 8 1 . Balls o f  Hair taken from  the U te 
rus O varía  o f  W o m en , 295.

A  Hrtr* d iflcfted, V .  196. ,  ,
Hurwich CTtff, an A ccount o f  it, IV  . 11. 264.

Ĥ cmerrhcga,

1 i
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fi4tmerrhagti uncom m on, V .  34S. V id . BUoti. 
O f  the Hdemorrbaid V ein , V .  540.
Hen, a M ountain-Hrff difledlcd, V .  196.
Heat, a Scalc o f  the D egrees o f  it, I V .  ii. i .  
Heart, the Anatom y o f  the Heart o f  L an d -T o r- 

toifes, V .  74. T h e  left V entricle o f  the Heart 
prodigioufly diftended, 229. T h e  I'ena 
infertcd into the R ig h t A u ricle , isc. 2 3 1 . Of* the 
Force o f  the Heart, 2 3 1, to 249.

Head, a Bullet in the Head for 30 Y ears, V .

233-
T h e  HejJtan Bellows im prov’d , I V .  447. 
Heiiand, Rem arkables there, V .  ii. 134. 
Horace, a  Paflage in that Poet explain’d, I V .  

474-
Horn-\ikt Excrefcencies on the Fingers, V . 

386.
Hottentots, fom e A ccount o f  them, V .  ii. 153. 
Hydatides, in a Sheep’ s K id n ey, V .  54. in a 

T um our in the N e c k , 2 14 . voided by Stool, 2 77. 
with tiie U rin e, 278.

Hypocaufta, o f  the Ancients, V .  ii. 62.

the Eclipfes o f  Jupiter'i F irft Satellite, 308. 
Fid, ColledUon o f  f̂irtntmital Obfervation», 
329, 336.

K .

Kepler'i Problem fo lv ’d, I V .  208.
Kidney, an U lcer in it, V .  252.
Knife, o f  the PrvJJian one fw a llo w ’d b y  A 

M an, V .  ii. 133.

L .

1.

Imagination, the Force o f  it, V .  ii. 16 1 .
Infeilt, in Spat», V .  10. in the Barks o f  T rees, 

ic.
Infcriptions, vid . Roman.
hfcriptions, an Etrufcan one on Tages'i Statue,

V . ii. 58. French and Irifo, 57.
Indiam, fome A ccoun t o f  their M edían le Arts 

and Phyfic, V .  ii. 182.
T h e  lUac Paflion, one that died o f  it difleft- 

ed , V .  268. T h e  Inteftine: rn the C av ity  o f  the 
Thorax, V .  266. T h e  Inteftines grow n C artilag i
nous, 268.

Infinite Series'Í, a  D ifcourfe on them, I V .  90, 
130.

Inttrefi, the common Com putations o f  it cOr- 
refted, V .  ii. 242.

hjundations in Yorkjhire, I V .  ii. 192. in Ire- 
Lind, 193.

Iquetaia, a  new Plant from  Brafil difcover’d, 
I V .  ii. 3 2 1.

Iron, I V .  ii. 274.
O f  an Iflhtnus between Dover and Calais, 

I V .  ii. 222, to 253.
Italy, O bfervations made there, V . i i .  136, «41.
A  N e w  IJland rais’d out o f  the Sea in  the 

Archipelago, W ii. 196 , to 2 13 . A n  Account 
o f  the Sunk IJland in the Humber recover’d, 
I V ,  ii, 2 5 1 .

Jupiter, an O ccultation o f  a fix’d Star by Ju- 
pittr, I V .  304, 3 18 . Emerfions o f  the Firft 
Satellite o f  Jupiter, 1 7 1 3 , at Rome, 306. A  
T ra n fit o f  Jupiter's Fourth Satellite o ver the 
D ilk  o f  "Jupittr, 307. T ables for com puting

LaSeals, an Experim ent o f  pow der’d Blue 
pafling them, V . 254.

Lake, O bfervablei in the Lake Vetter, in Sw- 
den, I V .  ii. 183. O f  the Lake Leugb-Neagh, 
in Ireland, 193.

Light and Colours, Experim ents on them , 
I V . 1 :3 .

A G Ia d e  o f  Light in the H eavens, I V .  ii. 133 . 
in the A ir . i¿c. 139, 1 5 1 . in the W ake* 

o f  Ships in the Sea, V .  ii. 2 13 .
Lithofirata o f  the Antients, V .  ii. 6 9 .
Logarithms, a  new w ay o f  com puting them , 

I V .  87. A  general M ethod o f  m aking them , 
156. A  new M ethod o f  m aking them , 160.

Long-Life, Inihinces o f, in Shropshire, V . i i . 69. 
in Nnu-England, V .  ii. 1 6 ; .

Longitude, Obfervations o f  the Occultations o f  
the fix’d Stars by the M oon ufeful for finding it, 
I V .  298.

T h e  Longitude o f  Cambridge in Nrw-EnglanJ,
I V .  4 5 1 . o f  the Cape ef Good Hope, ibid. o f  
the Magellan Streights, 4^3. o f  Lima in Peru,
I V .  339. o f  the Ifland k’irgo Gorda, ibid. o f  
Is uremberg, ibid.

Lungs, an Apoftcm ation o f  them cur’d , V .  
2 2 1 , 2 2 ;.

Lyre o f  the Greeks and Romans, I V .  4 7 4 .

M.

Mad Dog', Cafes o f  their Bites, V .  366, to 
369. o f  a Mad F o x , 369.

Magnetical Experiments, I V .  ii. 2 9 1, 295. o f  
the L aw  o f  the Magnetical A ttraiU on, 29 5, 297. 
V id . Variation.

Mali's and Females, o f  their E qu ality, V '. ii. 
240.

Man, whether naturally carnivorous, V . i i .  r , 
to 9.

The Mantegar defcnb'd, V .  i8 r .
T h e  Manuring o f  Land by Sea-SheHs in Ire

land, I V .  ii. *98. by Sea-Sand in Devonjhire, 
301.

Manufcripts, how  to judge o f  the A g e  o f  them ,
ii. I .

O f
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O f  a PhyfiC Manu/ertft «  Florence, V .  ii. 140. 

M S S . V .  ii. 118 .
Manma, in Italy, V .  Ü, 14J.
Marble, the w ay o f  colouring it, I V .  ii. 205. 

A  Q uarry o f  Marble in Ireland, 206.
Mars, X T ra n fu  o f  Man near a fix’d Star, 

J V .  305. Vid- C o licflio n  o f  AJironomical O bfcr- 
vations, 329, 336.

T h e  Maxima and Minima occurring in the 
M otions o f  the H eaven ly  Bodie*, I V .  j i g .  T h e  
Maxima and Mtnima applied to 'I 'angen ti,

i V .  7-
MeJical ObfeTVitions \n Sc»tlanJ, I V .  li. 12 7 .
T h e  M/̂ »/ej till 70 Years o f  A g e , V .  352.
Meridian, an Inllrum ent to find it, I V .  464.
A  N e w  w ay o f  draw ing a Mendiaa Line, I V .  

4 6 1 ,  462. T h e  N autical MrriJtan ¿wtí m echa
nically divided, I V .  456. O f  í  Miridi¿in Line 
drawn through France, I V .  468.

Metals, Experim ents on them w ith a Burning 
G la fs , I V .  193.

Metetrs, an A ccount o f  feveral, I V .  ii. 1 3 1 , 
to  16 7 , A  Fiery one in Jamaica, I V .  ii. 1 3 1 .

Micromcter, how  to ufe it in Solar Obfcrvaüon»,
I V .  230.

A  P ocket Micre/ccfie, I V .  199 . T h e  w ay o f  
m aking Micrt/copes, I V .  203. R em arks on Mi- 
tro/cafts, \ . ii. 238.

Micro/cepualQhicmixons, I V .  200. V .  ii. 224, 
to  238.

Mines in Wales, V .  ii. IIQ .
Mineral Waters. V id . Chaljheat, Pymont, 

Speru;.
Mcnftmus C alves, V .  34, 35. A  Monflrous 

Birth, V .  304.
Moldtne/s, o f  its fpeedy Propagation in a Mcloi,

I V .  ii. 308.
Moon, EcHpfes o f  the Moon, A n . 1700. I'V^ 

268. A n . 1703. 269, 271. A n . 1707. 271, 272. 
A n . 1708. 275. A n . 1710. 275. A n . 171Z. 277. 
A n . 1713. 302. A n . i t i ^ .  278. A n . 1718. 334.

Occultation» o f  fix’d Stars by the Moon, uie- 
ful for finding the L ongitude, I V .  298. A n  O c 
cultation o f  a fix’d Star by the Moon, 302. O c cu l
tation o f  "Jupiter by the Moon, 303. O bferva- 
tions on the Moon, & c. 332, 338.

O í a Mortification, V .  337.
A  Mofaic W o r k  at Leicefier, V .  ii. 63. A n o 

ther in Sujftx, ibid.
Mojfes in Scotland, I V .  ii. 253, 256.
T h e  Motion o f  a ftretch’ d String, I V .  3 9 1.
Som e R em arks on Maficians, V .  ii. 9 .
Muñe, its T h e o ry  reduced to Arithm etical 

•nd G eom etrical Proportions, I V .  4 6 9 .
Mufcles, Obfervations on their T e x tu re , V .  

390, 392.
Myopes, how they m ay ufc T elcfco p es without 

E yc-ü la íT cs, I V .  I t s .

N .

Katural Hifion, O bfcrvations in Sbrop/hirt,
V . ii. 1 12 . m Yorkfoire, 115 . m Wales, fronx 
1 1 7  to 122. in Ireland, 12 5 . in Scotland, 12 3 , 
127.

Nev;-England, Obfervations made there, V .  
a . 159.

Nebulie, or L ucid Spots am ongd the F ix 'd  
Stars, I V  224,

T h e  O ptic wafted, V .  202.
Nourijr-ment, a  W om an fix  D ays in the Snow 

without any Naurijl.ment, V .  358.

O.

Optics, a  Sphserico-Catoptric T h eo re m , I V .  
184.

Opium, taken in a large Q ^ t i t y  w ithout p ro
curing Sleep, V .  357.

Opô um M ale dilFefted, V .  16 9 . Obfen-at^on» 
on the OpoJlfum, V .  1 7 7 .

Oyfiers, large ones in Ceilan, V .  ii. 1 8 1 .

P .

Painters, fom e Rem arks on them , V .  ii. 6 . 
Palm-Trees, V .  ii. 14 3 .
O f  the R oot Pareira Brava, V .  40 4. 
Parhelia, I V .  227.
Partus Cétfareus, its O peration, V .  19 7 . 
Pavement, V 'id. Mofaic.
Planets, o f  Caffini'i O rbit o f  them , I V .  206. 

A  Solution o f  Kepler'i Problem , 208. O b ferva- 
tions on fome o f  the Prim ary Planets, I V .  3 18 , 
329, 336.

Plants, o f  the Parts and U fe  o f  the F low er 
in Plants, I V .  ii. 305. A  N e w  G enus o f  Plants,
I V .  ii. 3 19 . O f  the T aftes and V irtues o f '  
Plants o f  the Sw eet C lafs, V .  406. QoA-Plants,
V . i '.  1 2 1 . Plants in Wale,, 12 2 . in A W -  
Englar.d, 160.

O f  tiie Pla¿ue 3.Í Cofhenhagen, A n . 1 7 1 1 .  V .  
38 1.

T h e  Pediculus Ceti defcrib’d , V .  25.
Pewter Money coin ’ d b y  the late K .  James in 

Ireland, V .  ii. 31.
Pbeenicopter. V id . Flamirg».
O f  the N e w  Philippine lüan ds, V .  ii. i 8 ; ,  

189.
Printing, o f  its Invention and Im provem ents, 

V'. ii. I I ,  to 26.
Points, M athem atical, o f  their Proportion to 

one another, I V .  i .
Poifons, Experim ents w ith  Poifons on feveral 

.Animals, V .  ;8 .
Potatoes, IV . ii. 209.

A  Pohpm
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A  PtfA/tti in the Vtr.a Pulmcmalis, V .  2 iq .  
']'l»e S iruilure o f  the Vtra Puimonalit, ibid.
A  Pufrpna d ifleftcd, V .  290, 298.
PMr̂ eíi í ff, o l thcir ftin cip les, V .  403.
A PyramiiUd Appaarancc in the H eavens, I V .

Pyrmont-WiXtn, o f  their V irtues and Q ualitici,

n ' .  ii .  20 1.

Q .

T h e  ^adraturts o f  Figures, I V .  26.
. i^adrayix to  the H yperbola, I V .  37'

Cétr'va.

R.

O f  the Rain at 7 <mcnlfy and Upmlujltr, in 1699,
1700, 1 7 0 1 , 170 7 , 1703, 1704, 65,67^
at Uminf.er f<x 170 5, 74 . at Zorich, Pifa, and 
Vfminjlrr, 170 7 , 1 7 0 8 , 7 7 .  a t  and F a m  in one Body, itiJ.

Smalt, it* Preparation, V .  4 i o .
R a ttk -5;:tfi« in Nmv.£nglami. V .  ii. i t 2. 
Spain, o f  In fc d i and M.arinfi A nim als there, V .  

10.
Spmv-lf'ater}, an Exainen o f  them , I V ,  ii. 

198.
Stan, a new  Star i.i Cello Cyfvi, I V .  2 id ,  

223. A  H iftory o f  the N ew  S/m for the Lift 
150 Years, I V .  2 2 1 . or L u cid  Spot»
amongft the F ix ’d Start, 224.. '1 he L h au go  M
Latitude o f  foinc o f  tlic F ix ’d í/a r/ , 22 5. Kid, 
Colleéiion o f  AJirentmical O bfcr\ation3, 3 19 ,

33 -̂
O f  Sfcretiurt in an Anim al B ody, V .  249. 
Sfriet's Infinite, I V .  130.
SfTftmti in CtiUn, V .  ii. 179.
SUef, an extraordinary Sktfj P cifo n , V.

355-
Sf Îeer, H am an, o f  the G lands o f  it vifib le to 

a nal:cd E y e , V .  25 2 . T w o ,  and 1  h tec Split us

for 18 Years cotnpar’d, lOo.
A  Lunar Rainhtnu in Derlyjkin, IV’ .̂ ii. »3' ‘ 
Raixis<uu, M arine, V .  ii. 2 15 .
R ejifia n cf,  o f  a Solid o f  the leail R eJtjlan ce, IV  . 

346, 348.
Reeks, tw o ftrange ones in Kcw-EnglanJ, V .  ii. 

Antiquities \u. U'ilifliire, V .  ii. 31. in

Skflh, lian J  and R ivT r-Shclli found under 
G rout*!, I V .  ii. 270.

Sbcrp, o f  W orm s found in their Heads,
15. Hydatidcs found in a Shtcp'x K id n ey, V ,

^^O f the S./i o f  Spider*, V .  ?o .
O f  Silk-WoTtns, and their S ilk , V .  18.
A  Siekrmg o f  the Karth in Kdnt, I V .  ii. 24.*̂ .

SuTtx, 6 3 . A Leailen Coffin found in a  J?o-¡ Part o f  a H ill down in / r r / W , 2^0, T h O
men Eurving Place, 4 1 . Roman Coins in ytri-\S¡K¿ing o f  three O aks inlo th e G round in A»/ - 
/¿'ire, 32", 34. i n I V .  ii. 260. Roman fo lk ,
M onuments zx j^ atll \ti 1 orijhire^ V .  ii. 40. A O t the Sunk liland in the Humher recover d .
V o tiv e  M onum ent, j y .  'I'he V eftig ia  o f  a/io- 
nan T o w n  at AJeil, 37. Roman Inlirriptions at 
Tirk, proving tha^ the Ninlb Legion rcfided there, 
4 1 .  Roman Infcriptions in Yorkjhnre, 44. at Catr- 
Ittm, 43. at Lancbtfler, 4 9 , 40. A  Roman Suda
tory at IFroxitfr, V .  ii. 6 1 . A  T sflelated  I'ave- 
fnent, 63. a Bath, 64. Reman M ill-Stones, 3Í?. 
Vrr.i, ibid. Reman Cam ps on the Dovjns in Svf 
J tx ,  76. .

T h e  J?9'tf/-0ak, an Infcription on it, V .  ii. 114 .

S.

Salt, the Chintfe W a y  o f  m aking it , V .  ii. 

«7Í-
O f  the Sahntfs o f  the O cean , V .  ii. 216 . 
Saf, o f  the M otion  o f  it, I V .  ii. 302. 
Saturn's Satellites, their M otions rcilified , 

w ith O bfervations on them , I V .  320 . Cajjiiti'% 
T ables o f  their M otions co rreflcd , 323, îd. 
C olleéiion  o f  Jflronomical O bfervations, 329, 
33 6 .

A  Srerfiion devour'd by a R at, V .  43.
Small-Pox, o f  tlw  Inoculation o f  it, V .  370, 

*0 379.

I V .  I I .  2 5 1.
Spring, a Eum ing one in Shrofihire, I V .  ii. 

19;.
Ŝ vitztrland, o f  the Icy  Mountains there, V .  U. 

15?.
A  Solid o f  the leail R efiflancc, I \ ' .  346,

348.
SeuitJ, Experiments on it, I V .  396. T h e  N a 

ture and Properties o f Ŝ unJ, 4 14 .
Spoutf, n the DrM.:i, I V . ii. 103. in

the 1>1 edit err ant an, ibid. in Yorkfhirt, 106. in
Lancafbirt, 108.

A  Stcrm c f  Rain at Dtnhigb, I V .  ii. l o i .  O f  
H ail in torkfoire, 109.

O f  the great Storm o f  W in d, A 'w . 26 . i 70 3.
I V . ii. 109. a ftrange EfFcil o f  it in Suffix, 1124 
in Holland, ihid.

Stomach, Iron, N ails, L ead , lie. found In the 
Stomach o í  an Idiot, V .  273.

A  Ston* voided by Stool, w hich had ob llrn ilod  
the Du¿íus ComttiUfiis Bilar/ni, V .  274.

O f  a  ball voided by Stoil, V .  276.
T w o  large S/o/:« voided by the U rethra, V .  

283. A  i)iÜ’e¿tion o f  one that died o f  the
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I^xperimeots r d t t ir g  lo th e  C u rc o f 
she Static propoi’d, 284.

Sioiiti o f  Fruit, the Miiichicf o f  fwkllowing 
tiicm, V . 256, to 26-;.

A  Skeleton imprcis'd in St»nf, I V . ii, j-»2. 
SubitriHinioii} 'I'ree* in Hat/UU Chote, I V . ii.

212, 218. at Détgtnlam, 219. in Scotia»/, 253, 
256. at Rtcu/ier CM^, 26 j .

Sugar, o f  its Virtues, V . 353.
S um, a N ew  W ay to find lu  Parallax, IV'.

2 13 .
Spott in the Sun, A n. 1703. IV . 228. An.

1704, 231. From 1703, to 1708, ?35. From 
1708, to 1 7 1 1 , 240. Mi . Crabtrit't Opinion o f 
thefe Spots, 241.

An Kclipie o f the Sun, An. 1694. I V . 247. 
An. 1703. 249. An. »706, 249, to 254. An. 
170®, 255. O f  the T o ta l Eclipfe ®f the Sun, 
.\pril 22. 17 1 5 , i ? 5 ,  t® 267. A n. 1718 , 268. 

M ock-5iutj, and Circular .Arches, I V .  227. 
SuJftXy o f  the Site o f fome Roman'Towra thert,

V . it. 63.
Skull, a remarkable Fraflure o f it, V . 202. 
Scurvy, a H illory o f  a very extraordinary one 

itt Parit, 1699, V .  359.
Storax ¡u¡uiia, the way o f making it, V . 

4 ' 7-

T .

TitngtKts, a N ew  Method o f them, IV . 7.
T a p i,  ObfcrvatioBS on the Clafs o f  Sweet Tajiet 

m Plants, V . 406, t* 4 17 .
Tta, o f  three Sorts o f  it in dina, V . ii. 

»7+-
Teeth, a N ew  Sett o f  ihexn after 80 Year» o:

V . 353.
Large Teeth (of an Elephant) dug up in /re 

/■«W, IV . ii. 256, 2J7, 244. Large Teeth anc 
Sones, in Ne’w-England, V . ii. 159# lu Ntrtbum- 
itrla*i, 4 7 .

Telefc»fe\ how they may be us’d by Myopes 
without Eye-Glafles, IV . 188.

Teltjcofic Sights firft ufed by M r. Crahtrie,
IV . 345.

A  Piigan Temple at Catimara in Sal/et, V . ii. 
¿ 0.

Tenerife, a Joumey to the Pike, V .  ii. 147.
Thirmtmeter, a new one, I V .  ii. 10.
Tohacct, hew cultivated in Ceilan, I V . ii 

314.
Tornadoes, V  ii. 171 .
^ortoifi, the Anatom y o f the Heart o f a Land 

Tortoi/e, V .  74.
Tuhte FaUopiantr, impermeable, V . ii. 266.
Tumours, one in tlic N eck with a bony 

Subflance, V . 211 .  .mother full o f Hydatides. 
214. A  Schirrotti one on ihe JJreaft, 216.

Another, j i 8 .  A  targe one On the T h ig h ,V . 
388.

Turnips, o f their great and fpeedy V eg eu tio o ,
V , ii. 3 1 1.

ThunJer, Accidents by Thundtr and Light-- 
ning, I V  ii. 126, to 131.  T h e  Direction of 
Ship-CompaiTes chang'd by thunder and Light- 
oing, V .  ii. 163.

Antient Trumpet/ Í9und io Ireland, V .  U. 
IC9.

U .

One o f  the Ureters diñraded, V . ii. 266. 
Unne, fe\eral folid Bodies voided with the 

Vnne, V . 281.  O f  one t h a t  liv’d 17 Years 
Wi t h o ut  making any Urine. V . ii. 115.  A  Boy 
who voided Vrhte by the Navel, V . ii. 183. O f  
a Padage for the Drink and Urint to the Bladder 
diHÍD¿l from the Ureters, V . ii. 264

Vrns, ScQ in Ireland, V . ii. 95. in StrfoH, 97. 
Uterus, a 'D ificilion of it, in a Puerpera, W. 

290. Balls o f  Hair taken from the Uterus and 
O ta ria , 295.

V .

I'acumm, Experiments o f Pendulums in Vaeu$,
IV . ii. 168. Gun-powder fir’d in IV . ii.
171 ,  172.  T h e  Defcent o f M alt-D ull in Vcuuc, 
173.  Experiments proving an Interfpers'd

«73-
T h e  E ffeib  o f  the Indian Vam^, V . 4.17. 
'Yht f'ariation at Paraiba, I V . 455.  in the 

Atlantic and ^̂ tbiopic Oceans, 456.
Ft̂ etati»u, Experiments on it, IV . H. 310.  
Crisis, and Arteries, Schemes o f them explain’d, 

with feveml Anatomical and Chirurgical Obferva* 
tions* V .  328.

y^enereal Difeafe, o f  its' Antiquity, V .  381. 
Fenus, the Cauie o f  its appearing in the D ay

time for feveral Days together, IV . 300.
Fejuvius, Eruptions o f it. A n. 1707 IV . ii. 

207. A n. 1 717,  209.
Fitter, Obfervables in the L ake Fetter in S<w*~ 

dtn, I V . ii. 183.

W .

Wales, O bfer.ationj in a Journey throogh if,
V . ii. 117,  to 125.

ffalnitt-Tiet, a new Kind, I V . ii 323.
Water, o f  the Afcent o f  W atir between fw o 

Glafs Planes, I V . 423. T h e  Caufe o f  the A f- 
cent and Sul'penfion o f If'a/er in Capillary Tubes, 
423. T h e  Aftion o f G lafs Tubes on Water and 
C^ickülver, 428.

O f  the Motion o f Running Waters, I V .  436. 
5 L Water



A  Gíntral I N D E X .
Wattr ilinkii^gi «nd recovering its Sweetnefs,

V , ii. 171.
T h e  If'tathtr, in a V oyage to CAAm, I V . ii. 

18. ax Chu/an'm China, I V . ii. 27. at Oatej \n 
Ejftx, 1692. I V . ii. 48. at UpminJUr in E£ex, 
for 1699, 1700, i ; o i ,  170a. I V . ii. 62, to 67. 
itUpminJier 17OJ, 1704. I V .  ii 67. it Upmiu- 
fitr 1 7 0 ;, I V .  ii. 74, to 77. zxUfninfltr, Zuritb 
a n d i’^ ,  170 7, I7P», IV> ¡L 7 7 ,10  »oo.

A  large H’tn cut off th e C h ee k , V . * r j .  
IViiniy, a Roman T o w n , V .  ii. 99.
O f  one that could neither nor R ead, y et 

cou’ d cart up Sums, V ,  ii, 21^.
tbe Stru¿bire of iu  T o n gu e, V .  55 . 

H’orms, in the H eads o f  Sheep, V . 15.
MtrlJ, a  Propofal to find it j  A g e , V .  ii. 2 16 . 
IVroxeitr, a Rarruui Sudatory diicOTcr'd thcrr^

V .  ii. 6 1 .

T H E  E N D ,

UnED
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