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T O  T H E

R E A D E R .

A S thefe Volumes are only a Continuation of 
thofe, which were publiihed twelve Years 
ago, by the late learned Mr Eames and my- 

felf, there does not feem to be any Occafion for a 
Preface. The only Alteration now made, is the Ad
dition of the Dates of the feveral Papers in the Margin, 
which I hope will be thought an Improvement. But 
as I apprehend, that this may fometimes have been 
omitted, I ihall endeavour to fupply that Defedl here, 
as I did in the former Volumes, by adding the fol
lowing Table, which will ihew for what Months each 
Tranfadlion was publiihed.

V O L .  N “
XXXVIII. 427. 'January, FeBrtiary, March,

428. A pril, May, June,
429. July, Auguft, September, OSÍobery
430. Novembery December,
431. January, February, March,
432. A pril, May, June,
433- ^tiguft,
434. September, OStober, Novembery
435. December,

XXXIX. 436. January, February, March,
437. A pril, May, June,
438. July, Auguft, September,
439. OSiober, November, December^

1733

Í734-

1735-

X X X I X .
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T o  the R E A D E R .

VOL.
X X X I X .

N '

X I

X L I .

X L I I .

440. yanuary, February, March,
441. April, May, June,
442. July, Atiguji, September, f  7̂3 -̂
443. OSlober,
444. November, December,
445* Jamiary, February, March, April,

May, "June, .
446. July, Auguji, September, OSlober, No- 1 7̂37-

vember, December,
447. January, February, March, April,

May,
448. June, July,
449. Auguft, September, ) 1738.
450. OSlober, November,
451.  December,
Supplement,
4J2. January, February, March,
453- -^pril. May, June,
454- September, OSiober, 1 *739 '
455. November, December,
456. Jaiiuary, February, March, April,

May, June,
457' ^uguji,
458. September, October, November, D e

cember,
459- January, February, March,
460. April, May, June, July,
461. Auguji, September, Oaober, November, ^ ' 7 4 1

December, /
462. January, February,
463. March, April,
464. May, June, July,
465. OSlober, Part pf November,
466. Part óf November, December,.
467. January 13, 20,
468. Fronl January 20 to February 3,,
469. From February 3 to A pril 21, ’ > 174,-̂
470- ^rom A pril 2 1 to June it,, I
471. November  ̂ December,

1740.

1742,

r

J
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r C O N T E N T
V O L .  VIII. P A R T  I.

The M A T H E M A T I C A L  P A P E R S .

C H A P .  I.

A l g e b r a , A r i t h m e t i c  k , 
F l u x i o n s , G e o m e t r y ,

oI. F  the Reduction of Radicals to
more Jimple TermSy by M r  de 
Moivre, fa g e  i

II. A  Dcmonjlration of Newton’j Method
o f raijing any Polynomial to any Power  ̂
by Means of an ajfumed Binomial; by 
M r Caftillioni, lO

III. Defcripiion and Ufe of an Arithme
tical Machine  ̂ invented by Profeffor 
Gerften, i6

IV . A  brief Account by M r  Eames of a
Work intiiled  ̂The Method of Fluxions 
and infinite Series, with it’s Applica
tion to the Geometry o f Curve Lines *, 
by the Inventor Sir I. Newton, fcPi. 
Tranflated from the Author^s Latin Ori
ginal  ̂ not yet made ptiblick. To which 
is fuhjoined  ̂ A  perpetual Comment upon 
the whole ; by M r Colibn, 26

V- I. An Account by M r Eamcs of a Book 
intitled  ̂ A  Mathematical Tiearife, con
taining a Syilcm o f  Conic Seáiions, 
with the Düétrine of Fluxions and

Fluents, applied to various Subjefts; 
by John Muller, Page 30

2. An Account of a Book intitledy A  Trea-
tife of Fluxions, in two Books, by 
M r M*= Laurin, 31

3. The fame continued  ̂ 51
V I. A  general Method of defcribing.

Curves  ̂ by the Interfediion of right 
Lines moving about Points in a given 
Plane by M r Braikenridge,  ̂ 58

2. Concerning the Defcription of Curve
Linesj by M r  M<= I^aurin, 62

3. A  Paper mentioned in the foregoing A r
ticle  ̂ 70

V IL  Concerning two Species of Lines of 
the third Order (not mentioned by Sir
I. Newton, nor M r  Stirling) by M r 
Stone, 72

V III . The Solution of KeplerV Problem \
by M r Machin, 7 ̂

IX . An Inquiry concerning the Figure of
fuch Planets as revolve about an Axis  ̂
fuppofing the Denfity continually to vary 
from the Centre toward the Surface \ by 
M . Clairanr, î o

X. O f a Curve called from i¿*s Figure a 
Cardioid, 4>'JoannesCallillioneus, 108

X I. A



Ln .

IEiB
•1
1'

Th e  C O N

X I. y? Rule for findiug the meridional 
Pans to any Spheroid, ti'ith the fame 
Exaclnefs as in a Sphere hy M r M<= 
Laurin, Page n o

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

1, A 'Propofition relating to the Cmhi- 
J \  nation of iran/parent Lens’ ŝ  with 
reflimng Planes; by M r Hadley, 1 1 1

\\, A  new Method of improving and per- 
femngCatadioptricalTdefiopes, byform- 
ing the SpeculUms of Clafs inftead of 
M etal; ^  M r Smith, 1 13

III. A  Catadioptric Mtcrofcope  ̂ by Dr
Barker, 120

IV. An Accountaf M rLeew enhoekV M -
crofcopeŝ  by M r Baker, 121

V. A  true Cojy of a Paper found in the
Hand-writing of ^ir\, Newton, among 
ihe Papers of the late Dr Hailey, con
taining a Defcrtpiion of an Inftrument 
for obferving the Moon's Difiance from 
the fixed Stars at Seâ  129

V I. I. An Attempt to explain the Pb<c- 
nomenon of the horizontal Moon appear- 
ing bigger than when elevated many De
grees above the Horizon: Supported by an 
Experiment, D r Defaguliers, 130

2. An Explication of the foregoing Expe^
riment; by the fame  ̂ 131

C H  A  P. III. 

A s t r o n o m y .

1, ^"'^Bfervations of the Appearances a-
mong the fixed Stars, called Nebu

lous Stars-, ¿y D r Derham, 132
II. I. Obfer^aticns of the Moon̂ s Tranjit 

¿V Aldebaran, April 3, 1736, madeat 
London, by Dr Bevis, 133

2. An Occiiltation of Aldcbaran, Dcc. 23,
1728 i by M r Kirchius, 134

T E N T S .

3, At Wittemberg in Saxony, ohferved hy
M r Weidler, Page 135

4. In Fleet-ilreet, London, by M r  Gra
ham, ibid,

III. I. An Obfervation of the Eclipfe of the 
Sun on^l^y 1733, by M r Graham,

ibid.
—  by M r Gray, 136

------------ by M r  Milner at Yeovil in
Somerfetihire, 137
-------------at Gottenburg in Sweden,

by M r  Vaflenius, ibid,
-------------at Wittemberg in Saxony,

^  Mr-Weidler, 138
IV. Eciipfe of the Sun April 22, 1734, 

obfervcd at Rome by the Abbot Didaciis 
de Ravillas, and M r Celfius, ibid,

V. Eclipfe of the Sun iy¡6yob-
ferved at London, by Dr Bevis, 139

V I. 1. Eclipfe of the Sun ¥tb, 1736-7,
obferved in Fleet-ftrect, London, by 
M r  Graham, ibid,

2. — —  at the Royal Obfervatory at
Greenwich, obferved by Dr Bevis in 
Company with Dr Hailey, 140

3. ------------ at Edinburgh, by M r  M '
Laurin, ibid.

4. ------------ ------------------ ly  James
Clerk, 143

---------- at Trinity-College, Cam
bridge, ¿2/Kettering, communicated 
by M r  Mafon, 150

6. ------------ - at Bologna, by------ - 151
■ - .........-  on Mount Aventine at

Rome, by the Abbot Didacus de Ra
villas, 152

8,  at Wittemberg in Saxony,
by M r  Weidler, ibid,
------------ at Philadelphia in Penfyl-

vania, hy Dr Kearfly, ibid.
VII. I .  Eclipfe of the Sun Aug. 4, 1738, 

obferved in Fleet-ftreer, London, hy 
M r  Graham and M r Short, 1 53

2, ---------- - at Upfa!, by M r  Celfius,
ibid.

3. Eclipfe



ajitifnTiirumi

T h e  C O N T E N T

3. Eclipfe of the Sun at Wittemberg, by
M r  Weidler, 153

4. -------- -¿2/Bologna, M r Manfrccii,
154

S.

V III . Eclipfe of the Sun̂  July 24, 1739,
obferved at Wittemberg in Saxony, by 
M r Weicller, 156

IX . Eclipfe of the Sun̂  Dec. 19, 1739, 
obferved Surrey -ilreet, ¿y Air Short,

X . An hflrument to reprefent Eclipfes of
the Sun̂  by M r Segucr^ ibid.

X L  I. Eclipfe of the Moon, Nov. 20, 
1732, obferved at Rome by the Abbot 
Didacus Revillas, Jo. Botfarius, and 
Euft*. Manfredi, 161

2 . -------------- obferved in Fleet-ftreet,
London, M r Graliam, 163

X II. Eclipfe of the Moony 06 t. 2, 1732,
S. N , obferved at Wittemberg in 
Saxony, by M r Weidler, 164

X III. I.  Eciipfe of the Moon  ̂ March 15,
1735-6, obferved in Fleet-ftreet, by M r 
Graham, ibid,

2 . --------------at Greenwich, by Dr Hal-
Jey, ibid.

g . ------------ /«Fleet-ftreet, byM rQ tU
fius, ibid,

4  . ---------- in Covent-Garden, by Dr
Bevis, 165

5  . ---------- at Yeovil in Somerfetihire,
Afr Milner, 166

X I V . I .  Eclipfe of the Moon  ̂ Sept. 8,
1736, obferved in Fleet-ftreet, London, 
by M r Graham and M r Short, 167

2. —  ------- in Covent-Garden, by Dr
Bevis, ibid.

3 . ---------- at Wittemberg, by M r
Weidler, 168

4  . ---------- in Hudfon’s Bay, by Capt,
Middleton, ibid.

X V . I. Eclipfe of the Moon, Dec. 21,
1740, at the ijland of St Catharine on 
the Coafl of Brafil, obferved by Captain 
Eegge, i ; o
V O L .  V III.

2. Remarks on the fortgcing Account̂  by
Dr Atwell, ' -Fage 170

3 . -------------at Cambridge in New-
England, by M r Winthrop, ibid.

i

‘X V I. Eclipfe of the Moon  ̂ Jan. 2, 1741, 
obferved at the College at Pekin, ^  the 
Jefuiis^ ly i

X V II. Eclipfeof the Moon  ̂ Jan. 2, T740, 
obferved in Fleet-ftreet, by 2vlr Shorr,

I ̂  >
X V III .  Eclipfe of the Moon  ̂ O il. 22,

1743, obferved in Flccc-ftrcet, by M r 
Graham, ibid.

X IX . O f the Lunar Atnwfphere  ̂ by M r
Grandjean de Fouchy, ibid,

X X . A  Conjun^ion of Saturn and Mars
obferved at Wittemberg, by M r  W eid
ler, 178.

X X I.  I .  Eclipfes of the Satellites of ]\x-  

piter obferved by Euftachius Marifredi*
179

2 . ---------- obfervea at Southwick, near
Oundle in Northamptoniliire, by M r 
Lynn, • 180

3. — . at Pcterfljurgh, ly M r de
rifle, ibid.

4. -at the College at Pekin, by
theJefiiitSy 183

X X II. An Occultation of Jupiter and his
Satellites by the Moon, 061.27, 7̂4®» 
in the Morning, obferved in Fleet-ftreet, 
by Dr Bevis and M r Short, 184

X X III . I . An Occultation of Mars by the
Mcon, 0 ¿l. 7, 1736, obferved in Fleet- 
ftreet, by M r Graham,  ̂ 186

2. ----------- obferved in Covent-Garden,
by Dr Bevis, ibid,

3. Occuliation of Mars by the Moon, ob
ferved by tkejefuits at Pekin, ibid.

X X I V . Obfervalions on Mars in the Autumn 
of 1736 «/ Berlin, by MrK\rc\\, 187

X X V .  i .  An Obfervation of the Tranjit
of Mercury over the Sun, Oél, 31, 
Z73Ó, in Fleet-ftreet, I.ondon, by M r 
Grahain, 194

. b J %.An
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2, An Obfervation of the ^ranfit of Mer

cury over the Sun̂  Ocl. 31, 1736» ob~ 
ferved at Bologna, by M r Manfredi,

Page 195
3 . -------------- obferved at Wittemberg,

by M r Weidler, 198
X X V I  . --------------- at Greenwich, by

Dr Bevis, ibid,
X X V II. A  Tranfit of Mercury over the 

Sun̂  O d . 31, 1738, ^  D r Huxham,
199

X X V III. A  Tran/it of Mercury over the
Sufjy April 2 1, 1740, obferved at Cam
bridge in New-England, by M r Win- 
throp, ibid,

X X IX . I.  Tranjit of Mercury over the
Sun̂  Oft. 25, 1743, in the Mornings 
obferved at M r GrabamV Houfe in Fleec- 
ilreec, 202

2 . ------------ by Dr Bevis, 203
by M r Catiyn, 204j-

X X X . An OccnUation of Mercury by 
Venus, May 17, 1737, the Obfer- 
vatory at Greenwich, by Dr Bevis, 207

X X X I. An Obfervation on the Planet
Venus {with regard to her having a Sa
tellite) by Mr Short, 208

X X X I I. Several Aftronomical Obfcrvations 
made at Pekin by the Jefuits^ ibid,

X X X III. I.  Obfervations upon the Comet 
that appeared in Jan. Feb. Mar. 
1737, made at Oxford, by Dr Bradley,

210
2 . ------------ on Mount Aventine at

Ronne, by the Abbot Didacus de Re
villas, 2i:;

2. ---------—  at Philadelphia in Penfyl-
vania, by Dr Kearíly, 214

4  . ---------- at Spaniih-Town in Ja
maica, ^  D r Fuller, 215

5  . ---------- at Madras, by I^ir Sarto-
rius, ibid,

6. at Liibon, by M r  Van
brugh, ibid,

X X X I V . n e  parabolic Orbit for the Comet

of I73Q, obferved at Bologna, hy M r 
Zanotti, Page 215

X X X V . Obfervations on a Comet, by F.
Frantz at Auftria, 216

X X X V I. Some Conjeñures concerning the
Pofttion of the Colure in the ancient 
Sphere, by Dr Latham, ibid.

X X X V I I .  I.  APropofaltomakethePoles
of a Globe of the Heavens move in a 
Circle round the Poles of the Ecliptic; 
by the fame  ̂ 2 17

2. A  Contrivance to make the P/?les of the 
diurnal Motion in a celeflial Globe pafs 
round the Poles of the Ecliptic  ̂ in
vented by M r  Senex, ibid,

X X X V IIÍ .  n e  true Delineation of the 
Aflerifms in the ancient Sphere, by D r 
Latham, 218

A
C H A P .  IV.

S u r v e y i n g .

N E W  plotting Table for taking 
_  Plans and Maps in furveying, in
vented in the Tear 1721, by AfrBeigh- 
ton, 228

C H A  P. V.
M e c h a n i c k s .

I. A  iV” Experiment hy M r  *sGrave-
fande relating to the Force of 

moving Bodies, fhewn to the R , S, by 
Dr Dcfaguliers, 235

II. A  ffjort Account of Dr JurinV ninth
and lafl Differtation De V i Motrice, by 
Afr Fames, 236

III. I.  Obfervations made in London by 
M r  Graham, and at Black River in 
Jamaica, ly M r Campbell, concerning 
the going of a Clock, in order to deter
mine the Difference between the Lengths 
of Ifochronal Pendulums in thofe Places; 
communicated ly Dr Bradley, 238

2. Esperi--
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The C O N T E N T S . X I

2. Experiments concerning the Vibrations of 
Pendulums  ̂ by Dr Derham, Page 245

IV . I, Account of the Influence which 
two Pendultim-Clocks were ohferved to 
have upon each other̂  by M r Ellicott,

246
2. Farther Obfervations and Experiments  ̂

by the famCy 247
V . Some Conjiderations whether Pendulums

are difturbed by any centrifugal Forcê  
by Jo. Marchio Poleni, 251

V I. ih e  Report of the Committee of the
R . S. appointed to examine fome ^ejiions 
in Gunnerŷ  253

V II. An Account of a Book intitkd^ New
Principles of Gunnery, containing the 
Determination of the Force o f Gun
powder, and an Inveftigation of the 
refiiling Power of the Air to fwift and 
flow Motions i ^  B. R. F, R , S. as 
far as the fame relates to the Force of 
Gun-powder, 260

V III . A h Account of an Inflrument or
Machine for changing the A ir of the 
Room of Jick People in a little Time  ̂ ly 
either drawing out the foul Air^ or 
forcing in frefh Air^ or doing both fuc  ̂
cefftvelyy without opening Doors or Win^ 
dows, 270

IX . I .  A  Calculation of the Velocity of 
the A ir moved by the new invented cen
trifugal Bellows of feven Feet in Diame- 
ter̂  and one Foot thick within  ̂ which a 
Man can keep in Motion with very little 
Laboury at the Rate of two Revolutions 
in one Second; ly Dr Defagulicrs, 2 7 1

2. *The Ufes of the foregoing Machine  ̂ by 
the fame  ̂ 27 3

X . A  Dcfcription of a new Invention of
Bellowsy called ÍVater-BeUows  ̂ by M r 
Triewald, 274

X I. An Account of fome new Statical Ex-
. pcrimentSy Defaguliers, 277
X II. A  Machine for gritting Lenfes fphe- 

rically, invented M r Jt^nkms, 281

C H A P .  V I.

H y d r a u l i c k s .

1. ĥe Meafure and Motion of 
running Waters  ̂ ¿yD rJurin,

Page 282
2. ^he fame continuedy 304
II. An Account of a new Engine for raifing

Water  ̂ in which Horfes or other Ani
mals draw without any Lofs of Pozver  ̂
{which has never yet been pra¿iifed) 'and 
how the Strokes of the Pijlons may be 
made of any Lengthy to prevent the Lofs 
of Watery by the too frequent opening of 
ValveSy with many other Advantages aU 
together new ; the Model of which was 
fhewn to the R . S. Nov. 28, Walter 
Churchman, the Inventor of it̂  321

C H A P .  VII. 
G e o g r a p h y  and N a v i g a t i o n .

1, f ^ ^ F  the Figure of the Earthy and
the Variation of Gravity on the 

Surface  ̂ by M r  Stirling, 324
II. Some Inveftigationsy by which it is

provedy that the Figure of the Earth 
muft very nearly approach to an Ellipjis, 
according to the Laws of Altra5liony in 
an inverfe Ratio of the Square of the 
DiJlances'j ¿y M. Clairaut, 328

III. I. An Account̂  by M r Fames, of a
Differtatioiiy containing Remarks upon 
the Obfervations made in France, in 
order to afcerfain the Figure of the 
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to the above-mentioned Obfervations, 26

7, Some Account of the fame Infê f̂  iy 
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Bonnet,

[ C '2 3
•39 

XI. COK-

i■JL



•A.

I X X T h e  C O N T E N T S .

■XI. Concerning the Squilla aqufe dulcis, 
by Dr R ichardfon. Page 54

X II. I .  Conjetures on the charming or
fafcinaiing Power attributed to the 
Rattlc-Snake  ̂ grounded on credible Ac- 
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' fers\ by Dr Mortimer, . ibid,
3. Obfervations on a Man and Woman bit

by Vipers  ̂ by Dr Atwell, 63
4. Concerning the Viper-Catchcrs  ̂ and the 
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X . An Obfervation on the ftngular Confe-

quences of an incomplete Hernia, and 
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4 . .........  a Remark  ̂ by Dr Mortimer,

184
X X I. Account of a large glandulous Tu  ̂
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fiance found in the Womb  ̂ by Dr Hody,

191
X X V III. O f a Woman who had a Foetus

in her Abdomen for nine Tears  ̂ by 
A/r Bromfield, 191

C H A P .  V I.

T he H u m o u r s  and G e n e r a l  A f 
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V . Concerning fome Children inoculated with 
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Dr Mortimer, 221

2. An Addition to the foregoing Article^ by 
the famCy 222

X IV . The Cafe of a Lad bitten by a mad
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T H E

Philofophical Tranfaétions
A B R I D G E D .

P A R T  I. 

C O N T A I N I N G  T H E

Mathematical P A P E R S .

C H A R I .

Algebra  ̂ Aritbmetick^ Fluxions  ̂ Geometry.

H A V E  explained, in the Appendix to Saunderfon*s A l
gebra, my Method o f  extrañing any Root from the Bi
nomial a “ [-v/ —  the reading o f  which has caufed my 
learned Friend, fF , JoneSy Efq; F . R , S, to defire me
to perform the fame in the polTible Binomial <z-]-x/^pT

I ihall obey his Commands in this particular, though I am very fenfi- 
ble, that this has been done already by Sir L  Newton and others.

n
To reduce the Binomial s/ a b to more Simple Terms,

Suppofe that this Binomial, involved with it’s general Radicality, can Solucioa. 
be reduced to the other Binomial, freed from it’s general Radicality;

Quantity x  and y, try whether the Sum o f the 
V O L . V III . P arti. B  Binomials

0/  the HeJue* 
tion o f Radi” 
<als to mart 

fimpU TermSf 
by M r A .  de 
Moivre, 
F . R , S .
451, p. 463. 
Dec. 1738.

Prob. I.

imp-



I i O f  tht ReduBion o f Radicals,

Binomials s/ a  which may be done by a Table
o f Logarithms, makes nearly a whole Number. I f  it be fo, put 2

_ _ _ _ _

equal to this whole Number: then fee whether s/ a a ^ b i s ^  whole 
Number, if  it is, put m  equal to this new Integer^ and there will be 
V zr XX — w, wherefore the given Binomial will be reduced to the given 
Form. But before we proceed to the Dcmonilration, it will not l>e im
proper to illuftrace the thing by two or three Examples.

k. t

I. Let the Binomial v' 54 “ ¡"V 980 be reduced to a more fimple Tern *̂.

Put ¿2=:-54, ¿ “ 980 ; then =  31,3049 nearly, wherefore
b will be “ ^5,3049, -and a —  I/ ¿ =  2256951.

The Square Root of the firft Number is very near 9,236.
The Square Root of the latter is 4,763.
T he Sum o f the Roots is 13,9995 to which the whole Number 14 

is very near ; therefore put 2 ,v =  14, or a' =  7 ;  now fince y z = . x x  — w, 
andm=\/aa  —  b =  2916 —  980 =  1936 =  4 4 ; therefore we (liall
Jiave j  =  49 —  44 = '5 , and fo the Binomial reduced will be 7 V 5.

3
'Example z. Let sj 4 5 - j - v ^  1682 be reduced to a more fimple Term,

Put ¿3 =  45, ¿ = 1 6 8 2 ,  therefore \/ ¿ = 4 1 ,0 1 2 1 9  very nearly; there
fore we fliall have =  86,01219, and —  =  3,8971.

The Cube Root oi the firft Number is 4,4142 ; the Cube Root of 
the latter is i , 5^57 ’ Sum o f  the Roots is 5,99991, which is very 
near the whole Number 6 ; therefore íky 2 x =  or ?c= q-, huty =  x x

3________ _ 3_____
—  w ;  aa —  b = * /  343 =  7 ; and f o j  =  9 —  7 =  2 ; there
fore the Binomial reduced is 3 4 - 2 ,

r '

Mxapmle 3. Let s/ 170 -f- 18252 be reduced to a more fimple Term.

Put ¿7 170, b =  IS252, then we íhall have s/ b ~  135, i very nearly;
w'herefore we iliall have — 305,1, and a —  b —  34,9.

The Cube Root o f the firil Number is 6,73 very nearly.
The Cube Root o f  the latter is 3,26 very nearly.
The Sum of the Roots is 9,99, which is very near the whole Num

ber 10 j therefore fay 2 a; = 1 0 ,  or ^ =  5, we have a lfo ^ = íí;tf —  m\

=  therefore;» =  2 5 — 22 =  3 ;  therefore the Bi-
nomial reduced is 5 -j- v/ 3.

T ake

m m
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O f  the ReduBion o f Radicals. 3
3______   ̂ ,

Take any Binomial, which fuppofe reducible to the Demonpatm,
Binomial x - ^ y / y \  therefore

x3 3 X v '; '- f -  3 x y -\ -y ^ y
fay .v3 /> xy — a,
and i  X X ^ y - ^ y  ^ y  =  \̂  k  

■Whatfoever the Index o f  the Radicality fliall be, from the Square of 
the firft Part fubtraft the Square o f the latter j now the Square of the 
former Pait will be

X® -j-  6 x^y -\ -^ x x y y  ^ a a %
T he Square o f the latter gx^y -j-  6 x xyy  -\-y^ =  b ;
Th^ Remainder will be —  3 x^y ^ x  x y y  — ŷ  -=-aa —  

extraft from both the Root, o f which the Index is «, that is, in this

Cafe, the Cube R o o t ; therefore we ihall have x x — y  =  V  or
3______

to the Fa5!um s/ a a — b'=-m\ we íhall have x x — y =  m ; and there
fore^ '=‘ XX —  m\ now in the abovementioned Equation, namely, x̂  
‘¡xy= ^ ay  fo ry x x  —  w, and you will obtain the Equation 4 
^}nx=^a-,  here ítop a little.

3______  3______ _
N ow  refume the Equation 2 a -J-v  ̂ ^ ^  b, and fup-

. . 3
pofe you would ftrike out the Radicality y/ ;

In order to this, make a y/ b =  z'iy
and a —  ^ b =  v̂  ̂

you will then have thefe two new Equationsj,
'y3 =  2 ^
V ‘=■ 2 X

a

It follows therefore that z - ] - v  x

But
Z3

z

it
—  z=zzz  —  z v - \ - v v i  therefore2:2: —  —  — j
V ^

befides z z ' \ ^ 2 z v ' - \ ‘ v * v ' = ^ x x .
T ake the Difference o f thefe Equations, you will have ^ z v = -  x x

—  ; but z i v ‘̂ -= a a '—  b\ therefore z v ^ > J  a a —  i  i but i f  you
X

a
fay =  then it will be 3 «? =  4  a; -------, or 4 .v3 —  3 ?» x =  í?, which

X

is the very Equation which came out before, and it will return to th« 
fame in every Cafe o f Radicality whatfoever.

B 2 I f
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0/  the ReduB'ton o f Radicals.

n
1Í therefore you would ny wliecher the Exprcfilon v  ̂ can be

3_____  3_____Í
reduced to .1 more fimple Term ; hy z x  =  s' a b  -y-*/ a —  y' b\

I*
fay alib a a —  b and j  =  at »v ■—  tn\ and the Expreflion re
duced will be s  i f  fo be thefc can be done by integral, or at
leait rarional Qiiantitics.

But in cafe rhefe ihould not be integral, or rational Quantities, yet 
1} the Rule which we have delivered, will be of Ufe in the Solution of

Equations of any Kind, as will hereafter be feen.
In the mean time, this Doubt may perhaps arife, whether this Rule 

will obtain univerfally in any Powers whatfoever of a Binomial; for In- 
ftance, whether in any Binomial whatfoever, of which the Index is ?fy 
if  from the Square of the Sum of thofe Terms, which are in unequal 
Places, you fubtraft the Square of the Sum of thofe which are in equal 
Places, the Remainder will be another Binomial, o f which the Index 
alfo will be n.

T o  this I anfwer, that it has been obferved by many before me, and 
¡ i f j  therefore may be looked upon as confirmed by Exj^eriments ; but how

ever, it may not be amifs to produce a Demonftration o f it, which I 
do not remember to have feen any where.

Take the Binomial a* and expand it;  take alfo another Bino-
--------- --

miahv— which expand in like Manner; fay x == s, and

x — ^ " = p - ,  now it will appear at firft Sight, that, if  the expanded 
Binomials are joined by Addition, their Sum will be equal to double 
the Sum of the unequal Terms o f the firft Binomial •, but if  the latter be 
fubtraded from the former, that then the Remainder will be equal to 
double the Sum of the equal Terms of the firft Binomial; hence it fol-

s
lows, th a t------ is the Sum of the unequal Terms j a n d -----  the Sum

 ̂ 2
o f  the equal Terms.

From the Square oí  the firft Sum, that is, from the Square 
s S 2 P  S P

fubtraft the Square o f  the latter, namely,
4

s s 2 p s - ^ p  p  ̂  ̂ A p s
----------------- ------- the Remainder will be ------  -=. s p  ■=. x

 ̂ _ 4
X y Vi X ^  ̂ o f  which the Root (the Index o f which is ;/)

=  — yy.

If
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O f the ReduSiion o f Radicals. .,
n ft n

If  you put 2 ^ = ^  í2-|-^/ ¿'j and take befides \/¿2 —  b
= and interpret n fucceíTively by i ,  2, 3, 4, 5, 6, 7, 8, there 
will arife the following Equations.

Coroliaty^

1 . X =  ¿7.
2. 2 a: —  m'=  ̂ a,
3. 4 — ■ q m X =  ¿7.

m m '=■ a.4. 8 —  8 w >?
5. 16 — 20 »; A*3 ^  '5 «2 »7 a: =
6. 3 2  m ~\~ iS  m m X X '—
7. 64 ,v̂  —  112 m .v5 -}- 56 —  7 ;c =  ¿7, &c.

Now thefe Equiitions are o f the fame Form as the Equations to the
Cofines, thougíi they are naturally quite different.

Let r be the Radius o f a Circle, I the Cofine o f any given Arch, 
X the Cofine o f another Arch^ which may bs.to the firft, as 1 to«,.

1. there will be x =  /,
2. 2 X X —  r r-=^r I.
3. 4 —  3 r r X r h • ^
4. S x  ̂—  8 r r X X -}-r+ =  r'̂  L
5. 1 6x5-— 20 r  r x 3 5 X =  /.
6. ¡ z  x̂  —  48 r  r I § ,v X —  r® =  r 5 /.

64 x7 —  1 12 r  r x5 "j-* 56 r4 x 3 —  7 r X =  r®/, &c.

But the general Form o f thefe- is by putting for the Sake o f Bre
vity r =  I

«— 1 ÍÍ 
2 X X

»— 3 n n— i  
2 X —  X 

J
I

w n— 4 w— 5 »—6 «—9 «
X *  . —---- , ------  ■ ' ^. . 2  X — .

1 2

«• 3
2

TÍ’- 6
X &?r.

3 1 ■ 2 . 3 4

T he Difference o f thefe Equations confiñs chiefly in this, that the firif
« n _______

are derived from the Equation 2 x ~  v  ̂ ^ 5̂ but the
n n

latter from the Equation 2 x — \f a ^  —  b~\- ^ a —  and if
this latter Equation be freed from it’s, general Radicality, we flaall ob
tain Equations to the Cofines.

Let there be therefore the Equation 2 x —  —  V'— by
3

T/hich m u ft  b e  freed fr o m  it ’ s radical Sign v'*

S

\i 
1 f .
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Solution.

O f the ReduSiion of Radicals.

Sny v/ —  =  2:, and a — v̂  ~ ¿  =  v i f a y a l f o s : - j - v  =  2 x .
f  lence you will have

1. z i =  a " p v  ̂—  ^
2. "  a — v/ — ¿

hence it will be 23 -j* =  2 a

Blit z  V =  z Xy therefore it will be
a

But
Z  “

=  z  z

2 -j- 'y X 

z  v~f  ̂v v ,  wherefore z  z  —  v v

a
will be =  — .

X

a
But z z - ^  2 z v ^  v v ^  4, X X i whence  ̂ z v  := 4. x x -------;

X
but now 'Zi v̂  =  a h.

3.
Therefore it follows, that 2 'i;is  =  \/ aa- i^h\  which i f  you make

a   ̂ ^
— w, therefore ^ . x x ------ will be =  3 w;, or 4 —  3 =  a.

X  - ■ . —

Hitherto we have had two,Kinds of Equations} the firft in which
3_________ .  ̂ 3_________

m was put a a ^ b \  the latter, in which it was =zy/ a a  “F ^  
Let us call the firft Hyperbolical, the latter Circular.

To extrañ the Cube Root from an impojfible Binomial̂  a ^  —̂ ¿7

Suppofe that Root to be x - j - ^  —  o f which if you fake the Cube, 
you will find it to be 3̂ -j-. 3 ^ y — y '

Now put ;̂ 3 —  ^ xy '= .a  ,
and ' ^ x x  y f ^ y  — y  v / ^ =

Then by taking the Squares there will arife two other Equations ;
x̂  —  Sx^y-f- 9 x x y y  = a a

—  g  x 4 - y 6  X x y y — j 3  = — b.

Now take the Difference o f the Squares, there will be .v« 3 x4_y - j-3
5 •

'^ y y  I ŷ  wherefore x x  j  is a a  - f-T ”: now fay

be =  or;; =  ^  now
Vilue  ̂  ̂ Mî u~ the Quantity j ,  fubftitute it’s
\  .ilue «  -  :v you will have x: -  3 m x =  l  or 4  ^^3-3

:=a.
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=  ¿7j which is the very Equation, which had before been deduced from

the Equation a —  %J —  b\ but it docs not fol
lows that in the Equation 4x3 —  ^  the Value of the Quanti
ty X may be known by the former Equation, as it confifts of two Parts, 
cach of which includes the imaginary Quantity but this will be
bcft done by the help of a Table of Sines.

Therefore let the Cube Root be to be extrafted from the Binomial 
8i — y/ _  2 70^; fay £?=;■?!, ¿ = 2 7 0 0 ;  now í7 í j ¿  =  6561 
2700 =  9261, of which ihe Cube Root =  21, which fuppofe fo 
that 3 w may be — 63 x *, tiie Equation therefore to be refolved, will 
be 4 A.-3 —  63 X =  8 I, and if this is compared with the Equation to the 
Cofines, namely, 4x3 —   ̂ r r x r I ■, r r will be =  21 i and there-

__  a 81 27
fore r will be 2 1 j aud moreover, / will be =  —  =  —  =  — .

r r  21 7
Therefore let there be an Arc of a Circle, o f  which the Radius is

27
=  v' 21, and the Cofine =  — ,

7
A  C —  A

Let the whole Circumference be C, take the A rch es— , --------
3 3

C  4-  A
--------- , which will eafily be known by a Trigonometrical Calculation,
■ 3 .
efpecially if you make ufe of Logarithms, then the Cofines of the Arcs 
to the Radius 21, will be three Roots o f the Quantity x *, wherefore 
fince y i$ =: m — ■ x x, they will therefore be fo many Values o f the 
Quantity _y, and fo the Cube Root will be triple o f the Binomial
Bi —  2700, but let us accommodate it to Numbers.

27
Say as v' 21 to — , fo Radius o f the Tables to Cofine of any Arc,

7
to which Arc, fuppofe A  to be equal; but that Arc will be found near 
23®, 42^; hence the Arc C — A  will be 327°, I8^ and C - ¡ - A  392^, 
4 2 ', the third Parts o f which will be 10®, 54 ' ;  109®, 6 ' ;  13°, 54' » 
but now as the firil o f them is lefs than a Quadrant, it’s Cofine, that is, 
the Sine 79®, 6^ ought to be looked upon as pofitive*, as both the 
others are greater than a Quadrant, that is, the Sines of the Arcs 19®, 
C f ; 40°, 54/, ought to be looked upon as negative *, but by the T r i
gonometrical Calculation, it will appear that thefe Sines to Radius ^ 2 1

9 3
will be 4,4999, —  1j49995 —  3,0000, o r ------------, —  35 whence

2 2
there w'di be fo many Values o f the Quantity namely all thofe

which
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O f the RcdiiSlion of Radicals,

8i 9 
X X reprcfcnts, that is, 2 1 -------> 21 21 *— 0 = 3

— , 12, o f which the Square Roots arc i  v ' 3, W  3, 2 3 ; where-

fore 3 Values of the Quantity \/— y  will be i  ✓ —  3, i v''—  3, 2 v'— 3

3
whence the three Values o f the Quantity i/ S i - j - v ' —  2700 will be

5  
• —  — 3, —  3 -}- i V  —  3, and after the famei V̂* '3’

Manner o f proceeding will be found three Values o f  the Quantity
3 __________________________________________________________^  9 __  3 5 __

81 —  —  2700, namely thefe-------- i  v/— 3 , — -------------- >/—  3,—
2 2 2 .

i %/---
There have been many, among whom was the famous Wallis, who 

have thought that thofe cubic Equations, which are referred to a Circle, 
may be folved by the Extraction o f a Cube Root from an imaginary 
Quantity, fuch as, 8i -}- <J— 2700, without having any Regard to the 
Table of Sines; but let them fay what they will, it is all a mere 
Fidtion, and begging of the Queftion ; for if  you attempt it, you 
muft neceflarily run back to that Equation which you had taken to 
folve. But this cannot be done diredly, without the help o f  a Table 
o f  Sines, efpecially if the Roots are irrational; and this has been ob- 
ferved by many before me,

Prob. III. To extraSt a Root, of which the Index is n, from an impoffthk Binomial
a -\-s/  —  b.

i  I

! . Í

•! I

Solution.
_____  n

Let the Root be  ̂ -j- then having made ^ a a ;
^ ^

alfo —  =  pj delcribe, or fuppoíe to be defcribed, a Circle, o f  which

the Radius is y/ m, and therein take any A rc A ,  o f which let the Co-
a

fine be •—  j let C  be the whole Circumference. Take to the fame
mP

Radius, Cofines o f the Arcs — , ~  ^   ̂ S
n ;; *

A  2 C — A  3 C — A

n n n
3 C-J-A

-  , CiiT. till the Multitude o f  them is equal to the Number »5

which being done, flop there 5 then all thofe Cofines will be fo

many

' k i £ a



O f the ReduSiion o f Radicals, ^
many Values of the Quantity x j as for the Quantity;-, that will always 
be w —  X 3C.

I muil not omit, though it has been mentioned already, that thofe 
Cofines muil be reckoned affirmative, of which the Arcs are lefs than a 
QLudrant, and thofe negative, the Arcs o f which are greater than a 
Quadrant.

/Iny Equation of the Kind of thofe mentioned above being given  ̂ to know Prob. IV, 
whether the Solution of it is to be referred to the Hyperbolical̂  or to the 
Circular Species,

Let n be the highell Dimenfion o f the Equation j divide the Co- Solution.
«—3

efficient of the fecond Term by 2 x and let the Quotient be ; 
now fee whether the Square ¿3  ̂ be greater or lefs than the Power m ; if 
the former Cafe ihall happen, the Equation is to be referred to the H y 
perbola ; if  the latter, to the Circle.

Let the Equation 16 — 40 -j-  20 =  7 be given, where «=5,

therefore 2 x » =  20: Divide 40 by 20, the Quotient is 2 = m ,  
moreover «̂" =  32, and the Square ¿2 <7 = 4 9 - ,  and as this is greater 
than the Power 32, the Confcquence is, that the Equation is to be re
ferred to the Hyperbolical Species; but as in the Hyperbolical Cafe it

5
was put aa  —  it follows, ú\2X aa  —  ¿ =  =  32, and fo
b =  aa  —  32 =  49 —  But now the Root o f the Equation in

this Caféis i V  7 - p v '  17 “f - i  1/ 7 —  v' 17 > huts/ 17 =  4,123105 nearly, 
therefore 7 + ^  1 7 = 1 1 , 1 2 3 1 0 5 ,  and 7 — \ / 17 =  2,876895 ; more
over, the fifth Root o f the former Number will be found =  1,6221, the 
fifth Root o f the latter =  1,2353, the Sum of the Roots =  2,8574, the 
half Sum 1,4287 is the Value o f the Quantity x  in the given 
Equation.

Now let the Equation 16 x^— 40^^ “| - '2 o x  —  5 be given; in 
which m is =  2, but t? — 5 ; it is plain that the Square a a \s lefs than 
the fifth Power o f the Number 2 ; wherefore the Value of the unknown 
X cannot be obtained without the' Quinquefeftion o f an A n g le ; and 
this is performed by the Help of our general Theorem, mentioned be
fore, by taking to the Radius ^  2, the Arc o f which the Cofine is 
a a g

—  =  —  =r — j and that A rc will be found 27®, 55 ', nearly, o f which
mt" 4  4

the fifth Part is 5® 35 ' ;  now if you take the Logarithm o f that Cofine 
of the Arc to Radius i ,  you will find it to be 9*9979347 ; but fincc 
our Radius ought to be \/ 2, add to the former Logarithm the Loga
rithm %/ 2, that is 0 ,1515150 , the Sum will be 10,1484497, out of

C  which
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which if you take lo, the Remainder, namely, 0,1484497, will be 
the Locrarithm of the Number fought, which will therefore be 1,4075 
very nearly, and in the fime Manner the other four Roots may be

Some few things remain to be obferved, which I fliall add in this
Î iclCC

If the Equation is of the Hyperbolical Kind, and befides n is an odd 
Number, there will be only one poiTible Roof, the reft will be impof. 
iible ; but \i n is an even Number, there will be only one Value of the
Square the reft iu‘6 impoffible.

If the Equation is of the circular Kind, all the Roots will be
püfiible.

In order to know how m a n y  affirmative Roots there will be, and how 
many Negative, in Equations to Cofines, let this Rule be obferved.

I f  n is an even Number, there will be as many affirmative Roots as
negative.

If n is an odd Number, but fuch that------is an even Number, the

n — I
Number of Affirmatives will b e ------ , the Number of Negatives

But if
n-

n-
, o f Negatives

is an odd Number, the Number of Affirmatives will be 

n— I

A  Dimonjira- 
tion ^ N e w 
ton'/ Mfthcd
o f raiftng any 
PoJptomial to 
any P o^er, ¿y 
M eam o f an 
affumed Bina- 
7r.ial, by Í .

Cailillior.i, 
4 6 4 . 

Read i\Ia/ 6, 
1742.

II. Every Index is either Integer o rF rañ io n ; and thefe are either 
pofitive or negative, i. If the Index is an Integer and pofitive, then to 
raife the Binomial to a Pov/er, o f which the Index is is nothing but 
writing the given Binomial, as often over as there are Units in and 
to draw all thefe Binomials in their Turns.

2. If the Index is a Fraction and pofitive, to raife the Binomial to 
r

the Power —  is to raife the given Binomial to tlie Power r, and, this

Power being given, to feek the Q^iantity, which being given to the 
Power equals the Power of the given Binomial r.

3. But when the Index is negative, whether it is an Index or a 
Fraclion, to raife the Binomial, we mufl do as in i ,  or 2, and 
then Unity is to be divided by the Power found.

I take



A  Method o f raifmg Polymmiah,
I take a Binomial that it may ilicw me any Polyno’-

mial.
Between and there are as many Geometrical Means, in the 

Ratio/». 5, as there are Units In m— i.
Being to find thcfe Terms, I note that p”* is to in a compound 

Ratio o f  . I, and i . , alfo p t o  q has a Ratio compounded of  p. i ,
and of I . q\  but if there are two Sericfcs of Powers, in one of which^ 
the Indices o f the Po we r d. c r e a f e  in the fame arithmetical Proportion, 
o f  which the Difference is i ,  by wliich the Indices of q increafe in the 
fccond Series, there will be had a Series of continual Proportionals in 
the Ratio p , i ,  and i . q,

m m— 2 w ^ 3  — 4 fn~^m o
S o ^ . i : : / >  . p  , p  * p  ........ P : = p = z i

I . : I • ? .  q ’'  • ? ’ • • ........................  r  •
Therefore the correfponding le rn is  being multiplied in their Turns»

m m— I fn— 2 2 tn— 3 nt— 4 4 m

P - i - ' P * P  ? •  P i  ' P  ' P  ? • • • ? •
Now I fay, that p  is compofed o f the Terms found above, as

is eafily proved by their Generation.
. Therefore all the Terms which are in p~\~ q i"' difpofed in Order, are 
in continual Proportion. And indeed any two Numbers following 
each other immediately, are as the firft Term o f a Binomial Root to 
the fecond. This appears by the Generation, for p  any Number o f  
Times multiplied, is to q as many Times drawn into p zsp  . q. 

Therefore the Number o f  all is but alfo in the decreafing
arithmetical Scries «/.?;/ —  i .m  —  2 .......... o —  the Terms are in
Number m i ,  or in the increafing o . i . 2 . 3 ............w;; therefore

the component Terms ought to have thefe Indices, or t obe
m m— I m

p "> P q ,•  * t •• q •
But by the Laws of Multiplication, the Number o f the Terms ought 

to be 2”  f;; -{- I, therefore in this Fa£bum fome repeated Terms muft
be found.

The common Fa5ia (namely thofe o f  which the Multiplicator and 
Multiplicand confifl: o f  different Quantities) contain all the different 
Terms, becaufe they are all formed o f different Faftors. In Powers 
therefore, it muft be feen what Terms were different, unlefs the Tailors 
were always the fame, and how many o f  the different ones are made 
equal by the Reftitution o f Letters for fo we lliall find how often
every one ought to be repeated in ihe Power.

Now it appears, that if the Faétors were always different, all the 
Terms alfo in the Produfl would be different.

But when the firft in the Produ6t is made only o f  the firft o f the
Multiplicators, and the laft o f  them is made of the laft,-thefe Fa5la will

C  2 always
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J  Method of raifing Polpomials.
always be different, though the m a k in g  Binomials are the fame, becaufc 
the firft Term of the Binomial differs from the fecond.

But of the reft, fome may be made equal, becaufe they are com- 
pofed of the firft of the Efficients multiplied into the fccond, and joined
in different Manners.

It muft therefore be enquired, after how many different Manners the 
Quantities, of which the Number is given, may be joined.

In our Cafe, the Index of the Things is m, the different Things 
two, of which one is repeated s Times, the other /, fo that s -[-* t^ m  \ 
therefore the Number of the Changes will be

j . j — I , s —  —  I •  ̂ 2 . /  3 , I
m— I

So let / =  I ,  w —  I ,  the Term will be p q, and it’s CoefH-
mm —  I . w —  2 * n) —  3 . . . .  i

cient-----------------------  ----------------  —  —
m — - j . w  —  2 .m  ‘—  3 .............I

^ —3 3
I^t / = 3 ,  s =:m  —  3 ; it’s CoefEcient will be had p ? , =  

m .r/i —  1 . m —  2 . w —‘ 3 • —  4 .............^ __  w . w —  i . m —  2

I . 2 . 3 . WÍ —  3 . —  4 • —  5 ................I I . a . 3. ’
and fo of the reft.

I f  any one ihall doubt, whether the former Demonftration will prove 
that ail the Terms are necefiarily formed after fo many Manners, as 
they may, and ihall contend that it only ihews that it may happen, I 
ihall anfwer thus. ___

Certainly/»'f“ =:p-' ¡~qxp - j- j i  j but amongft the Terms of
m— n— i ft

this are^ q which will neccffarily be multiplied into;> and
« — «— I n m— ti n m— n »— 1 tn^^n n

and p q x p — p ? x j ,  therefore/) q
----------------- s  9n — n —  I  n

by all poffible Ways will be made into p  i f  /> q and
m—n «— I —

p q are generated as many Ways as pofiible into
fft— «— 2 n tn— 7t n—“ Z

f|; which will ne<^iiarily be, if ^ j  , andp q are in the

lower Power/) - and fo on always to the Square in which />/>,
I' p j ,  and q q are had, formed after as many W ays as poiTible, (4. II. Eu~
j did.) therefore alfo in the former.

I'his reafoning requires, that I íhould íhew the fame alfo after a
Manner fomething different.

W e have now ihewn that the Coefficient of the firft is Unity.

The

— I .



A  Method o f raifing Polynomials.
m— I w—2 w —I

The fecond Term p q is formed of p q  ̂p, and p >< q, 

that is, o f the firftof the Roots multiplied into the fecond o f p^-q  ̂
and of the fecond o f the Root into the firft o fp ^ q \ ’”~ \  therefore in

m— I
there is p q once more as often as the iecond is in

' which is there once more as often as the fcconcl in

 ̂which again is there once more as often as the iecond is 

‘̂̂ “ ^and fo always till you come to p where the fe-\np-\-q *
cond is once; therefore you muft feck the Sum o f  as nuny Units as 
there are in w;, which is m,

M— 2 «-~3
Alfo the third p ? ? is formed of p qq x p , the third of 

P  "T  Root, and of/>'”“  ̂ ?  ̂ fecond o f

P “F ? fecond of the R oot; therefore p will con

ta in /"”"̂  qq as often as the fecond is contained in p " f - t h a t  is 
m— I times more, as often as the third is there, that is, as often as the

fecond h\np~\-qf^~‘ ^{m— 2) more than the third is there, which 

again is as often as the fecond is in p j  {m— 3) more than the 

third is there, and fo on till we come to p -7-51^ where the third is
once, or to p • where there is no third ; for we muft always feek
the fum o f the arithmetical Progreflion m— i . m— 2 ,m  —  3 .............r,
or m— I . m— 2 ............. o, in the former the Number o f  the Terms is
m— I, in the latter 0;, as is manifcft ; wherefore this Sum =  m—

— I m— I __________  fn
X — m I - - o  X

2 2  2
By the fame Means, the Coefficients of the other Terms will be 

proved to make the Series, in which the fecond Differences are in 
arithmetical Progrefilon, (¿c.

Whence always, where m is an Integer and pofitive, the Formula
^ n t. w —  I «—2 m ,771 —  1 , m —  2

Will be ^ -j-r.^p q

fn— 3 3

P q
I . m

2
2 . m

m . m I * m

3 • 4 • 5*

Í  i ? “T -  

-  2 « — 4 4
-------------------------------- p  j

-4
m —  3 . w —  4 w— 5 5 
------- —---------p q , i^c.

2 • 3

If

j U p o -
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I f  we make p +  j  =  p x i -i- —  there will arife die very Fomula

m

o f Sir Ifaac Nekton ; for j  ' = p  X i “|- X

in P •
_  X — -i------- -------------  X

m . m —  I . m —  z p
T •,&c.

q  1 . 2  J  1 . 2 . 3 *  J

=  (if A ,  B, C, D , £t?i. are fuppoled to equal the firil, ftcond, third,
w  q  tn  —  I

fourth, iSc. each with their Coefficients) p x i -f- »j A ----- j----------

B I
5  p  pp  3 p  4  P

Let us now feek the Formula, or raifing the fame Binomial to the

Power — , where r and n are whole Numbers, and botii either pofitive 

or negative.

, 1  
' j  (j .i

. 1 j .

'li

' i •

JL P n q
N ow  p , q \ \ f n  n wherefore the Terms will

Í
r  r  r  ^ 3

be p T  . p n  “  ' j  . p ~ ~ '^  q i  ./>'a q  ̂ ^ c .
T he Coefficients to be found are A , B, C, D, E , fo that the whole

p-\~ g\~ñ Root =  A 7 ’ ” - ¡ - B / ) T " " ' j - i - C / > T “ ^ í j “j-D /> T ~  3
3 ^ 4  . r  r  r —  i

q ^  "E p  n  ̂ q y therefore p 
r , r —  I r— 2 r , r 
— - - - - - - - - - - - p  i ? - i

r  i  P  r  p  q  - \
r

p  q i  G?i.) =  A  ,
I  . r  —  2  >— 3 3 r

«--1

» —  I r — ■ I

B^
r— 2 n— I r— 3 2 — i r— 4 4

D p  E p  j  ,& c
«  . «  —  I  ?/— 2  2  r — 2  » — 2  r — 3 5

B /> q q - { ~ n , n —  i AA E C / ) I

« — 2  r — 4  4

w . » — '  I A  B D p  j  ,  £s?f.

2 . 3 . 4 ,

2 . 3
3 ' “ 4  4
- A  B p  q

2 «-^3 3
- A  B

And

therefore

* V:'



A  Method of raifing Polynomials.
n «*— 1 a— 2

therefore the Terms being compared i = A = A  = A
a— 2

r  n \ n —  2 r r  r , r  —  i
-------  X —  = --------r—  Í C
2 nn 2

2 .n n 
r . r

r . r -— n n . n —  i ,n —  2
I X

I . r  —  2

n 2 « n 
r ,r  —  ;/.r— 2«

2 . 3 . ; ; *
r

If  therefore we make —  =  w, and the firfl; Term  A , the firfl:
n

Form ula  will revive, and p -j- j ' T  =  x  i - \ - m  h .
2

— I
B

7n— 2

 ̂ ? 3 P
Let the Binomial  ̂ be to be raifed to the negative Power, either 

pcrfcft orimperfeft, — s.
I  s— I

P ' V i
s p  q

5 . S ---  I I —  -2

q q ,  =  (by D ivifion )--------
P

S -------- 1

s p  q
S----2

S , s —  I p  q q  
--------------------------------------------

zs  2 2 /
P P

s 5  3  j “ 4  4

s , s —  I , s  —  2 p  q S , 5 — ' 1 . 5 - — 2 . J — 3 p  q
X

2  S 2 . 3 . 4 2 J

S . J

Trom this Formula  ̂ by infifting on the former Methods, is eafiíy
m q  m ~— I q

drawn the ufual and moft general p x  K ------ j---------B — ,&c.
P 'I p

I do not think it an unpleafanc thing, that in this Formula  ̂ if  /« =
■— 2, the coefficient Numbers will be natural, if  ?»= 3, Triangular i 
and Pyramidal, if  rn — 4,

But it is plain, that this Formula always gives an infinite Series; for
%

( i f w expounds a pofuive Number) the laft Term ouglit to be q
tn

but

I
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the Ratio of p ought to be c o m p o u n d e d  o f fome Ratios/».
—m —m i l  m m ^

|j|j which cannot be done, becaufe/> . 1 —

i i  Ratio compounded o f the Reciprocals o f p . q. r , ■ ,
The Indices of p make an arithmetical Frogreffion, of which the 

Terms — w, — m— i,  — m —  2, í¿c. arc negative indeed, but m-
'Vi — ^

creafe or dccreafe from 3 ; but the laft Term ought to be j  =:

p q , tiierefore it will never come to it.
Drfcr¡ptkn HI- Sit SamuH Borland was, for ought I know, the firft who under- 

iji! andXJfeofan took to perform Arithmetical Operations by Wheel-work. T o  this end
Arithmetical invented two different Machines, one for Addilion and SubJira5iion^

MtiUiplication, which he publiihed in London, in the Year 
liial L̂udovi- 1673, in fmall twelves. He gives no more than the outward Figure of 
cus Gerilen. the Machines, and ihews the Method of working them. But as by this 
F . R , S .  Prof. every one, who has any Skill in Mechanicks, will be able to guefs, how 

the inward Parts ought to be contrived; fo it cannot be denied, that 
P- 79* different Machines, independent of one another; that the

5 ! ; iJc. 1735. which is for Multiplication, is nothing elfe but an Application of
*» 2,3, jhe Nepairian Bones on flat moveable Diiks; confequently that his In-

vention alone is not fit to perform juftly ail Arithmetical Operations.
After him the celebrated Baron de Leibnitz, the Marquis Poleni, and 

M r Leupold took this Undertaking in hand, and attempted to perform 
it after different Methods.

The firft publiihed his Scheme in the Year 1709, in the Mifcellanea 
Berolinenfia, but then he gave only the outward Figure of the Machine,
S. Poleni communicated his, but explaining at the fame time it’s inward 
Conftrudlion, in his of the fame Year, 1709. M r LeupoWs
Machine, together with thofe o f M r de Leibnitz and S. Poleni, were 
inferted in his theatrum Arithmetico-Geometricum, publiihed 7^t.Leipzig 
in 1727, after the Author’s Death, yet imperfed, as it is owned in the 
Book itfelf.

Befides thefe, I learned from feveral French Journals, that Monfieur 
Pafcal invented one, which however I never had the fight of. *

I took the Hint of mine from that of M r de Leibnitz, which put me 
upon thinkiog how the inward Strufture might be contrived : But as it

was

* The Dcfcription of this Machine is fincc printed by Monf. Gallen  ̂ in his Colleflion 
of Machines and Inventions approved by the /̂ caden  ̂0/Sdencesj at Paris, (publiihed in 
F r t a c b P a r i s .  1735, in Quarto, in fix Tomes) in T o m .IV . p. 137 > and likewife an- 
^  Monf. ¿5^/w, T o m .I V .  p. 131 ; and three more by Monf. HdUrin dé

I'vijil Boifiijandtauy Tom. V . p. 103, 117,  and 121.
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was not pofTible for me to hit upon the original ideas of chat Great Man, 
an exa<5l Enquiry into the Nature of Arlchmecical Operations furniilicd me 
átiaft with others, which I expreíTed in a rough Model of V/ood, and 
iliewcd to ibme Patrons and Friends, who encouraged me to have another 
made ofBrafs: Bat the wantofan Artificer, able enough to execute my 
Ideas, made me delay it till the Year 1725 v when having ipare Tim e, 
and finding an Inclination to divert myfcif with Mcchinicai Operations,
I fet about it, and finiihtd the whole W ork fitted to a Reckoning not 
exceeding fcven Places. And in Dec. of the fame Year, I had the FIo- 
nour to lay chis Machine before the prefent Landgrave HejJ'en Diirmjladi  ̂
and the Hereditary Prince his Son, to whom 1 demonilraced the Me- 
chanifm of the whole Invention.

I was checked from publifhing if at that time by the Uncertainty I wms 
under, v/hethcr pofilbly M r Lcibnit%^% Mach'ne had not been brought to 
it’s Pc:rfcélion •, in which cafe there is no doubt but the Operation of his 
Machine, if it would really perform w'hat is promiied in the Defcription, 
would have been eafier than mine, and coniequently preferable co it, 
provided it’s Strudure did not prove too intricate, nor that the working 
o f it took up too much time.

But at prefent, being certain that none o f M r Leibnitz‘s Invention has 
yet appeared in fuch a State o f Perfection, as to have anfwer’d the Effect 
propofed, and chat thefe o f mine differ from all thofe mentioned above, 
faru:ying at the fame time, that Perfons who underftand Mechanicks, 
will find it plain, practicable, and exait, in regard to ic*s various Effefts,
I make no Scruple to prefent this Invention to the Royal Society,

T he Particulars o f it are as follows:
There are as many Sets o f Wheels and moveable Rulers as there are 

Places in the Nuri^bers to be calculated. Fig. i .  fliews three of them. F¡g. 
by which one may eafily conceive the reft- A  A  ihews the firft Syftem 
or the Figures of Unites, according to it*s inward Struilure. B B  a n d C C  
ihews the fecond and third Syftem, viz. o f Tens and Hundreds, accord- 
to their outward Form. W e Ílíall firft confider A  A  *, where a a a is a 
flat Bottom ofaBrafs Plate, which may beflcrewed on either upon a par
ticular Iron Frame, or only upon a ftrong Piece o f Walnut-Tree, 
doubled with the Grain crofs’d. In this Syftem are two moveable Rules 
SSSh of which I call the Operator, the fecond tlie D e
terminator. There are befides two Wheel-Works, the upper one is for 
Addition and Stihftra5iiony the lower one ferves for Multiplication and 
Divijion. T h e  upper one is provided firft with «, an oblique Ratchet- 
Wheel o f 10 Teeth, o f what Diameter you pleafe, on which, however, 
depends the Length and Breadth o f the Syftem itfclf. T h is  Wheel has 
a Scop r, with a deprcffing Spring / ; Under the Wheel  ̂ is a fmallcr ■
Wheel b o f  the fame Shape : Both a and h are rivetted together, and / 
fixed on a common Axis. Under the Wheel h lies a third/, which is a 
common Tooth-W heel o f 20 or more Teeth, according as one pleafes:
It is larger than and fmaller than turns about the fame Axis with:

V O L .  V III. Part i, D  the
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the other two above it, and upon it is fixed a Scop <r, with the Spring 
whidi catches the oblique Teeth of the W h e cU  Immed.ately under 
this Wheel Jiesthe upper Part of the Operator, which may be belt made 
of Iron or Steel. The Wheels may all be oí Brafs, except the upper 
one. I ’he Operator is of the fame Thicknefs all over, and in it’s upper 
Part are fixed as many round Steel Pins as there are Teeth in the W' heel 
n-hich are to catch the Teeth of this Wheel, and move ic backwards and 
forwards. 'J'hc Height ofthofe .Piná ought exadly to anlwer the Tluck- 
ncfs of tlie WJieel/. The Axis of the Wheels a and b is kept perpendicu- 
lady by the Bridge ee, which is ikrewed to the Bottom, as appears by the 
Figure. I ’he Opcrator^^^^^ moves on the Side, above, and in the 
IVlTddle in two Brafs Grooves /' / / and q q \ about D ic jets out, on which 
Projeaion a Piece of Iron h muft be well faftened, having a ftrong Pin, 
on which the Handle z  fits as you fee in the Syftem B B. I'he Side D- 
itfelf Aides in another Groove and In it’s,inner Corner joins to it the 
Determinator kkk, o f the fame Thicknefs with the Operator, t!?e Shape 
o f which is fufficiently exprefled the Figure. This ilides allb up and 
down, on the one Side in the Groove ss, and von  the other Side, where 
ic is fmalleft, in a fmall Piece of Brafs U, and where it is broadeft, above, 
in the Operator itfelf, which iS cither hollowed out into another Groove, 
or filed off obliquely. The Aiding part of the Determinator ought after- 
\vards alfo to be fitted to. it. Il’s chief Part is the Lock w, /landing per
pendicular on it’s broad Part. I have drawn it feparately in F/g 4. B B, 
in which the Aiding Stop r, is prefTed down by it’s Spring but raifcd 
by the Tricker a a. That Tricker has a pin on which is flirewe I on 
the fmall H a n d l e i .  in the Syftems B B  and CC. )  In the Brafs 
Bottom A  A  ('dr a a I.) you muft file out 10 Ratchet-Tecth or 
ICerfs, purpofely for. tha Scop of this I-ock, or, which is better, yoU 
may 'infert into the Brafs Bottom a fmall Piece of Iron filed out according, 
tó this Figure. The Partition anti Length o f thefe Rachet-Teeth in the 
Botcoin muft fit exnftly with the Circumference o f  the Wheel /, ( Fig, i, 
Syjiem A  A , j  with this Direftion, that il th(i Lock is kept by the upper- 
nioft: Tooth in the Bottom, the Operator cannot be moved at a l l » but. 
wlien bypre/iing down thsTrick-el* ¿Kiy(<Fig» 4 .|th e Determinator is fliovcd; 
dewn,' iinid jf&jiopp’d:hy the fecond. oil thit'd.Tooth in the Bottorn, thQ.> 
Operator 'beingi al'ib ,drawn 'down as fárr!as the Determinator ^rm its,'. 
m;ikes the Stop r, (Fig, i/Syfi, A  A^ Aide over i or 2 Tevth o f  tiie 
ftiond W^heel b ; confequently the fame Stop r, muft Aide over 9 Teeth, 
w-hen tbéíLcck óf che IXiterminatoc Will Hand before the loth Tooth ia  
tljeBottom^fánd'riie Operator is pulled doW.n: fo far. I f  yóu have.afmind 
•otí.ápplyi'í/iíifel Rachht-Teeth O utfideof thq'Piate. O O.v that
covér*s'íiie 'W.hfaic;i^^ja,may,;fit líhe l.ock it accordin^y : But- in this. 
Gife the Covcrin0-Platc: muft be well faftehcd. /

' F'or Muitiplkaiíón.i\x\^ Wtvificfii there-is propefly'i¡> each Syftem but 
one Whpei, Jikewife divided inta laJiachtti-Teeth, on .which is riyetted» 
thh rounidTlate./; oil whi¿h are engraved theiNumbers qr Figures: Tl>ef4
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Wheels have no occafio!  ̂ for any Bridge, but may turn about a ftxoiig 
Pin of Steel, foldcr’ct to the Bottom. The Rachet Wheel m 'fi/\ciis ,0i> 
one Side upon the Determinator, and upon a Piece of Brilft of, the fame 
Thicknefs, to which are taftened the Stop «, and tlie Spring />.. Upon 
the Operator is another Stop with it’s Spring; which Stop has a.fi îall 
Arm \\t ,Oy which is checked byafm all Studd, to hinder thi: .Sip! iilg’á 
preíTing the Stop lower down than it ought:, By which Contrivauce ic h 
fo order’d, that after the Operator is ilid down fo far as ic can go, in 
being (lid up again, the Stop o will turn but one Tooth o f  the Wheel mm.
T he round Plate I has in it's Middle a fmall hollow Axi^, on which arc 
turned firft two Shoulders, and then a Skrew : This Skrew in the Syfteni 
A  A  is an ordinary one, winding from the left to the right.

But as each Syéem ougl>t to have Communication with the; preceding 
one, though not with that wliich follows; to this end a projcñing Toota 
of communication made ot Steel  ̂ is rivetted to tlie upjxr Planeof the 
uppermoft Wheel a. This Tooth muft be placed exaélly on the Point of 
a Tooth of the Wheel, and'by it’s Revolution catches and turns every 
time but one Tooth o f  the uppermoft Wheel o f the preceding Syftem,
Aiding over the following one (if there be any) without touching ic. - F oe 
this reafon the Planes of the Brafs Bottoms in all die Syilems ought to 
incline a little. This will beft appear from tlife Vertical Seftion, Frg, 2. pig. 2;
(cut in I .  in the Direction from i? to f )  in which a  is the Brafs-Bot- 
tom, H H t h e  Wood-Bottom, ^ the Operator, ? the Groove, / th e  
third common Tooth-Wheel, ¿ the fecond Wheel, a the firft or upper
moft Ratchet-W^heel, Í? the Bridge, G the Covering-Plate, and the 
Tooth of Communicaton. I have repreíented all thefe Pieces of one 
Thicknefs; but every Artift will eafilyknow where to add oí* take off. t

Fig. 5. iliews the Plan and true Difpofition o f the Teeth in the féverál pig. 5.
uppermoft W h eels; that is to fay, T he Parallel Lines A  B and C  D 
ought always to cut the Brafs Bottoms (which are like one another in 
Length and Breadth) length-wife into two equal Parts: Then tlie perpcn  ̂
dicular Tnterfeélion E F  will determine the Centers  ̂ and o f  the two 
Whtcls H  and G. The ftop r ought every time to hold it’s: Wiieel in 
fuch a manner, that the Points o f two Teeth coincide with the Lin«
A  B or C D. T h e Oblicjnity of the Teeth is the fame in both, with diis 
difference however, that in G , which is a Wheel of the Syftem A  A ;
(Ifig. Í.)  tl>ey.arecut in from the left to the right, but in H  (a W.heeJoi 
tii  ̂ Syftem B B j frbm-ri^ht to the left. I need nót take notice, 'that)for 
makrntr the 'W ork more'durablei -the Teeth aré not to'b.e cut out.into 
qdfcc fharp Pó’iñrs, but blunted a little, as in the W heel H.- The: Nicety 
o f th(? whole Machine chiefly confifts in placing the Center of
( which amounts to the fame thing) after having chofen the Breadth o[ 
the Brafs-Bottoms, in determining the Diameter o f the uppermoft W heel:
For ifthat ihouH prpve-fo lai^e,' as that the two heels H and G  ihoufti 
very ne r̂ touch o^e*anothé^, '̂fhe Tooth of Communication wild.be ihorti 
it*s Operation WÍH'be of^  f(TWÁ̂ F̂ fct-,«QÍH’d*thi; Whgdsaliemfdvcs.iviji
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I  require a very great Exailnefs, left by turning about the Wheel H , and
the Tooth of Communication ftanding in the Pofition as it is reprelentcd 
in Fig. 5, a Tooth of the Wheel H  may touch it, and flop the Motion. 
Whereás, on the other hand, fuppofing the Centers at the fame Diftancc, 
and t h e  Diameters of both Wheels Icfs, the Tooth of Communication will 
be longer: than fuch an Exaftnefs is not requir’d in the Wheel, yet more 
Force is neccíTary for making the Tooth of Communication hiy hold the 
better. Furthermore, it will be well tor you to make the undermoft

' common Tooth-Wheel as large as you can.
From the Conftru6lion of this firft Syftem, with which the 3 J, 5th,

7th, (^c, entirely agree, one may eafily imagine the 2d, 4th, 6ch, 8ch, 
i^c. for every thing there alfo is the fame, except only, that it is in
verted ; fo chit what in the firft ftands on the right-hand, is on the Left 
in the fecond.

The Plate for Multiplication has on it’s hollow Axis, as it is faid be
fore, two Shoulders, the lowermoft of which is very fmall, the Sum of 
it’s iicight, the Thicknefs of the Plate o f the Wheel ww, and of the 
Operator muft amount to as much as anfwers to the Height o f the Bridge 
ee. On both Ends of the Brafs-Bottoms, the two Pieces of Brafs it d , 
o f the liime Height, arc rivetted on. This being done, ar lift the Cover- 
ing-PIates GO is prepared and ikrewed on the Pieces o f Brafs d . If 
the Machine be made pretty large, the Covering-Plate muft be fkrewed 
faft, not only to the Bridge eê  but alfo not far from the Wheel of 
Multiplication. It muft be provided not only with round Holes, through 
which are to go the Axis of each uppermoft Wheel a, and the hollow 
Axis of the Plate I ; but it muft alfo have a long Slit, in which the Ope
rator and Determinator may be moved up and down, and laft o f  alia 
fmall Window over the Plate of through which the Figure
or Number engraved on the Plate may appear diftindlly. T o  the projeft- 
ing Skrew /, of the Plate /, is fitted an Handle joined to an Index in 
the Shape of a Scythe. The Skrew in the Syftem A  A  is a common Skrew, 
confequently the Roundneis of the Scythe muft turn from the left to the 
right; but in the Syftem BB, where it ought to be inverted, like all the 
other Parts, the Scythe muft turn from the right to the left, as in the 
Figure. The Ufe o f this is to ihew which W ay the Wheels are to be 
turned ; and the Skrews are to prevent the Machine’s being hurt bv 
unfkilful Hands. ^ ^

On the Side o f the Determinator, niz. on that Piece which cannot be 
prefied down, is alfo ikrewed a fmall Index, which may be dircfted to 
^ch Nutnbei s or Figures as is required. Theic Figures are to be engraven 
in the Covtring-Plate, according to the Figure, and their Diftance de
pends on the Ratchet-Teeth ee {Fig. 4 ) in the Brafs-Bottom.

On the Axis of each uppermoft Wheel a (which Axis muft be made 
% a re  as far as it projects over the Covering Plate) is fixed a thin round 
Silver-Plate x x  (in the Syftems B B  and C C )  or a i  in Fig. 3. yet fo that 
»t not rub againft the Covering-Place. It has a hollow Axis he

luxif J1
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{Fig' 3 3 which is a right or left Skrew, according to the Syñ^m 
it belongs to, and a fmall Shoulder c. T o  the Skrew is ikrewcd the 
Handle/f (Syftem B B  and C C , Fig. i.) which is vertically flat on the 
Extremity, in order to turn by it the Plate and the Wheels. T he Plate (as 
appears by the Figure) is divided by 3 concentrick Circles into two 
Rings, in the outmoft of which are engraven the Numbers for Addition^ 
in the inmoft thofe for StibftraSlion. 1 wiil hereafter call this Plate only 
the Silver-Plate^ the firft Ring the Addition-Ring^ the fecond the Sub- 

fira5iion-Ring: Moreover two Indexes w and^ are ikrewed to the Cover
ing-Plate; w ihews the Numbers o f the outmoft or Addition Ring  ̂ and 

y. thofe of the SuhftraHion-Ring, They have Hinges, that they may be 
lifted up, and the Siher-^Plate taken out or put in again : I'heir Curva
ture ferves for a Direction, which way the Plates ought t obe turned.

A  ikilful Artificer will be able to give them a neater and handfomer 
Shape, than here in the Draught, where I would not cover the Numbers.

A ll this being done, there remains now the Figures or Numbers to be 
engraven, in the manner following: Place each uppermoft Wheel a 
fSyilem A  A ) fo that the Tooth of Communication be ready to catch (as 
in G , Fig. 5) which may be cafily felt. Obfcrve iiv the Silver-Plate^ 
where the Index w points, and there engrave the Number or Figure 0» 
lower down in the SuhftraBion-Ring^ where the I nde xpoi nt s ,  engrave 
the Cypher <?. After this divide both Rings into 10 equal Parts, one o f  
which is already defigned for 9 in the Addition^^ná another for 0 in the Suĥ  

fira^ion-Ring; then obferve which way the Wheel turns, if  from the right 
to the left, as in Syilem B B, then you mud from the engraven Number 
9 in the Addition-Ring^ towards the right engrave 0 next, then 2, 3, 4, 

and in the Suhjlra^ion-Ring towards the right alfo, from the already 
engraved firft engrave 9, then 8, 7, 6, ordhte inverfo. But if the 
Wheel turns from the left to the right, as in the Syftems A  A  and CC,. 
you engrave the Numbers or Figures in the fame Order, but from the 
right to the left. ('See in Fig. i. the Syjlem BB and CC.^

In the Muhiplication-Wheels mm you muft condudt the Indexj^exaftl j? 
to the Window, as it is drawn in the Syftem B B  *, mark the Place on 
the round MuhipUcation-Plate under the Window, and engrave upon it 
the Cypher or Then make, by two concentrick Circles, a Ring upon 
this Plate, and divide this Ring into ten equal Parts, and after the 0 (already 
engraven) engrave on the Numbers i ,  2, 3, 4, 5, 6, 7, 8, 9, in the fame 
Order as it was done in the Addition^Ring o f die Silver-Plate of the fame 
Syftem. L a ilo fa ll, ifyou think fit  ̂ you may ikrew on thin Ivory Plates, 
to note upon tJiem the Numbers which are to be calculated, particularly 
a long fmall one on that Side o f the Slit o f the Determinator,, where there 
are are no Numbers, and alfo two.ihorter broader ones, oneiindcrthe 
Window o f the other above the Silver-Plate. A ll this
together com|x>fcs a Machine, by the help o f which you may- perforra 
all the four Arithmetical Rules or Operations. The W ay of working 
it, is as follows

I
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I. As io addition: For inftance, if  yon are to add 32 and 59: becaufe
’ the hindmofl: Syftem A  A  in the Figure, which ougnt to reprefent the
;■ Place of Unites, is not cover’d, let us take the Syilem B B  for the Place
1' of the Unites, and the Syftem C C  for the Place o f the T e n s ; turn the

Silver-Plates .v:̂  in thefe two Syftems, that the Indexes point to 
; the two Numbers 5 and 9 ; then make the Determinators //, //, point
' alfo to 3 and 2: next take one of the two Operators, ex. gr. in BB,

and pull it down as far as you can, and moveit upwards again. This 
done, the Number i o f the Silver-Plate in B B  will come by this means 
under the Index cc;, and the Number 6 of the Silver-Plate in the Syftem 
C C  under it’s Index at the fame time, which is 61, the Sum, 59 and 2. 
After this move the Operator of the Syftem C C alfo up and down, when 
inftead of€, 9 will come under the Index; confequcntly you have 91 
lindcr the Indexes which is the Sum requir’d o f  59 and 32 added 
together. The Reafon of itisplain ; for by pulling down the Operator 
of the Syftem B B fo far, the Scop c o f the lowermoft or common Tooth- 
Wheel f  [vid, Syft. A  A ) will ilide over two Teeth o f the Rachet-middle-

li moft Wheel b ; and by moving the Operator up again, the fame Stop c
’ will turn the two, Ratchet-Wheels a and b together' 'and caufe the Stop r

o f  the'gr^at or nppermoíí: Wheel a to flide alfo over two Teeth ; at the 
iametime'the Tdorh oPCórlimunication >? will npve forward one Tooth 
o f  the upperm'oft' Ratchet-Wheel in the Syftem C C ;  confequcntly on 
the Silver-Plate in BB,, inftead of 9 the Number i ,  and in Syftem C C , 
inftead o f 5 the Nun^ber 6 muft appear under their Indexes ‘zvw ; and fo 
for the fame reafon,’ having pulled up'and down the Operator o f  the 
Syftem C C , the Nambsr 6 pointed to by the Index muft be at laft 
changed into 9.

II. SuhftraEtion. Suppofe 40 the Suni, from which you are to 
fubftrait 24: Here you muft put your Sam 40 in the SubJira5fion-RÍTjgs; 
that is to fay, turn the Cypher 0 in the Syftem B B , and the Number 4 
in the Sjjftem C C , under tf|e Indexes j j ,  as the Figure ihews: Ser the 
DcterniiFi-ators. at 24, â  in ]Addi!icn ; move alfo the Operators only 
Once np ahd'do.wn, the Remainder 16 will appear under the Indexes 
yy. As for tHc'Reafon o f ibis' Operation, when you confider, that 
the Numbers in the SubJlra5tion-Riñgs are engraven inverfo ordinc  ̂ as 
it isiaid before, you witl'find rhat it is the fame as in Addition. ‘

III. MHUiplication, 'For inftunce ; i . fyourarcto niultiply 43 by-^, 
bring the in all yoiir Addition-Rings to the Indexes, ŝ alfo in alj 
yo\xr Multiplication^Phtes \n the Windov/s. W riti  86<vn (which is 
more particularly necejfliiry if  the Numbers afc larger riian here)' the 
Multiplicand 43 upon the Ivory-Plates ncarthe' two Dcterminators in 
the two Syftems B B and C C  ; But the Multiplicator 5̂, you may 
write oniy on the Ivory-Plate under the Window of the Syftem BB. 
S u  the Dcterminators at 43 ; then moVe your Operators fucceíTively aS 
often up and down, till there appears Inr boi^ Windows ¿he Number 3 ;

* ■ • •’ • • tlicn
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then you will fee on your Addition-Rings under the Indexes, the Pro- 
duñ 1 29-

It is eafy to underiland, that as the Muhiplication is nothing ellc 
than a repeated Addition, die Machine does alfo perform it’s Operation 
by a repeated Addition only : For the Number 3, which appears in the 
Window of the Syftem B B, fhews how many Times you have added 
the Number 3, pointed by the Determinator to itfelf, which when done 
2 Times, is 9. And fo the fame Number 3, which appears in the 
W i n d o w ’ o f  the Syftem C C , after your Operation, fhews how many 
Times you h;ive added the Number 4 to itfelf. I need not to make 
you obferve, that befides the two Syitems B E  and C  C, there muR- be 
fuppofed another, not exprefs’d in the Figure, which will iliew the
Number i of the Produft 129.

IV . Di'vi/ton. If you are, for inftance, to divide 40 by 3, fct your 
Dividend 40 in the Suhflrailion-Rings under the Indexes yy, in the 
Syilem B B and C C ; turn the Indexes ff , / ,  near the Windows to make 
0 appear ; write your Divifor near the Determinator of the Syftem 
C C, and fet the Determinator at 3 •, pull the Operator up and down, 
then you will have i under the Index j ,  and 1 likewife in the Window. 
By this you fee, that you cannot work further in this Syilem C  C, be- 
caufe you cannot fubftra6t 3 from 1 : You muft therefore go on, to 
the other Figure of the Dividend, vix. o, and in the Syftem B B fct 
the Determinator again at 3. This being done, the firft pulling o f the 
Operator up and down will produce 1 in the Window, and 7 in the Siih- 

Jlrailicn-Ring under the Index, and the Number j which remained be
fore in the Syftem C  C  will be changed into 0. Now as 7 is more 
than'?, you muft work on accordingly, having done it twicc more, 
you will find that there remains under the Indexjy but i ,  (which is the 
Numerator of your Fraftion) and below in the two Windows the Qiio- 
tient 13. When you confider that Divifton is nothing elfe but a re
peated Subjlraciion, you will alfo eafily underftand the Reafon o f this 
Operation.

Thofe that underftand the Matter ever fo little, may now eafily con
ceive how they are to proceed with this Machine in hrgizx ' Examples : 
Ilowtver, for greater Clearnefs, I will explain it; by two Examples. ■ 

Suppofilig there are fix Syftems, a, i-, c, d.
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co¡díi:g!v : 'i lie other Niimbtr 5T, you muft write clown likewif,-, 
but under the Windows in Syllcm a and as you fee m this Scheme. 
Move che fcvcral Operators, which are moveable, fucccíTively as often 
np and down, till 8 appears below in the Windows, and you v/iH
have under the Indexes above 28504'« the Product of 35^3  ̂ And
fo the Numbers of the Machine will appear thus.

Next advance your Multiplicand 3563, 
from the Right to the L e f t ; that is to fay, 
placc the Dwtcrminator in the Syfteni ¿ at
3, in c at 6, in d at 5, in e at 3, and re
duce every Number in the Windows to o, 
except in the Syftcm a. See the Scbcm¿ fol- 
lowing.

\ f e ' d c h U \
A  0 2 8 5 0 4 B

C
Í1

3 5 6 3 D
1

E  0 0 8 8 8 8 F

i i 1 5 8 1

/ e\d c b a
0 2 8 5 0 4

1
3 5 6 3

0 0 0 0 0 8

51 S

B

D

F

Then pull all the Operators again fuc- 
ceiTively in f, ¿/, and up and down, 
till 5 appears in the Windows below, and 
you will find at laft under the Indexes 
206654, the Produót o f 3563 x 58,

A  2 o
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h !a
4 ,B

5 5
I5

8

D

F
8

B

D

F

But i f  you are to divide again 206654 by 
3S63f you muft place the Dividend above in 
the Saí̂ raí//a/f̂ Rí»̂ s under the Indexes. In 
the Windows below, every Figure muft be o, 
likewife as in the Multiplication ; and write 
the Divifor under the Dividend, according to 
Vulgar Aritbmttick^ and as in the Figun  here 
annexed.

I f  you direft the Determinators in #, </, r, by to their Numbers, and 
fubftrail this Divifor by pulling up and down the Operators as often 
as you can, you will have in the Windows in f, every where
5 ; but on the Silver-Plates there will remain 28504. N ow  ad

vancing

/ € d a
2 0 6 6 5 4

3 5 6 3

0 0 0 0 0 0
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ẑ-

B
a.

B

v7/l'

O

B

(I
W'

A

^•f s -
n

.cv

/

D

c
ty

1^‘ / *1^

/ % . # .  \ . r

/
V ^ \  T

1
►
1 V .

1 >
*^v  ̂ L

'

i

B

.1

r f c ,





G  E R s T  E N*í Arithmetical Machine^ & c .

vancing your Divifor from the Left to the Right, bringing to the 
Windows in dy r, all the Cyphers o, and operating as before, there 
will at laft appear on the Silver-Plates nothing at all, but below in 
the Windows 5888. See the Figure following :

And here you have only this to obforve,
3 that in fuch Cafes, you cut off all the liindcr-

moft Figures or Numbers in E F , except that 
which ftands under the firil Figure o f the Di-

D vifor i what remains is your Quotient.

1/ e d c h a

0 0 0 0 0 0

3 5 6 5

5 8 8 S 8

As for what remains, if  it be objedted that this Machine cannot be 
fitted for fo many and long Numbers, as one would pleafe, becaufc 
the Multiplication of fo many Syftems would require too great a Force 
for one Operator to move fo many Wheels, kept by Springs, fuppo- 
fing the Cafe that all the Teeth o f Communication fliould duly catch ; I 
own that this Objeftion is but too well grounded ; However, I cannot 
help obferving at the fame Tim e, that this Defeft can hardly be avoid
ed, in any Arithmetical Machine, for performing all thofe Operations 
o f  itfelf, without the Help of the Mind : For there muft certainly be a 
particular Syftem for each Place o f Figures, which is to communicate 
with the n e x t; confequently, as the Syftems increafe in Number, the 
Force muft increafe alfo which is required for moving them all. Be- 
fides, it ought to be confidered, o f what Size fuch a Machine ought 
to be, which might ferve for common Ufe. I think few Calculations 
could be required, for which 14 or 16 Syftems might not fuffice. That 
which I made was o f 7 Syftems, as I have already mentioned. T he 
Difpofnion o f it was neither fo well contrived as I have explained it 
here, nor were it’s feveral Parts fo well wrought, as a good Artificer, 
who makes ProfeiTion of fuch W ork, might have performed i t ; yet 
thoie 7 Syftems were very eafily put in Motion ; and if  in a Machine 
for 14 Figures made by a Ikilful Hand, it could not be fo eafily 
prafticable, this Defeft, I believe, might be eafily remedied, by ap
plying the other Hand in the fifth or fixth Syftem to the Handle /  
in order to eafe and aifift the Operator.

IV. This Text may very well be divided into three Parts : A n  In- 
troduition, containing the Method o f Infinite Series ; the Method of 
Fluxions and Fluents ; and laftly, the Application o f  both to the moft 
confiderable Problems o f the higher Geometry. T he Comment confifts 
o f very valuable and curious Annotations, Illuftrations, and Supple
ments, in order to make the whole a compleat Injlitution for the Ufe 
of Learners. I íhall take a kind of comparative View o f the Text and 
Comment together.

V O L .  V III, P a rt i.  E  The
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a6 M r  EaniesV Account oj Sir I. Newton’; Fkmoits.
Geometry of The great Author, in what is calicd the Introduftion, teaches- the
Curve Lines, Rujinients of his Method of Infinite Converging Series, which is pre- 
% ‘r l ^ N é r  Paratory to that of Fluxions. In this he ihews how nil Compound A l
ton, Ki. (s'c. gebraical Quancities may be refolvcd into Stries of fimple Terms, which 

r̂anjlated y/ill convcrgc to thofe compound Quiintitics, or rather to tlicir Koots 
from the Au- conimon Dccinial Arithnictick, any complicate ISumber what-
o 2 iL7 'Z, tver, rational or iurd, may be profecuted and exhibited to what Dc- 
yAadcfub- grec o f Accuracy we pleafe, by decimal Parts continued vi infinitum, 
iick. To fwhich y\nd this g e n e r a l  Arithmctick is here applied to the finding or the 
hfubpina a 3]l i^inclsof Algebraical Equations, ^vhether pure or afftiled.

And this Do^rine is carried on üill farther by M r Colfon in his 
Comment. He purfues the Author’s Hint, that vulgar Arithmetick 
and Algebra, decimal Fraftions and infinite Series, have the iame com
mon Foundation, and compofe together but'one uniform Science o f 
Computation. For, as in our vulgar Arithmetick, when rightly ex
plained, we exprefs and compute,all Nunibers by the Root arid it’s 
feveral Powers and their Reciprocals, together with a Set o f  certain
known and fmall Coefficients fo rn this more univerfal Arithmetick
o f infinite Series, we do the fame thing in efFeób, by means of any 
Root aflumed at Fieafurc, it's Powers arid ^hcir Reciprocals, difpbfcd 
in a i*egufar de/cending Order, together ’ xV'uh any Coefficients, as it 
may happen. ' And whén theie Series duly.converge,' they \yill as truly 
exhibit by their. Aggi^gate the Quantity required, as a Decimal Frac
tion infinitely continued will approximats; to it*s proper This
gives him Occafion to expatiate largely upon the Nature and Conftruc- 
tion of Arithmetical Scales, particular and general; and to inquire into 
the Nature and Formation of Infinite Series, and their' Crramiftances 
o f Conyergency and Divergcnty. T o  explain which he ihews, that in 
every Series there is always a Supplement to be aridtritood, when it is 
not exhibited. This Supplement fums up the Series, and makes it 
flop at a finite Number o f Terms, in Series that either converge or di
verge. Whence in diverging Series it muft neceíTarily be found and 
admitted, or otherwife the Conclufion will not be tfue ; but in con- 
verging Series, wher¿ it can feldom be known, it may fafely be omit
ted, becauft it continually dlminifl-jes with ^he Tertns of the Series, 
and finally becomes lefs than any affignable Quantity.

The Nature o f infinite Series being thus difplayed, he applies them 
to the Refblution o f  all kinds o f Algebraical Equations. He explains 
in a very general Manner, the Author’s famous Artifice, for finding 
the Forms of the Scries for the Roots, and their initial Approxima
tions, by mi?ansofa Parallelogram and Ruler, and ihews it’s Applica
tion in all Cafes. Then he invents many ways o f Analyfis; by which 
tĥ e Roots are further profecuted, and may be produced to any Degree 
o f  Accuracy required. Alfo many other Spccularions are added, to 
^mplcat the Dodr^ne of Series ; particularly a very general and uftful 
Theorenij for the Solution of all íüicélcd liquations in Numbers.

iro n j



M r Eames’ í  Account o f Sir I. N e w to a 'i  Fluxions.
From the Refolut’ron of Equations, and the Dcftnne o f Infinity Se

ries, w h i c h  finiihes the firft Parc o f  this AVork, Sir I. ^Ncv̂ ton pro
ceeds to lay down the Principies o f his Method of Fluxions, which is 
the chief Defign of the prefcnt Treatife. I'his Method he founds upon 
the abftra6l or rational Mtchanicks, by fuppofing ail Mathematical 
Quantities to be generated, as it were, by loc;ü Mption, and therefore 
to have relative Velocities o f  Increafc or Decreafe, which Veloci
ties he calls Fluxicns, And the Quantities fo generated by a conti
nual Flux he calls Fluettis or Qowing Quantities *, the Relation of 
which Fluents is always cxprcflcd by fomc Algebraical Equation, ei
ther given or required. I f  this Equation be given, and the Relation 
o f the Fluxions is required, it conilitutes the dtre f̂ Method of Fluxions; 
but when the contrary, ’tis the inv^rfe ^iethod of Fluxions:

Sir Jfaaĉ  in his fii'ft Problem, which takes in the direft Method of 
Fluxions, ihews how to find the Relation o f the Fluxioná in a very 
general Manner, and by a great Variety o f Solutions. This way of 
refolving the Problem is peculiar to this Work. l i e  likewife extends 
ic to Equations involving fcveral Fluents, which accommodAtes it to 
thofe Cafes, wherein any complex or irrational Quantities may be 
found, or Quantities that arc geometrically irredudlible. Then he 
demonftrates the Principles o f liis Method, or the Precepts o f  So- 
Jution, from the Nature of Moments or vaniiliing Quantities, and 
from the obvious Properties o f  Equations, which involve indetermi
nate Quantities,

T he Commentator much enlarges upon this whole Dodlrine ; he en
ters into the Reafon and .Ufc o f this Multiplicity of Solutions, and 
ihews it is a neceíTary Reiiiit from die diiferent Forms the fame given 
Equation may acquire. . But efpecially he takes the Author’s Demon- 
ftration into ftridl Examination, endeavours farther to illuilrate and en
force it’s Evidence, and to clear it from all the Objeftions that either 
have or may be urged againil it. He even contends, that though the 
Moments and vaftiihing Quantities o f tlie Author could be proved to 
be impoíTible, as h;is been fuggeited by feme Mathematicians, yet even 
then they would be fufHcient for all the Purpofes of Fluxions, and he 
produces'Initances* o f a like Nature froin other Parts o f  Mathema- 
ticks. And though the Author, Sir /. Newton  ̂ in his prefent Trea- 
tife, does not dircftly mention fecond Fluxions, or thofe of higher 
Orders ; yet the ingenious Commentator thinks proper to extend his 
Enquiries to thefe Orders ,of Fluxions, demonftrates their Theory, 
gives Rules and Examples for deriving their Equations, proves their 
relative Nature, and even exhibits them to View by Geometrical F i
gures. This laft he does chiefly in what he calls the Geometrical and 
Mechanical Elements o f Fluxions ; and he contrives a very general 
Method, by means o f Curve-lines and their Tangents, to make Flux
ions and Fluents the Objects o f Senfe and ocular Infpcflion *, and
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thereby he illuftrates and veriñes the received Methods of deriving their

^ Tn^ th^ ruthor? fewnd Problem, or the Relation of the Fluxions 
being eiven to determine the Relation of the Fluents, which includes 
the inverfe Method of Fluxions, he begins with a particular Solution 
of it He calls this Solution particular, becaule it extends only to fuch 
Cafes, wherein the given Fluxional Equation either has been, or might 
have been, derived from fome previous finite Algebraical Equation. 
Then he ihews how we may return direélly to this Equation. But this 
is feldoni the Cafe of fuch Fluxional Equations, whofe Fluents or Roots 
arc propofed to be found. For they have commonly Terms cither re
dundant or deficient, by which they cannot be brought under this par
ticular Solution. Therefore to anfwer this Cafe alfo, he gives us a gene
ral Solution, in which he extrafts the Roots o f any propofed Fluxional 
Equation, by feverat ingenious Meriiods of Analyfis. And here 
it s chiefly, that he calls his Method of Infinite Series to his AiTift- 
ance i for the Fluent, or Root, will here always be exhibited by a 
Series. And to find the Fluent in finite Terms, when it can be done  ̂
requires particular Expedients, as we ihall fee afterwards.

M r Colfon̂  in his Comment upon this Part of the W ork, is very full' 
and explicit. He explains and applies the Author’s particular Solution ; 
but is much more copious in expfaining the Examples, and clearing up 
the Difficulties and Anomalies o f the general Solution. This is chiefly 
performed by introducing feveral new and fimple Methods of Analyfis^ 
or Proceffes of Refolution ; and by applying the Author’s Artifice of 
the Ruler and Parallelogram mentioned before, to thefe Fluxional Equa
tions : By which means not only the Forms of the Series are determi
ned, and their initial Approximations, as has been obferved above ; but 
Jikewife all the Series may be founds that can be derived from the fame 
Fluxional Equation. The Commentator concludes by giving us a very 
general Method for refolving all Equations, whether Algebraical or 
Fluxional ; which Method requires no foreign AiTiftance, or no fub- 
fidiary Operations, which all other Methods do. It is founded upon 
the Ufe and Admifllon of the higher Orders of Fluxions, and is exempli
fied by the Solution of feveral ufeful Problems. Here the Comment 
ieaves us, but we wili go on with our Author.

Having thus taught us the Method o f Fluxions both direft and in
verfe, he proceeds to apply this Method to fome very curious and ge
neral Problems, chiefly in the Geometry of Curve-lines. A s  firflr, he 
determines the maxima and minima of Quantities in all Cafes, and pro* 
pofes fome elegant Problems to illuftrate this Doctrine. Then he 
teaches us to draw Tangents to Curves, whether Geometrical or M e
chanical, and that after a great Variety of Ways, or however the N a
ture o f  the Curve raay be defined. Here likewife he propofes- fome 
Queilions, to exercift and improve the Learner; Then is very parti
cular upon finding the Quantity of Curvature, at any Point o f a given

Curve^

2g Mr Eames’í Account of Sir I. Newton’í Fluxions.
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M r Eamcs*5 Accouftt o f Sir I. Newton’j Fluxions. 29
Curve, whether Geometrical or Mechanical, or in determining the 
Centre and the Radius of Curvature : T o  which feveral other curious 
Speculations arc fubjoined o f a like Nature. Here he communicatcs a 
very elegant and entirely new Problem, for determining the Qiiality 
of the Curvature, at any Point of a given Curve; or how rhe Curva
ture proceeds in rcfpect of it’s greater or kls Inequabiiity.

Afterwards he goes on to the Quadrature of Curves, which chiefiy 
crives Occafion to apply the inverfe Method of Fluxions *, and firft he 
ifeews how, by the direft Method, to find as many Curves as you pleaie,.
(or to determine their Equations) the Areas of which flial! be capable 
of an exait Quadrature. . Then he ihews how to find as many Curves 
as you pleafe, which, though not capable o f a juft Quadrature, yet 
their Areas may be compared to thofe o f the Conic Seftions, or o f  
fijch other Curves as ihall be afTigned. Lailly, He ihews howto-de* 
termine in general the Area of any Curve that ihall be propofed, chiefly, 
by the Method of Infinite Series ; where many curious and ufcful Spe
culations are occafionally introduced and inferred : As how to afce/tain 
the Limits o f an Area, when thus found analytically ; how commo- 
dioufly to fquare the Circle, the Ellipfis, or Hyperbola, and how to 
apply tlie Quadrature of this laft to the computing a Canon of I.oga- 
rithms i the Conftru£tion of Tables for the ready finding of Quadra
tures, or the Comparifonof Areas, and how to apply them to the fol- 
ving o f other like Problems *, the forming o f Conftrucbions, and de- 
monftrating Theorems by Fluxions j the approximating to Areas me
chanically, and fuch like.

From finding o f  Areas he proceeds to i\\t Re5itJic'ation of Curves 
and firiV he ihews how to find as many Curves as you pleafe, whoic 
Curve-lines are capable of an exaft Reilification. Then he teaches us 
to find a& many Curves as we pleafe, whofe Curve-lines, though not 
capable of* a juft Reftification, yet may be compared with the Lcngtlis 
o f any Curve-lines aíTigned, or with the Areas o f any Curve, when rer 
duced to the Order of Lines. Laftly, he determines the Lengths o f any 
Curve in general, and gives feveral- proper Examples o f it. A ll 
which elegant Speculations are managed with admirable Skill, grcac 
Subtility, and fine ContrivarKre.

V . In the firft Book, he confiders- the Properties o f the three Sec  ̂ A n A « o u n t b; 
tions of a Cone, as well in, as o ik  of the Cone. And to make this 
Part o f the W ork-of more Service to the Reader, he has not only fe- 
ledled the moft confiderable Properties o f thefc Curves that are to be tUuhd, A Nfri- 
met with in other Writers^ both antient and modern, but has-added Ic- thcmatical 
veral new ones, which, as he infoi*ms us, are inferred in their proper Treatiie, conv 

Places, And that fuch Gentlemen as are deflrous to read Sir /*
Ncwtonh Principia^ but are a Lofs for want o f a fufficient Acquaintance Scfiions, with- 
with Conic-Se6tions, may be the more obliged, he has taken particular tlie i>bftrinc.
Care to demonftrate fuch Properties as Sir Ifaac prefuppofes his Reader 
to be acquainted ^IthaL Accordingly, he lias prefixed a Table of fuci
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J\[r Fames’i Jcca/nf of M r Muller’i Fluxions.

riour Subjea». Propofitions, informing him as well where they are to be met \̂Ith m 
By John Mu!- in Sir T. Nezvion's Principia AUtbimalua
kr Xo. 4+6. Proofs made ufe of in his Demonftrations, are fometimes A l-

gcbraical, at other Times Geometrical, according as he finds the one
to be plainer and fliorter than the other. ,

Boo’i II. The fecond Book treats of the dirccl Method of Fluxions. And here 
he hones the firft Principles of this Metiiod are laid down, not only in 
a new, biit verv plain and concife Manner. Me proceeds to the 
1 lie ot Fluxions in the Solution ot the common I roblcms o f finding 
the M^rama and Minima of Qi î.intitics, the Raan of the Evolution of
Curves, and tlic Riidi! of Refraftion and Rcfledicn. 
of thefe Heads he tells us, particular Care has been taken to diftinguifli 
the Ma:<imams itom the Minhiunts^ a Thing which has not been taken 
Notice of fo much as ¡t ought tó have been. And v/hereas lome M a
thematicians having made ul'e of what they call infinitely fmall Quan
tities, are forccd to rejeól fomethingout of the Kquation, for finding 
the Fluxion of a Redangle, whofe Sides are varying Quantities, M r 
Muller uies only finite Quantities; and finds the Fluxion of fuch a Reft- 
angle after a new Manner, without rqecling any Quantity for it’s 
Smallnefs. He does the fame in finding the Fluxion of a Power. And 
to avoid the TJfe of infinitely fmall Quantities, introduces a new Prin
ciple, viz. That a Curve-Line may be confidered as gerterated by the 
Motion of a Point carried along by two Forces or Motions, one in a 
Diredlion always parallel to the Abfcifs, and the other in a Direftion 
always parallel to the Ordinate. Hence he infers, that the Fluxion o f  
the Ordinate is to the Fluxion of the Abfcifs, as the Ordinate is to 
the Subrangent o f the Curve.

Having likewife proved from the firft Suppofition, that if  the de- 
fcribing Point, when arrived at any Place given, fliould continue to 
move onwards, with the Velocity it has there, it would proceed in a 
right Line, which would touch the Curve in that Point *, he concludes 
-that the Direition of the Force in that Place is in the Tangent to the 
Curve ; Confequently, the three Direótions being known in each Place, 
the Proportion b:*tween the Velocities of the urging Forces will be like
wife known. So that the Nature of the Curve being given, the Law 
obferved by thefe Velocities may be found ; aod if the Law of the 
Velocities be given, the Nature of the Curve may likewife be given.

' Jeok III. the third and laft Book, we have the inverfe Method o f Fluxions,
with it’s Application to the feveral Problems folvable by it; fuch as the 
fuperficial and folid Contents o f  curvilmeal Figures, the Reélification of 
Curve-Lines, Centers o f Gravity, Ofcillation and PercufTion. Here al- 
fo M r Cotes*% Table of Fluents are explained and illuftrated by E x 
amples.

H e finiihes this Book with a great Variety of Problems, that are of 
a Phyfico-Mathematical Nature, feveral of which are new, and propo- 
ied to him by M r Bdidor» ‘Some, indeed, are not fo, having been

folved
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folved by Meifieurs Varignon and Parent i but then he has folved them 
after a different, and, as he hopes, a more agreeable, Manner, the Con- 
ftru6tion being more fimple, and the Procefs much fliorter.

V . The Author’s firit DeÍJgn in compofing this Treatife, was to efta- An Jiccoum 
bh'fli the xMcthod ot Fluxions on Principles equally evident and unex- ?faBooken- 
c e p t io n a b l e  with thofe of the antient Geometricians, by Demonftrations 
deduced after their Manner, in the moft rigid Form, and by illuilrat- ons, in Two* 
ing the more abftrufe Parts o f the Dodrine, to vindicate it from the Books, ^ Co- 
Imputation of Uncertainty or Obfcurity, But he has likewife com- linM Laurin,. 
prehended in this W o rk  the Application of Fluxions to the moil im- 
portant geon\ctrical and philofophical Enquiries. It confifts of an In- j?. s, 4(0! 
troduíítion, and two Books. In the Introduflion he gives an Abftraft in 2 Vol. fag. 
o f  the Difcovcries of the Antients in the higher Parts of Geometry, 763- '̂O* 
with Obfervations on their Method, and thofe that firft ñicceeded to it.
The firftBook treats o f Fluxions in a geometrical Method, and the 2-, 1742 *
fecond treats o f the Computations.

In the Introduction we have an Abilraft not only o f  the Difcoveries 
o f the Antients in the higher Parts of Geometry, but likewife o f their 
Demonftrations. After an Account o f the Propofuions of this Kind, 
that are to be found in the 12th Book o f Euclid  ̂ there follows a Sum
mary of what is moft material in the Treatifes o f Archimedes  ̂ concern
ing the Sphere and Cylinder, Conoids and Spheroids, the Quadrature of 
the Parabola and the fpiral Lines. The Demonftrations are not pre- 
cifcly in the fame Form as thofe o f Archimedes  ̂ but are often illuftratcd 
from the elementary Propofitions concerning the Cone, or Corollaries 
from.them, after the Example of Pappus  ̂ from whom the Propofition Coll. Math
is demonftrated, and rendered more general, concerningthe Area of the Prop. zi. 
Spii*ai that is generated on a fpherical Surface by the Compofition of Î i*>* 4* 
two uniform Motions analogous to thofe by which the Spiral o f  A r
chimedes is defcribed on a Plane. This Area, though a Portion o f  a 
curve Surface, is found to admit o f  a perfed Quadrature, and this Pro- 
pofuion concludes the Abftraft. H e takes Occafion from theie T heo
rems to demonftrate fome Properties o f  the Conic Seftions, that are not 
mentioned by the Writers on that Subjed *, and there are more o f this 
Kind deft ribed in Chap. 11 and 14 of Book I,

It is known, that i f  a Parallelogram, circumfcribcd about a given - 
Ellipfe, have it’s Sides parallel to the conjugate Diameters, then fhall ’ 
it’s Area be o f an invariable or given Magnitude, and equal to the 
Redangle contained by the Axis of the Figure ; but this is only a Cafe 
o f  a more general Propofition. For if, upon any Diameter produced i 
without tht: Eliipfe, you take two Points, one on each Side o f  the Cento 
at equal Diftances from if, and the Four Tangents be drawn from thefe 
Points to the Éllipfc, thofe Tangents iliall form a Parallelogram, whick 
is always of a given or invariable Magnitude, when the Ellipfe is given,, 
i f  the Ratio o f  thofe Diftances to the Diameter be given *, and wheii 
tlic Katio of iliok Diftances to die Semidiametcr is. that of the Diagonal
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oF a Square to the Side, (or o f v' 2 to“i ) the Parallelogram has it's 
Sides parallel to conjugáte Diameters. It is likewife Ihown here, how 
theTriangles, Trapezia  ̂ or Polygons of any Kind are determined, which 
circumfcribed about a given Ellipfe, are always of a given Magni-

There is alfo a general Theorem concerning the Frujlum o f a Sphere, 
Cone, Spheroid, or Conoid, terminated by parallel Planes, when com
pared with a Cylinder of the fame Altitude on a Bafe equal to the mid
dle Señion of the made by a Parallel Plane. T he Difference
betwixt the Frujlum and the Cylinder is always the fame in different 
Parts of the fame, or of fimilar Solids, when the Inclination of the 
Planes to the Axis, and the Altitude of Fruftim, are given.  ̂This 
Difference vaniíhes in the parabolic Conoid. It is the lame in all 
Spheres i being equal to half the Content o f a Sphere of a Diameter 
equal to the Altitude of the Fruftum. In the Cone it is one Fourth of 
the Content of a fimilar Cone of the fame Height with the Frujium ; 
and in other Figures it is reduced to the Difference in the Cone.

In the Remarks on the Method of the Antients, the Author ob- 
Terves, that they eftabliihed the higher Parts o f their Geometry on the 
fame Principles as the Elements o f the Science, by Demonftrations of 
the fame Kind \ that they feem to have been careful not to fuppofe any 
thing to be done, till by a previous Problem they had ihewn how it 
was to be performed : Far lefs did they fuppofe any thing to be done, 
that cannot be conceived to be poffible, as a Line or Series to be ac
tually continued to Infinity, or a Magnitude to be diminiihed till it be
come infinitely lefs than it was. The Elements into which the re- 
iblved Magnitudes were always finite, and fuch as might be conceived 
to be real. Unbounded Liberties have been introduced of late, by which 
Geometry (wherein every thing ought to be clear) is filled with Myf- 
teries, and Philofophy is likewife perplexed. Several Inftances of this 
Kind are mentioned. The Series i, 2, 3, 4, 5, 6, 7, (¿c. is fup- 

pofed by fome to be ailually continued to Infinity ■, and, after fuch a 
Suppofition, we are puzzled with the Queftion, Whether the Num 
ber o f  finite Terms in fuch a Series is finite or infinite. la  
order to avoid fuch Suppofitions, and their Confequences, the 
Author chofe to follow the Antients in their Method o f  De- 
monilration as much as poifible. Geometry as been always confidered 
as our fureft Bulwark againft the Subtleties of the Scepticks, who are 
ready to make ufe o f any Advantages that may be given them againft 
it * ; and it is important, not only that the Conclufions in Geometry 
be true, but likewife that their Evidence be unexceptionable. How- 
£ver, he is far from affirming, that the Method of Infinitefimals is

*  See Diilionary, Articlc

w i t h o u t
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An Account o f M r M 'Laurin'j Fluxions,

•witliout Foundation, and afterwards endeavours to juftify a proper 
Application of it.

The Grounds of the Miiíthod of Fluxions arc dcfcribcd in Chap. i. 
Book I. and again Chap. i. Book II. In the former. Magnitudes are 
conceived tobe generated by Motion, and the Velocity of the generat
ing Motion is the Fluxion of the Magnitude. Lines are fuppofcd to 
be generated by the Motion o f Points. The Velocity of tlic Point thac 
defcribes the Line is it's Fluxion, and meafures the Rate of it’s Increafc 
or Decreafe. Other Magnitudes may be reprcfented by Lines that in- 
create or decreafc in the fame Proportion with them ; and their 
Fluxions will be in the fame Proportion as the Fluxions of thofc 
Lines, or the Velocities o f the Points that dcfcribe them. When 
the Motion o f  a Point is uniform, it’s Velocity is conflant, and is 
meafured by the Space which is defcribed by it in a given Time. 
When the Motion varies, the Velocity at any Term o f the Tim e is 
meafured by the Space which would be defcribed in a given Time, 
if the Motion was to be continued uniformly from that Term with
out any Variation. In order to determine that Space, and confequent- 
]y the Velocity which is meafured by it, four Axioms are propofed 
concerning variable Motions, two concerning Motions that are accele
rated, and two concerning fuch as are retarded. The firfl: is, That 
the Space defcribed by an accelerated Motion is greater than the Space 
which would have been defcribed in the fiime Time, if it had not been 
accelerated, but had continued uniform from the Beginning of'the 
Time. T he fecond is, That the Space which is defcribed by 
an acceleraccd Motion, is lefs than the Space which is defcribed 
in an equal Tim e by the Motion which is acquired by that A c 
celeration continued afterwards uniformly. By thefe, and two fimi- 
lar Axioms concerning retarded Motions, the Theory o f Motion is 
rendered applicable to this Doftrine with the greateft Evidence, with
out fuppofing Quantities infinitely little, or having Recourfe to prime 
or ultimate Ratios, The Author firft demonftrates from them all the 
general Theorems concerning Motion, that are o f  Ufe in this Doc
trine ; as that when the Spaces defcribed by two variable Motions 
are always equal, or in a given Ratio  ̂ the Velocities are always 
equal, or in the fame given Ratio ; and converfely, when the 
Velocities o f two Motions are always equal to each other, or in a given 
Ratic^ the Spaces defcribed by thofe Motions in the fame Tim e are al
ways equal, or in that given Ratio ; that when a Space is always equal 
to the Sum or Difference o f the Spaces defcribcd by two other Mo- ‘ 
tions, the Velocity of the firft Motion is always equal to the Sum or 
Difference o f the Velocities o f the .other Motions *, and converfely, that 
when a Velocity is always equal to the Sum or Difference o f  two other 
Velocities, the Space defcribed by the firft Motion is always equal to 
the Sum or Difference o f  the Spaces defcribed by thefe two other M o 
tions. In comparing Motions in this Doftrine, it is convenient and ' 
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ufual to fuppofe one of them uniform > and it is here dcmonílrated, 
that if the Relation of the Quantities be always determined by the fame 
Rule or Equation, the Ratio o f  the Motions is determined in the 
fame Manner, when both are fuppofed variable. Thefc Propofitions 
are demonftrated ílriélly by the fame Method which is carried on in the 
cnfuing Chapters for determining the Fluxions of the Figures.

In Chap. II. a Triangle that has two of it’s Sides given in Pofition, 
is fuppofed to be generated by an Ordinate moving parallel to itfelf 
along the Rafe. When the Bafe increafes uniformly, the I'fiangle in- 
rrcaies with an accelerated Motion, becaufe it’s fuccefiive Increments are 
'Trapezia  ̂ that continually incrcafe. Therefore, if  the Motion with 
which the Triangle flows, was contiiuicd uniformly from any Term  for 
a given Time, a lels Space would be defcribed by it than the Incre
ment of the IViangle, which is ailually generated in that Tim e by 
Axiom L but a greater Space than the Increment which was adually 
ger.eratcd in an equal Time preceding that Term, by Axiom II. and 
hence it is demonilrated, that the Fluxion of the Triangle is accurately- 
meafured by the Reólangle contained by the correfponding Ordinate of 
the Triangle, and the right Line which meafures the Fluxion of the 
Bafe. The Increment wJiich the Triangle acquires in any Tim e, is re- 
folved into two Parts; that which is generated in confequence o f the 
Motion with which the Triangle flows at the Beginning of the Tim e, 
and that which is generated in confcquence of the Acceleration o f this 
Motion for the fame Time. The latter is juftly ncglcfted in meafuring 
that Motion (or the Fluxion of the Triangle at that Term) but may 
ferve for meafuring it’s Acceleration, or the fecond Fluxion o f the 
Triangle. The Motion with which the Triangle flows, is fimilar to 
that of a Body defcending in free Spaces by an uniform Gravity, the 
Velocity of which, at any Term of the Time, is not to be meafured by 

!! Space defcribed by the Body in a given Time, either before or af
ter that Term, becaufe the Motion continually increafes, but by a 
Mean between thefe Spaces.

hen the Sides of a Reilangle^j^.croafe or decreaíe with uniform 
Motions, it may be always confidered as the Sum or DlfFerence o f a 
Triangle and Trapezium  ̂ and it̂ s Fluxion is derived from the laft Pro- 
pofition. I f  the Sides increafe with uniform Motions, the Reftangle 
incrcafes with an accelerated Motion *, and in meafuring this Motion at 

-any Term o f the Time, a Part of the Increment oí the Redangle, 
that is here determined, is rejeded, as generated in confequence o f  the 
Acceleration o f that Motion.

I he Fluxions of a curvilineal Area (whether it be generated by an 
Ordinate moving parallel to itfelf, or by a Ray revolving about a giv.-n 
Center) and of the Solid, generated by the Area revolving about the
u A  by Dcmonftrations of the fame Kind ■, and when

the Ordinates of the Figure increafe, the Increment of the Aica is re- 
lolved in like manner into two Parts, one o f which is only to be re

tained
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M in ed  in meafuring the Fluxion o f the Area, the other being rejefted 
as generated in confequence o f the Acceleration of the Modon with 
which the Figure flows. A n Illuilration of fecond and third Fluxions 
is given by refolving the Increment o f a Pyramid or Cone into the fe- 
veral refpedive Parts that are conceived to be generated in confequencc 
of the firit, fecond, and third Fluxions of the Solid, when the Axis is 
fuppofed to flow uniformly.

In Chap. V . a Series of Lines in Geometrical ProgrefTion are repre- 
fented by an ealy Conftrufbion. T he firft Term being fuppofed inva
riable, and the fecond to increafe uniformly, all the fubfequent Terms 
increafe with accclerated Motions. T he Velocities of the Points that 
defcribe thofe Lines being compared, it is demonftrated from the 
Axioms by common Geometry, that the Fluxions of any two Terms 
are in a Ratio compounded of the Ratio o f  the Terms, and of the R a
tio o f the Numbers that exprefs how many Terms precede them in the I
Progrcfllon.

In Chap. V I, the Nature and Properties of Logarithms are defcribed 
after the celebrated Inventor *, and it is obferved, that he made ufe of 
tiievery Terms Fluxus and Fluat on this Occafion. A  Line is faid to 
increafe or d e c r e a f e w h e n  the Velocity o f the Point, that 
defcribes it, is always as it’s Diílance from a certain Term of the Line \ 
and i f  in the mean time another Point defcribes a Line with a certain 
uniform Motion, the Space defcribed by the latter Point is always the 
Logarithm of the Diitance o f the former from the given Term. Hence 
the Fluxion o f this Diftance is to the Fluxion o f it’s Logarithm as that 
Difl:ance is to an invariable Line and the Fluxions o f the Quantities 
that have their Logarithms in an invariable RatiOj are to each other in 
a Ratio compounded o f  this invariable Ratio, and of the Ratio o f  the 
Quantities themfelves. Some Propofitions are demonftrated, that re
late to the Computation of Logarithms ; but this Subjeft is profecuted 
farther in the fecond Book. T h e Logarithmick Curve is here defcrib
ed, with the Analogy betwixt Logarithms, and Hyperbolic Ratios,

In Chap. V II. after a general Definition o f Tangents, rt is demon- 
iVrated, that the F'luxions o f the Bafe, Ordinate, and Curve, are in the 
fame Proportion to each other, as the Sides o f a Triangle rcfpeftively 
parallel to the Bafe, Ordinate, and Tangent. When the Bafc is fuppo
fed to flow uniformly, if the Curve be convex towards the Bafe, the O r
dinate and Curve increafe with accelerated Motions ; but their Fluxions 
at any Term are the fame as if the Point which defcribes the Curve had 
proceeded uniformly from that Term in the Tangent there. A n y  fur
ther Increment which the Ordinate or Curve acquires, is to be imputed 
to the Acceleration of the Motions with which they flow. A  Ray that 
revolves about a given Center, being fuppofed to meet any Curve and 
an Arc o f a Circle, defcribed from the fame Center, the Fluxions of 
the Ray, Curve, and circular Arc, are compared together ; and feveral 
other Propofitions concerning Tangents are demonftrated from t h e '

F  2 Axioms.
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An Account of M r M 'Laurin 5 Fluxions.
Axionis. The next Chapter treats of the Fluxions o f curve Surfaces in

a fimilar Manner. , i n ̂  j- tt-
Chap. IX . treats chiefly of the greateft and kail Ordinates o f Fi-

cures, and of the Points of contrary Flexure and Cufpids. I he rluxion 
of the Bafe being given, when the Fluxion of the Ordinate v^iilics, 
the Tangent becomes parallel to the Bafe, and the Ordinate moft com
monly is a Maxtmmn or Minimum  ̂ according  ̂ to the Rido &ven by 
Authors upon this Subjeñ, But if the 2d Tluxion of the Ordinate 
vaniih at the fame I'ime, and the 3d Huxion be real, this Rule docs 
not hold, for the Ordinate is in tlvit Cafe neither a Maximum nor 
Minmum. If the ift, 2d, and 3d Fluxions vanifh, and the 4th Fluxioa 
be real, the Ordinp t̂e is a Maximum or Minimum, The general ilule
demonftrated in this Chapter, and again in the lad Chapter of
Book II. is, that when the li l  Fluxion of the Ordinate, witli it’s 
Fluxions of any fubícquent fucceffive Orders, vaniih, and the Number 
of all thefe Fluxions that vanifli is odd, then the Ordinate is a Máxi
mum or Minimum  ̂ according as the Fluxion of the next Order to thefe 
is negative or pofitive. The Ordinate paiTcs through a Point o f con
trary Flexure, when it’s Fluxion becomes a Maximum or Minimmn .̂ 
fuppofing the Curve to be continued on* both Sides oí the Ordinate, 
ilencethi; common Rule for finding the Points of contrary Flexure is 
correded in a fimilar Manner. Such a Point is not always formed 
when the 2d Fluxion of the Ordinate vaniflies; for if  it’s 3d Fluxion 
likewife vaniilies, and it’s 4th Fluxion be real, the Curve may have it’s 
Cavity turned all one Way. The fame is to be faid, when it’s Fluxions 
of the fubfequent fucceíTive Orders vaniih, if the Number o£ all thofe 
that vaniih be even. Other Theorems are iubjoined relacing to this 
Subje<il.

Chap. X . treats of the Afymptotes of Lines, the Areas bounded by 
them and the Curves, the Solids generated by thefe Areas of ipiral Lines, 
and the Limits of the Sums of ProgreiTions. The Analogy there is be
twixt diefe Subjedls, induced the Author to treat o f them in one Chapter, 
and illuilrate them by one another. He begins with three of the moft 
flmple Inftances of Figures that have Afymptotes. In the common 
Hyperbola, the Ordinate is reciprocally as the Bafe, and therefore de- 
creafes while the Bafe increafes, but never vaniihes, becaufc the Rect
angle contained by it and the Bafe is always a given Area, and it is af- 
fjgnable at any aflignable Diílance, how great foever. The Points o f the 
Conchoid are determined by drawing right Lines from a given Center, 
and upon thefe produced from the Afymptote,taking always a given right 
L ine; fo that the Curve never meets the Afympcote, but continually 
approaches to it, becaufe o f the greater and greater Obliquity o f  this 
right Line. The 3d is the Logarithmic Curve, wherein the Ordi
nates, at equal Diftances, decreafe in Geometrical Proportion, but ne- 
v r̂ vaniih, becaufe each Ordinate is in a given Ratio to the preceding 
Ordinate. Geometrical Magnitude is always underitood to confift, o f

Parts i;
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Parts ; and to have no Parts, or to have no Magnitude, are confidered 
as equivalent in this Science There is, however, no Ncccfiity for 
confidering Magnitude as made up of an infinite Number of fmall Parrs; 
it is fufficienr, that no Quantity can be fuppofed to be fo fmall, but it 
may be conceived to be diminiflicd further; and it is obvious, that we 
are not to eftimate the Number of Parts that may be conceived in a 
given Magnitude, by thofe which in particular determinate Cifcum- 
flanccs may be adually perceived in it by Senfe ; fince a greater Num- 
bcr of Parts bccome vifiblc in it by varying the Circumilances in which 
it is pcrceived.

It is hardly pofTible to give a tolerable Extrail o f this or the follow
ing Chapters, without Diagrams and Computations: W e ihall there
fore obl'crve only, that after giving fome plain and obvious Inltances, 
wherein a Quantity is always increaiing, and yet never amounts toa  cer
tain finite Magnitude (as, while the Tangent increafes, the Arc in- 
creafes, but never amounts to a Quadrant^'; this is applied íucceíTively 
to the fcveral Subjects mentioned in the Title of the Chapter. Let 
the Figure be concave towards the the Bale, and fuppofe it to have an 
Afymptote parallel to the Bale ; in this Cafe the Ordinate always in- 
creafts wliile the Bafe is.produced, but never amounts to the Diflance 
between the Afymptore and the Bafe. In like manner a curvilineal 
Area, in a fecond Figure, may increafe, while the Bafe is produced, 
and approach continually to a certain finite Space, but never amount to 
it: This is always the Cafe, when the Ordinate of this latter Figure is 
to a given right Line, as the Fluxion o f the Ordinate of the former is 
to the Fluxion o f the Bafe ; and of this various Examples are given. A  
Solid may increafe in the ilime Manner, and yet never amount to a 
given Cube or Cylinder, when the Square of the Ordinate o f the latter 
Figure is to a given Square, as the Fluxion of the Ordinate o f the firft 
Figure is to the Fluxion of the Bafe. A  Spiral may in like manner 
approach to a Point continually, and yet in any Number of Revolu
tions never arrive at i t ; and there are Progreillons o f Frailions that 
may be continued at Pleafure, and yet the Sum o f  the Terms may be 
always lefs than a given Number. Various Rules are demonftr-ated, 
and illuftrated by Examples, for determining when a Figure has an 
Afymptote parallel or oblique to the Bafe *, when the Area terminated 
by the Curve and the Afymptote has a Lim it which it never exceeds-, 
or may be produced till it furpafs any aillgnable Space *, when the So
lid generated by that Area, the Surface generated by the Perimeter of 
the Curve, the fpiral Area generated by the revolving Ray, the fpiral- 
Line itfelf, or the Sum of the Terms or a Progre(Tion, have fuch Li 
mits or not; and formeafuring thofe Limits. The Author infifts on 
thefe Subjeds, the rather that they are commonly defcribed in very my'- 
ftericus Terms, and have been the moft frrtile of Paradoxes of any.

* See EucHiCs Elements, Dcf. I. Lib L
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F ir fs  of the higher Geometry. Thefe Pradoxcs, however, amount to 
no more than this: I'hat a I/me or Number may be continually ac- 
quiring Increments, and thofe Increments may decreafe m fuch a Man
ner, that the whole Line or Number iliall never amount to .a given 
l.ine or Number. The NeceOlty of admiring this is obvious enough, 
and is here ihewn from the Nature of the moft common geometrical 
Figures in Art. 292, 293, ^ c, and from any Series o f Fractions thac
decreafe continually, in Art. 354, 355,

Chap. XI. treats of the Curvature of Lines, it’s Variation, the De
grees of Con tail of the Curve and Circle of Curvature, and o f various 
Problems that depend on the Curvature of Lines. This Subjeil is treat
ed fully, becaufe of it’s extenfive Ufefulnefs, and becaufe in this con- 
fills one of the greateft Advantages of the modern Geometry above that 
of tiie Anticnts. The Author on this, as former Occafions, begins by 
premifing the neceflary Definitions. Curve Lines touch each other in a 
Point, when the fame right Line is their common Tangent at that 
Point ; and that which has the clofcil Contaft with the Tangent, or 
paiTes betwixt it and the other Curve through the Angle of Contaft 
formed by them, being lefs infleiled from the Tangent, is therefore 
lefs curve. Thus a greater Circle has a lefs Curvature than a lefler 
Circle ; and fince the Curvature o f Circles may be varied indefinitely, 
by inlarging or diminiihing their Diameters, they afford a Scale by 
which the Curvature of other Lines may be meafured. As the Tan
gent is the right Line which touches the Arc fo clofely, that no other 
right Line can be drawn between them *, fo the Circle of Curvature is 
that which touches the Curve fo clofely, that no other Circle can be 
drawn through the Point of Contait between tliem. As the Curve is 
feparated from it’s Tangent in confequence o f  it’s Flexure or Curvature, 
fo it is feparated from the Circle of Curvature in confequence o f the 
riation of it’s Curvature 5 which is greater or lefs, according as it̂ s 
Flexure from that Circle is greater or Icis.

The Tangent o f  the Figure being confidered as theBafe, a new Fi
gure is imagined, whofe Ordinate is a third Proportional to the Ordi
nate and Bafe of the firft. This new Figure determines the Chord of 
the Circle o f Curvature, by it’s Interfeflion with the Ordinate at the 
Point o f Contaél, and by the Tangent of the Angle in which it cuts 
that Circle, meafures the Variation of Curvature. T he lefs this Angle 
js, the clofer is the Contaél of the Curve and Circle o f Curvature, o f 
which there may be indefinite Degrees. When the Figure propofed is 
a conic Señion, the new Figure is likewife a conic Seftion ; and it is 
a right Line when the firft Figure is a Parabola, and the Ordinates are 
parallel to the A xis; or when the firft Figure is an Hyperbola, and 
the Ordmatp are parallel to either Afymptote. Hence the Curvature 
and It’s Variation in a conic Sedlion are determined by feveral Conftruc- 
tions; and, amongft other Theorems, it is fhewn, that the Variation 
ot Curvature at any Point o f a conic Seilion is as the Tangent o f the
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Angle contained by the Diameter which pafles through that Point, and 
by the Perpendicular to the Curve.

When the Ordinate at the Point o f Contaél is an Afymptotc to the 
n e w  Figure, the Curvature is Icfs than in any Circle ; and this is the 
Cafe in which it is faid to be infinitely little, or the Ray o f Curvature is 
faid to be infinitely great. O f  this Kind is the Curvature at the Points 
of contrary Flexure in the Lines o f the third Older. When the new 
Figure pafTcs through the Point o f Contad, the Curvature is greater 
than in any Circle, or the Ray o f Curvature vaniilics *, and in this Cafe 
the Curvature is faid to be infinitely great. O f  this Kind is the Cur
vature at the Cufpids o f the Lines of the third Order.

As I.ines which pals through the fame Point have the fame Tan
gent when the firll Fluxions o f the Ordinate are equal, fo they havetlie 
fame Curvature when the fccond Fluxions of the Ordinate are likcwifc 
equal i and half the Chord o f the Circle of Curvature that is intercep
ted between the Points wherein it intcrfeéls the Ordinate, is a third 
Proportional to the right Lines that meafure the fecond Fluxion of the 
Ordinate and firil Muxion o f the Curve, the Bafe being fuppofed to 
flow unitbrmly. When a Ray revolving about a given Point, and ter
minated by the Curve, becomes perpendicular to it, the firft Fluxion of 
the Ray vanilbes j and if it’s fccond Fluxion vaniihes at the fame time, 
that Point muft be the Center of Curvature. The fame is to be faid 
when the angular Motion of the Ray about that Point is equal to the 
angular Motion of the Tangent of the Curve; as the angular Motion 
of the Radius of a Circle about it’s Center is always equal ro the angu
lar Motion o f the Tangent o f the Circle. Thus the various Properties 
o f the Circle fuggcil various Theorems for determining the Center of 
the Curvature.

Becaufe Figures are often iiippofcd to be defcribed by the Interftflions 
o f right Lines revolving about given Poles, three Theorems arc given 
in Prop. 1 8. 26. and 35. for determining the Tangents, Afymptotes, 
nnd Curvature of fuch Lines, froni the Defcription, which are illu- 
ftrated by Examples. A  new Property o f Lines of the third Order is 
fubjoined to Prop. 35. The Evolution of Lines is confidered in Prop.*
36. The Tangents of the Evoluta v̂c the Rays o f  Curvature o f the 
Line v/hich is defcribed by it’ s Evoliuioii; and the Variation of Curva
ture in the latter, is meafured by the Ratio o f the Ray of Cur
vature of the former to the Ray of Curvature o f the latter.

Sir 1, Ncwiofi  ̂ in a Treatile lately publiflicd, meafures the Varia
tion o f the Curvature by the Ratio o f  tiic Fluxion of the Ray of Cur
vature to the Fluxion of the Curve 5 and is followed by the Author, to 
avoid the Perplexity which a Difference in Definitions occafions to Rea
ders, though he hints (in Art. 386.) that this Ratio gives rather the 
Variation of the Ray of Curvature, and that it might have been pro
per to have meafured the Variation of Curvature rather by the Raiio 
of the Fluxion-otthe CuiTatur^ Itfelf to the Fkixion o f the C urve; fô

tlrtC
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tlvit the Curvature being inverfely as the Ray of Curvature, and con- 
icquently it’s Fluxion as the Fluxion o f the Ray itfclf diredly, and tiie 
Squ-are of the Ray inverfely, it’s Variation would have been direftly as 
the Meafure of it, according to Sir /. Newton’s Definition, and inverfe- 
ly as the Square of the Ray of Curvature: According to this Explica
tion, it would have been meafurcd by the Angle of Contad contained 
by the Curve and Circle of Curvature, in the fame Manner as the Cur
vature itfclf is meafured by the Angle of Contaói: contained by the Curve 
and Tangent. The Ground of this Remark will better appear from an 
Example”: According to Sir I. Newton's Explication, the Variation of 
Curvature is uniform in the Logarithmic Spiral, the Fluxion of the Ray 
nf Curvature in this Figure being always in the fame Ratio to the 
Fluxion of the Curve ; and yet while the Spiral is produced, though 
it’s Curvature decreafes, it never vaniflies ; which mud appear ilrange
to fuch as do not attend to the Import of his Definition,------It is eafy,
however, to derive one of thefe Meafures o f  this Variation from the 
other, and becaufe Sir I. Newton’s is (generally fpeaking) alTigned by 
more fimple Expreffions, the Author has the rather conformed to it in 
this Treatife, but thought it neceffary to give the Caution we have 
mentioned.

The greateft Part of this Chapter is employed in treating ofufeful Pro
blems, that have a Dependance on the Curvature of Lines. Firft, the 
Properties of the Cycloid are briefly demonitrated, with the Applica
tion of this Doctrine to the Motion of Pendulums, by ihewing that 
when the Motion of the generating Circle along the Bafe is uniform, 
and therefore may meafure the Time, the Motion of the Point that de- 
Icribes the Cycloid, is,fuch as would be acquired by a heavy Body de- 
fcending along the cycloidal Arc, the Axis of the Figure bi-ing fuppo- 
fed perpendicular to the Horizon. In the next place, the Caultics, by 
Reflexion and Refrañion, are determined. I f  Perpendiculars be al
ways drawn from the radiating Point to the Tangents of the Curve, and 
;i new Curve be fuppofed to be the Locus of the Interfeftions o f the Per
pendiculars and Tangents, then the Line, by the Evolution o f which 
that new Curve can be defcribed, is fimilarand fimilarly fituated to the 
Cauftic by Refleftion. The Dodrine of centripetal Forces is treated at 
Length from Art. 416. to 493.

Firft, a Body is fuppofed to defcend freely by it’s Gravity in a ver
tical Line ; and becaufe the Gravity is the Power which accelerates the 
Motion of the Body, it muft be meafured by the Fluxion of it’s Velo
city, or the fecond Fluxion of the Space defcribed by it. W hen the 
vertical Line is fuppofed to move parallel to itfelf with an uniform M o 
tion, the Body will defcend in it in the fame Manner as before; and 
the Gravity will be ftill meafured by the fecond Fluxion o f  the Defcent, 
or the fecond Fluxion o f the Ordinate of the Curve that is traced in 
this Cafe by the Body on an immoveable Plain, and therefore is as the 
Square of the Velocity (which is meafured by the Fluxion o f  the

Curve)



Curve) directly, and theCIiordof the Circle of Curvature that is in 
the Direction of the Gravity inverfcly^ by a Propofuion mentioned a- 
bove. When the Gravity afls uniformly, and in parallel I înes, the 
Proje6lile, in defcribing any Arc, falls below the Tangent drawn at the 
Beginning o f the Arc, as much as if  it had fallen perpendicularly ia 
the Vertical ; and the Tim e being given, the Gravity may be meafurcd 
by the Space which is the Subtenfc of the Angle of Contail. Jn other 
Cafes, when the Gravity varies, or it’s Diredion changes, it may be 
meafured at any Point by the Subtenfe of the Angle of Contaál, that 
would have been generated in a given Time, if the Gravity had con
tinued to aft uniformly in parallel Lines from that Term, that is, 
by the Subtenfe o f the Angle of Contaól: in the Parabola that has it’s 
Diameter in the Direction o f the Force, and has the clofefl: Contad with 
the Curve ; which leads us to the fame Theorem as before.

In general, let the Gravity ('that refults from the Compofition o f any 
Number o f centripetal Forces, which are fuppofcd to acl on the Body 
in one Plane) be refolved into a Force parallel to the Ordinates, and a 
Force parallel to the Bafe \ then the former iliall be meafured by the 
fecond Fluxion of the Ordinate, and the latter by the fecond Fluxion 
o f the Bafe, the T im e being fuppofed to flow uniformly, fo that the 
Velocity of the Body may be meafured by the Fluxion o f the Curve.
When the Trajeftory is not in one Plane, the Force is refolved in a 
fimilar Manner into three Forces, which are meafured by three fecond 
Fluxions analogous to them.

Whether the Body move in a Void, or in a Medium that refifts it’s 
Motion ; the Gravity that refults from the Compofition o f the centri
petal Forces which a£t upon the Body, is always as the Square of it's 
Velocity directly, and the Chord of the Circle of Curvature that is in 
the Direflion of the Gravity inverfcly.

When a Body defcribcs any Traje£tory in a Void or in a Medium, 
by a Force directed to one given Center, the Velocity at any Point of 
the Trajeftory is to the Velocity by which a Circle could be defcribed 
in a Void about the fame Center, at the fame Diftance, by the fame 
Gravity, in the fubduplicate Ratio o f  the angular Motion o f the Ray 
drawn always from the Body to the Center, to the angular Motion o f 
the Tangent of the Trájeótory : And, if  there be no Refiftance, the 
Velocity in the Traje(?lory at any Point, is the fame that would be ac
quired by the Body, if  it w'as to fall from that Point through one fourth 
of the Chord o f the Circle o f Curvature that is in the Dire¿lÍon o f the 
Gravity, and the Gravity at that Point was to be continued uniformly 
during it’s Delcent.

I f  the centripetal Force be inverfcly as any Power of the Diftance 
whofe Exponent is any Num ber;;; greater than Unit, there is a certain 
Velocity (viz. that which is to the Velocity in a Circle at the fame 
Diftance as v 2 to m— i )  which would be juft fufficient to carry off 
the Body upwards in a vertical Line, fo as that it fliould continue to

V O L .  V III. P a rti. G  afcend-
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afcend for ever, and never return towards the Center. I f  the Body be

Circle that paffes through n 1 i a ■
Lmnifcata when w =  7. In general, it is conilruaecl by drawing a
P e r p e n d ic u la r  item  the Center of the Forces to a right Line given in 
Pofition, and any other Ray to the fame right I.ine, then increafing or 
diminiihing the Angle contained by this Ray and the Perpendiculai in 
the given Raiio o f 2 to the Difference between 3 and and increafing 
or dtminiiliing the Logarithm of the Ray in the fame given Ratio. 
The Trajeñories defcribed in analogous Cafes by centrifugal Forces, are 
conftruiled in a fimilar Manner. Thefe are the Figures in which the 
Perpendicular, from a given Center on the Tangent, is always as fome 
Power of the Ray drawn from the fame Center to the Point of Contaft, 

tli which are afterwards found to arife in the Refolution of the mofl fimplc
Cafes of Problems of various Kinds.

When the Area defcribed about the Center of an Ellipfe is given, the 
Subtenfe of the Angle of Contail, drawn through one Extremity o f  the 
Arc parallel to the ^emidiameter drawn to the other Extremity is in a' 
given Raíío to this Scmidiameter *, and therefore, when an Ellipfe is 
defcribed by a Force direílcd towards the Center, that Force is always 
as the Diilance from the Centre, When the Force is dire¿led toward 
the FocuSy it is inverfely as the Square of the Diilance. And thefe two 
Cafes are confidered particularly, becaufe of their Ufefulnefs in the true 
Theory o f Gravity. T o  illuftrate which, the Laws of centripetal Forces 
that would caufe a Body to defcend continually toward the Center, or 
afcend from it, are diftinguiflied from thofe which caufe the Body to 
approach towards the Center, and recede from it by Turns. A  Body 
approaches from the higher Apfid toward the Center, when it’s Velo
city is lefs than what is requifite to carry it in a Circle; and i f  it’s 
Velocity increafe, while it defcends, in. a higlier Proportion than the 
Velocities requifite to carry Bodies in Circles about the fame Center, the 

ill Velocity in the lower Part of the Curve may exceed the Velocity in a
Circle at the fame Diilance, and thereby bccome fufficient to carry off 
the Body again. But while the Diilance decreafes, if the Velocities in 
Circles increafc in the fame or in a higher Proportion, than the Velocity 
in a Trajedlory can increafe, the Body muff either continually approach 
toward the Center, if  it once begin to approach to it, or recede conti
nually from the Center, if  it once begin to alcend from i t ;  and this is 
the Cafe, when tJie centripetal Force increafcs as the Cube of the Di- 
ffance decreats, or in a higher Proportion. But though, in fuch Cafes, 
the Body approach continually towards the Center, we are not to con
clude*, that it will always approach to it till it fall into it, or 
come within any given Diffance; for it is demonftrated afterwards in 
Art, 879 and 8S0, that it may approach to the Center for ever, in a

z Spiral
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Spiral that never defcends to a given Circlc dcfcribed in the fame Pkne, 
and that it may recede from ic for ever in a Spiral that never arifcs tQ 
a oiven Altitude. An Example of each Cafe is given when die centri
petal Force is inverfely as the fifth Power of the Diftance.

When the Trajedory is dcfcribed in a Medium  ̂ let 2: be to a given 
Magnitude as the centripetal Force is to the Force by 'w hich the fanu:
'i'rajeñory could be defcribed in a Void *, and i f  the Area be kippofed 
to flow uniformly, the Rtfiftance will be in the compound Raho o f tiic 
Fluxion o f z ,  and o f the Fluxion o f the Curve ; and the Denficy o f the 
Medium ffuppofing the Refittance to be in the compound Ralio o f  the 
Denfity and o f the Square of the Velocity) iliall be as the Fluxion o f the 
Logarithm o f  direftly, and the Fluxion of tlie Curve inverfely.
Hence, when any Figure tiiat can be defcribed in a Void by a Force 
that varies according to any Power of the Diftance from the Center, is 
defcribed in a Medium, the Denfity of the Medium muft be inverfely 
as the Tangent of the Figure bounded by a Perpendicular at the Cen
ter to the Ray drawn from it to the Point of Contad.

After giving fome Properties o f the Trajeftories that are defcribed 
by a Body when it gravitates in right Lines perpendicular to a given 
Surface, and their Application to optical Ufes, the Author proceeds to 
confider the Motion of a Body that gravitates towards feveral Centers.
In fuch Cafes, that Surface is iiiid to be horizontal, which is always 
perpendicular to the Direilion o f the Gravity that refults from the 
Compofition o f the feveral Forces; and it is ihewn, that the Velocity 
which is acquired by defcending from one horizontal Surface to ano
ther, is always the fame (whether the Body move in right Lines, or in 
any Curves); the Square o f which is meaiured by the Aggregate o f fc' 
veral Areas which have the Diftances from the refpective Centers for thei^
Bafes, and right Lines proportional to the Forces at thefe Diftanccs 1
for their Ordinates. 1

Tiie Force which atfls upon the Moon is refolvcd into a Force per- 
pendicular to the Plane of the Ecliptic, and a Force parallel to it. This 
lad is again refolved into that which is parallel to the Line of the 5>’- 
zigies, and t!nu which is paraUcl to the Line joining the Quadratures,
I'hc firft meafures the fecond Fluxion ol tlie Diftance o f the Moon from 
that Plane, the fecond and third meafure the fecond Fluxions o f her 
Diftanccs from the Line o f the Quadratures, and from the Line oi the.
Syzigtes, rtfpeftively. Hence a Con ft ru ¿lion is derived o f the Trajec
tory which would be defcribed by the Moon about the F-arth, in con- 
fequence of their unequal Gravitation towards the Sun, if the Gravity o f 
the Moon towards the Earth was as her Diftance from it. From this 
a Computation is dcduced of the Motion o f  the Nodes o f the Moon, 
and of the Variation of the Inclination of the Plane of her Orbit, 
which we cannot defcribe here. Ic is fufficienc to obfcrve, that thcfc 
Morions are found to agree nearly with diofe which liave been de
duced from other Theories, and from Aftronomical Obfervations.

G 2 A  Fluid
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A  Fluid being fiippofed to gravitate towards two given Cynters widi 

■>ual and invariable Forccs, it is flicwn, that the Figure ot the Hu.d
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it revolves w  it’s Axis but thcl¿ are mentioned briefly, becaufc iucii 
Theories arc of little or no Ule fol- dilcovenng the I-igurcs of the
Î ]nncts«

In Chap. X I!, the Author proceeds to confidcr the more concife M e
thods, by which the Fluxions of Quantities are ufuaily detei mined, 
and to deduce general 'I’heorems more immediately applicable to the Re- 
folution of Gcomcrrical and Philofophical Problems. In the Method 
of Infinitefimal-s the Element by which any Quantity increafes or dc- 
creafcs, is ílippofed to bccome infinitely fmall, and is generally ex- 
prcíRnl by two or more Terms, fome o f which become infinitely lefs 
than the reft, and thcreibre being ncgleclcd as ot no Importance, the 
remaining 'I'crms form what is called the Differefice o f the Quantity 
propofed. I'he Terms that arc negleded in this Manner are the very 
fame which arife in confcqucnce of the Acceleration or Retardation of 
the generating Motion, during the infinitely fmall Tim e in which the 
Element is generated ; and therefore thefe Differences are in the fame 
Ratio to each other as the generating Motions or Fluxions, Hence 
the Conclufions in this Method are accurately true, without even an in
finitely fmall Error, and agree with thofe that are deduced by the 
Method of Fluxions.

It is ufual in this Method to confider a Curve as a Polygon of an 
infinite Number o f Sides, which, being produced, give the Tangents 
o f the Curve, and, by their Inclination to each other, meafure it’s Cur
vature. But it is neceiliiry in fome Cafes, if  we would .avoid Error, ro 
rcfolve the Element of the Curve into feveral infinitely fmall Parts, or 
even fometimes into Infinitefimals of the fecond Order ; and Errors that 
might otherwife ariie in it’s Application, may, with due Care, be cor- 
reitcd by a proper Ufe of this Method itfelf, of which fome Inftances 
are given. I f  we were to fuppofe, for E.xample, the lead A rc that can 
be defcribcd by a Pendulum to coincide with it’s Chord, the Tim e of 
the Vibration derived from this Suppoficion will be found erroneous ; 
but by refolving that Arc into more and more infinitely fmall Parts, we 
approach to the true I ’ime in which it is defcribed. By fuppofing the 
Tangent of the Curve to be the Production o f the redilineal Element 
of the Curve, the Subtenfe of the Angle of Contaft is found equal to 
*::e ftcond Difilrence or Fluxion of the Ordinate •, but in this Inquiry, 
the Tangent ought to be fiippofed to be equally inclined to the two 
I'Jements of the Curve that terminate at the Point of ContacFl *, and 
then the Subtenfe of the Angie oí Contafl will be found equal to haif 
ti:e fcco.id Djfference of the Ordinate, which is it’s true Value.
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Sir /. Nc‘Vi)ton̂  however, invcftigates the Fluxions of Quantities in a 
more uncxcfptionnble Manner, Pie firil determines the finite fimulta- 
neous Increments of the Fluents, and, by comparing them, inveiligates 
the Ratio that is the Limit of the various Proportions which they bear 
to cach other, while he fuppofcs them todccrcafe together till they va- 
niih. When the generating Motions are variable, the Ratio o f the 
fimultancous Increments that are generated from any Term, is expreíTcd 
by fcveral Quantities, fome of which arife from the Ratio o f the gene
rating Morions ac that Term, and others from the fubfequcnt Accele
ration or Retardation of thefe Motions. W hile the Increments are 
fuppofed to be diminiflied, the former remain invariable, but the latter 
decreafe continually, and vaniili with the Increments ; and hence the 
Lim it of the variable Ratio o f the Increments (or their ultimate Ratio) 
gives the precife Ratio of the generating Motions or Fluxions. M oft 
o f the Propofitions in the preceding Chapters may be more briefly de- 
monrtrated by this Method, (of which feveral Examples arc given) and 
the Author makes always ufe of it in the Sequel ot this Book.

It is one of the great Advantages of this Method, that it fuggefts 
general Theorems for the Refolution o f  Problems, which may be rea
dily applied as there is Occafion for them. Our Author proceeds to 
treat of thefe, and firit of fuch as relate to the Center o f Gravity and 
it’s Motion. In any Syftem of Bodies, the Sum of their Motions, 
cftimated in a given Direction, is the ilime as if all the Bodies were 
united in their common Center o f Gravity. I f  the Motion of all the 
Bodies is uniform and redilineal, the Center ot Gravity is either quiei- 
cent, or it's Motion is uniform and redilineal. When Action is equal io 
Readlion, the State of the Center of Gravity is never affedcd by the Colli- 
fions of the Bodiesjor by their atfrailingor repelling each other mutually.
It is not, however, the Sum o f the abfolute Motions of the Bodies that is 
preferved invariable in conftquence of the Equality of the Adion and 
Keadion, as they feem to imagine, who tell us, that this Sum is un
alterable by rhe Coliifions o f Bodies, and that this follows fo evidently 
from the Equality of A dion  and Readion, that to endeavour to de- 
monftrate ir, would ferve only to render it more obfcure. On thisOc- 
cafion the Author illuílrates an Argument’ which he had propofed in a 
Piece that obtained the Prize propofed by the Royal Academy c f Sciences 
at Paris in 1724, againft the Menfuration o f  the Forces o f Bodirs by 
the Square oí the Velocities, Ihewing that if  this Dodrine was admit
ted, the iame Power or Agents exerting the fame Effort, would pro
duce more Force in the iiime Body when in a Space carried uniformly 
focwards, than if the Space was at Reft i or that Springs acting equally 
on two equal Bodies in fuch a Space, would produce unequal Changes 
in the Forces of tíiofe Bodies.

Various Problems concerning tlie Colliuon of Bodies are refolved in 
a more general Manjier than ufual. M r Bcrnouilli had determined the 
Motions when the Elafticitv is perfect and one Body ftrikes two equal
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Bodies in Direcfcions that form equal Aiigles with it’s Direaion 5 or 
when there are any Number of Bodies impelled by it on one Side m 
various Diredions, providing equal Bodies be impcllo . hy it on the o- 
rher Side, in Direñions equally inclined to it’s own Direction. But tne 
Problem is refolved here without thefe L.imitations *, lome others of this 
Kind arc fubioined, and this Doctrine is applied for determining the 
Motions of Bodies that aft upon each ocher while they dcfceiid by
their Gravity. . . . i -r ,

The general Principle derived from thefe Inquines, is, that if there
be no Collifion, or fudden Communication of Motion Body
to another, while they defcend together, and in any cafc, if  the Ela- 
fticity be perfcft, the Sum of the Produas, when each Body is multi-

• plied by the Square of the Velocity acquired by it, is the fame as if all
j: the Bodies had dcfceiided freely from the fome refpedive Altitudes to
|i their fcveral Places ; only in colleding that Sum, if any Body is made

to afcend, the Produft of it multiplied by the Square o f it’s Velocity is 
j| to be fubducled ; And if  the-Bodies be fappofed to afcend from their
li Places with the refpeilive Velocities acquired by them, then their com-
! mon Center of Gravity will rife to the fame Level from which it de-
’I fcended. In other Cafes, however, the Afcent of the Center of Gravity
;i will be lefs than it’s Ddcent, but is never greater,
i, After demonftrating the ufual Rule for finding the Center o f  Ofcil-

lation, the Author treats of the Motion o f Water iifuing from a cylin- 
dric VefTel. The ESclT: of the Gravitation of the whole Mafs of Water 
is confidered as threefold. It accelerates, for fome time at leaft, the 
Motion with which the Water in the VciTel defcends •, it generates the 
Excefs of the Motion with which the Water iíTues at the Orifice above 
the Motion which it had in common with the reft o f the Water ; and 
it afts on the Bottom of the Veflcl at the fame Time. Then fuppofing 
the lafl two Parts of the Force to be in any invariable Ratio to each 
other, when the Diameters of theBafe and Orifice are given, he deter
mines by Logarithms the Velocity with which the Water iffues at the 
Orificc ; and ihews that this Velocity will approach very near to it’s 
utmoft Limit, in an exceeding fmall Time. When the Water is fup- 
pofed to be fupplied in a Cylinder, fo as to ftand always at the fame 
Altitude above the Orifice, there is an Analogy between the Accelera
tion of the Motion of the Water that iflues at the Orifice, and the Ac
celeration o f a Body that defcends by it’s Gravity in a Medium which 
refifts in the duplicate Ratio of the Velocity. For when the utmoft 
Velocities, or Limits, are equal in thofe two Cafes, the Tim e in which 
the iffuing Water acquires any leiTer Velocity, is to the Tim e in v/hich 
the defcending Body acquires the ilime Velocity as the Area o f  the Ori
fice to the Area of the Bafe; and if a cylindric Column be fuppofed to 
be erefted on the Orifice equal to the C^antity of Water that iíTues at 
the Orifice in the former o f thofe Times, the Height o f this Column 
will be to the Space defcribed by the defcending Body in the latter

Tin^c,
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Time, ill the fame Ratio as the Orifice to the Area of the Bafe. The 
Raiio of the Force that ads on the Bottom of the VefTcl to the Force 
that generates the Motion of the Water ifTuing at the Orifice, is tk- 
diiced from Sir L Newton's Cataraft, and is the fame that follows from 
rhe Principle* concerning the Equality of the Afcent and Defccntof the 
Center of Gravity, which was firft applied to this Inquiry by Mv Danid 
Bernouilli Comment. Acad, Petrop, Tom. 2, But there are fcveral Pre
cautions to be taken in applying this Doélrine.

After fome other Theorems concerning the Center of Gravity, and 
fcveral Obfervations concerning the Curvature of Lines, and the Angles 
of Contaól; the Author reprefents four general Propofitions in one 
View, that the Analogy between them may appear. The l i l  gives 
the Property of the Trajeftories that are defcribed by any centripetal 
Forces, how variable foever thefe Forces, or their Direñions, may be.
The 2d gives a like general Property o f the Lines of fwifteft De- 
fcent. The 3d gives the Property of the Line that is defcribed in lefs 
Time than any other of an equal-Perimeter. And the 4th gives the 
Property o f the Figure that is aflumed by a flexible Line or Chain, in 
confequence o f any fuch Forces adting upon it. I f  we fuppofe a Body 
to fct out from any Point in the I'rajeftory, or in the Line of fwifteil 
Defcent, with the Velocity which it has acquired there, and to move 
in the right Line wliich is the Direflion of the Gravity, that refults 
from the Compofition o f the centripetal Forces, then íliall it’s Velo
city, and it’s Diftance from the Point where the Perpendicular from the 
Center of Curvature meets that right Line, flow proportionally  ̂ i. e. the 
Fluxion o f the Velocity (or o f the right Line that meafures it) fl âll be 
to the Velocity as the Fluxion of that Diftance is to the Difliance. When 
the Velocity and Direftion of the Motion is the fame in the Line of 
fwifteil Dcicent as in the Trajedory, their Curvature is the fame. Thus 
in the common ITypothefis of Gravity, the Curvature in the Cycloid, 
the Line o f fwifteil Defcent, is rhe fame as the Parabola defcribed by 
a Projedile, if  the Velocities in thofe Lines be equal, and their T an
gents be equally inclined to the Horizon. In order to find the Nature 
of the Catenaria in any Hypothefis of Gravity, fuppofe the Gravity to 
be increafcd or diminiflied in the fame-Proportion as the Thicknefs of 
the Chain varies, and to have it’s Direftion changed into the oppofite 
Dirciftion ; then imagine a Body to fet out with a juft Velocity trom a 
given Point in the Chain, and to defcribethe Curve. The Tenfion o f  the 
Chain at any Point will be always as the Square o f the Velocity ac
quired at that Point, and if a Body be projefted with this Velocity in 
theDireélion o f the Tangent, the Cuivature of the Trajectory defcribed - 
by it will be one half of the Curvature o f the Chain at that Point. W e 
muil refer to the Book for a fuller Account of thefe and of other 
Theorems.

In Chap. XIII. the Problems concerning the Lines of fwifteil De- 
fcentj the Figures which amongft all thofe that have equal Perimeters'.

produce:^
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Licc Maxima oi 
d without Coir

rammo!i!y^Sltmedoran'a^^^^ Nature, and M.fVakes have been 
more frequently committed in the Profecution ol it, tiian of any other 
relating to Fluxions. T o  give fome Idea ot the Author’s Method, fup- 
pofc the Gravity to aft in parallel Lines, u to  denote the \ elocity ac-
Huired at the lowernioft Point of the Curve, and « the Velocity ac-

1 at any other Point 
: to be dcfcribcd by
always defcribed by -----  - t-i l

demonftrated without any Computation, that the Element or the O r
dinate being given, the Difference of the Ximes in which the Elements 
o f the Curve and Bafe are thus dcfcribcd is a Minimum, when the Ratio 
o f  thofe Elements is that of a to u \ i. e. when the Sine of the Angle, 
in which the Ordinate interfeds the Curve, is to the Radius m this
Ratio, Suppofing therefore this Property to take Place over all the
Curve, the Excefs of the Tim e in which it is defcribed by the Body 
defcending along it, above the Time in which the Bafe is defcribed 
uniformly with the Velocity 7̂, muft be a Minimum ; and this latter 
Time being given, it follows that the Time o f Defcent in this Curve 
is a Minimum, When the Gravity tends to a given Center, fubftitute 
an Arc of a Circle defcribed from that Center through the lovvermoit 
Point o f the Curve in the Place of the Bafe in the former Cafe ; and 
the Property of the Line o f fwifteft Defcent will be difcovered in the 
lame Manner. The Nature of the Line that among all thofe o f  the 
lame Perimeter is defcribed in the lead: Time, is difcovercd with great 
Facility, by determining from the former Cafe the Property of the 
Figure when the Sum or Difference of the Time in which it is defcribed 
by the defcending Body, and of the Tim e in which it would be de
fcribed by any given uniform Motion, is a Minimum \ for the latter 
'I'ime being the fame in all Curves o f the fame Length, it follows that 
the Figure, which has this Property, muft be defcribed in lefs Tim e 
than any o f  an equal Perimeter. The general Ifoperimetrical Problems 
are refolved, and the Solutions are rendered more general, with like 
Facility by the fame Method ; which is alfo applied for determining 
the Property o f the Solid o f leaft Reiiftance, and ferves for refolving 
the Problem, when Limitations are added concerjiing the Capacity of 
the Solid, or the Surface that bounds it.

The laft Chapter o f the firft Book treats chiefly o f Gravitation to
wards Spheroids, o f the Figure o f the Planets, and of the Tides, The 
Author, having Occafion in thofe Inquiries for fcvend new Properties 
ot the Ellipfe, begins this Chapter by deriving it’s Properties from 
thofe o f the Circle, by confidering it as the oblique Sedion o f a Cy
linder, or as the Projedlion of the Circle by parallel Rays upon a Plane 
oblique to the Circle, In this Manner the Properties’ arc briefly trans-
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fcrred from the one to the other, becaufc by this Projeition tlie Center 
o f the Circle gives the Center of theEllipfe •, Diameters perpendicular 
to e a c h  other in the Circle with their Ordinates, and the circiimfcribed 
Square, give conjugate Diameters of the Ellipte with their Ordinates, 
and the circumfcribcd Parallelogram *, parallel' Lines in the Plane of 
this Circle are projeded by Parallels in the Plane of the Ellipfe that 
are in the fame Ratio; any Area in the former is projefted by an Area 
in the latter, which is in an invariable Ratio to it 5 and concentric 
Circles give fimilar concentric Ellipfcs. It is likewife iliewn how Pro
perties o f a certain Kind are briefly transferred from the Circle to any 
conic Se6lion with the fame Facility.

After demonilrating the Properties of the Ellipfe, it is fliewn, that 
if  the Gravity of any Particle of a Spheroid being refolvcd into two 
Forces, one perpendicular to the Axis of the Solid, the other perpen
dicular to the Plane o f it’s Equator, then all Particles, equally diltant 
from the Axis, muft tend towards it with equal Forces 5 and all Par
ticles at equal Diflances from the Plain of the Equator, gravitate e- 
qually towards this Plain ; but that the Forces with which Particles at 
different Diftances from the Axis tend towards it, are as the Diftances *, 
and that the fame is to be fiid of the Forces with which they tend to
wards the Plain o f the Equator.

From this it is demonilrated, that when the Particles o f a fluid Sphe
roid of an uniform Denfity gravitate towards each other with Forces 
that are inverfely as the Squares of their Diftanccs, and at the fame 
time any other Powers a£t on the Particles, either in right Lines per
pendicular to the Axis, that vary in the fame Proportion as the Diftances 
from the Axis, or in right L.ines perpendicular to the Plain o f  the
Equator, that vary as their Diftances from it, or when any Powers aft \
on the Particles of the Sphproid, that may be refolved into Forces of 
this Kind *, then the Fluid will be every-where in JEquilihrio  ̂ i f  the
whole Force that a¿ts at the Pole be to the whole Forcc that aéls at ¡
the Circumference o f the Equator, as the Semidiameter o f  the Equator j
to the Semiaxis of the Spheroid ; and that the Forces with which equal 
Particles at the Surface tend towards the Spheroid, will be in the fame 
Proportion as Perpendiculars to it’s Surface, terminated either by the 
Plane of the Equator, or by the Axis. Becaufe the centrifugal Force 
with which any Particle of the Spheroid endeavours to recede from it’s 
Axis, in confcquence of the diurnal Rotation, is as the Diftance from 
the Axis, it appears that if the Earth, or any other Planet, was fluid, 
and o f an uniform Denfity, the Figure which it would affume would 
be accurately that o f an oblate Spheroid generated by an Ellipfis re
volving about it’s fecond Axis.

Afterwards the Gravity towards an oblate Spheroid is accurately mea
sured by circular Arcs, not only at the Pole, but alfo at the Equator, 
and in any intermediate Places ; and the Gravity towards an oblong 
Spheroid is meafured by Logarithms, T he Gravity at any Diftance
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in the Axis of the Spheroid, or in the Plane of the Equator produced, 
is likewife accurately determined by like Meafures, without any new 
Computation or Quadrature, by lliewing that when two Spheroids have 
the fame Center and Focus, and are oi an uniform Dcnfity, the Gra
vities towards them at the fime Point in the Axis or Plane of the 
Equator produced, areas the Quantities of Matter in the Solids.

This Theory is applied for determining the Figure ot the Earth, by 
comparing the Force of Gravity in any given Latitude, derived from 
the Length of a Pendulum that vibrates there in a Second o f' Tim e, 
with the centrifugal Force at the Equator, dcduced from the periodic 
Time of the diurnal Rotation, and the Amplitude of a Degree o f the 
Meridian ; or by comparing the ixngths of Pendulums that vibrate in 
equal Times in given unequal Latitudes j or by comparing diiferenc 
Difgrees meafured upon the Meridian, By the beft Obfervations it 
would feem, that there is a greater Increafe of Gravitation, and o f the 
Degrees of the Meridian from the Equator towards the Poles, than ought 
to arife from the Supjjofition of an uniform Denfity. Therefore the 
Author fuppofes the Dcrnfity to vary from the Surface towards the Cen
ter ; and, in feveral Cafes he has confidered, he finds that a greater 
Denfity towards the Center would account for a greater Increafe o f 
Gravitation, towards the Poles, but not for a greater Increafe of the 
Degrees of the Meridian •, and that the Flypothefis of a lefs Denfity to
wards the Center would account for the latter, but not for the former, 
fuppofing (after Sir L Newton) the Columns o f the Fluid to extend 
from the Surface to the Center, and there to fuflain each other. On 
this Account he determines the Gravitation towards the Earth, when it 
is fuppofed to be hollow with a Nucleus included, according to the 
Hypothefis advanced by Dr Hailey, with the Difference of the Semidia- 
meters that might arife from fuch a Difpofinon of the Internal Parts, • 
But in this Caie, and when the Denfity is fuppoíed variable, the 
fpheroidical Figure is only afiumed as an Hypothefis. He adds, that 
by imagining the Denfity to be greater in the Axis than in the Plain o f  
the Equator at equal Diftances from the Centre, an Hypothefis perhaps 
might be found, that would account for moil o f the Phaenomena ; but: 
that a Series o f many exact Obiervations is rcquifite, before we can ex
amine wiih any Certainty the various Suppofitions that may be ima- 

I  ̂ gined concerning the internal Conftitution o f the Earth. This Doc-
i| ’ inne IS hkew^fc applied for determining the Figure o í Jupiter.
j I ,  ̂ follows from the fame Theorem, that if we fuppofc the Earth to

I be iiuid, and abilraft from it̂ s Motion upon it’s Axis, and the Incli-
; nation of the right Lines in which it̂ s Particles gravitate towards the

bun or Moon, the Figure which it would affume in confequenceof the 
unequal Gravitation of it’s Particles towards either o f thofe Bodies 

j would be accurately that o f an oblong Spheroid having it’s Axis dire¿t-
ed towards that Body. The Afcent o f the Water, deduced from this 
1 ficorem, agrees nearly with that which Sir /. Newton found, by com-

I puting

— —  —
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puting it briefly from what he liad demonftrated concerning the F i
gure o f the Earth. Several Obfervations are fubjoined concerning the 
Tides, and the Caiifcs which may contribute to increafe or diminiih 
them, particularly the Inequality o f  the Velocities with w'hich Bodies 
revolve about the Axis of the Earth in different Latitudes.

This Chapter concludes by demonilrating briefly, that if the Attrac
tion o f the Particles decreafcd as the Cube of their Diilance increafcs, 
or in any higher Proportion, then any Particle would tend toward the 
leaft Portion of Matter in Contad with it, with a greater Forcc than 
towards the greateft Body at any Diilance, how fmall foever from it.
The true Law of Gravity is better adapted for holding the Parts of each 
Body in a proper Union, while it perpetuates the Motions in the great 
Syilem about the Sun, and preferves the Revolutions in the leflfer Sy- 
ftems nearly regular *, and the Author concludes with obferving, that a 
remarkable geometrical Simplicity is often found in the Conclufions 
that are derived from it,

V . 3. In the fecond Book,he treats o f the Method o f Computation,or the Toe fame con̂  

Algebraic Part; to the Facility, Concifenefs, and great Extent of which, 
the Improvements that have been made by this Method are in great 
meafure to be afcribed. In order to obtain thofe Advantages, it was March\o» 
neceflfary to admit various Symbols into the Algebra : But the Num- 17+2 3- 
ber and Complication^ o f thofc Signs muft occafion fome Obfcurity in 
this A rt, unlcfs Care be taken to define their Ufe and Import clearly, 
with the Nature o f the feveral Operations. An Example o f this is 
given by an Illufliration o f one of the firft Rules in Algebra. As it is the 
Nature of Quantity to be capable of Augmentation and Diminution, fo 
Addition and Subflradlion are the primary Operations in the Sciences 
that treat of it. T he pofitive Sign implies an Increment, or a Quan
tity to be added. The negative Sign implies a Decrement, or Quan
tity to be fubítrañed: And thefe ferve to keep in our View what Ele- . 
ments enter into the Compofition of Quantities, and in which Manner, 
whether as Increments or Decrements. It is the fame T hing to Tub- 
ftraft a Decrement as to add an equal Increment. A s the Multipli
cation of a Quantity by a pofitive Number implies a repeated Addition 
o f the Quantity, fo the Multiplication by a negative Number implies 
a repeated Subftraftion : And hence to multiply a negative Quantity, 
or Decrement, by a negative Number, is to fubftraft the Decrement as 
often as there are Units in this Number, and therefore is equiva- 
lent to adding the equal Increment the fame Number of Times j 
or, when a negative Quantity is multiplied by a negative Num
ber, the Produét is pofitive. When we inquire into the Propor
tion ofLines in Geometry, we have no Regard to their Pofition or Form v 
and there is no Ground for imagining any other Proportion betwixt a 
j>ofitive and negative Quantity in Algebra, or betwixt an Increment and 
a Decrement, than that of the abfolute Quantities or Numbers them- 

. felves. The Algebraic Expreflions, however¡ are chiefly uft-iul, as they
H  2 fervc



ferve to reprefent the Effeds of the Operations ; and fuch ExpreiTions 
' are not to be fuppofed equal that involve equal Quantities, unlefs the 

Operations denoted by the Signs are the fame, or have the fame Effeft. 
Nor is every Exprefilon to be fuppofed to reprefent a certain Quantity ; 
for if the ihould be faid to reprefent a certain Quantity, it muft
be allowed to be imaginary, and yet to have a real Square; a way of 
fpeaking which it is letter to avoid. It denotes only, that an Operation is 
fuppofed to be performed on the Quantity that is under the radical 
Sign. The Operation is indeed in this Cafe imaginary, or cannot fuc- 
ceed ; but the Quantity that is under the radical Sign, is not lefs real 
on that Account. The Author mentions thofe Things briefly, becaule 
they belong rather to a Treatife of Algebra than of Fluxions, v/herein 
the common Algebra is admitted.

In order to avoid the frequent Repetition of figurative Exprefiions in 
the Algebraic Part, the Fluxions of Quantities are here defined to be 
any Meafures of their refpedive Rates of Increafe or Decreafe, while 
they are fuppofed to vary (or flow) together. Thefe may be determi
ned by comparing the Velocities of Points that always defcribe Lines 
proportional to the Quantities, as rn the firil Book ; but they may be 
likewife determined, without having Recourie to fuch Suppofitions, by 
a juft Reafoning from the fimultaneous Increments or Decrements them- 
felves. While the Quantity A  increafes by Differences equal to
2 A  increafes by Differences equal to 2 ¿7, and ffuppofing m and n to be

m A  m a
invariable) increafes by Differences equal to and therefore at

a greater or lefs Rate than íí , in Proportion as m is greater or ]efs 
than n. Thus a Quantity may be always aíTigned that fhall increafe 
at a greater or lefs Rate than Â  (/. e, ftall have it’s Fluxion greater 
or lefs than the Fluxion of A) in any Proportion; and a Scale o f  
Fluxions may be eafily conceived, by which the Fluxions o f any other 
QiKincitics of the fame Kind may be meafured.

jLet B  be any ocher Quantity whofe Relation t o ^  can be exprefl^ed 
by any Algebraic Form ; and while A  increafcs by equal fucceíTive D if
ferences, fuppofe B  to increafe by Differences that are always varying. 
In this Cafe, B  cannot be fuppofed to increafe at any one conflant 
Rate •, but it is evident, that if B  increafe by Differences that are al

ways greater than the equal fucceffive Differences by which in-

creafes at the fame Tim e, then 5  cannot be faid to increafe at a lefs 
m A

Rate than —  5 or i f  the Fluxion o f A  be reprefented by -the

fti a
t i u x i o n o t B  cannot be lefs than — . And i f  the fuccefllve Diffe

rences
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m A
rences oF B  be always lefs than thofe of then furely B  cannot

m A
be faid to increafe at a greater Rate than or the Fluxion of

m a
B  cannot be faid to be greater in this Cafe than - j p .

From thofe Principles the primary Propofitions in the Method of 
Fluxions, and the Rules of the diredt Mt.rliod, with the Fundamental 
Rules of the inverfe Method, are demonitratcd. W e muft be brief in 
our Account o f the Remainder of this Book. The Rule for finding 
the Fluxion of a Power is not deduced, as ufually, from the Binomial 
Theorem, but from one that admits of a much eafier Domonitration 
from the firft Algebraic Elements, n)ix. That when » is any integer 
pofuive Number, if the Terms -F, . . . .

(wherein the Index of E  conftantly decreafes,'and that o f F in - 
creafes by the fame Difference Unit) be multiplied by E — F, the Sum 
o f the Produ£ls is £ ”— ; from which it is obvious, that when E
is greater than F, then £"— is lefs than nE"—  ̂ x  but greater
than x E — F.

The Rules are fometimes propofed in a Form fomewhat different 
from the nfual Manner o f defcribing them, with a View to facilitate 
the Computations both in the dire¿t and inverfe Method. Thus, when 
a Frañion is propofed, and the Numerator and Denominator are re- 
folved into any Faélors, it is demonftrated, that the Fluxion o f the 
Fraclion divided by the Fradion is equal to the Sum of the Quotients, 
when the Fluxion o f each Factor of the Numerator is divided by the 
Fa6bor itfelf, diminifhed by the Quotients that arife by dividing in like 
Manner the f'luxion of each Faftor of the Denominator by the Fañor.

T he Notation of Fluxions is defcribed in Chap. 2. with the Rules o f 
the direct Method, and the fundamental Rules of the inverfe Method.
The latter are comprehended in Seven Pi opofitions, Six of which re
late to Fluents that are aíTignable in finite Algebraic Terms, and the 
Seventh to fuch as are afilgned by infinite Series. It is in this Place the 
the Author treats of the Binomini nnd Multinomial Theorems (becaufe 
o f their Ufe on this Occafionj, and they are inveftigatcd by thediredt 
Method of Fluxions. Tl\e iiime Method is applied for demonftrating 
other Theorems, by which an Ordinate of a Figure being given, and 
it’s Fluxions drtermined, any other Ordinate and Area of the Figure 
may be computed. T he moil ufeful Examples are defcribed in this 
Chapter, by computing the Series’s that ferve for determining the Arc 
from it’s Sine or Tangent, and die Logarithm from it’s Number, and 
converlely the Sine, Tangent, or Secant, from the Arc, and the Num 
ber from it’s Logarithm.

Tl>e
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The inverfe Method is profecuted farther in Chapter III. by reduc

ing Fluents to others of a more fimple Form, when they are not af. 
fignable by a finite Number of Alcgcbraic Terms. When a Fhient 
can be aíTigned by the Quadrature of the Conic Seftions, ("and confe- 
q u e n r ly .  by circular Arcs or Logarith>ns) this is corifidered as the fe- 
cond Degree of Refolution ; and this Subjeft is treated at Length. An 
Illuftration is premifed of the Analogy betwixt Elliptic and Hyper- 
bolic Seftors formed by Rays drawn from the Centers o f  the Figures: 
The Properties of the latter are fometlmes more eafily difcovered becaufe 
oi their Relation to Logarithms, and lead us in a brief Manner to the 
analogous Properties of elliptic Seftors, and particularly to fome gene
ral Theorems concerning the Multiplication and Divifion o f  circular 
Sedtors or Arcs. When two Points are afifumed in an Hyperbola, and 
alfo in an Ellipfis, fo that the Seftors terminated by the Semi-axis ; 
and the two Semi-diameters, belonging to thofe Points, are in the 
fame given Raiio in both Figures, then the Relation betwixt the Semi
axis and the two Ordinates drawn from thofe Points to the other Axis, 
is always defined by the fame, or by a fimilar Equation in both Figures. 
This Propofition ferves for demonftrating M r Coies*s celebrated Theo
rem, as it is extended by M. De Molvre  ̂ by which a Binomial or T r i
nomial is refolved into it’s quadratic Divifors, and various Fluents 
are reduced to circular Arcs and Logarithms. The Demonftrations are 
alfo rendred more eafy of the Theorems concerning the Refolution o f a 
Frailion, that has a multinomial Denominator, into Fraftions that have 
the fimple or quadratic Divifors of the Multinomial for their feveral 
'Donominators. Thefe Demonftrations are derived from the Method 
o f Fluxions itfelf, without any foreign A id ; the invariable Coefficients 
being determined by fuppofing the variable Quantity or it’s Fluxions to 
vaniih.

W^hen a Fluent cannot be aíligned by the Areas of Conic Seflions, 
it may however be meafured by their Arcs in fome Cafes j and this 
may be confidered as the third Degree of Refolution, or the Fluents 
may be called of the third Order. On this OcGifion, ibme Fluents are 
found to depend on the Redlification o f the Hyperbola and Ellipfis, 
which have been formerly efteemed of an higher Kind. T h e Con- 
ftrudtion o f  the elailic Curve, with it’s Redification, and the Mcafure 
of the 1 ime of Defcent in an Arch of a Circle, are derived from hyper
bolic and elliptic A r c s ; and the Fluents of this Kind are compared 
with thoie of the firft or fecond Order by infinite Series. Becaufe there 
are Fluents of higher Kinds than thefe, the Trajefbories abovementioned, 
which are defcribed by a centripetal Force, that is, as fome Power of 
the Diftance from a given Centre, when the Velocity of the Projedion 
is that which would be acquired by an infinite Dcfcent, or by íuch a 
centrifugal Force, and the Velocity is fuch as would be acquired by 
flying from the Centre, are employed for reprefenting them. A  fimple 
Conftrudlion oí thefe Trajectories had been given above, by drawing

Rays
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Rays from the Centre to a Right Line given in Pofition, increafing or 
diminifliing the Logarithms of thofe Rays always in a given Ratio^ and 
increafing or diminiiliing the Angles contained by them and the Per
pendicular in the fame Ratio. From any Figure of this Kind, a Series 
of Figures is derived by determining the Interfcélions of the Tangents 
of the Figure with the Perpendiculars from the Centre. Every Series 
of this Kind gives two diftinft Sort of Fluents; and any one Fluent 
being given, all the other Fluents taken alternately from it in the Series 
depend upon it, or are meafurcd by it but it does not appear, that 
the Fluents of one Sort can be compared with thofe of the other Sort, 
or with thofe of any different Series o f this Kind.

T he inverfe Method is profccuted farther in the 4th Chapter, by va
rious Theorems concerning the Area when the Ordinate is expreffed 
by a Fluent, or when the Ordinate and Bafe are both expreíTed by 
Fluents, T h e  firft is the X lth  Prop, o f Sir I,'New¿on*s Treatife of 
Qiiadratures. In Art. 819, 820, & c, the Author fuppofes the Ordi
nate and Bafe to be both exprefled by Fluents, and fliews, in many 
Cafes, that the Area may be afTigned by the Produft of two fimple 
Fluents, as o f two circular Arcs, or of a circular Arc and a Logarithm. 
This Subje6t deferves to be prollcuted, becaufe the Refolution of Pro
blems is rendered more accurate and fimple, by reducing Fluents to 
the Produils of Fluents already known, than by having immediately 
Recourfe tú infinite Series. One o f the Examples in Art. 822, may 
be eafily applied for demonftrating, that the Sum of the Fractions 
which have Unit for their common Numerator, and the Squares of the 
Numbers i ,  2, 3, 4, 5, 6, Cyc. in their natural Order, for their fuc- 
cefiive Denominators, is one fixth Part o f the Number, which expreíTes 
the Ratio of the Square o f the Periphery of a Circle to the Square of 
it^ Diameter; which is deduced by M r Euler  ̂ Comment. Petropol, 
Tom . 7.- in a different Manner j and other Theorems of this Kind may 
be demonftrated from the fame or like Principles.

The Series that is deduced by the ufual Methods for computing riie 
Area or Fluent, converge in fome Cafes at fo flow a Rate, as to be of 
little or no Ufe without fome farther Artifice. For Example : T h e  
Sum of the firft Thoufand Terms of Lord Broi'.nker ŝ Scries for the 
Logarithm o f 2, is deficient in tiie fifth Decimal. In order therefore 
to render the Account o f the inverfe Method more complere, the A u 
thor ihews how this may be remedied in many Cafes, by Theorems de-. 
rivedTrom the Method of Fluxions itfeif, which likewife ferve for ap
proximating readily to the Values of Progrcfilons, and for refolving 
Problems that arc commonly referred to other Methods. Thofe Theo
rems had been delcribed in Book I. Art. 352, (¿c. but the Demon- 
ilration and Exampks were referred to this Place, as requiring a good 
deal of Computation. T he Bafe being fuppofcd equal to Unit, and it's 
Fluxion alfo equal to Unit, let half the Sum of the extreme Ordinates 
be reprcfented by c, the DiiFtrence of the firft Fluxions of thefe Ordi-

\ natce
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na^esby k  the Difference of their third, fifth, feventh, and higher al- 
tórnate Fluxions by r, d, e, Í3 c. then the Area fliall be equal to

__ _f___ _ ^ -J____i---------, (Jc. which is the firft Theo*
12 ^  720 30240 1209600 _

for findintr the Area. The reft remaining, let a now reprclent the
 ̂ r  ̂ 7 ^

middle Ordinate, and the Area iliall equal « T "  ~  ~

^  „ __ —11-------(¿C. And this is the Theorem which
967680 154828800

the Author makes moft Ufe o f . '  When the feveral intermediate O r
dinates reprefenc the Terms o f a Progrefiion, the Area is computed 
from their Sum, or converfely their Sum is derived from the Area,
by Theorems that eafily flow from thefe,

Thefe general Theorems are afterwards applied for finding the Sums 
o f the Powers of any Terms in Arithmetical Progreflion, whether the 
Exponents of the Powers be pofitive or negative, and for finding the 
Sums of their Logarithm, and thereby determining the Ralto ot thê  
Unda o f the middle Term of a Binomial of a very high Power to the" 
Sum of all the Und<e. This lafl: Problem was celebrated amongfl: 
Mathematicians fome Years ago, and by endeavouring to rcfolvc it 
by the Method of Fluxions the Author found thofe Theorems, which 
give the fame Conclufions that are derived from other Methods. T h ey 
are likewife applied for computing Jreas nearly from a few equidiftant 
Ordinates, and for interpolating the intermediate Terms of a Series, 
when the Nature o f the Figure can be determined, whofe Ordinates are 
as the Diiierences of the Terms.

• In the laft Chapter, the general Rules derived from the Method of 
Fluxions for the RefoJution of Problems, are defcribed and illuftrated 
by Examples. After the common Theorems concerning Tangents, the 
Rules for determining thegreatefl: and leail Ordinates, with the Points 
o f  contrary Flexure, and the Precautions that are necefliiry to render 
them accurate and general, (which were defcribed above) are again 
demonftrated. Next follow the Algebraic Rules for finding the Cen
ter of Curvature, and determining the Ciuftics by Reflexion and Re- 
fraáion, and the centripetal Forces, Tiie Conftruftion o f the Tra- 
jcftory is given, which is defcribed by a Force that is inverfcly as the 
5th Power o f the Diftance from the Center, becaufe this Confl;ruilion 
requires Hyperbolic and Elh'ptic Arcs, and becaufe a remarkable Cir- 
cumftance takes Place in this Cafe, (and indeed in an Infinity o f other 
Cafes) which could not obtain in thofe that have been already con- 
ílruñed by others, viz. That a Body may continually defcend in a 
fpiral Line towards the Center, and yet never approach fo near to it 
as to defcend to a Circle of a certain Radius ; and a Body may re
cede for ever from the Center, and yet never arife to a ccrtain finite 

I Aldtudc. The Conftrudion o f the Cafes wherein this obtains is per-
' formed
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formed by Logarithms or Hyberbolic Areas, the Angles defcribcd a- 
bout the Center being always proportionai to the Hyperbolic Scitors, 
while the Diilances from the Center are diredly or inverfcly as the 
Tangents of the Hyperbola at it’s Vertex. The Circle is an Afymp- 
tote to the Spiral j and this can never be, unlefs the Velocities requi- 
fite to carry Bodies in Circles incrcafe while the Dlftances dccreafe, (or 
decreafe while the Diftances increafe) in a higher Proportion than the 
Velocity in the Trajeftory *, that is, unlefs the Forcc be inverfcly as a 
higher Power of the Diftance than the Cube. Next follow Theorems 
for computing the Tim e ofDefcent in any A rc of a Curve, for finding 
the Refiftancc and Dcnfuy o f the Medium when the Trajeélory and cen
tripetal Force are given, and for defining the Catenaria and Line of 
fwifteft Defcent in any Hypothcfis o f Gravity.

Then the ufual Rules are derived from the inverfe Method for com
puting the Area, the Solid generated by it, the Arc of the Curve, and 
the Surface defcribed by it revolving about a given Axis. The me
ridional Parts in a Sphere, and any Spheroid, are determined with the 
fame Accuracy, and almoft equal Facility. T he Attradion of a Sphe
roid at the Equator, as well as at the Poles, is determined in a more 
general Manner than in the firft Book, or in a Piece o f the Author’s 
publiflied at Paris in 1740, which obtained a Part o f the Prize pro- 
pofcd by the R( '̂al /Icademy of Sciences for that Year. Several Mecha
nical Problems are refolved, concerning the Proportion'the Power ought 
to bear to the Weight, that the Engine may produce the greateft Effeft 
in a given Tim e ; and concerning the moil advantageous Pofition of 
a Plane which moves parallel to itfelf, that a Stream o f Air or Water 
may impel it with the greateft Force, having Regard to the Velocity 
which the Plane may have already acquired. On this Occafion, it is 
fhewn, that the Wind ought to ftrike the Sails of a Wind-mill in a 
greater Angle than that of 54° 4 4 ' ,  againft what has been deduced from 
the fame Principles by a learned Author. The fame Theory is applied 
to the Motion o f Ships, abftrafting from the Lee-way, but having 
Regard to the Velocity of the Ship ; and amongft other Conclufions 
it appears, that the Velocity o f a Veflel of one Sail may be greater with 
a Side-wind, than when ihe fails direftly before the Wind ; which, 
perhaps, may be the Cafe o f thofe feen by Captain Dampier in the La~ 
drone JJlandŝ  that failed ac the Rate of 12 Miles in half an Hour with 
a Side-wind.

The Remainder o f this Chapter is employed in reducing Equations 
from iecond to firft Fluxions; conftruding the elaftic Curve by the 
Rectification of the equilateral Hyper,bola ; determining the Vibrations* 
of Mufical Chords ; refoiving Problems concerning the Maxima and 
Minima  ̂ that are propofed with Limitations, relating to the Perimeter 
of the Figure, it’s Area, the Solid generated by this Area, l£c, ' with 
Examples o f this Kind concerning the Solid o f leaft Refiftance ; and- 
concludes with an Inilance of the Theorems by which the Value of the

V O L .  V III. Part i. I Ordi-
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A  general Method o f defcribing Curves.
Ordinate may be determined from the Value o f the Area, by common 
Algebra, and by obferving, that it is not abfolute, but relative Space 
and Motion, that is fuppofed in the Method o f Fluxions. ^

VI. I . You have here a general Method of defcribing Lines of any 
/W ^  áC‘ Order, by means o f the Interfeélion of right Lines about Poles i which 

, is much more fimple than that of Sir 7. Nĉ t̂on, and will give a Solu- 
of tion of many very difficult Problems; and I queftion whether they can 

right Lints be found by any other Principles. I gave only one particular Cafe of 
moving about ĥis in a geometrical Exercitation printed at London in 1733»
Feints in a convenient to expfain the whole Affair at that Tim e, tho*

I was well acquainted with the Method, It is now three Years ago, 
Mr William that I fell upon the general Theorem, but I had many Reafons for con- 
Braikenridgc, cealing i t ; and I was determined to let two Years at leaft pafs after the 
N o . 436. p. publication of that Exercitation, before this general Method ihould come 

Í ÍÍÍ World. For I did not doubt, but that if any others were in
' " PoíTtíTjon of this Invention, they would, upon the Publication o f a

particular Cafe, efpecially as they were provoked to it, lay hold of 
the Opportunity to publiili their general Method, if  they had really 
difcovered any.

Fig. 6. About three given Points A , B, C, as Poles, in any Plane, let there 
be moved three right l.ines, A  N  S, B O S ,  C N  O, which may in- 
terfeft one another in the Points S, N , O , and let the two Points of 
interiedion S and N  be drawn through the right Lines D K  S, R N  K  

Demnjirated giygn by Pofitlon ; the reft O  will defcribe a Conic Seftion. If
Gcom!^^rc/. through the Points, A ,  B, C, are drawn the right Lines A B ,  A C ,
K meeting each other in A , and the right Lines R  K , D  K , given by

Pofition in R  and M  ; the Figure defcribed will pafs through the
V id . Exerc. Points B, C, K , M , R. And hence appears a new Method of
Geom. Frop. defcribing a Conic Seftion through five given Points, much more eafy 
3* than any that have l>een hitherto invented.

Fig. 7. Let there be moved about four Points A ,  B, C, D, as Poles, in any
Plane, as many right Lines, A  N  S, B O S ,  C  N  O, D P O , three of 

1 which A  N  S, B O S ,  C  N  O, may interfed each other in three Points,
 ̂ ' S, N, O , and let the two Points of Interfeftion S, N , be drawn through

the right Lines d K, R K , given by Pofition, and in the mean time 
DmonjJrattd Line D  P  O , drawn from the fourth Pole O, pafs through
in E.xerc. Remainder O , and cut the right Line A  N  S in P, and that Point
Geom. frcp. P will defcribc a Line o f the third Order.

Through the Poles A , B, D, let the right Lines A B R ,  D B H ,  be 
drawn, meeting each other in B, and the right Lines K  R , K d ,  given 
by Pofition in R H  ; the Figure defcribed by the Motion o f the Point 
P  will pafs through the five Points, A ,  D, H , K , R, o f which A  will 
be double. Hence is deduced the Method o f  deitribing a Line o f  the 
3d Order through ft-ven given Points, one of which is double. For 

Fjg. 8. let A ,  D, H , K , P, M , R , be given, and one o f them A  muft be 
double. Through the two Points Ha Rj and another K , le t  the right
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A  general Method of defcrihing Curves. ¡i)
Lines H  K, R  K, be moved, and let the Points A  R , and H  D, be 
joined, and let the right Lines A  R , H D ,  be produced, meeting one 
another in B. Then the right Lines A  P N  S, A  M ns, cutting the 
right Line K  R  in N , n, and the right Line H  K , in S, s, being drawn 
through A ,  and the Points P , M  ; let the right Lines B S, B s, be 
drawn through thofe Points S, s, to B ; and through D, to the Points 
P, M , move the right Lines D P O ,  D M T ,  meeting the right Lines 
B S, B s, in O, T .  Ljct the Points O , N , and T ,  n be joined, and lec 
the right Lines O  N , T  n be produced, meeting together in C. I'hen 
about the Points A ,  B, C, D, as Poles, let the right Lines A  S, B O,
C O ,  D O , revolve, o f which let three A S ,  B O ,  C O ,  interfed each 
other in the Points S N  O , and let two S, N  be drawn through the 
right Lines H  K, K  R, and in the mean time let the right Line D  O 
always pafs through the Remainder O , and cut the right Line A  N S  
in P, and this Interfeñion P  o f the right Lines A S ,  D O ,  will defcribs 
a Line o f the third Order pafUng through feven given Points, A ,  D, H ,
K j M , P, R , and doubly through the given A .

Lines alfo o f the third Order are more generally, but lefs commo- Fig-9- 
diouily defcribed after this Manner, which alfo comprehends the firft.
About five given Points A , B, C, D , E, as Poles, let as many right 
Lines A N S ,  B O S ,  C N O ,  D P O  E P S  revolve, of which let 
three A N S ,  B O S ,  C N O  interfeél one another in the Points 
N S  O ;  let two S, N , be drawn through the right Lines given by Po- 
fition d K , K  R  ; and one S o f the two S, N , and the Remainder O, let 
the right Lines E P S ,  D P O  pafs, being drawn through the Polea
E , D , and meeting in P  : let that Point P  defcribe a Line of the third 
Order, with a double Point in the Pole E.

In like Manner may Lines o f  the fourth order be deicribed. About Fig. lo* 
five given Points joined A , B, C, D , E , as Poles, in any Plane *, let 
as many right Lines, A N S ,  BQ^S, C N O ,  D P O ,  E P Q ,  be 
moved ; o f which let three A  N  S, B QJS, C N O ,  meet each other in 
three Points S, N , O  ; let the two Points of Interfeilion be drawn thro* 
the right Lines d K , R  K , given by Pofition, and in the mean time 
let the right Line D P O ,  moveable about the fourth Pole D , pais thro* 
the Remainder O , and cut the right Line A  N  S, in P ; then let the
right Line E P Q ,  drawn from the 5th Pole E , be drawn thro* P, and
be produced on both Sides, till it meets the right Lines B QJ?, C N O ,  
in Q^and W  ; I fay that the Points Q ,  W , will defcribe Lines o f   ̂
the 4th Order. Through the Poles A ,  E , and B, D , let the right 
Lines A  E H ,  B D F  revolve, meeting the right Line d K , given Geom. 
byPofition, in H , F , let D  and E  be joined ; and A  D  being drawn n .
througli the Poles D , A ,  meeting the right Line d K  in V  ; from
V  let the right Line V  B be drawn to the Pole B, and cut the right 
Line D  E  in G. T he Figure defcribed w'ill pafs through the five 
Points B, E , G , F , H , and triply through the Pole B. Let the right 
Line A , B, R ; be produced through the Poles A , B, and* meet the

I 2 right
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right Line K  R, given by Pofuion in R  j the Curve will alfo pafs thro’

the Points R, K.  ̂ • c i } r\ \
Fig. ir. Hence is derived the Method of drawing a Line of the 4th Order

through nine given Points, oF which one is triple. For let B, E , F, G, 
H  L  M, T ,  be given, and one o f them B muil be triple. Let 
the Points B F ,  F  H , H  E  be joined, and the right Lines B F , F H ,  
H E  be produced, and though the Points l^G, G B, let the right 
Lines E G D ,  B G V b e  drawn, of which let E G D  cut the right 
Line B F in D , and let the other B G V  cut the right Line F  H  in
V  Then having joined V  and D , and produced V  D, till it meets 
the right Line H E  in A , let the right Line d A  B R  be drawn thro‘ 
the Points A ,  B. Then from the Points B, E , let the right Lines 
B O S ,  E  P  Q ,  be moved to the given Q ,  of which let the tirft B Q S  
meet with F  H , produced to S *, and A  S being drawn through the 
Points A , S, and meeting the right Line E  Q^in P, let the right Line 
D P O be produced through P anrl D, and meet the right Line B Q^S 
in O : and let the Point O  be marked. And in like Manner from the 
fame B, E, to another given T ,  let the right Lines B T s ,  E p T  (fup- 
ply the Figure) be turned, of which let B T s  meet with F  H  in s, 
and the right Line A  s cutting the right Line E p T  in p being drawn, 
let the right Line D p Z  be moved through p and D, and meet the 
right Line B T s  in Z , and let Z  be marked. And fo on let right 
Lines be drawn from the fame B, E , to the other given M  L ,  and 
right Lines being draw'n from A  and D as before, let the Points found 
be marked X  Y . Then thro’ the four Points found, O , Z ,  X , Y ,  and 
the given one B, let a Conic Scflion be defcribed, cutting the right Line 

Vfd. Exerc. p  H  in the Points I K,and the right Line d A  B in B, R, Through the 
j  Points A , I, let the right Line A I  be drawn, cutting the Conic Seftion

in I and C ;  and let the Points K , R  be joined, and let the right 
Line K R  be produced. Now about the five Points A , B, C, D , E, 
as Poles, let as many right Lines A S ,  B S, C  N , D O ,  E  Q ,  re
volve, o f  which let three A  S, B S , C  N , meet each other in N , S, O, 
and let the Interfeclions N  and S of the right Lines A  S, C  N , and A  S, 
B S be drawn through the right Lines K  R, F  H  K  ; and in the mean 
time let the right Line D P O pafs through the Pole D, and the Inter- 
fcñion O of the right Lines B S, C  N , and cut the right Line A  S in P ; 
and through P and the Pole E, let the right Line E  P Q^be produced, 
cutting the right Line B S, in Q , and this Intcifcftioa Q^of the right 
Lines B S, E P will defcribe a Line o f the 4th Order paíTing through 
nine given Points, B, E , F , G , H , L ,  M , T ,  Q ,  one o f which B 

. will be triple.
By a Method not much unlike this, a Line o f the 4th Order may 

be defcribed through eight given Points, three of which are double, as 
alfo a Line of tl>e fame Order through eleven given Points, two of 
which arp double, and more o f  the fame Sort,

, ‘ 2 But
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A  general Method of dejcrtbing Curves. 6 1
B u t as for the  N u m b e r  o f  P o in ts  w h ich  de te rm ine  a  L in e  o f  any O r 

der ,  I find thar ,  i f  n is the  N u m b e r  o f  the  D im en f io n s  o f  a L in e ,
_i- I will be the  N u m b e r  o f  P o in ts  th ro u g h  w h ich  the  L in e  m ay  be 

defc r ib td .  F o r  In f tancc ,  a  L in e  o f  the  fecond O rd e r  th rough  five P o in ts  ; 
o f  the th i rd  th ro u g h  lO i o f  th e  4 th  th ro u g h  17 *, o f  the  5 th  th ro u g h  
26. A n d  hence is deduced ,  th a t  i f  a L in e  o f  the  O rd e r  n has a  furt^um  
multiplex^ it m ay be defcribed th ro u g h  i  F o r  E x a m p le ,  a  L in e
o f  th e  th ird  O rd e r ,  w i th  duplex \ th a t  is, n — 1 = ^ 2 ,  thro*
feven P o in ts ,  and  a L in e  o f  th e  4 th  O rd e r  w i th  a pun^lim triplex th ro u g h  
nine, ¿fi*. A n d  generally  if;>, r ,  8¿c. átr\ott puitHa multiplicia^ o í  
w h ich  th e  N u m b e r  is w, a  C u rve  m ay  be defcribed th rough
—  qx  —  ^2 _ j -  I  P o in ts ,  in w h ich  m are multiplicia ; for Inftance , a
L in e  o f  the  4 th  O rd e r ,  w h ich  has th ree  punEia duplicia may be defcribed 
th ro u g h  e ig h t  P o i n t s ;  for. « =  4 , /> =  j  =  w =  3 , and  1 6 — 4

—  4  —  4 " i"  3 i “  ^
T h e r e  is ano the r  M e th o d  alfo, n o t  very different f rom  the firft, o f  Fig. 12.

defc r ib ing  L ines  o f  the  4 th  O rd e r ,  b u t  a l ic d e  m o re  complicated. A b o u t  
feven Poles A ,  B , C ,  D ,  E ,  F ,  G ,  let the re  revolve as m any  r igh t  
L in es  A S ,  B S , C  N ,  D  S, E  N ,  F  O ,  G  T ,  o f  which  let one A N  S, 
in  revo lv ing  cu t  th e  r ig h t  L in e s  d  K ,  R  K ,  g iven by  Pofit ion ,  in the 
Po in ts  S , N  ; let the  r ig h t  L in e s  C  N ,  E  N  be d raw n  th ro u g h  one of 
th e m  N ,  and th e  r ig h t  L ines  B S ,  D S  th ro u g h  th e  o th e r  S , and m eet  
th e  r ig h t  L ines  C  N ,  E  N  in the  P o in ts  O ,  T ,  defcrib ing Conic Sec
tions as above  ; and  in th e  m ean  t im e  let  th e  r ig h t  L in es  F  O ,  G  T ,  
d ra w n  f ro m  th e  P o les  F ,  G ,  pafs th ro u g h  the fame O ,  T ,  and m eet  in 
P  ; the in te rfe i l ion  P  will defcribe a  L in e  o f  th e  4 th  O r d e r ,  w ith  a 
doub le  P o in t  in b o th  Poles  F  and  G .

B u t  n o t  to  deta in  y o u  any  lo n g e r  w i th  thefe, I fliall n o w  g ive  yo u  Fig. 13. 
th e  general T h e o r e m .  A b o u t  th e  P o in ts  A ,  B , C ,  D ,  E ,  F ,  G ,  H ,  

as Poles ,  o f  w h ich  let  th e  N u m b e r  be let as m an y  r igh t  L in e s  
A S ,  B S, C  N ,  D  P ,  E  Q ,  F  W ,  X  G ,  H  Y ,  £5? .̂ revolve, o f  
w h ich  let  three A  S, B S , C  N  m te rfe f t  each o th e r  in the  P o in ts  N , S ,0 , 
let tw o ,  S , N ,  be d ra w n  th ro u g h  th e  r ig h t  L in e s  d  K ,  K  R  given by  
Pofi t ion  ; and  in the m ean  while  th ro u g h  the  R e m a in d e r  O  and  the  
P o le  D  let th e  r ig h t  L in e  D  P  pafs, cu t t in g  th e  rig<it L in e  A S  in P ,  
an d  the r ig h t  L in e  E ,  Q 2  be ing  d r a w n  th ro u g h  P  and  the  P o le  E ,  
c u t t in g  the  r ig h t  L in e  B S  in and  f ro m  th ro u g h  the P o le  F ,  let 
F  be .d raw n, an d  c u t ' t h e  r ig h t  L in e  A S  in W ,  and W G  be in g  
d ra w n  th r a u g h  W : a n d  the P o le  G ,  c u t t in g  the  r ig h t  L in e  B S  in X ,  
and then  let th e  T ig h t  L in é  H  Y  be p ro d u ced  th ro u g h  X  and the  P o le
H ,  m e e t in g  the  r ig h t  L in e  S A  in Y ,  an d  fo on  *, the  In te r fc i t io n  Y  o f  
th e  r ig h t  L in e  Y H  d raw n  from  the  l a d  P o le  w i th  e i th e r  o f  the 
r i g h t  L ines  A  S, B S ,  will defcribe a  L in e  o f  th e  O r d e r  « — ■ i ; a n d  
the  m an ifo ld  C urve  will have the  P o in t  n —  2 in the  P o le  A  o r  B , as 
i t  has been dcfcribcd by th e  Interfedlion o f  the  r ig h t  L in e  A  S o r  B  S.
T h e  P o in ts  O ,  P ,  Q ,  W ,  X ,  Y ,  will defcribe L in e s  o f ' th e  2 d ,  3 d ;

4ch,
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4th, 5th, 6th, 7th, í¿c. Order, but if  all the Poles A , B, C, D , E,
F , G, H , are placed in the fame right Line, thofe 1 oints, O , P, 
( ¿  W , X , Y ,  ^ c. will alfo defcribe as many right Lines.

Fie. 14.. The Newtonian defcription is alfo greatly promoted by this Method.
It is well known, that, if  the given Angles O  A  N , O B N  revolve 
about the given Points A  B and the Interfeñion N  o f the Legs A  N, 
B N, is drawn through the right Line N  R, given by Pofitions, the 
Interfeftion O of the Legs A  O, B O will defcribe a Conic Seaion. 
Now let another Point C be taken, about which let the right Line O  C P, 
be moved, which ihall always pals through the Interfeftion O  o f  the 
Legs A  O, B O, and meet the other Leg A  N  of the Angle A  in P •, the 
Interfedion P will defcribe a Line o f the 3d Order paiTing doubly 
through the Pole A. And in like manner, if by the Interfcftion B N 
o f the Angle N  a Curve is dcfcribed, it will be of the fame Order, and 
have a punSium duplex in the Pole B. And hence alfo it appears, how 
a Line of the third Order may be dcfcribed, througli feven given Points, 
one of which is double. 

y: Let the Angles O A  N , O B N ,  be moved, as before, about the
 ̂ given Points A , B, and through the Inrerfedion O of the Sides O  A ,

■ O B , let the right Line O C P pafs, being drawn from another given
y I one C, meeting the Side A  N  of the Angle A  in P ; then through P
i! : and a 4th given one D, drawn the right Line D  P Q^meeting the Leg

A  O in Q̂ *, the Point Q^will defcribe a Line of the 4th Order, with 
2Lp!W¿Iim triplex in the Pole A .

And thus, by incrcafing the Number of the Poles A , B, C , D , Off. 
fo that their Number at Length may be «, the Line defcribed will be 

i: o f  the fame Order n. But it iliould be obferved, that for the Angle
O  B N  we fubftitute the right Line, which revolves about the Pole B,

' the Defcription will be more eafy.
Conarmng thi 2. I am informed that ibme Papers * have been prefented to the 
I^fcription of Royal Society o f late, concerning the Defcription of Curves, in a man- 

Colin' ner that has a near Affinity to that which I communicated to them 
M<̂ Launn, Carried farther fince ; and that it would not be un-
Aiath. Prof. feafonable, nor unacceptable, if  I ihould fend an Account o f  what I
Edinburgh, have done further on that Subjeft fince the Year 1719. T h e  Author
muni'caied  ̂ Papers taught Mathematicks here privately for fome Years,
¿CC. 21, and fome time ago (viz. in iyzy>) mentioned to me fome Theorems
1732, he had on that Subjeft ; which, at the ilime Tim e, I ihewed him in my

Papers. Some Tim e before that, he ihewed me a Theorem which co
incided with one o f  thofe in my Book, tho* hefeemed not to have ob
ferved that Coincidence; and indeed Methods o f that kind are often 
found coincident that do not appear fuch at firft Sight. I am unwilling 
to be the Occafion o f difcouraging any thing that is truly ingenious,

*  The Papers here hioted at are printed in a Treatife, intituled, Exercitaih Ciometrica 
4t De/criptisnt Cur^varum, Aüihorc Braikefiridif, Lond. 1733. 4/®.
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and renounce any Pretenfions of appropriating Subjeits to m yfclf; but, 
on the contrary, wiih Juftice may be done to every Perfon, or to any 
Performance in Proportion to it’s Merit ; yet I find it is fit I iliould 
take Precautions left any one ihould take it in his Head afterwards to 
fay, I take Things from him which I may have had long before him ; 
and therefore fliall fend you an Abftraft of what I have done in Rela
tion to this Matter, fince the Year 1719.

I have fo much on this Subje6t by me, that I am at a Lofs what to 
fend ; but at prefent I ihall only give you an Abftrait of thofe Propo- 
fitions, which I take to be more nearly related to thofe which this Author 
has offered to the Society from the Converfations I had with him. In 
17 21, I printed feveral Sheets of a Supplement to my Book on the 
Defcription o f Curve Lines, which I have never yet publiihed, having 
been engaged for the mod part in Bufinefs o f a different Nature, and 
in Purfuits on other Subjedls fince that time. I ihall firft give you an ' 
Abftraft o f that Supplement, as far as it was-then printed, and ihall 
fubjoin to this an Account o f fome Theorems I added to it the following 
Year, viz. in 1722. I was led into thofe new Theorems by Mr Robert 
Sympfon*s giving me at that Tim e a Hint of the ingenious Paper which 
has been fince publiihed in the Philofophical Tranfaftions. I had tried in 
the Year 1719, what could be done by the Rotation of Angles on more 
than two Poles *, and had obferved, that if  the Interfedions of the Legs 
o f  the Angles were carried over rightLines, as in Sir I. NewiOTi*̂  Defcrip
tion, the Dimenfions of the Curve were not raifed by this Increafe o f 
the Number o f Poles, Angles, and right Lines *, and therefore 
negleded this at that Time, as o f no Ufe to me ; confining myfclf 
to two Poles only, and varying the Motions of the Angles as you 
find them in my Book. I found this by inquiring in how many Points 
the Locus could cut a right Line drawn in it*s Plane, and found, by a 
Method I often ufe in my Book, that it could meet it in 2 Points only.

Having found then, that 3 or more Poles, were of no more Service 
than 2, while the Interfeñions were carried over fixed right Lines, I 
thought it needlefs to profecute that Matter then, fince by increafing 
the Number of Poles, my Defcriptions would become more complex 
without any Advantage, But in June or July 1722, upon the Hint I 
got from M r Sympfon o f  Pappuses Porifms, I faw that what he has. 
there ingenioufly demonftrated, might be confidered as a Cafe o f  the 
abovementioned Dcfcription o f a Conic Scftion, by the Rotation o f any 
Number of Angles about as many Poles; the Interfedlions of their 
Legs, in the mean time, being carried over fixed right Lines, except
ing that o f two of them which defcribes the Locus. For by fubftituting 
right Lines in place of the Angles, in certain Situations of: the Poles, 
and o f the fixed right Lines, the Locus becomes a right Line ; as for 
Example, in the Cafe of 3 Poles, when thefe 3 are in one right Line, 
in which Cafe the Locus is a right Line, which a Cafe of the 
Porifm.

This.
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This led me to confidcr this Subjeit anew ; and firft I dcmonftratcd 
the Locus to be a Conic Scftion algebraically; and found Theorems 

. for drawing Tangents to it, and determining it’s Afymptotes. I alfo
’ drew from it at that Time a Method of defcribing a Conic Sedion thro’

5 given Points* This*"encouraged me to fubftitute Curves for the
i- rig'lit Lines, to fee if by this Method I could be enabled to carry on my
I i^eorems about the Dcfcriptions of Lines through given Points to the

higher Orders of Lines. Some o f the Theorems I found at that Time,
I n o w  fend you. In Nov. 172?, looking into Sir Ifaaĉ s Principia^ I 
fiw that the Defcription of the Conic Seftion by 3 right Lines, mov
ing as above, about 3 Poles, could be immediately drawn from his 
20th l,emma, which itfelf is a Cafe of this Defcription. This gradual
ly led me to leek Geometrical Demonilrations for the whole, as far as 
it related to the Conic Sedions. I fend you fome Leaves of this Paper 
dated at AW_>*, Nov. 1722. Since that Time, I have not added 
much to this Subjeét, but what relates to the drawing Tangents, deter
mining the Afymptotes, and the 'PunEia Duplicia  ̂ or Multiplicia o f  thefe 
Curves. I confidered it the lefs, that I did not find it more advanta* 
geous in any Refpeds, than the Method I had confidered in my Book, 
or more general.

p  In 1727 I added to a Chapter in my Algebra, which is very public
in this Place, an Algebraic Demonftration of the Locus, when three 
Poles are employed *, and the Method of dcicribing a Conic Señion 

!. through 5 given Points, fubjoining at the fame Time, that if more
Poles are employed, and Angles or right Lines, the Locus was ftill a 
Conic Señion •, which I thought was a remarkable Property o f  the Co
nic Sections not obferved before.

Thefe Things I intended to put in order, and publiili in the Supple-' 
ment to my Book, a Part of which has been printed fince the Year'
17 21. I have in my View alfo to give feveral other Things in that
Supplement; two of which, I ihall onlyjuft mention at prefent, bc- 
caule I believe they are foreign to the prefent Affair. Í fubjoin a

;  ̂ Problem determining the Figure of a Fluid, whofe Parts are fuppofed
I to beattra6i:ed to two or more Centers; and a Solution o f a general*

Problem about.the Collifion of Bodies.
The Author of the Papers given in to the Royal Society, will not re- 

fufc that I (hewed him the Theorems I'now fend you, in 1727. He 
owned it lafl: Summer at leaft: I am to publiih thefe very foon. W he
ther he has carried the Subjed: farther, I leave to the Judgment o f the 
Gentlemen to whom they were referred. As to the Demonilrations, 
it would take fome Time to put them in a proper Form to be publiih- 
ed. I could fend thofe that are algebraic eafily; but do not care to 
fend thofe that are geometrical, till I have Leifure.

*  n e  Paper on /hh Suhj^a I  h  dated Ja!y 31. 1722, Zéa, helny then in my 
traj to London, gatngfar Cambra/.
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In the firil Part of the Supplement, there is a general Demonftration 
given of the Theorem, that if two Lines of the Orders or Dimenfions, 
expreffed by the Numbers m and be defcribed in the fame Plane, 
the greatefl: Number of Points in which thefc Lines can interfcft each 
ocher, will be m ?/, or the Produil: o f the Numbers which exprefs the 
Dimenfions o f the Lines, or the Orders to which they belong.

In the next. Part, Theorems are given for drawing Tangents to all 
the Curves that were defcribed in that Treatife by the Motions of 
Angles upon given Lines. Their Afymptotes are alfo determined by 
more fimplc Conflrudlions than thofe which are fubjoined to their 
Defcriptions in that Treatife. O f  thefe we iliall give one Inftance 
liere.

Suppofe die invariable Angles F C G ,  K S H ,  to revolve about the 
fixed Points or Poles, C  and S, Suppofe the Interfeftion of the two 
Sides C F ,  S K , to be carried over the Curve B Q M ,  whofe Tangent 
at the Point Q^is fuppofed to be the Right Line A  E  *, and let it be re
quired to draw a Tangent at P to the Curve Line defcribed by P the 
Interfeftion of the other two Sides C G  and S H .

Draw Q j r  conilituting the Angle S Q T ,  equal to C C^A, on the 
oppofice Side of S Q ,  that Q A  is from C Q j  and let Q^l meet C S  
(produced if  necefl'aryj in T .  Join P T ,  and conilitute the Angle 
C P N  equal t o S P T ,  on the oppofite Side of C P ,  that P T  is from 
SP , and the Right Line P  N , ftiall be a Tangent at P , to the Curve 
defcribed by the Motion of P, which is always fuppofed to be the 
Interfedion o f  C G  and S H .

T he Afymptotes o f the Curve defcribed by P, are determined thus. 
Find, as in the abovementioned Treatife, when thefe Sides become 
parallel, whofe Interfeñion is fuppofed to trace the Curve; which 
always happens when the Angle C Q ^  becomes equal to the Supple
ment o f the Sum of the invariable Angles F C G ,  K S H ,  to four Right 
ones, becaufe the Angle C P S  then vaniihes. Suppofe that when this 
happens, the Interfeótion o f the Sides C F ,  S K  is found in

Conftitute the Angle S Q T  equal to C Q J \ ,  as before, and !et QJT 
meet C S  in T ,  Take C N  equal to S T ,  die oppofite W ay from C  
that S T  lies from S. Through N  draw D N  parallel to C G  or S H ,  
which are now parallel to each other, and D  N  fliall be an Afymptote 
of the Curve defcribed by the Motion of P.

I f  in place of a Curve Line BQJVI, a fixed Right Line A E  be 
fubftituted, then the Point P  will defcribe a Conick Seilion, whofe 
Tangents and Afymptotes are determined by thele Conftruftions. In 
this Supplement, it is afterwards fhewn how to draw the langents and 
Afymptotes of all the Curves which are defcribed in the above-mentioned 
Treatife by more Angles and Lines.

The fame Method is afterwards applied for to draw Tangents to Lines 
defcribed by other Motions than thofe which are confidered in that 
Treatife; o f  which the following is an Inftance, Suppofe that the

V O L . V III. Part i. K  Lines
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i Lines C P and S P revolve about the Poles C  and S, fo that the Angle

j: A G P  bears always the fame invariable Proportion to A S P ,  fuppofe
tt pjg. 20, that of w to Ill the Line C S , take the Point T ,  fo that S I  iiiay
M be to C T  in that Hime Proportion of m to » ; and this Point 1 will be

an invariable Point, fince C S  is to C T ,  as m —  n to n. Draw T P ,  and
i i| conRitutc the Angle S P N , equal to C P T ,  fo that P N  and P T , may

lie contrary ways trom S P and C P ,  and P N  fliail be a Tangent of 
'ij fhe Curve defcribed by the Motion of the Point P. Several other

Theorems of this kind are fubjoined here.
After thefe. Lines or Angles are fuppofed to revolve about three or 

more Poles, and the Dimenfions of the Curves with their Tangents and 
Afymprotes are determined. Suppofe in the firft Place, that the three 

Fig. 21, Voks  are C, S, and D, and that Lines or Rulers C R ,  S Q ,  Q JD R , . 
,.i ’ ’ revolve about thefe Poles. The Line which revolves about D, ferves

only to guide the Motion of the other two, fo that it’s Interfcftion with 
each of them being carried over a fixed Right Line, their Interfeftion 
with each other dcfcribes the Locus, which is ihewn to be a Conick 
Scftion. the Interfeftion of Q^D R  with S Q ,  is fuppofed to be carried 
over the fixed Right I . i n e A F j  the Interfeclion of the fame (^ D  R, 
with C R, is fuppofed to be carried over the fixed Right Line A  E  5 and 
in the mean time, the Interfeftion of the Right Lines S C R , that 
revolve about the Poles S and C, defcribes a Conick Seftion.

This Conick Sedion paiTes through the Poles C and S ; and if you 
produce D C  and D S, till they meet with A  Q^and A  R in F and E, 
it will alfo pafs through F and E :  It alfo paiTes always through A , the 
Interfetflion of the fixed Lines Q^F and E R ;  from which this eafy 
Method follows for drawing a Conick Seilion through 5 given Points. 
Suppofe that thefe 5 given Points are A , F , C, 8 and E : Join 4 of 
them by the Lines A  F , F C, A  E, E  S, and produce 2 of thefe F  C, 
E  S, till they meet, and by their Interfedlion give the Point D. Suppofe 
infinite Right Lines revolve about this Point D, and the Points C  and 
S, two of thofe that were given, and let the Interfeélions of the Line 
revolving about D, with thofe that revolve about C  and S, be carried 
over the given Right Lines A  E , A  F  ; and the InterfecTiion of thofe 
that revolve about C  and S with each other, will, in the mean Time, 
defcribe a Conick Sedion, that fliall pafs through the five given Points 
A ,  F , C, S and E.

Tig. 22. It is then iliewn, that when C, S and D  are taken in the iiime
Right Line, the Point P defcribes a Right L ine; as alfo when C, S 
and A  are in the fame Right Line*, which alfo follows from what is 
demonftrated in that very ingenious Paper concerning Pappush Porifms, 
communicated by M r Sympfon̂  ProfeíTor of Mathematicks at Glajgow,

 ̂ ' In the next Place it is fliewn, that if four Right Lines revolve about
four Poles C, S, D, and E , and thofe that revolve about D  and E , ferve 
only to guide thofe that revolve about C and S ; fo that Q^and R , the 
Intcrfeitions o f that which revolves about D , with thofe that revolve

about
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The Defcription of Curve Lines» f>j
about E  and S, be carricd over the fixed Lines A  B and A  F ; and M  
the Interfcflion of that which revolves about E with that v/liich revolves 
about C, be carried over a third fixed l i n e B F ,  then the Interrcclion 
P  of thofe that revolve about C and S, will in tlie mean time, defcribe 
a Conick Seélion, and not a Curve of a higher Order. T he Conick 
Section degenerates into Right Lines, when C P  and S P  coincide at the 
fame time with the Line C S , that joins the Poles C  and S, as in 
the preceding Defcription *, which coincides again with what is dc- 
monftrated in the abovementioned ingenious Paper.

After this it is ilaewn generally, that tho’ the Poles and Lines re
volving about them be increafcd to any Number, and the fixed Lines 
over which fuch Interfeótions, as we defcribed in the two ¡ail Cafes, 
are fuppofed to be carried, be equally increafed, the Locus of the 
Point P will never be higher than a Conick Seólion: That is, let a 
Polygon o f any number of Sides have all it’s Angles, one only excepted, 
carried over fixed R ight Lines, and let each of it’s Sides produced, pafs 
through a given Point or Pole, and that one Angle which we excepted, 
will either defcribe a ftreight Line, or Conick Sedion.

Thus if a hexagonal Figure L  Q J l  P M  N , have all it’s Angles ex- Fig. 23. 
cepting P carried refpe6tively over the fixed Right Lines A  ¿í, B G^,

K ¿ ,  the Point P in the mean time will defcribe a Conick Section, 
or a Right Line. The Locus of P  is a Right Line when C  P  and S P 
coincide together with the Line C S. A ll thefe things are demon- 
ilrated geometrically.

After this. Angles are fubftituted in place of Right Lines revolving 
about thefe Poles; and it is itill demonftrated geometrically, that the 
Locus o f P is a Conick Seftion or Right Line,

Suppofe that there are 4 Poles C, S, D and E, about which the Fig. 24: 
invariable Angles P C Q ,  P S R ,  R D M ,  M E Q ^ r e v o l v e a n d  that 
Q ,̂ M  and R , the Interfeftions of the Legs C Q^and E Q j  o f E  M  
and D M ,  and o f D R  a n d S R,  are carried over the fixed Right Lines 
A ^ , and G^refpeilively, then the Locus of P  is a Conick Sedion, 
when C P  and S P  do not coincide at once with the Line C S , but is a 
Right Line when C P  and S P  coincide at the fame time with C S , and 
never a Curve of a higher Order.

Having demonftrated this which feems a remarkable Property of the 
Conick Seilions or Lines o f the Second Order ; I proceed to fubftitutc 
Curve Lines in place of Right Lines in thefe Defcriptions, (as I always 
do in the Treatife concerning the Defcription of Lines) and to determine 
the Dimenfions of the Locus of P, and to fliew how to draw Tangents 
to it to determine it’s Afymptotes, and other Properties of it. I had 
obfervcd in 1719,  that by increafing the Number o f Poles and Angles 
beyond two, the Dimenfions of the Locus of P, did not rife above thofe 
of the Lines o f the Second Order, while the Interfedions moved on 
Right Lines 5 and therefore I did not think it of ufe to me then to take 
more Poles than two, fince by taking more, the Defcriptions became

K  2 more



Fig. 21

Fig- 23

I Fig, 25.

Fig. 26.

rig. 2--,

The Defcription of Curve Lines.
more complex without any Advantage. When the Interfeflions are 
carried over Curve Lines, the Dimenfions of the Locus of P  rife higher, 
but the Curves defcribed, have Ptinfía Duplicia, or Multiplicia, as well 
as wlien two Poles only are affumcd; and therefore this Speculation is 
more curious than ufeful. However, I ihall fubjoin fome of the Theo- 
rems that I found on this Subjedl concerning the Dimenfions o f the 
Locus of P, and the drawing Tangents to it.

1. If you fuppofe Q^and R to be carried over Curve Lines of the 
Dimenfions m and n refpeftively, then the Point P  may defcnbe a
Locus of a m n Dimenfions.

2. If you fuppofe L , Q_, R, M , N , to be carried over Curve Lines
of the Dimenfions», », r, s, t, refpectively, the Locus o f P  may 
arife to 2 m n r s  I Dimenfions, but no higher; and if  in place o f Lines 
revolving about the Poles, you ufe invariable Angles, the Dimenfions of 
the Locus of P will rife no higher.

3. I then afiumed three Poles C, D  and S, and fuppofed one o f the 
Angles S N  L , to have it’s angular Point N  carried over the Curve A  N, 
while the Leg N pafTes always through S, as in the Defcription in 
the Treatife of the General Defcription o f Curve Lints, while the 
Angles Q D R ,  R C P ,  revolve about the Poles D  and C :  I fuppofe 
alfo the Interfeftions Q^and R to be carried over the Curve Lines B Q j  
G R, and that the Dimenfions of the the Curve Lines A N ,  B Q ,  G R, 
are «, r, refpeftively; and find that the Locus of P  may be of
2 m>tr Dimenfions; but that the Point C is fuch, that the Curve palTes 
through it as often as there are Units in 2 « m r.

4. If any number of Poles are affumed, fo as to have Angles revolving 
about them, as about C and D in the lail Article, and the Interfedions 
are carried over other Curves, the Dimenfions of the Locus o f P will 
be equal to the triple Produft of the Number of Dimenfions o f all the 
Curves employed in the Defcription.

5. If the invariable Angles P N R , P M  Q ,̂ move fo that while the 
Sides P N , P M , pafs always through the Poles C  and S, the angular 
Points N  and M  defcribe the Curves A  N  and B M  ; and at the fame 
time, the invariable Angle R D Q ,  revolve about the third Pole D, 
fo that the Interfedions R  and Q^efcribe the Curves E R  and G  Q j  
then the Dimenfions o f the Locus o f P, when higheft, fliall be equal to 
the quadruple Produd of the Numbers that exprefs the Dimenfions of 
the given Curves A N ,  E  R, G Q_and B M , multiplied continually 
into each other. I f  more Poles are affumed, about which Anoles be 
fuppofed to move, as R  D moves about D  in this Dcfcription, and 
the Interfeñions o f the Sides be flill carricd over Curves, as in this 
Example; the Dimenfions, of the Locus of P , when higheft, ihali 
ftill be found equal to the quadruple Produd o f  all the Numbers that 
exprefs the Dimenfions of the Curves employed in this Defcription.

6. Suppofe that the three invariable Angles P QJK, K L R ,  R N P ,  
move over the Curves G Q , E L , A  N, fo that the Sides P K L , P N

produced,
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produced, pafs always through the Poles C, D, S, and that the Inter- 
fedions o f their Sides K  and R , at the fame time move over the Curves'

. F K  and B R •, and the Dimenfions of the Ix)cus o f P when higheit, 
ilull be equal to the Produ6l of the Numbers that exprefs the Dimenfions 
of the given Curves multiplyed by 6. If more Poles, with the necefiary 
Angles and Curves, are aflumed betwixt C  and D, as here D is aíTumed 
betwixt C  and S, and the Motions be in other refpeds like to what they 
are in this Example; then in order to find the Dimenfions of the Locus 
of P when higheft, raife the Number 2 to a Power whofe Index is lefs 
than the Number of Poles by a U n i t ; add 2 to this Power, and multi
ply the Sum by the Produft o f the Numbers that exprefs the Dimenfions 
of the Curves employed in the Defcription ; and this laft Produft ihall 
iliew the Dimenfions o f the Locus of P  when higheft.

I am able to continue thefe Theorems much farther; But it is not 
worth while, efpecially fince I find that there is not any confiderable 
Advantage obtained by increafing the number of Poles above the Method 
delivered in the abovementioncd Treatife of the Defcription of Curve 
Lines. On the contrary, the Defcriptions there given by means of two 
Poles, will produce a Locus of higher Dimenfions by the fame number 
of Curves and Angles, tlian thefe that require three or more Poles*, and 
are therefore preferrable, unlefs perhaps in fome particular Cafes.

However, I have alfo found howt o draw Tangents to the Curves 
that arife in all thefe Dcfcriptions *, o f which I ihall give one Inftance 
where 3 Right Lines are fuppofed to revolve about 3 Poles, and 2 of 
their Interfcdlions are fuppofed to be carried over given Curve Lines, 
and the third dcfcribes the Locus required.'

Let the Right Lines C S N , D N , revolve about the Poles C, S, D , Fig. 28. 
where that which revolves about D, ferves to guide the Motion of the 
other two ; it̂ s Interfedion with C moving over the Curve G 
while it’s Interfeftion with S N  moves over the Curve F  N. Suppofe 
that the Right Line B  ̂ touchcs the Curve G  in Q ,̂ and that the 
Right Line A  a touches the Curve F N  in N . In order to draw a 
Tangent to the Locus of P ;  join D C ,  D S  and C S ,  and conilitute 
the Angle D Q^R, equal to C Q B ,’ fo that Q R  lie the contrary way 
from Q^D that QJ3 lies from Q^C, and let meet D  C in R. Con- 
ftitute alfo the Angle D  N  T ,  equal to S N  A  with the like precaution, 
and let N  T  meet D S in T . Join R T ,  and produce it till it meet C S  
in H  ; then join P H , and make the Angle C P L  equal to S P H , fo 
that P L  and P H , may lie contrary ways from C  P and S P  ; and P L  
ihall be a Tangent at P, to the Locus defcribed by P, the Interfeftion 
of C C^and S N.

I have alfo applied this Doctrine to the Defcription of I/mes through 
given Points. But I fuppofe I have faid enough at prefent on this 
Subjed ; and ihall conclude, after obferving that in the abovementioncd 
Treatife, I have given an eafy Theorem for calculating the Refinance 
of the Medium when a given Curve is defcribed with a given centripetal

z  Force
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^  Force in a refifting Medium, which I ihall here repeat, becaufe it has
b e e n  mifrcprefented in a foreign Journal. ^

Let V  exprcfs tiie centripetal Force with which the Body tnat is fup. 
nofcd to defcribe the Curve, is aftcd on in the Medium ; let exprefs 
ihe centripetal Force with which the fame Curve could be defcribed in a

Void i fuppofe z  =  and the Refiftance lhall be proportional to the

Fluxion of z  multiplied by the Fluxion o f the Curve, fuppofing^ the 
Area defcribed by a Ray, drawn from the Body to the Center of the 
Forces, to flow uniformly. Let this Iheorem be compared with what 
the celebrated Mathematician mentioned by that Journalift has given 
on the fame Subject, and it will eafily appear what judgment is to be 
made of his AiTertion; and fince fcveral Perfons, and particularly the 
Gentleman mentioned above in this Paper, teftify that I communicated 
to them this Theorem before any Thing was publiihed on this Subjed 
by the learned Mathematician he names, his Oblervation on this Oc- 
cafion mud appear the more groundlefs.

From this Theorem, I draw this very general Corollary, that if  the 
Curve is fuch as could be defcribed in a Void by a centripetal Force, 
varying according to any Power of the Diilance, then the Denfity of 
the Medium in any place, is reciprocally proportional to the Tangent of 
the Curve at that place, bounded at one Extremity by the Point of 
Contad, and, at the other, by it’s Interfedion with a Perpendicular 
raifed at the Center of the Forces to the Kay drawn from that Center to 

Jffg. 29. Contad. Let A L  be the Curve defcribed by a Force
direded to the point S ; let L T  touch the Curve at L ,  and raife S T  
perpendicular to S L ,  meeting L T  in T ,  and the Denfity in L  flull be 
inverfely as L T ,  if the Refiftance be fuppofed to obferve the compound 
Proportion of the Denfity, and of the Square of the Velocity,

Befides what I have obfcrved here, I propofe to illuftrate and improve 
feveral other Parts o f the Treatife concerning the Dcfcription of Curve 
Lines in this Supplement.

That Treatife requires thefe Additions and Illuftrations the more, 
that tho* the whole almoíl was new, it was publiflied in a hurry, when
I was very young, before I had time to confider fufficiently which were 
the beft ways o f demonftrating the Theorems, or refolving the Problems, 
for which this Supplement I hope, will make fome Apology.

The Paper iiat- 3. About the Polcs C, B, D, Ict the Right Lints C¿/, B?;;, D r 
^  at Nancy, be moved, and let the Interfedion o f the Legs B w. D r  be drawn thro* 
i7°22 m'rt’ given Right I.ine P G ,  the Interfedion of the Legs Ci/, D r  thro’
iianed h!]be given Right Line P Q ,  and the Interfedion of the Legs Ci/, Bd

foregoing arti- will dcfcribc a Conick Sedion,
Pro¡>. I. Draw r / parallel to the Right Line B D  given by Pofition, and let 

’ it meet the Right Line B i/ in /; join P / and produce it till it meets the
Tig. 30. Right Line B D i n F j  and you will have the Point F, For as the

2 Proportion
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Proportion !s given o f ru  to r/ , which is the fame as o f D G  to D B , 
beciiufc of the fimilar figures Dm  B G  and rmtu^ and r «  is to r t  as 
Q G  to the Proportion will alfo be given of QJF to QJ3  ; and fo 
becaufe oí the given one Q jG , QJ^ will be given, and therefore the 
Point F  and the Right L.ine P F. Since therefore B/ and C r  cut off 
the parts P/, P r ,  from the Right Lines given by Pofition P  F , P Q ,  
their Inccrfcction d will always be in a given Ratio in a Conick Se¿lion, 
by Lem. 7.0 . Lib. i. 'Newt. Princip.

If the Point D be taken any where in the Right Line B F , and if 
D G  is always to QJ3 as B D  to Q^F, the Conick Scdion will be the 
fame that d fliall defcribe.

The Conick Seólion paíTcs thro’ C , P, B, and a by compleating the 
Parallcllogram F S a u ,  It alfo paffcs thro’ L  where the Right I.ine B G 
being produced meets P/ ,̂ as alfo thro’ K , where the Right Line C D  
cuts the given one P  G. Whence the Pentagon P  K  C L  B is infcribed 
on the Sedion. And if 5 points C, K , P, B, L  are given, thro’ which 
tlie Conick Seflion is to be drawn, or if the Conick Scftion is to be 
circumfcribed about the given Pentagon C  L  B P K , let any 2 fides C K ,
L  B be produced to their Intcrfedlion D , and then let the reft P  Li, P K  
be joined, and let the Interfeftions of the Right Lines Cd,  D r ,  and B¿/,.
D  R be always drawn thro’ thofe Right Lines P L ,  P K ,  and the Inter- 
fcction d will defcribe the Sc6lion.

About the given Points F , C, G, S, as Poles, let the Right Lines F  Prop, s.- 
C  N , G Q j  S L b e  moved, and let the Interfeftions of the Right Lines- 3 -̂ 
F  Q^and C  N , F  Q^and G G Q^and S L , namely the Points M , Q j  L ,  
always touch the Right Lines given by Pofition A E ,  B E , H L ,  and 
the Interfeftion of the Right Lines C  N , S L ,  will defcribe a Conick 
Sedion.

Let the Right Lines A M ,  H R  meet B Q^in E  and H. Let C F -  
and G S  be joined meeting each other in D , let D Q__be joined meeting 
the Right Lines C M , S L  in N  and R  ; and if  E  N  and H  R  are joined,
E N  and H R  will be Right Lines given by Pofition by Lemma L 
For as the Points F, C , D  are in the fame Right Line, and the Inter- 
fedions of the Right Lines F M ,  C M ,  and F  Q ,̂ DQ^run over the 
given Right Lines, the Interfedion o f the Legs C M , D Q^will alfo 
touch the given one. And for the like Reafon as S, D, G are in the fame 
Right Line, the Interfcdlion o f the Right Lines D Q j  S L  will alfo touch 
the given one.

Therefore omitting the Poles F  and G , the Curve is to be found, 
which the Interfeftion of the Right Lines C N , S L , viz. P  will defcribe, 
whilft, as the Right Lines C N ,  D N , S R  revolve about the Poles C ,D ,S ,  
the Interfedlion of the Right Lines C  N , D N  touches the given E  N , 
and the Interfedion of the Right'Lines S R, D  N  touches the given one 
H R ,  and that this is a Conick Seftion is manifcft froni the foregoing 
Propofition,

V I I .  Ha-



1.1

I
ii « ’
f

1

/
I

'1"’

72
Conc(rningt*wo
Speciesof\Ji^^5 
o f the Third 
Order, ( noi 
fncntione4 ly 
Sir I. New
ton, fjor Mr 
Sterling) iy 
Mr Edmund 
Stone» F.R.S. 
N*’ . 4^6. p.
JÍ18. Jan. 
^ c .  1740. 
dated Jtify 
31. 1756.

Fig. 32.

fig- 33

O fíií 'o  Species ^  Lines o f the Third Order.

V II. Having for fome time paft been reading and confidering the little 
Treatife of Sir I. Newton intituled Enumeratio Linearum tertii Ordinis, 
as alfo the ingenious Piece of Mr Sterling called Illvftratio TraHatus 
Domini Newtoni Linearum tertii Ordinis I have oblervcd, that they 
have neither of them taken Notice of the two following Species o f  Lines 
of the Third Order ; and venture to affirm, that the 72 Species mention
ed by Sir IJaac, together with the 4 more o f M r Sterling, and thefe 
Two, making in all 78, is the exad Number o f the different Species of 
the Lines of the Third Order, according to what Sir Ifaac has thought
fir to conftitute a different Species.

The two Species I mean, are to be reckoned amongft the Hyperbolo- 
parabolical Curves, having one Diameter, and one Al'ymptote, at N». 8. 
of Newton’s 'I'reatife, or Page 104. of Mr ; whofe Equation
\%xyy — -[-bx^-\-cx-\-d-, which will give, not 4, as in thefe Authors,

but 6 Species of thefe Curves: For,
I. If the Equation hx'  ̂-\ -cx -\~ d = o . has two imponible Roots, 

the Equation xyy= bx^  -j-Tlr-]- í?, will (as they iiiy) give two Hyper
bolo-parabolical Figuresl^u.dly diilant on each fide the Diameter A B . 
See the 57th Figure in Newton's Treatife, and this is his 53d Species, 
and Sterling’s 57th.

II. If the Equ.uion ¿>x'‘  —  c x - ] - d  =  o, has two equal Roots both 
with t!ieS ign -j-; theEquation =  —  cx-\~d, will (as they fay)
give two Hyperbolo-parabolical Curves crolTing each other at the Point t 
in the Diameter. See Fig. the 58th in Newton; and this is his 54th 
Species, and Sterling’s 58th.

III. But if the Equation Í  AÍ c x - ■¿=0, has two pofllble vinequal
negative Roots A  p and A  t ,  the Curve given by the Equation xyy  =
¿ X * wil l  confift of two Hyperbolo-parabolical Parts, as alfo 
of an Oval on the contrary Side the Afymptote or principal Abfcifs. 
And this is one of the Species omitted by Sir Ifaac and M r Sterlings 
which is really the 59th Species.

IV. Alfo if the Equation ¿ has two equal negative
Roots Ap and A t j  the Curve given by the Equation x y y ^ - \ - ¿ x - \ - c x  

will confiil o f  two Hypirbolo-parabolical Parts, and alfo of a
Conjugate Point on the contrary Side the Afymptote or principal Ordi
nate; And this is the other Specics of thefe Curves omitted by Sir
Ifaac and M r Sterlings which is really the 60th Species.

V. If the Roots o f the Equation — cx d — Q are real, and
unequal, having both the Sign
t\onxyy — bx^ cx-]^d^ will (as they fay) confift o f  a conchoidal

the Curve given by the Equa-

Hyperbola and a Parabola, on the fame fide the Afymptote or principal
Ordinate. See Fig. the 59th in Nezvlony and this is really the 6ift 
Species.

VI. I f  the Roots of the Equation — ' c x  —  ¿/“ o, have contrary
Signs, the Equation xyy ^ i x ^  - ^ c x  —  will (as they fay) give a

conchoidal
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concfioidal Hyperbola with a Parabola on the contrary Side the Afymptotc 
or principal Ordinate, See Fig. the 60th in Newton \ and this is really 
the 626 Species.

V I I L  Many Attempts have been made at different times, but, i f  I % e Solution of 
miilake not, never any yet with tolerable Succefs, towards the Solution 
of the Problem propofed by Kepler: T o  divide the Area of a Semi- '
circle into given Parts, by a Line from a given Point oí the Diameter, 
in order to find an univerfal Rule for the Motion of a Body in an Elliptic Grcih. and 
Orbit. For among ttie feveral Methods offered, feme are only true in S
Speculation, but are really of no Service. Others are not different from 
his own, which he judged improper; And as to the reft, they are all 
fome way or other fo limited and confined to particular Conditions and 
Circumftances, as ftili to leave the Problem in general untouched. T o  
be more particular; it is evident, that all Conftru6tions by Mechanical 
Curves are feeming Solutions only, but in reality unapplicable; that the 
Roots of infinite Series’s are, upon account of their known Limitations in 
ail refpeils, fo far from affording an Appearance of being fufficient Ruk\s 
that they cannot well be fuppofcd asofered for any thing more than 
ercifes in a Method o f Calculation. And then, as to the univerfal M e
thod, which proceeds by a continued Correñion of the Errors of a falfe 
Pofition, it is, when duly confidered, no Method o f Solution at all in 
itfelf; becaufe unlefs there be fome antecedent Rule or Ilypothefis to 

 ̂ begin the Operation, (as fuppofe that of an uniform Motion about the 
upper Focus, for the Orbit of a Planet; or that of a Motion in a Para
bola for the perihelian Part of the Orbit of a C om et; or fome other fuch) 
it would be impoffible to proceed one ftep in it. But as no general Rule 
has ever yet been laid down, to affift this Method, fo as to make it al
ways operate, it is the fame in Effeft as if there were no Method at* all.
And accordingly in Experience it is found, that there is no Rule now 
fubfiiling but what is abfolutely ufelefs in the Elliptic Orbits o f  Comets ; 
for in fuch Cafes there is no other way to proceed but that which was 
ufed by Kepler: T o  compute a Table for fome part o f the Orbit, and 
therein examine if the Tim e to which the Place is required, will fail out 
any-where in that Part. So that, upon the whole, I think, it appears 
evident, that this Problem (contrary to the received Opinion^ has never 
yet been advanced one Step towards it's true Solution : A  Confideration 
which will furniih a fufficient Plea for meddling with a Subjei*: fo fre
quently handled *, efpecially if what is offered ihall at the fame time appear 
(as I truft it will) to contribute towards fupplying the main Defefl.

The Tangent of an Arch being ghen^ to find the Tangent cfk^s Multiple, Lemma T.

Let r be the Radius o f the Circle, t the Tangent o f a given Arch 
and n a given Number. And let T  be the Tangent o f the Multiple 
Arch « X yf to be found.

V O L .  V I I L  Part, u L  Then
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"I'he Tangent T  will be
r  + T " r  T

n

ñ t ^ .. Mft
T m / 1*  ̂ y

i ^ i U g  l a i i t u  a v « \ » v / i u i i i ^  vvy •$! I ^^1

cities T and  ̂ will difappeai% and the Tangent T  will become equal to
■A.n n I n— 2 /

1

n n

n n I n —  ̂ n —  3 n
-Íffí.

1 —
I n —  2 n £ir.

I 2 r r ’ i 2  3 4 r
This Theorem (which I form í̂rly found for the Quadrature o f  the 

Circle, at a time when it was not known here to have been invented 
before) has now been common ior many Y ears; for which Reafon Í 
lhall premife it, at prefent, without any Proof; only for the fake ot 
fome Ui'es that have not yet been made of it.

From this Theorem for the Tangent, the Sine (fuppofe) Y ,  and 
Cofine Z  of the Multiple Arch « x A ,  may be readily found.

For if^ be the Sine, and z  the Cofine of the given Arch A ,  then
r  y f  V

putting -i; V for —  yy^ and fubftituting —  for / ,  and —  for t ,  and

r T

•J r r - f - T T
for Y : The Sine Y  will be ^ V

n
—  Z  —  V

2 r

«The

'i-

Cofine Z  will be
z V 'Z  —  V

2 r «—I

 ̂ Each of thefe may be exprefled differently In a Series, either by the 
Sine and Cofine conjointly, or by either of them feparately.

Thus Y  ihe Sine o f the multiple Arch n x A> may be in either of 
ihefe two Forms, viz.

fp̂ i n ..1-

or ^ny —
nn

2. 3 rr

nn

4.  s r r  

I I

6 . * ] r r

Wherein the Letters A , B, C, ftand, as ufual, for the Coeffi
cients of the preceding Terms.

The firil of thefe Theorems terminates when n is any integer Number, 
the other (which is Sir L  NewtoTt"  ̂ Rule, and is derived from the former
by fubftituting \/r r — yy  for z)  terminates when n is any odd Number.

The Cofine Z  may, ia like manner, be in either of thefe two 
Forms viz.

m
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n n— I y  7t n— i n— 2 n— 3 y*
' ‘ —  . ------ . ------- . -------. —  —

r K—J
n n ,

or =  r -------- -
2 r r

2
nn  —  4

2 3 4
nil —  16

C / & c.

/ !}

3 ^4.rr 5 • 6r;*
The latter o f which terminates when the Number ?; is even, and 

the other as before, when it is any Integer.
Hence the Sine, Cofine, and Tangent of any Submultiple Part Cojí/. 2.

I
o f  an Arch ffuppofej —  A , may be determined thus:

n

71

T he Sine o f —  A  will be

r - j - T  ̂ —  r  —  T ft

I
i1

r - p r n —  / —  T
X

n
r

----Z  —  V ! f; » 
i

n
2 r

For thefe Equations will arife from the Tranfpofition and Reduñion 
of the former for the Tangent and Sine o f the Multiple Arch, upon 
the Subftitution of /, z  and A \  for íT, 7 '̂  Z  and n x  A,

rience regular Polygons o f  any given Number of Sides may be in- 
fcribed within, or circumfcribed without, a given Arch of a Circle, 
For if the Number n exprefs the double of the Number of Sides to be 
infcribed within, or circumfcribed about, the given Arch A \  then one 
of the Sides infcribed wili be the double of the Sine, and one of the 
Sides circumfcribed the double o f the Tangent o f  the Submultiple

I
Part of the Arch, —  A.

n
^0 find the Length of the Arch of a Circle within certain Limits^ Lemma II. 

by means of the T angent and Sine of the Arch,
L et t be the Tangent, y the Sine and z  the Cofine of the Arch A  ̂  

whofe Length is to be determined, and let t ,  *1; be expounded as 
before ; then, i f  any Number n be taken, the Arch of the Circle will

be always lefs than
Tin

^xn
1
n

X n and bigger than

X n ?•

For if, by the preceding Corollaries  ̂ a regular reflilinear Polygon 
be infcribed within, and another without, the Arch A  ̂ each having 
iialf fo many Sides as is exprefled by the Number n •, then will the

L  2 for-
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former of thefe Quantities be the Length o f the Bow of the circumfcrib* 
ed Polygon, (or the Sum of all it’s Sides) which is always bigger and 
the latter will be the Length of the Bow o f the infcribed Polygon, 
which is always lefs, than the Arch of the Circle; how great foever 
the Number n, be taken.

Hence the Series’s for the Rectification of the Arch o f a Circle may 
be derived.

For by converting die Binomials into the Form o f a Series, that the 
fiíílitious Quantities, t, v  may be deftroyed *, ic will ap[x:ar, that
no Number n can be taken fo large as to make the infcribed Polygon 
fo big, or the circumfcribed fo little as the Series,

Í ^  . . 7  t'
- j p—  1 2  ^  L L  —  12L in one Cafe, or it's Equal /

z

JL in the other Cafe»

Wherefore fince the Quantity denoted by the Sum of the Terma in 
either of thefe Series's is always bigger than any infcribed Polygon, and 
always lefs than any circumicribed, it muft therefore be equal to the 
Arch of the Circle.

If, in the firft of the above Series^ the Root \Zrr-— yy  ̂ beextrafted 
and fubftituted for z , there will arife the other Series o f Sir L  JSewton̂

for giving the Arch from the Sine; namely, y

I y
l¿c. or otherwife, =  y ---------- x —

‘ 1 . 2 . 3  r

1 2 .
I 6r* ‘ 4 0 r

____________ 3 ^ 3

s y
i i i r

3 >3 ‘ 5 ' 5  y  
1 . 2 . 3 . 4 . 5 . 6 . 7 .

In like manner, as the Arches of the Polygons ferve to determine 
the Arch o f the Circle, fo by comparing the Areas.of the circumfcribed 
and infcribed Polygons, i n r T  and h n T Z ^  the Area of the Señor o f a 
Circle may be found. For if  íT, T  and Z  are the Tangent, Sine, and 
Cofine o f the Arch then by the fecond Lemma the Area of the cir-

» — r  —  r)«
cumfcribed Polygon will be found to be i  w r   ̂x -------- j------- —

fi ^

^ h n r T \  and the Area o f  the infcribed will appear to be

z -•v\^ —  z  —  1
ft

n
=  i n r z .

But
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But upon the Expanfion of thefe Binomials it will appear, that no 

Number n can be taken fo large as to make the one fo big, or the other

fo little, as the Area denoted by the Series. in/ —

f
JT'

So that this Area being larger than any infcribed, and fmaller than 
any circumicribcd, Polygon, muft be equal to the Area of the Sedor.

It may further be obierved, that as the Arch or Area is found from 
the Sine, Cofine, or Tangent of the Arch, by means o f the limiting 
Polygons, lb may the Sine, Cofine, or Tangent be found from the 
Length of the Arch by the fame Method,

I'hus, if  A  be the Arch whofe Tangent T,  Sine Ty and Cofine
2 ,  are to be determined, then will die

I , I A ’
A ------- ------------------------------X1 . 2 . 3

e?r.

A^
I —

1 .2 rr 1 . 2 :

Sine T

Cofine Z

=  A
A

2-3
A

A *
1 . 2

4-5
A+

X — r

e?r.

r . 2

For it may be made toappear,.from the firft Lemma  ̂and it’s Corollarieu 
that if  in any of thefe Tlieorems, as fuppofe in the Firft, the Quantify 
^ftand for the Bow o f the circumfcribed Polygon, then will the Quan
tity T  exhibited by the Theorem, be always bigger but if for the Bow 
of the infcribcd, always lefs than the Tangent of the Arch, how great 
foever the Number « be taken ; and confcquently, if A  (land for the 
Length of the Arch itfelf, the Quantity T' muft be equal ro the Tan
gent i and the like may be iliewn for the Sine, and niuiatis mutandis  ̂
lor the Cofine.

Thefe Principles, from whence I have here derived the Quadrature o f 
the- Circle, which is wanted in the Solution of the Problem in hand, 
happen to be upon another Account abfolutely requifite for the Reduc
tion of it to a manageable Equation. But I have inlarged, more than 
was neceflary to the Problem icfclf, on the Ufes of this fort o f  Qiia- 
drature by the limiting Polygons, becaufe it is one of that kind which 
requires no other Knowledge but what depends on the common Proper
ties o f Number and Magnitude *, and fo may ferve as an Inflance to 
ibew that no other is requifite for the Eftabliihment o f Principles for 
Arichmetick and Geometry, A  Truth, which though certain in itfelf,

may
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may perhaps feem doubtful from the Nature and Tendency of the 
prelcnt Inquiries in Mathematicks. For among t!ie Modt-rns fome 
have thought it neceflary, for the Inveftigation o f the Relations of 
Qaanticies, to have Recourfe to very hard Hypothefes ; fuch as that of 
Number infinite and jndeterminate *, and that oí Magnitudes in Smtu 

Jitri, exiiting in a potential Manner, which are adtualJy of no Bignefs. 
) i And others, whofe Names are truly to be rcverenced on Account of

their g r e a t  and fingular Inventions, have thought it requiiire to have 
1 1, . ‘ Recourie even to Principles foreign to Mathematicks, and have intro-
I duced the Confideration of efficient Caufes and Phyfical Powers for the

i Produ6lion of Mathematical Quantities; and have fpoken o f them,
and ufcd them, as if they were a Species of Quantities by tliem- 

‘ felves.
I
f

N , B. In the following Propofition I have, for the Sake o f  Bre- 
I i vitv, made ufe o f a peculiar Notation for compofite Numbers for fuclivity, made ufe o f a peculiar Notation for compofite Numbers (or fuch 

Quantities as are analogous to them) wliofe Fadors are in Arithmetical 
'I ProgreiTion.

The Quantity exprefled by this Notation has a double Index : that 
, the Head of the Root at the Right-hand, but fcparated by a Hook

to diilinguifh it from the common Index, denotes the Number of 
ij Failors; and that above, within the H ook on the Left-hand, denotes
■ji the common Difterencc of the Faélors proceeding in a decreafing or
: ¡i increafing Arithmetical Progreflion.
ii A

Thus the Quantity denotes by it’s Index m on the
II ( n a N

Right-hand, that it is a compofite Quantity, confifting o f  fo many 
Fadors as there are Units in the Number m ; and the Index a above, 
on the Left, denotes the common Difference o f  the Faftors, decrea
fing in an Arithmetical Progreffion, if  it be pofitive ; or increafing, 
i f  it be negative ; and fo fignifies, in the common Notation, the com-

■i'"’ pofite Number or Quantity, n a. ñ a — —  2 «.
n -f- a —  g a. and fo on.

r

/ I .r 11

For Example : n +  5 is =  n 5. n 1̂ = ^

n 5, confifting of fix Faftors whofe common Difference is 2. After

the fame Manner “  , :_"" , — — r —  --------  ----------
n -f- 4 '  IS — n 4, n -]- 2. n. n —  2. n —  4,

confifting of five Faftors. According to which Method it will eafiiy

appear, that if <7 be any Integer, then n -f- 2 a  ̂will be
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=  n n  —  I. n n  —  9. n n  —  25, continued to fuch a Number o f  
double Fa(5tors as are expreíTed by a -[- i, or half the Index, which

in this Cafe is an even Number. So n -1-  2  ̂ ' will be equal
to n. n n —  4. n n —  16. n n - -  36, and fo on, where there are to 
be ib many double Factors as with one fingle one (;;) will make up 
the Index 2 a i, which is an odd Number.

I f  the common Difference « be an Unit, it is omitted :

Thus, n(Ms — n. n —  i. n ■—  2. n —  3. n — 4. n —  5, contain

ing 6 Faétors. So 6 is =  6. 5. 4. 3. 2. 1, and the like for 
others.

I f  the common Difference « be nothing, then the Hook is omit
ted, and it becomes the fame with the Geometrical Power :

So n ' ¡ - a ( " '  is =  n according to the common Notation,
Jn  Arch Icfs than a Semicircle being given  ̂ with a Point in the Dia~ Prop. L 

meter paffing through one of it*s Extremities \ to find  ̂ by means of 
the Sine of a given Part of the Arch lefs than one kalf  ̂ the Area 
c f the Senior fuhtended by the given Archy and cmnprehended in the 
Angle made at the given Point.
L e t P N A  be a Semicircle defcribed on the Centre C, and Dia

meter A  P, and let P  N  be the given Arch lefs than a Semicircle, 
and S the given Point in the Diameter A  P paifing through one ot' 
the Extrem ities of the Arch N  P in P. Then taking any Number n 
bigger than 2, let P K  be an Arch in Proportion to the given Arch 
P N , as Unity to the Number ;;;  and let it be required to find by 
means o f the Sine o f the Arch P  K , the Area of the Seftor N  S P  
fubtended by the given Arch N  P , and comprehended in the Angle 
N S P  made at the given Point S.

From N  and K  let fall on the Diameter A  P  the Perpendiculars 
N M  and K L ,  and join C  N  and C K.

Then let / ftand for C P  the Semidiameter of the Circle ; / fo r  C S , 
the Diflance of the given Point S from the Center ; p for S P  the Di- 
itance of it from the Extremiry o f the Arch through which the D ia
meter A  P  pafles and y  for K  L  the Sine of the Arch K  P  in the 
given Circle.

Thefe Subftitutions being prefuppofed, the Problem is to be divid
ed into two Cafes ; one when S P  is lefs, and the other when it is 
greater than the S^ímidiameter C P.

I f  S P  be lefs than C P ,  then take an Area II  equal to the Sum of !• 
the Rectangles expreffcd by the feveral Terms o f the following Series 
continued ad libitum :

T y
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t ' f  i - -  n i -  il‘  X/
‘ . .  V

9/-—n-\-
* * 1 

♦
I "5 í*

■ h '

9 X 25 t ~\- fi

7
X - -  (^c. And the Arca

¿6 2

n X H  will determine the Area of the Sedor N  S P  libituyn.
For the Sedor P  S N , being the Excefs of the Seftor N  C  P  above 

the Triangle N  C S, will be the Difference of two Reólangles;

C  P  X P  N ---------C  S X N  M  ; but P  N  is the Multiple o f the

Arch P  K , namely » x P  K  ; and N  M  is the Sine o f that multiple
Arch ; Wherefore if  for C P  be put for C  S, / , according to the

y  ̂ \ )̂  , 9
Suppofition j and if for P  K  be fubftituted:

3 /• s
)5 9 X 25 )7

-j------------ X —  -]- by Cor. 2, Lem, 2 ; and for N  M :
/4 I

n. n

7 /5
& 2 2 

i l*  3!  ̂ )5 « -j-
-  X ------- [-  ------ r - —  X — ------ ---- X —

/4
according to Cor, i ,  Lem, i ,  the Area o f the Seftor will appear in a 
Series, as is above determined.

But fince the Number n is greater than 2, and the given Arch P N  
is kfs than a Semicircle, and confequently K  L  or 7 , the Sine o f the 
Submultiple Arch P  K, is lefs than the Semidiameter C P  or / ; it 
may thence be eafily proved, that the Series will approximate to the 
juft Quantity o f the Area, ad libitum.

Hence, i f  the Number n be taken equal to 5 -|- y/25

 ̂  ̂  ̂  ̂ w * ^ n , n n
the Seftor N  S P  will be =  —  n p y - \ - ---------- :

2 l i t  t

i- P  ^
--------------

n

1 1 2 0 / ^
For the Numerator o f the Coefficient of the third Term  in the

2

Series, that determines the Area H, namely, p / _„  ^4. y

is equal to 9 t —  i . n n  ^  $-f,  which according to the above
Deter-
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Determination o f the Number », will become nothing; wherefore, 
if for / — p be p ut/in  the fecond Term, and the Value o f w be fubfti- 
tuted for w in rhe Third and Fourth, the Series for the Area will appear 
upon Reduction to be as is here laid down.

Hence the Area of the Se£tor N  S P may be always defined nearly by CoroL z\ 
the Terms o f a Cubic Equation.

For the-Number as confl:ru6bed in the former Corollary  ̂ is always
ygreater than the fquare Root o f lo , and confequently — is always lefs
t

than the Sine of one third Part of the given A rch j fo that the fourth

T e r m -------with the Sum o f all the following Terms of the Series,I i 2 o r  *
can never be more than a fmall Part o f the whole SeiVor.

I f  R  ftand for Degrees, (or the Number of CW. 3:
Degrees contained in an Angle fubtended by an Arch o f the fame
Length with the Radius o f the Circle) and M  be the Number of
Degrees in an Angle which is to 4 right Angles, as the Area N  8 P  to

the Area o f the whole Circle; then will M  he =  ~  ^

n t — n . n n
6 t 

M  t t

p
~ X -jT" ’ nearly.

F o r-^  X —  will appear by the Conftruftion to be equal to the 

Señor N S P .
I f  S P be greater than C  P , then take an Area H  equal to> C A S E II.

the Sum of the Terms in the following S e r i e s - J - ¿  —
 ̂ 3 1

and

the Area \ n x  will be the Señor, as before.
For the Point S being on the contrary Side o f the Centre to what 

it was before, it will eafily appear, that the Change o f- j^ / in to — /,• 
mull reduce one Cafe to the other, without any other Proof.

/fU T f
Hence, if  the Number w be taken equal to ^  ■■ or in this Corollary,

Cafe\/^, then the Series for the Señor will want the fecond Term , 

as in the former it wanted the Third. '

V O L .  VIII. Parti , M The

f n t p
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Solution of Kepler’i Problem.

Definition. The Angle called by Kepler the Anomaha Eccentric is a fiñitious 
Anele in the Elliptic Orbit of a Planer, being analogous to the Area 
defcribed by a Line from the Centre of the Orbit, and revolving with 
the Planet from the Line o f Apfides\ in like manner the Mean 
Amnaly is a fiftitious Angle, analogous to the Area defcribed by

a Line from the Focus  ̂ , r- r rn* , •
Orherwife, if C be the Centre, S the Focus of an Llliptic Orbit

defcribed on the tranfverfe Axis A P ,  and the Aiea N S P  in the 
Circle be taken in Proportion to the whole, as the Area deicribed in 
the Ellipris about the Focus, to the whole; Then is the Arch of the 
Circle P N , or the Angle N  C P, thxt which Kepler calls the Anomalia 
Eccentri,

This Angle may be meafured either from the Aphelion  ̂ or from 
the Perihelion', in tiie following Proportion it is ilippofed to be taken 
from the Perihelion.

Prop. n. q‘he mean Anomaly of a Comet or Planet revolving in a given Elliptic
Orbit being given ; to find the a l i a  E  c  c  e n t  r  i ,

The Solution of tliis Problem requires two different Rules; the 
firft and principal one ferves to make a Beginning for a further Approxi
mation, and the other is for the Progreifion in approximating neacer. 
and nearer ad libitum,

I. 1 ‘he Rule for the firfl Affumption: Let /,/, and p, ftand as before, 
for the Semi-tranfverfe Axis of the Ellipfis, the Semi-diftance of the 
Foci, and the Perihelian Diftance j then taking the Number n equal

to J ^  +  s/ 2 5 4 “  ^  j let íT ftand for ---------- ; and P  for
/  n n t  —  nn  —  i

2p p ,
---------- "—  (or — T ) i which conftant Numbers, being once
n n t  —  n n —  i ,p  ^
computed for the given Orbit, will fcrve to find the Angle required 
nearly by the following Rule.

Let M  be the Number of Degrees in the Angle of mean Anomaly 
to the given Time, reckoned from or to the Perihelion ; and fuppofing 
Ry as before, to ftand for 57,2957, Degrees j take the Number

3"̂  r  ~ pi 
andlet^be the Angle whofc Sine is N s/

3/7 / 7 ^  p^
; then the Multiple Angle n x A  will be

nearly equal to the Anomalia Eccentri.
The Truth of which will appear from the Refolution o f the Cubic 

Equation in the laft Corollary to the preceding Propofition.
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I f  the Quadruple of the Quantity be many times greater or many Corel, r.

times lefs than U n ity , or, -which amounts to the fame, i f  the mean 
Anomaly M , be many times ]efs, or many times greater, than the

f̂ll)
Angle denoted by the given Quantity Rs/ P  (one or the other of

3 ^
which two Cafes fncft frequently happens in Orbits o f very large 
Eccentricity) then the Theorem will be reduced to a fimpler Form 
near enough for Uie.

I f  M  be many times lefs than ^  Rs/ P ,  then the Angle J  may Cafi L

be taken for that whofe Sine is

3
t x M

n p x  R

I f  M  be many times greater than R<>/P,  then let A  be the Caft II.
3 '

P
Angle whofe Sine is iV —  — ; and the Multiple Angle » x y/, accord

ing to it’s Cafe, will be nearly equal to the Angle required.
In Orbits o f  very large Eccentricity, the Perihelian Diilance f  is ConU 2. 

many times lefs than the Semi-diftance of the Foci /, and the Number

/  o ^   ̂ _________

» = v '5 - [ - v / 2 5 “j-  —  ; is always nearly equal to 10 or to the Integer

3, either o f which may be ufed for it without any material Error in the 
Orbits of Comets.

II. n e  Rule for a further CorreEiion ad libitum.

Let M  be the given mean Anomaly  ̂ t Axis, as
before; and let B be equal to or nearly equal to the Multiple Angle i i x A  
before found, then if be the mean Anomaly  ̂ and x  the Planet’s 
Diftance from the Sun, computed to the Anomalia Eccentri 5 ; the

A n g le d  taken equal to B - j-  —  x M — jw, will approach nearer to theSC
true Value of the Angle fought; and by Repetitions of the fame 
Operation, the Approximation may be carried on nearer and nearer, 
ad libitum.

This laft Rule being obvious, the Explication o f it may be 
omitted at prefent.

In this Solution, where the Motion is reckoned from ú\t Perihelion  ̂ Scholium, 
the Rule is univerl^I, and under no Limitation, but had the Motion 
been taken from the Aphelion  ̂ the Problem muft have been divided

M  2 into

1
(

t ilT E D
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into two Cafes: One is, when the Eccentricity is lefs than the 
other is, when it is not lefs, but is either equal to, or more than in 
that Proportion.

I f  the Eccentricity be not lefs than 1 ,̂ then the fame Rule will hold, 
as before, only putting the Aphdim  Diftance, fuppofe ( )̂ inftead of 
the Perihelian Diftance (?), and fubftituting — /  fo r - j- / in  the Rule 
for the Number n.

If  the Eccentricity be ]cfs than — , then take Number « equal

rov^—> and —  x ^  will be nearly equal to the Sine o f the Submultiple 
f  na R

Part of the Anomalia Eccentri denominated by the Number as before.
It is needleis to obferve, that the like Rules would obtain in Tlyper- 

bolic Orbits, mutatis mutandis. But that which perhaps may not 
appear unworthy of being remarked, concerning this fort o f Solution, 
from the Cubic Root, is, that although the Rule be altogether im- 
polTible, upon a total Change of the Figure o f the Orbit either into a 
Circle, or into a Parabola; yet it will operate fo much better, and 
Hand in need of lefs Correá:ion, according as the Figure advances 
nearer in it’s Change towards either of thofe two Forms.

That the Ufe of the Method may better appear, it may not be amifs 
to add a few Examples»

I have given two for the Orbits of Planets, one the moft, and the 
other the leaft Eccentric; but which are more to ihew the Extent of 
the Rule, than to recommend the Ufe of it in fuch Cafes; for there 
are many other much better and more expeditious Methods in Orbits 
of fmall Eccentricity. The other two Examples are adapted to the 
Orbits of two Comets, whofe Periods have been already difcovered 
by Dr Hailey \ the one is to ihew the Ufe of one o f the Rules in the 
firft: Corollarŷ  and the other is to explain the Ufe of the other Rule.

^or t̂le^ob'i Semi-tranfverfe Axis (/), the Eccentricity
e / \ lc rc u ry /  0,20589 will become (/), and the Perihelian Diftance (p) will be 

o»794i i  j wherefore by means of the Number R  given as before, the 
conftant Numbers for this Orbit will appear to be, zz =  3,56755,

7*= 0,5857271, P  =  y  ir= o ,4 .6 5 i3 i9 , and hence ̂ ^^^=0,0085965.

SxampU. Suppofe iVf the mean Anomaly from the Perihelion to be 120°. 00' 
.00", to which it is required to find the Anomalia Eccentri.

Here, fince the mean Anomaly M  is not many times more than the
2 n p

limiting Angle ------R>/ P , (which in this Orbit is about 74. De-
3 f

grees) Recourfe muft be had to the general Rule in the Propofitioiii

The

ü n E D 1
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The Number N  then, which is M  will be =  1,0104195 ;

85

n R

3/1
which found gives N

fuppofe and it’s Cofine 2, gives, by a known Rule, /

Jr+ - —  = . —  o,44*'7I26. Wherefore the Sum o f
2 4 ' N® '

both (under their proper Signs) viz. 0,5911964 will be the Sine whore 
Arch 36°,24195 is the Angle J the Multiple whereof n y. A —
129°,295503, will be the Angle to be firft alTumed for the Anomalia 
Eccentri.

For a further Correñion ; this Angle, now called B, whofe Sine is

■L .

I51304 for  ̂ the Planet’s Diftance from the Sun ; and by another 

known Rule B  —  120^,16568 for jw, the mean Atjowaly to the

Anomalia Eccentri B. Wherefore the correit Angle B ^ B - \ -  —

X M —  IJ. will be i2 9 ° , i4 8 4 6 =  129°. 08'. 5 4 " ,5 , erring, as will ap
pear from a further Corredion, about -h o f a Second.

This Angle being thus determined, will give by the common M e
thods 137°. 48'. 3 3 "  i ,  for the true Anomaly or Angle at the Sun :
The Sine of the true Anomaly being in Proportion to the Sine of the A - 
jiomalia Eccentri, as the Semi-conjugate Axis to the Planet’s Diftance 
from the Sun. So that the Equation o f  the Center in this Example
is 17®. 48  ̂ 33^' i.

Suppofing, as before, the mean Diftance t to be Unity, and the ^
Eccentricity /  to be 0,0069855 j the conftant Numbers for this Orbit n. 
will be, Í  =  0 ,9930115; n =■ 6 ,4 1 1 6 ;  T  =  1 ,5 6 2 13 4 ; P  =  Fsribt Orlu

o ,.i5 5 i2 i7  ; =  0,0127571 ; and the limiting Angle ~ j j

R  'i/ P , will appear to be about 303 Degrees.
Let M  be 120°. 00'. 0 0 ", as in the former Example. Tlien, Examflt. 

fince the mean Anomaly is, in this Cafe, not many times lefs than the 
limiting Angle, the general Rule muft be ufed as before ; according 
to which the Number iV will appear to be 1,152585 ; the Sine o f A  
will be 0 ,3 2 17 9 17 ; the Angle A , i8®,77i32 ; and the Multiple 
n X A , or Angle B  ; for the firfl: Affumption of the Anomalia Eccett- 
iri will be 120^,35416,

o Thia
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III.
For ihe Orbit 
o f the Comet 

^of 1682.

ExamfU.

E x a m p l e

IV.
Fortbf Orbit

Solution 6f  Kepler’i  Problem.
'I'lils Angle B will give, by the Method before explained, the Angle

B — 120°,34555, or 120°. 21  ̂ 44 '' fe n , for the Anmalia Eccentri 
corie<it ; the I'.rror of which will appear, upon Examination, to be but
a fmall Part o f  a  Second.

In this Example the m t  Anomaly is 120®. 41^ 25 
fcqaently the Equation of the Center no more than 41  ̂ 25 ,1.

T o  know the mean Anomaly o f this Comet to any given Tim e, it is 
to be premifcd, that it was at the 'Perihelion in the Year 1682, on the 
4th Day of September̂  ac 21 Flo, 22 Min. equated Tim e to the Meri
dian of Gi'cenwich  ̂ and makes it’s Revolution about the Sun, as Dr 
Hailey difcovered, in 75 i  Years,

The Perihelian Diftance p is, according to his Determination,
0,0326085 Parts of the mean Diftance /. So that the conftant Num
bers for the Orbit will be, « =  3,1676061 ; 7  =  0,2054272;

2 np
P  =  0,00669867 ; and the limiting Angle R  ^ P  will be

about 19 Minutes or r of a Degree.
In the Orbits of Comets, the Rule for the firft AiTumption of the 

Anomalia Eccentri is generally fufficient without Correftion.
Thus, fuppofe the mean Anomaly M  to be 0,072706, (as it was at 

the Tim e of an Obfervation made at Greenmch on the 30th o f  Auguft 
1682, at 7** 42'. ^ q .  T .)  then the general Rule (which muft be here 
ufed, fince the Angle o f  mean Anomaly is not above 4 or 5 Times lefs 
than the limiting Angle) will give n x  A  or £ '= •2^ , 12'. 48^^7, 
erring about -¡V of a Second from the true Anomalia Eccentri,

But in thefe Orbits the Rules in the firft to the fccond Pro-
poficion moft frequently take Place, efpecially the laft ; and the Cal
culation may alfo be further abbreviated, by putting the fquare Root of
10, or the Integer 3, for the Number n.

Suppofe the mean Anomaly to be 0^,006522, or 23^^4792 : Here, 
fince M  is 50 Times leis than the limiting Angle, the Rule in the firft 
Cafe of tlie firft Corollary may be ufed ; that is, to take the Sine of the 

t X M

Wherefore, if the Number 3 be put for the Sine of A  ̂ which
i M

”  0,00116367 ; and confequently the Angle will

be 4*. 00̂  ̂ o i l ;  and the multiple Angle n x A  l o h t  aíTumed for the 
Anomalia Eccentri vi'iWht 19.K 00^^,033, the Error of which will be 
found to be about ^  of a Second.

This Comet, according to Hailey  ̂ performs it̂ s Period in 575 
Years ; and was in it’s Perihelion on the 7th of December 1680, st

23

1
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23 Hours 09̂  lE q. T .  ac London \ the Perhelian Dlilancc p \% of the great 
05000089301, in Parts of the mean Diftance t : Wherefore fuppofing 
the Number n to be \/10, the conftant Numbers for the Orbit will 
be íT=: 0,2000161 ; P  =  0,000017862, and the limiting Angle
2 H p
-----  P  will be about 6 of a Second.

3 ^
Siippofe the mean Anomaly to be 3^ 31'*,4478 or 0^,05873541, (as Example. 

it was at the Time o f  the firft Obfervation made on it in Saxonŷ  on 
November- the 3d, at 16^' 4 7 ' ^ q .  T . at London,) here, fince the 
mean Anomaly is many times greater than k o f aSccond, the Rule in 
the fccond Cafe of the firfl: Corollary may be ufed ; that is, by taking

P
the Sine o f A-=  ̂ N  - N

But the Number N  or v' is = 0 ,0 5 79 4 13 4  *, and ^  will be

— 0,0030827; wherefore {N  —  ^  = )  0*05763307, will be the

Sine whofe Arch 3^,30397 is the Angle A  j and the multiple Angle 
n x A ^  10®. 26^ 53'^ 05, will be the Angle to be firft afiumed 
for the Anomalia Eccentri \ the Error o f which will be found to be 
lefs than a Second.

The true Anomaly  ̂ computed from this Angle according to the 
Rule in the Example for Mercuiy^ will appear to be 171®. 38'. 24'^ 
from the Perihelion.

By thefe Examples it appears, that the Solution is univerfal in all 
Refpefts for the two firft, compared with the two laft, Icrve to ihew 
that it is not confined to any particular Parts of the Orbit, but ex
tends to all Degrees of mean Anomaly : And by comparing the ftcond 
with the laft, it fufficiently appears to be univerfal with refpe£l to the fe- 
veral Degrees of Eccentricity ; fince in one the Equation of the Center 
for the Reduction of the Mean to the true Motion is not fo much as 
the T^th Part o f the whole ; whereas in the other it amounts to al- 
moft 3000 times as much as the mean Motion itfclf.

Upon reviewing the Refleilions on the Quadrature of the Circle in Poílícript. 
Page 77, I believe it may be neccfiary for me to prevent any Mi- 
ftake that may arife from the different Opinions that obtain about the 
Nature of Mathematical Qiuntity, to explain myfclf a little upon that 
Head ; as alfo to add a lew Words to ihew how the Method of Qua
drature by limiting Polygons, takes Place in ocher Figures as well as 
the Circle.

I take then a Mathematical Quantity, and that for which any Sym
bol is put, to be nothing clfe but Number with Regard to fome Mea- 
fure which is confidei'ed as one. For we cannot know precifcly and

deter*

UflEO
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determ'mately, that is, m.ithematically, how much any thing is, but by 
means of Number. The Notion of continued Quantity, without re- 
gard to any Meaiure, is indiftinét and confufcd ; and although fome 
Specics of luch Quantity, confidered phyfically, m aybe defcribed by 
Motion, as Lines by Points, and Surfaces by Lines, and fo on *, yet 
the Magnitudes or Mathematical Qiiantities are not made by that Mo
tion, but by numbering according to a Meafure.

Accordingly, all the feveral Notations that are found neceflary to 
exprefs the Formations of Quantities, do refer to fome Office or Pro
perty of Number or Meafure ; but none can be interpreted to fignify 
continued Quantity as fuch.

Thus fome Notations are found requifite to expreis Number in it’s 
ordinal Capacity or the NumeruS Numerans  ̂ as when one follows or 
precedes another, in the firft, fecond, or third Place from that upon

which it depends j as the Quantities x, x, x, x, x, referring to the 
principal one x.

So, in many Cafes, a Notation is found neceíTary to be given to a 
Meafure as a Meafure ; as for Inftance, Sir L Newton's Symbol for a
Fluxion x ;  for this ftands for a Meafure of fome Kind, and according
ly he ufually puts an Unit for it, if it be the principal one upon which 
the reft depend.

So fome Notations are expref^ly to fliew a Number in the form of it’s 
Compofition, as the Index to the Geometrical Power x" denoting the 
Number of equal Fañors which go to the Compofition of it, or what 
is analogous to fuch.

But that there is no Symbol or Notation but what refers to difcreet 
Quantity, is manifeft from the Operations, which are all Arithme
tical.

And hence it is, there are fo many Species of Mathematical Quan
tity as there are Forms of compofite Numbers, or W ays in the Com
pofition of them ; among which there are two more eminent for their 
Simplicity and Univerfality than the reft ; One is the Geometrical 
Power formed from a conftant R o o t ; and the other, though well 
known, yet wanting a Name as well as a Notation, may be 
called the Arithmetkd Power or the Power o f a Root uniformly in- 
^eafing or diminiíhing, and is that whofe Notation is defigned in 
Page 73 : The one is only for the Form o f the Quantity itfelf, the 
other is tor the Conftitution o f it from it’s Elements.

Now from the Properties o f either o f thefe it would be eafy to ihew 
how the Quadratures of fimple Figures are deducible from the Areas 
ot their limiting Polygons, I fliall juft point out the Method from the 
Arithmetical Power, as being the ihorteft and readieft at Hand.

Let 2, 2T, z, &c. or 2, Zy &c. be Quantities in Arithmetical 
i^rogrefllon, .diminvfltmg -or increafing by the common Diffe

rence
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%
rence and let, as before explained, z  ”̂ fignify the Arithmetical Power

of?:, denominated by the potential Ináex namely, x ' x z ' x z ,  itc . 
whofe firfl: Root is z  and laft z  — m —  i x z \  which being fuppolcd,

'Wi
the Element o f the Arithmetical Power will be vtz x z  that is, the 
Produft made from the Mnlriplication of the two Indices, and the next 
inferior Power o f the next Root in Order. For the firft Arithmetical

{m I * -
P ow ers is =  z. 2 , and the next s  is =  ¿  x.v
the Difference will be as is explained.

7H Zy wherefore

And confequently, fince the Sum oí thcfe Elements or Differences, 
taken in order from the firft to the laft, do make up the Quantity ac
cording to it’s termini \ hence, if 2 be the Abfcifs of a curvilinear

Figure whofe Ordinate j  is equal to mz~' ' ' ^  a Dcmonftration might

eafily be made that [the Form o f the Quantity for] the Area will be z  ; 
that is, the íáme Multiple of the next fuperior Power of z  divided by 
the Index o f that Power.

For fince the Arithmetical Powers do both unite and become the
fame with the Geometrical Power, when the differential Index z  is fup- 
pofed to be nothing ; the Magnitude o f the Geometrical Figure will be 
implied from the Magnitudes of the two Polygons made up of Reftangles, 
one from the increafing Arithmetical Power, the other from the di- 
minifliing, although it be true, that the Elements of the Polygons can
not be fummed up, ŵ hen z ,  the Meafure of the Abfcifs z , is fuppofed 
to be nothing.

In like manner, in any other Cafe where z  and z  are two Abfcifles

whofe Difference as a Meafure is z  \ and j j t h e  two Ordinates; the 
Magnitude of the Ligure will be implied by the Magnitudes of the two 
Polygons which are made from the Sum of the infcribing and circumfcrib-

ing Elements z  y  and zy^ although the Figure itfelf is not to be refolved 
into any fuch primogenial reñangular Elements.

And thus, I think, the Symbol z , confidered as a component Part
of the Reélangle z  ŷ  may bear a plain Interpretation ; viz^ that it is 
the Mealure according to which the Quantity z  is meafured nor can I 
fee that any other Interpretation need to be put upon a Symbol, which,' 
like a Meafure, is ufed only to make other things known, but is of 
Itfe lf  for notliing but a Mark.

V O L .  V IIL  Parc. i. N  And
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And what is faid of the Elements o f the lirft Refoliition, is eafily 
applied to thofe of a fecond or third, and io on ; the laft may alwayj 
be confidered as the Meafurc of the former and indivifible, although, 
in rdpeftofthe following, it be taken as the Part according to which
t h e  M c a f u r e  was made, and therefore divifible. .

Jn h,,<iry IX. Notwiihftanding that Part of Sir /. Newton s Matbema teal Pun. ,
nitcirning the ¡¡f ¡^'atíTal Philofopby, wlierc he treats of the r  igure or the harth
iî urt of fuco (Jclivercd with the ufual Skill and Accuracy of chac great Author*,
r s r i ;  yet I thought fomcthing farther might be done in this Matter, and that 
Axi},Mpz1ng new Inquiries may be propofed, which are of no fmall imporunce, 
theDtnfiiy con- poffibly he overlooked, through the Abundance ot thole fine
m-uallj to Difcoveries he was in Purluit ot. , , ,

,  ü Z ’J'tl-vJrd, What at firft feemed to me worth examining, when I applyed myfelf
the Surface', b} to this Subjcif ,̂ was to kfiow why Sir Ifaac afl'umed the Conical Ellipfis 
A/r .Alexis foi- ti,e Figure of the Earth, when he was to determine it’s Axis? For 
/ T í ’ W  ^oes not acquaint us why he did it, neither can we perceive how he
Member of the had fatisfitd himfelf in this Particular: And unlefs we know this, 
RyalAcad.of j  think we Cannot entirely acquiefce in his Determinations o f the Axes 
Sciences at Planets. It feems as if he might have taken any other oval
hud from the Curve, as Well as the Conical Ellipfis of Apollonius  ̂ and then he would 

*i French hy the have come to Other CoiKlufions about thoíé Axes.
Ktv. John I began then with convincing myfelf by Calailation, that the Me.
^ rlT 'u a tf Earth, and of the other Planets, is a Curve very nearly
¿nfab. W  approaching to an Ellipfis; fo that no fenfible Error could enfue by 
F. R S. N'’ . fuppofing it really fuch. I communicated my Demonftration of this 
4+9-^277. JO fhe Rc^al Societŷ  at the Beginning of the laft Y ear; and I have 
/rls informed, that Mr Stirling*^ had inferted a Difcourfe in the

Philofqpbiciil TranfaBicns  ̂ wherein he had found the fame thing before 
me, but without giving his Demonftration. When I fcnt that Paper 
to London̂  I was in Lapland  ̂ within the frigid Zone  ̂ where I could 
have no Recourfe to M r Stirling's Difcourfe, fo that I could not take 
any Notice of it.

The Elliptical Form of the Meridian being once proved, 'I no longer 
found any thicg in Sir I. Newton  ̂ about the Figure of the Earth, which 
coultl create any new Difficulty; and I íhould have thought this Que- 
ftion fufKciently difcuíTed, if  the Obfcrvations made under the Arétick 
Circle had not prevailed on us to believe, that the Shape o f the Earth 
was ftill flatter than that of Sir Ifaaĉ s Spheriod *, and if  he himfelf had 
not pointed at the Caufes, which might make Jupiier not quite fo flat, 
as by his Theory, and the Earth fomething more, ^

As to Jiipi/er  ̂ Uq fa y s f ,  (hat it̂ s Equator confifts o f  denfer Parts ■
L Body, becaufe it’s Moifture is more dried up by

the Heat of the Sun. But as to the Earth, he fufpeñs it̂ s Flatnefs
10 be a fmall matter greater than what arifes by his Calculation. He

•  See Chap. YU. of this Volume. '- f  Pnacip. M a tk  Edit. 3. p. 416.

infinuatej
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infinintcs, that it may poiTibly be more denfc towards the Center than 
at thc.Supu-ficies*. I am fomething furprizcd that Si-r̂  fl ĉiiid 
imagine, that the Sun’s. Meat can b? fo "reac at Ju¡Ucr*% Equator, 
when it has no fucH EfiFefl: at that o f the Earth ; and that he does not 
afcribeeach to a like Caufe, by ruppofing aifo, that Jupiicr may be 
of a different Denfity at thaCenter irom that at the Superficies.

But whatever Reafon he might have for introducing two different 
Caufcs, I give the Preference to tiie Hypothefis which fuppofes un
equal Denfitics at the Center and at the Circumference. I have in
quired, by the Afiiftance of this Theory, what would be the Fitvure of 
the Earth, and oí the other Planets which revolve about an A^e, on 
Suppofition that they are compofed of fimilar Strata  ̂ or Layers, at 
the Surface ; but that their variable Denfity, from the Center towards 
the Circumference, may bc' expounded by any Algebraica! Equation 
whatfoever.

And though my Hypothefis ihould not be conformable to the I^ws 
o f Nature, or even though it fliould be of no real Ufe (which would 
be the Cafe, if  the Obfervations made by the Mathematicians now ia 
Peru  ̂ compared with ours in the North, ihould require that Pro
portion of the Axes, which is, derived from Sir Ifaac'̂  Spheroid ;) I 
thought however that Geometncians'would be pleafed with the Specu
lations contained in this Paper, as being, if  not ufcful, yet curious 
Problems at leaft.

Tí? find the Attra5iion which a homogenecus Spheroid B N E ^ i ,  dif~ Part 1. 
ferifjg but very liule from a Sphere  ̂ exerts upon a Corpufcle placed h  nvhid an 
at A  ut the Axis of Revolution,

Lanvj o f  At"

I. W e  may conceive the Space B N  E ¿  D M  B, included 
the Spheroid and the Sphere, to be divided into an infinite Number upon Bodies at 
of Sections perpendicular to the Axe A  C b, Suppofing then that every  ̂ h  j
one of the Particles, which are contained in one of thefe Elements or 
Moments N  n m M , exerts the fame Quantity of Attraftion upon the Orhsofdiffê
Body at A ,  which may be fuppofed becaufeof the Smallnefs of N M ;  rent Decreet o f

A  P
■we Ihall have c x x  P  M^ x V p x - x T F T  for the Attrañion of

^ A  IVl t i g .  35.

any one o f thofe Elements; putting c for the Ratio of the Circum
ference to the Radius, and « for the given Ratio of M  N  to P  M , 
that is, o f  D E  to C D.

Now if  we • make C A = i ,  C B  =  r,  A M = z ;  and for P  M ,
A  P , Py>, i f  \ye fubilitute their Values expreffed by s ,  and then feek

4  f  a
the Fluent o f the. foregoing Quantity •, we fliall have

*  See Seft. xx;r#

O f the Figure of fuch Planets as- revohe about an Axis, See. gi
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P rob. II.
Fig. 36.

I

O f the Figure offucb Planets as revoke about an A>:is, & c,

_ for the Value of the whole Attradion of the Solid ge-
5

nerated by the Revolution of B D ^ E B :  T o  which if  we ad\i
o.r^c * - , 2 T '  c  ̂ CL
---------the Attra6lion of the Splierc, we fliall have  ̂  ̂ - j-  0 e e 'c e 0 0

for the required Attrailion of the Spheroid upon the 

Corpufcle A .

Suppofmg now the Spheroid e b to be m longer of a homogeneous 
Matter  ̂ but tobe conipofed of <in infinite Number of Elliptical 
all fimilar to B the Denftties of '-juhicb are reprefe îted by the Or
dinates K  1' of any Curve whatever V  T ,  of which we have the 
Equation between C K  and K  T  ; the AttraElion is required which 
this Spheroid exerts upon a Corpufcle placed at the Pole B.

II. Making B C =  C K  =  r, by the foregoing Propofition, we

ihould have
4. c r̂  cc

for the Attradion of

the Spheroid K L  K, if it confiiled of homogeneous Matter j and the
2 r r c r ^ 4 c u r ^ r  4, c oi r* r 

Fluxion of this Quantity ~ — -¡- — -— - 4̂--- would

be the Element or Moment o f the Orb K L  K ¿ But becaufe the 
Denfity is variable, we muft multiply this Value o f the Attrailion ot 
the Orb by K T ,  and the Fluent of this Quantity will be the Value 
of the Attraflion of the Spheroid K L  K.

As to the Value of K  T ,  which expreflfes the Denfity o f  the Stra
tum or Bed K  L  K   ̂ we iliaJl take only f  r P g  , becauíe we 
ihall fee afterwards, that a Value more compounded, a t / r í - j - ¿ r ? ,  

h r  ̂ i r ‘ ^ (^c, which by the Property of Series may exprefs
1 Curves, would not produce any Variety in the Calculation. 
Therefore multiplying the foregoing Equation by / r ^  g r^  ^

we ihall have
2  c f x  1 2  C6 X r 4 c c i f r 5 \ P

e e

AC a. gr

X
for the Quantity

o f  Attrañion of the Spheroid K  L  K , exerted upon a Corpufcle 
placcd at B,  ̂ ^

?: III.
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I - h  f

93

III. In this Value making r  =  we íhall have
2 c f  e

8 c f e

3 - r P ^ 5 T P

a.

- - h
2 c  g  e

3 - T P  

?CC
whicli will

exprefs the Force of Attraction of the Spheroid B E  exerted upon 
a Corpulcle placed at tJie Pole B.

J  Corpufcle being placed in any Point N  o f the Surface of the foregoing T heorem , 
Spheroid'ñ'Ê  h I  fay it will undergo the fame Aitrañion from this 
Spheroid  ̂ as i f  it Kvere placed at the Pole of a fecond Spheroid re- 
njolving about the. Axe N  O , the fecond Axe being the Radius of a 
Circle equdl in ^Superficies to the Ellipfis F  G i fuppofing this fecond 
Spheroid N  G O F, to.be compofed of the StrataM tn q whofe Den- Fig. 37. 

fities are the fame as thofe o f the Strata K  ¿ L  / of the firfl 
Spheroid.

IV. In the Difcourfe which I communicated to the Royal Society *, 
being then ztl'orneoy printed in xht Philofophicall^ranfa5fionSy I have 
demonflrated this Propofition as to a homogeneous Spheroid j and the 
fame Reafoning will obtain in this Cafe alfo,

To find the Attrañion which the Spheroid "Q e b e exerts upon a Corpufcle Prob. IIL 
placed at any Point N  of the Superficies, Fig- 3̂ -

V . VVe will make, as above, B C  =  ¿*, =  i  +  and alfo
■ e A, and half the Conjugate Diameter of C  N  will be
e cc —  e \ \ whence the Radius of a Circle, equal in Su

perficies to the Ellipfis F  G , will be a mean Proportional between C  E

C N  =  i  
C G - e

and C G, that is to fay, e ~\- e oc e A. Therefore the Spheroid

B E  Í  exerts the fame Attraftion at N ,  as would be exerted at the
Pole of a Spheroid N G  O F , {Fig. 37.) of which the principal Axis
would be N  O  =  2 Í 2 ^^j .and tlie fccond would be to the Prm-^

cipal as I ^  a  —  “  A to I ;

Therefore in the Expreflion o f the Attraition at the Pole, (Art, III.)

we maft' fubftitute f  í  a  iniVead o f and « —

* See. Chap, vli. of this Volume-

JU M IL
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P r o b . IV. 
Pig. 38.

But if/  and g nnifl- no longer be the fame ; for we may eafily per
ceive by the foregoing Thecrrm, that the Denfity muft be the fame 
in thisSperoid N G O F , at the Diftance r -|- r  \ from the Center, 
as it is in the Spheroid B E  ¿ « at the Diftance r. Therefore /

be put inftead of

0/ the Figure of fucb Plamis as revoke ahotU an ^xis, &c.

Thus wc fliall have
2 c f e

I ' Y p
2 eg e

3  “ i“ P

I + ?

- h

I ~ Y p

3  T P  5  - \ - P

I - r ?

“h

3 T ?
- h

2 q —  2 C g  K e

for the Attraflion of the Spheroid B E  ¿ ¿
3 - f f  >̂ 5 

at N.
V I, If we make a =  a, the foregoing Exprcifion will be reduced

2 c f e  
to this —

I - } - p

Ot' \ ' p

2 c f e ' P
CC

5 -\-p 3 - h ?

5
, which expreffes the Attra£tion of the Equator.

V II. I f  we would have the Attradion at any Point M  within the 
Spheroid, in the Expreifion o f the Attraélion at N , we muft put r 
inftead o f e. The Proof of this is plain from the fame Realbns that 
Sir I. Newton makes ufe o f *, to fliew that the Attraétion o f  an el
liptic Orb, at a Point within if, is none at all.

Let K  Xir 77 be a Circle wbofe Center is Y  ; V/V required to find the 
AttraElion wbicb this Circle exerts upon a Corpufcle at N , according 
to the Dire5lion H  Y  *, fuppofmg the Point H , which anfwers per- 
pendicularly below the Point N , to be at a very fmall Difiance frotn 
the Point Y .

VIII, Let there be drawn IT H  tt perpendicular to the Diameter 
R  Y  r, and let the Space R  n  tt be transferred* to tt n  Z , Then the 
Space TT Z  n r will be the only Part o f R  n  r tt, which will attraft 
the Body N according to H  Y ,

•  Prindp, Math, Lib. I. Prop. 91, CW. 3.
T o

i m n r



T o  find the Attraólion of this little Space, we will fuppofe it to be 
divided into the Elements T  / j S, the Atcraftions o f which, according

T m S x C^T s H Y x Q^^x Q^T  ̂
to H Y ,  will be — ---------N T ^ ---------  ̂ Fluent of

2 H  Y  X H  O  T  Z  . , . « . r ^  rr r. i-
w h ich -------- ---------------IS the Attradtion of T Z r S ,  according to

1 • 1 -r ^ r TJ r\ ru n u n  H  x  R X 2 H  YH  Y . In which if we put n  tt for H  we Ihall have

¿ H Y  x n H ' x c

o f  the Figure of fucb Planeis that revolve about an Axisy &c. 9iT

T T P "

or N
for the Attraction required.

IX. It is eafy to perceive, that if, inilead of a Circle, the Curve 
R n r  were an Ellipfis, or any other Curve whofe Axes were but very 
little different from one another, the foregoing Solution would be ilill 
the fame.

To find the Attraction which an Elliptical Spheroid K L . k  exerts upon a P r o b . V .  

Corpufcie placed without it*s Surface at N , according to the Direñion Fig. 39,
C X  perpendicular to C  N.

X . T o  perform this, we will begin by drawing the Diameter C^ay,
which bifefVs the Lines R r  perpendicular to C N  ; and the Ratio of 
C  H  to i l  Y  ftiall be called n. Then efteeming the Ellipfis R  r as a 
Circle, (fee the foregoing Article) we ihall have by the Problem afore

going for it’s Attraction, according to H  Y  ; which

being multiplyed by the Fluxion o f M  i l ,  the Fluent of this will be the 
Atcraftion of the Segment of the Spheroid R M  r.

This Calculation being made, and N  m being fubftituted for N  R,
Q» tt C

we ihall h a v e ------ for the Attradion of the Spheroid in N , accord--
5 ^

ing to the Diredlion C X .

To find the Attra^ion of a Corpufcie N , according to C X ,  towards Prob. Vli 
ElUpfoid B N  E   ̂ compofed of Strata^ the Denftties of which are

* defined by the Equation D  = / r ^

X L  Take the Fluxion o f the Quantity which cxpreffes the

Attraftion o f the homogeneous Ellipfoid K  L  and you will have 

— for the Attrañion o f an infinitely little elliptic O rb j which.

a being

5



I

!
I .1 
ii
'H 
V ,

4

‘tí-

I

f

96 O f (be Figure ofjuch Phm n as revolve about an Axis, &c<s.

being multiplied by the Denfity D, gives

4 + f "  4 + Í -
2 c n f r  2 c g n r  r

the Fluent of which 5-\-pxe^  *
is the Attrañton of

t h e  Spheroid KL/(', according to C X . Therefore the total Attraftion 
of the Spheroid B N E ¿ ^  upon the Corpufclc N , according to the Di-

r I ~\~P ^' i c f n e  , 2 c ^ n e  _
rcftion C X , will be — ------ j—

5 - f - i 5 - - ?

Now if we have regard to the Smalinefs oí the Line Nv, and obferve 
how little the Angle vN  C will differ from a right one, we may perceive 
that the Diameter C N  contains the iame Angle with the perpendicular 
N X  in N, as the. Diameter C  N  with the perpendicular at v, that is to 
fay, that the Angle N C »  is the fame as the Angle C  N  X  ; fy that in-

C X
{lead of n we may take • Wherefore the foregoing ExpreiTioii o f the

IN
Attradlion of the Ellipfoid B E í í , aiVing according to the Direition

I

C  X  upon a Corpufcle placed in N , will be

I + q

2 c f e

5 - r P
X

C X
C N

C X
C N

pROB. V II. TV find the DireElien of the AttraEiton of a Corpufcle N  towards the
Ellipfoid,

4

X II. by the fecond Problem we íhall find the Attraflion o f  the

Spheroid according to C  N  to be
2 c f e ^+P

3 + P
— — ,byexpung.

«

•ng what may be here expunged. Then by taking a fourth propor
tional to thefe three Quantities, the firft of which is the Attraction ac
cording to C N , the fecond is that according to C X , and the third is

the right line C  N  j there will arife'

I

■5 - f p  ' 5 -f-?
r  ̂+ P  f e  ^ l-\-q

3 ± P  ‘ 3 “h ?

x C X  =  C I .

Whence
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Whence we iliall have N I  for the Dircflion required, o f  the Actradlion 
of the Corpufcle N.

XIII. If we fuppofe p =  j  =  that is, if  the Spheroid be homo-

geneous, we fliall have C l ”  —  C X w h i c h  agrees with what M r
5

Siirllng has found, in that curious DiiTcrtation he has publiíhed in the 
Philofophical TravfaEiions  ̂ ut fupra,

X IV . Let us now fuppofe, that the foregoing Spheroid B N E ^ i ,  P a r t  If. 
which is ilill compofed of Beds or Strata o f  different Denfities, revolves ^  
about it’s Axis B^, and that it is now arrived at it's permanent State.
It is plain that the Particles o f the Fluid, which are upon it’s Surface, ing ¡he Figun 
muft gravitate according to a Direction perpendicular to the Curvature of Spheroids, 
B N E ; for without this Condition there could be no JEquilibrhm. «W<y#

W e ihall now inquire, whether the Elliptic Figure we have afcribed 
to our Spheroids can have this Property, and to produce this EfFeit 
what muft be the Relation between the Tim e of Revolution o f the 
Spheriod and the Difference o f it’s Axes.

Let us then put ^ for the centrifugal Force at the Equator, and the

centrifugal Force at N  will be or becaufe 2 P  N

X(X =  C X
By refolving this centrifugal Force according to the Perpendicular

. ^  +  P
» which being added to f"  ̂ ^

2<f cxCh °  5 “h ?

C X  , C X  .  J  , T ,  u  T r  M l  • ,X TTxT ~i-------I----------  ̂ found by Prob. V . will eive the whole
C N  * 5 +  q C N   ̂ ^

Force of the Body N , according to the Diredion C X ,  when the 
Spheroid is converted about it’s Axis. But becaufe this Body, by virtue 
of the Attradion according to C N ,  and the Force according to C X ,  
ought to have a perpendicular Tendency to the Superficies; we íhall

, . ‘ A l  í^xT C Xhave this Analogy, C N. C  X  ; ; ---------------- ------------------  —  x
3 - T P  ‘ 3 '} - ?  2 «  C L

, C X  , 2 C X
T — X ^  i -  ~ Y ^ q   ̂ C Ñ  ■ ^  ^

and C  E  may be aflumed as the fame on this Occafion, it will be

,  S c ^ e ^ ~ ^ ^ a ,

3 ~f~'pX5 ~jrP 3 ~t~?^5 ~r?

V O L. V III. Fart I  O  And
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to C N , we ihall have ; which being added to
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<Tb, SpherM And as in this Value of the centrifugal Force, no Quantity enters
being fuppofed what will agree to any Point N ;  we may therefore conclude, that 

V/ when our fuppofed elliptical Sphei'oid performs it’s Rotation in a proper 
f l i r L .  Time, fo that the centrifugal Force at the Equator may be as before; 
finiicularly to then the centrifugal Force in any other Place N  will be fuch as it ought 
iCi ûrfact. J.Q caufe Bodies to gravitate in a perpendicular Dire<5tion to the

Surface. , r 1 • r
^  X V . If we now confider, that E  D being taken for the centrifugal
fiUbTorLity Force in E, then will M  N  exprefs the centrifugal Force in N , and 
at am Place on conlcquently M I  will be fu c h  a Parc of this Force as a¿ls according.
t})( spheroid, 

ffig. 40 to N  C V v/e ifiall have
r I + Pc f e  A.

to be fubtraiSled
í t p ^ d ' T P

ftom the Attraftion at N. Hence
3 - t P 3 T J > ^ 5 - j r P

I -4-y

' 3 - f f ^ 5 -|-? ‘ 3 i ~ p  
will be the Gravity at N.

h
SCga- e

UseGra'̂ Ujai X V I. In this Value making A =  a, we ihall have >. ^
the Equator, ^ i ^

2 p “* _r  ̂“4” P I "4“ Q — — —2cf<x,e  ̂ t c ^ e  — 2cg(x.-e
---------------------

3 ~ \-p x5 -\-p
Gravity at the Equator.

J 1- 2 X 5 T Í
for the

X V II. If we fubtraft the Value of the Gravity in N  from the 
Value of the Attra¿lion or Gravity at the Pole, (Art. HI.) we íhall

have
1 0 —  2 p c f x e ^ 10 —  2 q c g x e

:— . But ¡C is eafy to 
- .  ̂ - 3 i - ? X 5 + *?

perceive, that a is proportional to the Square o f  the Sine o f the 
Arc P M , or o f the Complement o f the Latitude. Whence we may 
therefore conclude,, that the Diminution o f  the Gravity from the 
Pole to the Equator is proportional to the Square o f  the Cofine of the 
Latitude j or, which is the fame thing, that the Augmentation of Gravity 

from the Equator to the Pole is as the Square of the Sine of the Latitude^ as
Sir /. Newton has demonilrated in his Hypothefis of a homoo-enous 
Spheroid. ^

X y i l l .  From the following Calculation it is eafy to conclude, that 
Sir s Theorem*, which is this, that the G/^avitj in' any Place wsthiff

priSt Mai^ Lib. 3. Prop. 20-



is reciprocally as the Diftance from the Centre  ̂ cannot obtain here. For 
we may fee by the foregoing ExprciTion, that the Gravity in N  cannot 
b e  t o  the Gravity in P as i to i - ¡-a ,  except v-hen/) — whi ch 
happens only in Sir Ifaac*% homogeneous Spheroid.

Ic was for want of confidering,. that this Theorem was demonftrated 
by Sir IĴ ac only in the Cafe of his homogeneous Spheroid, that feveral 
Geometricians have too haftily concluded, this Theorem might be 
a p p l ie d  to determine the R^tio of the Earth’s Axes, and the Lengths of 
the Pendulum obferved in two Places of difFerenc Latitudes. Dr Gregory 
is one of thofe who have fallen into this Miftake*, And in the Phihf.
^ranfa^. i" it is concluded, from the Proportion of Gravity at JarAaica 
to that at London  ̂ that the Diameter of the Equator muft exceed the 
Earth’s Axis by i^ th  Part, which Computation was founded on this 
20th Prop. Lib. III. o f  Sir Ifaac*s Principia^ which is true only of 
his Spheroid.
■ X IX . Let us now fuppofe, that the centrifugal Force at the Equator n>e Manner of 
is known by obfervation, as alfo within the Earth, y<r. and that it the Axes

of the Spheroid,
certain Part —  o f the Gravity by Articles X I V ,  and X V I , we ihall

/¿̂ Strata being
 ̂ I 4-  ̂  ̂  ̂ I *4"  ̂ at plcA-

^ . 2 c f e  , z p  —  z c f e  « 2 c g e
have this Equation; . , ¿---- ^   ̂ znrz—
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- j —I, Q I Q I Q
2 q  —  2 C g e  X S c f m e  a  S c m g e  a

S - T P ^ S T P
From

hence it will be eafy to derive the Value o f  a, becaufe f^gyp,  will 
be given, from the Hypothefis that will be chofen, for the Variation of 
the Denilty in the internal Parts of the Spheroid.

X X . And if on the contrary a be given, that is, if we know by 
Obfervation the Ratio of the Axes of the Planet concerned ; then by the 
foregoing Equation wc may perceive, whether we have aflumed an 
agreeable Hypothefis for the Variation of the Denfities: But we cannot 
precifely determine what this Hypothefis muft be, becaufe there is but 
one Equation, in which 4 indeterminate Quantities / , ^, />, j ,  are in
volved. And indeed there might be many more than 4 indeterminate 
Quantities, if we fliould alTume more than two Terms in the general
Equation o f the Denfities D 

X X L  In order to apply the foregoing Theory to the Earth, it might 
feem at firfl Sight, that by the AfTiftance of Obfervations made for 
meafuring the Length o f the Pendulum, we might have other Equations, 
which with the foregoing Equation A , would determine the Coefficients 
and Exponents now mentioned *, but we fliall foon fee the Impoifibility

* Elem. Aftron. Lib. 3. Síéí. 8. Prop. 52. Sec Chap. I IL  ofthisVoI.

O  2 of
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of this upon two Accounts: Firft, There need be only two Obferva- 
tions, as to what concerns the Length o f  the Pendulum. For becaufe 
by Art. X VII. the Augmentation of the Gravity from the Equator to. 
the Pole is proportional to the Square of the Sine of the Latitude, two 
Obiervations as much determine the Problem as an infinite Number can 
do : So that we could have but one other Equation befidcs the foregoing. 
Tiiis Equation will be

5 — ? / “

(B)
P— P H + P X 5 + P  3 " P g X 5 -i-?

i I g x

-\-p^5~\-p 3 -f-?  3 -\-q x5 'T i
'I'he firft Member of this Equation exprefles the Gravity at the 

Equator fubtrafted from that at the Pole, and divided by that at the 
Equator; a Quantity which may be known in Numbers, by deter
mining the Length of the Pendulum at two different Latitudes. The
other Member of the Equation is an Exprefiion of the fame Quantity,,
as it is deduced by the preceding Calculus.

Secondly, This new Equation B cannot be o f any Service in deter
mining the Coefficients and Exponents/, j ' , £ i ? f .  For we ihalL

P i>
now ihew, that- the foregoing R a t i o h a s  fuch an immediate Con

nexion with a, that one of them being determined, the other will 
neceflarily be fo too, independently o f the Values o f 
Tills may defcrve our Attention, and the Proof is thus:

X X II. Becaufe the Ratio of the Gravity to the Centrifugal Force 
is very great, and is exprelTcd by w, in the Equation A  we may reje£t 
the third and fourth Term s; by which means the Equation will be.

reduced to this, '
4

S T P ^ S - f - p  3
And if from this Equation we deduce, the Value either o f/ o r  jf, and 
fubftitute it in the Equation B ; (having firft rejeñed the firft and 
fourth Terms of the Denominator, as in this Cafe may be done) we 
lhall have after the Calculation is made, whatever is the Number of

„   ̂ Terms in the Equation of the Denfities, -  ------- — ---- a, or ^
nsTigurtof ^ Í  4» ; "
tb t Spheroid

~  putting 288 forw, as has been long known. It is
tation o f  C ra- ^
miti from  the “  r  t

t9 thi eaiuy



 ̂ Po/f nvill bt
A  _________ ^  k n o i v n  a l f o \

cafily fccn from this Equation, that when it is determined, ----- - will w /o  vict
P  vcrfa.

be fo too, which ŵ as the thing propofed to be proved.
X X III. But from this Equation there follows a very fingular 

Propofition, and which, in fome fort, is contrary to the Sentiments o f 
Sir /. Newton’*̂  that i f  by Ohfervation it fúall he difcovered  ̂ that the 
Earth is flatter than according to the Spheroid of Sir Ifaac, that iŝ  if  the 
Diameter of the Equator exceeds the Axis by more than the Part  ̂ the 
Gravity w ill increafe lefs from the Equator towards the Polê  than accord- 
ingto tbe livable which hi has given for bis Spheroid \ Prop. X X . of the 3d 
Book. And on the contrary^ i f  the Spheroid is not fo flat,, the Gravity 
will increafe more from the Equator towards tbe Pole.

X X IV . 'T is thus that Sir /. Newton cxprefTes himfclf about ir, 
when he relates the Experiments made towards the South, concerning 
the Diminution o f  Gravity,, which Experiments make ic greater than 
his Theory requircsf. H e affirms, that the Earth is denfer towards 
the Centre than at the Superficies, and more deprefied than his Spheroid 
requires. But by the foregoing Theory we may eafily perceive, that if 
iheDjnfity o f the Earth diminifhes from the Centre towards the Super
ficies, the Dimunition of Gravity from the Pole towards the Equator 
will be greater than according to Sir If̂ aĉ % T a b le ; but at the fame 
time the Earth will be not fo much deprcíTed as his Spheroid requires, 
inftead of being more fo, as he affirms. Y et I would not by any means 
be undcrilood to decide againfl Sir lfaac*s Determination, becaufe I 
cannot be aíTüred of his Meaning, when he tells us, that the Dcnfity of 
the Earth diminifhes from the Centre towards the Circumference. He 
does not explain this, and perhaps inftead o f the Earth’s being compofed 
of parallel Beds or Strata^. it*S Parts may be conceived to be otherwife 
arranged and difpofcd, fo as that the Propofition of Sir Ifaac ihall be 
agreeable to the Truth.

X X V . As to Dr Gregorŷ  who has attempted to comment upon this 
Pafiage o f Sir Jfaaĉ  I think I have demonífrated, that he has commit
ted a Paralo^ifm. He fays [| that if  the Earth is denfer cowards the 
Centre, or if (for Example) it has a Nucleus o f greater Weight than 
the other Parts, the Diminution of Gravity from the Pole towards the 
Equator ihall be greater than i f  the whole were of the dime Denficy ; 
and in this he is right. But he is in the wrong (I think) immediately 
to conclude from thence, that the Earth has a greater l-'latnefs. Whencc 
can he conclude this? It can be only from that Propofition of Sir Ifaac

* PrtHdp. liiath. Ed. 3. p. 430. ^ 'E f  e.xceffus longitudinii Piftduli Vañjlenjtt fupra
hn^itudinei Pendulorum if^chronorum in his latitudinibus ob/ervataSf funt faulo majorti quam 
pft tabula longitudinum Penduli /upcrius r amputat a. E t proptirta Terra aliquanto altior efl 
ftih a^guatore, quam pro/upetiore^ calcuU  ̂ denjior ad ar.trum ouam in fodinti prope fuper*

|j Elem, AJtroji, L ib . 3. 8. Prop. 52. Scho!.

o f  tbe Figure of fuch 'Planets that revoke about an Axis, See. ¡ o i
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which informs us, that Gravity is in a reciprocal Ratio of the Diilances; 
becaufe he gave us the Propofition but the Page before, as a Method 
for determining the Figure of the Earth. But we are not allowed to 
make yfe of this Propofition in chis Cafe, becaufe it has been fliewn, 
Art. X V III. that it can take Place only on the Suppofuion of a homo
geneous Spheroid. Therefore,

X K V I. It will not be very difficult, without any Regard had to the 
foregoing Theory, to find the Ratio of the Axes of a Spheroid, which 
wc may fuppofe to have a Nucleus at the Centre, of greater Denfity 
than the reft of the Planet j and hence we ihall be eafily affurcd of 
Dr Gregory*s Miftake.

X X V II. Setting afide all Attradion o f the Parts of Matter, if the 
Aftion of Gravity is direéled towards a Centre, and is in the reciprocal 
Ratio of the Squares of the Diftances, the Ratio of the Axes o f the 
Spheroid will then be that of 576 to 577 : And the Gravity at the Pole, 
is greater than at the Equator by x̂̂ th Part, or thereabouts. Which 
may be a Confirmation of what is here advanced, efpecially to fuch as 
will not be at the Pains of going through the foregoing Calculations, 
r'or we may confider the Spheroid now mentioned, in which Gravity 
ads in a reciprocal Ratio of the Squares of the Diftances, as compofed 
o f Matter of fuch Rarity, in refpeft of that at the Centre, that the 
Gravity is produced only by the Attraftion o f the Centre or Nucleus.

X X V III. In the foregoing Calculations, in order to find the Axes 
of our Spheroids, and to know whether their Figure makes a fenfible 
Approach to that of the conical Ellipfis, we have had Recourfe to this 
Principle, that Gravity ought always to ait in a Diredtion perpendicular 
to the Surface. Tw o Reafons have prevailed with us to make ufe of 
tills Principle rather than the other, which confifts in the Equilibrium 
o f the Columns. The firil is, becaufe the Calculations founded thereon 
are more fimple. I'he fecond is, that confidering the ftate o f the adual 
Solidity of the Earth, it iliould feem as if this Principle were the more 
indifpenfably neceíTary, However, becaufe Sir I. Newton  ̂ and all 
the other Philofophers, who have treated about the Figure o f the 
Earth, have taken it, as it were, at it’s firft Formation, at which Time 
they fuppofe it to have been fluid; we ihall here make the fame 
Suppofition, and we iliall aíTume no other Ratio for that of the two 
Axes, than that of the Spheroid, which refults from a Coincidence of 
thefe two Principles.

We ihall. begin by inquiring what is the entire W eight o f any 
Column C N. T o  do this we muft refume the Exprefiion of the 
Attraftion in any Point M  o f the Column C N j  then multiply it by

D e n f i t y a n d  afterwards we muft find

2 the
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the Fluent. Thus we ihall have
2 +  2P

-i-

i - f p x 2 - \ r p  

2 +  Í  +  ?

-f-
4  f / *  «  Í  '

r +

2 - f -p-}rq^3 - t P  ‘

 ̂ 4 - C g * a, S c f  g a e____________

P P 7  X P F 7  X 5 r ^ F T T i  X T - F 7

2  - j -  p  -4 -  ^

8 c / g  a e
—  r

2 +  2 /»

3 - p p  X ¿ -f-j>

i -
4 T  2 q c j \ e

' h
8 - t ~ 4 g

q x s i r i  ‘

2 —̂  q. - 2 p a

2 i = 7 + i  X X

for the total Gravity o f any Column

€ N ,  having Regard only to the Attraftion.

X X IX . I f  in this Expreffion we make a = í?, we ihall have the 
Gravity.of the Column at the Pole.

X X X . And if  we make A =  a, we fhall have the Aggregate o f the 
Attraftions of the Column at the Equator.

X X X I. Now becaufe the Column C N  is in ^Equilibrio with the 
Column C B  i it follows from thence, that if  we fubtraft the Weight of the 
Column ,C B, from the Aggregate o f the Attractions o f the Column C  N , 
the Refidue muft be equal to the Sum o f  the centrifugal Forces o f the 
Column C  N. Now to endue our Spheroids with this Property, we will 
rcfume the ExpreiTxon of the centrifugal Force in E , which we found .

Art. X IV . which wiU give
.  ( I  L i t

r *c f e 2 c g  e^

? X 5 - j-?t P ^ 5 ± P  - 0
for that Part of the centrifugal Force which adls according to C M ,  
in any Place M , by expunging the Terms in which « a. would be found.
This Value being multiplyed by r, and by the Denfity, will give

(when we have taken the Fluent)
i c f

5 ± P ‘

^ ¡ p í n .
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i + p  +  1^
8 c f , z  e

-  for the Sum o f the centrifugal Forces

of the Column C N , flill expunging thofe Terms in which either a 
or A A are found.

■ i /*2  ̂ 2 P

Then malcing this Exprefllon equal to  ̂ ^  ^ ^

8
----- - 2 +  * +  q
i r p c f g e  A 8

5 - t  f  2 X 3 - j - j  X 5 - j - j

0

which is the Difference o f  the Weight

of the Column at the Pole C B, from the Sum of the Attrailions of the

P P f  f
Column C N, we ihall have the Equation

+
3 +;> X 5+/> X 2 + Í

_____________ ___  Í  i  s  s

+
2 + />  +  ?  X 3 +  f  X 5 - f - i  X 2 +;>

=  0, where we have put e =  i ,  for
l - t ' f X 2 - i - jX 3-t-yX5 -|-y

the greater Simplicity of Calculation.
Dettrminaiion X X X II. This Equation informs us, that when out o f all the infinite

fupplyed by the Equation o f the Denfitics
ihefriK¡fU(>/Ti=fr -\ ~ g r ^ -\ -h r , &?f. we ihall have taken at Pleafure all the

and all the Exponents, one only excepted ; if  this laft is 
Columni, and the Others, that it may fulfil the Conditions of the
thatofGra- ‘ofcgomg Equation, the Spheroid, being foppofed in a State o f  Fluidity, 
vity ftrfenJi. 'n\Wht in MquiUbrio, becaufe it will unite as well the Principle of a
‘tr fJ c / t  Tendency to the Surface, as that of an Equipoife of the
J .u : Z ,h  î ''<=ral Columns.  ̂ ^
iMh othtr. XXXIII. Before I conclude this Paper, I fliall make a few Re

flexions on the Principles we have now made ufe of, for determining
the r  igure of a Spheroid revolving about it’s Axe.

The firft Principle which, after M r Huygenŝ  we have had Recourfe 
to, an w 10 confifts in making Bodies gravitate perpendicularly

to

DtrtO"
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to the Surfacc, feems to me of abfolutc NcceiTity. For if  there were 
never fo little Water upon the Surface of the Earth, it could not be at 
Reft, if it a Tendency any how inclined to the Surflice.

The fecond Principle made ufe o f by Sir /. Newton  ̂ and which 
confiih in an Equilibrium o f the Columns C E , C  N , C P ,  could be 
thout’ ht necclfary (I think) only for thefe two Reafons : T he firil is 
that which is ufually aíTigned, that at the firft Formation of the Earth,
¡t was probably in a Stare of perfeft Fluidity 5 in which cafe it muft 
acquire fuch a Figure, as will refult from the Equilibrium of the Co
lumns, and from the Gravitation aéling perpendicularly to the Surface.
Indeed though this Reafon has a Degree of Plaufibility, yet there are 
many who think it to be o f  fmaii Force. Perhaps, fay they, the 
Earth has never been in this fluid Condition.

The fecond Reafon, which I believe will have a greater Weight with 
every Body is this. Confidering the Earth as it is at prefent, and 
w i t h o u t  carrying our Thoughts ib far back as to it’s Formation, if the 
Ocean, which is now upon it’s Surface, has any confiderable Depth, 
and if it’s Parts preferve a Communication with each other, from Re
gion to Region, by fubterraneous Canals ; it can only keep an Equili
brium by this Means, becaufe it’s Superficies is the iiime as it would 
have, were the whole a Fluid.

X X X IV , This fecond Reafon has fuggefted a Reflexion to my Mind, 
concerning the Equipoife o f the Columns now calculated, Art. X X X I. 
and X X X II. Let us firft fuppofe, that the Earth is our fluid Sphe
roid, compofed o f Beds o f different Denfities •, and that afterwards this 
Fluid hardens into a Solid, fo that the different Beds or Strata  ̂ of 
which it is made up, are o f no other Ufe but to caufe a Gravity by 
their Attraftions. Then let us fuppofe, that the Seas and great W a
ters about the Earth have a Communication with each other, by means 
of fome fubterraneous Canals. As the Waters of the Sea, which unite 
with one another, are probably homogeneous, the foregoing Calcula
tion, wherein we have confidered the Spheroid as a Fluid, can no lon
ger take Place, becaufe we have there fuppofed, that the Fluid con
tained in the Canal B C N  is o f a Denfity, that varies from the Center 
to the Circumference. From henee it feems to me, we muft under
take the Computation of the Equilibrium o f the Columns after ano
ther Manner, thus ;

W e muft. eximine whether two Canals, as C N  and B C, which are 
filled with a homogeneous Fluid, will be /;/ Mqiiilibrio^ all the other 
Parts of the Spheroid continuing as above,

X X X V . T o  do this, we will begin with fixidingthe Gravity of any 
Column C  N , arifingfrom Attradion alone. Firft, then, we muft re- Fig. 41? 
fume the Expreifion of the Attraftion in any Point M , Art. VII.
Then we muft: multiply it by r - ¡ - A r ,  which will give

V O L  V I I I .  Part i. %cfr

t a
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2 c f  r 8 - t - 4 p i / A r % c f a. r T P

Ó 'P ^5

+

I T  f  • 
i c g r  r

3 i - ?
y f .  And taking the Fluent of this Q^iantity, we

ihall have 2 c f  e i P

3 - ' r p x  2 - ± p  } 3 - j - p  X 5
2 -4- p

c f  a e

p x s - \ - p x
vity of the whole Column C N.

X X X V I . If in this Value we make a =  í?, we fliall have the Gra
vity of the Column at the Pole.

X X X V IL  And if we fubtrafl the Gravity of the Column at the 
Pole from the whole Sum of the Attra6lions o f the Column C  N, we

ihall have
T P 4

2 -
____  ____ _ — 5̂ which muft be equal
3 ‘T f X 5 i r P  * 3 + q x 5 - t q  

to the Sum of the centrifugal Forces of the Column C  N , in order 
that the Columns C B  and C N  may be in  M qxúiibriQ ,

But we ihall find this really to obtain, if  we refume the Quantity

% c f  e 
%*

% c g  e r  ? r

T - p X f T / ’ ‘ 3 T ? ^ 5 - r ?  h
which exprt íTes (Art,

X X X I.) that Parr of the centrifugal Force in M , which afls accord
ing to C M , Then multiplying this Expreillon by r, and fceking the

r 2̂. p
Fluent, we fliall h a v e ^ for the

P ^ 5 T P  3 T ? X 5 i - ?
Aggregate o f the centrifugal Forces of the Column C N. And this be
ing the fame as the foregoing, ihews, that the Columns C B and C N 
are in Mqtdlibrio^ fuppofing them to be liomogeneous ; nor are we 
here obliged, as in Arc. X X X II. where we confider them as hetero
geneous, to fuppofc the Coefficients f  &c. to have any certain Re
lation among one another.

X X X y i l l .  Perhaps it may be urged, that the foregoing Calculus 
agrees only to a Canal, asB C N , which paiTcs through the Center; 
and that we ought to prove, in the fame Manner, that the Water in-

2 eluded
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clutled in any other Canal p q̂ r would obferve an JEquilibrium. But 
it appears to me, that this Property may be derived from the fprmtr ;
For It follows from the foregoing CilcTulation, that if we might be al
lowed to make this Hypothefis, 7̂2:. That independently oi the A t- 
trailion of any Matter, the Gravity at any Diflance C N  from the

-  I -I- 
z c f  e ‘ ^

3 T P
Center (See 7vi-.4i.) would be proportional to

________________________  I  p 1  “  ^

. -  U > —   ̂ -------1- . is’t . k  is plain
' 3 - h  ^  5 - f -7  ' ̂  .5 ' h  f

from thence, that a Mnfs o f \hc honiogencous Fluid, which iliould 
turn about the Axis C B, would aiiume the liime Form as that of our 
heterogeneous Fluids. But if this Spheroid iliould then put on a fixed 
State, except only fome Canal p q r, the Water in this Canal would be 
in /Equilibrio \ for without this, the Spheroid could not be efteemed 
as having Arrived to it’s fi>:cd State. But this Suppofiton comes to the 
f.ime as that of our heterogeneous Spheroid, compofed of elliptical Beds, 
in which fliould be found a Can.d p q r of a homogeneous Fluid ; pro
vided that the Space, which this Canal poirefTes in the Globe, be not 
of fo large an Extent, as to change the Law o f Attraélion.

The only three Planets, in v/iiich we can be affured o f Gravitation, 
and the centrifugal Force, are the Sun, Jupiter and the Earth. As to 
the Sun, the centrifugal Force is there fo fmall, in refpedl o f it*s Gra
vity, that his Poles muft be very little depreiicd, fo that we cannot 
be fcnfible of it by Obfervation. Then as to Jupiter, Obfervations 
make him fomething lefs fiat than according to Sir I. Newton \ that 
is to fay, than if he were compofed of .Matter ô  an uniform Den- 
fity. Therefore by the foregoing Theory,^he muít be a little more 
denfe towards the Center, than at the Parts near tho Superficies. We 
might make a thoufand Hypothefes about the Manner of diilributing 
the Inequality of Denfity, proceeding from the Center towards the 
Circumference, which would all agree with the Figure obfervcd, and 
which are very eafy to calculate by the Principles here laid down.

As to what concerns the Earth, I íhall wait till wc receive the Ob- 
fervations which muft have been lately made in Peru fJiat by compa
ring thofe with what Obfervations we have made under the arftick Cncle, 
and with thofe of M r Picnrt in France  ̂ we may liave the true Diffe
rence of the Earth’s Diameters at the Equator and at the Poles. Then 
our Theory may be applied, to determine whether the Eardi is more or 
Icfs denfe at the central Parts than at the Surface, or whether it be 
every-where of an uniform Denfity, as it ought to be, if (without ad- I
mitting very grofs Errors in the Obfervations) it may be concluded, 
that the Earth is really the Spheroid o f Sir /. Newioji j and this Cafe 
would be the fimpleft and the moft natural of all,

p  2 I am



jo8  O f the Figure of fucb Planets as revolve about an Axis, &c.

I am here obliged to acknowledge, that if  the Obfervations we have 
made in the North may be relied upon, and if we muft admit as in- 
conteftible as well the Meafure of a Degree as the Length o f the Pen.

I dulum, the foregoing Theory could not be reconciled to the Pbicnô
 ̂ nomenl For it follows from our Obfervations, that the Diameter of

the Equator muft exceed the Earth’s Axis by more than ^  Part: 
And that the Gravity at the Pole muft be greater than that at the E- 
quator by more than P̂ ^̂ t likewife; which will by no means agree 
with what we have deduced in Art. X X IIÍ. 

j As to what concerns the Meafure of Gravity in Lapland  ̂ as being
: not fo liable to Error as the meafuring a Degree ; the Earth may be
I not quite fo flat as Sir Jfaa^s Spheroid requires. By the Table of the
 ̂ length of the Pendulum, exhibited in the Treatife concerning the

Figure of the Earth, publiihed this Year by M. de Maupertuis, and by 
I  Arc. XXII. of the prcfent Difcourfe, the Earth may be more elevated
¡ at the Equator than at the Pole by the ^  Part, or thereabouts. After
.} the true Quantity of the Earth’s Flatnefs fhall be fully fettled, if it
 ̂ fhould be found to have this Figure, I ihould be apt to think it is a
: little more denfc at the Center than towards the Superficies. But if, on
; the contrary, we ihould be well afcertained, that the Earth is raifed liighcr
; at the Equator than at the Pole, by above the “  Part •, and if, for any

fufficient Reafon, we may fomething iliorten the Length of the Pendu
li lum that beats Seconds in the North ; there would be fome Grounds

to allow, that the Earth is rot fo denfe at the central Regions as at 
thofe near the Sur-face. But if it (hall happen, that we can neither di- 
miniili the Length of the Pendulum, nor the Excefs o f the Equatorial 
Diameter above the Axe, I muft then give up my Hypothefis. 

O/aCurvt X. The Diameter B A  of the Semicircle B M  A , touching the Cir-
(atUdfrom ŝ cumfercnce in the Point B, fo as always to pafs over the Point A , will 
ámác\%  ̂ generate the Curve in queftion. From the Genefis it appears,
Joannes Ca- X- That D A  perpendicular to A  B is equal to double the Dia-
ihilioneus. meter.

Periphery of this Curve A  D N  « N  A  v/ill termi-
A .

pig, 43,4,, this Curve, from it’s Figure, a Cardiolde.
M. Now through a and A  draw a I',, A  Q i  perpendicular to a A ;

and E N  perpendicular to n E. It follows from the Gê if/ts, that A  N =  
^ i t  (^y the Similitude of the Triangles Q A  N , M  B A)
A B M  ±  M P, and N  Q_= M  A  A  P.

1 his is the chief Property of our Curve, and there is another, which 
IS no unpleafant one, that the right Line N  N is always equal to 
double the Diameter, and is always bifefted by the Circle in M.

Now let B A  =  a a E = x ,  E  N  =  j ,  then Q^N =  I j l j  -+• 2 ‘t>

A  N  =  /  ,v‘ -j- «  4 ^ 7  4- 4 a‘ y and M  A  =  Z f  a +_
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1C9O f a Curve called a Cardioide

1 %̂  -L V*_4 -f- which 4 Lines being compared by Analogy,
aive the Equation to the Curve,

3 +  2 X ^ /  — 6 ^  +  1 = 0
y (>ay ^  —  8 - f  3 j

T h e  S u b ta n g e n t o f the Curve, according to the common Methods, 
is, 2 / -  —  9  ̂ 2 /  ~ 3  J  4 ^

^  .V J  ■—  2
But a more eafy Method o f drawing the Tangent may be deduced 

from the Generation of the Curve. Let M  A  N  come into the nearcft 
Place to the fir ft; m K  ;/, take A  R =  A  M , and A  r =: A N ,  and 
having joined M  R , N  r, draw through A  the Right Line A  T  pa
rallel to them, and through M  w, N  «, the Right Lines M  T ,  n t.
Now n K \  h .t  \ \ n r  (or R j  : r  N  : : ?« R  x M  A  : r N  x A  iVI 
: ; w  R  X M  A  : M  R X A  N  : : M  A  x A  »; : A  N  x A  T ,  but in 
the laft Ralio m A  == M  A , and T  A  perpendicular to M  N , where
fore w A  : A  / : : M A* : A  N  X A T  V now if  from M  be drawn 
through the Center of the Circle F, the Right Line M  F, to be pro
duced till it meets the Right Line produced alfo in G  ; that is, to the 
Periphery of the Circle, then M A ^  =  T A x A G ;  wlierefore n A  
A  T  : : A  G  : A  N  ; therefore let a Semicircle be defcribed through 
G and N , which will cut the Right Line A T  in /, from which the 
Right Line / N  being drawn, will be a Tangent to the Curve, to which 
alfo the Right Line N G  is perpendicular ; from hence let M O  
be joined, to which draw a parallel from N  touching the Curve.

Here let us obferve by the way, that this Method of drawing Tan
gents agrees with moil Curves.

Let A  B be a Conchoide of Nicomcdes: then, fuppofing the former Fig- 43. 
Preparation, B P : P / ; : B R  ( o r £ : r ) : R / ' : : f r x C P : R ¿
X C P f or r C  X P R ) ; :  C  P* ; T  P  x P  R , whence the former 
ConftrucUon is deduced.

Let a Right Line of a given Length C  P B, touching the Right 44- 
Line C D T  perpendicular to D  A , at the Point C, always pafs over 
a given Point P  in D  A , and fo generate the Curve A  B.

If  you apply the former Preparation and Reafoning to this, you will 
have B P ; F /  : : R (r 0  : R B : : O '  X C  P ; R  & X C P  ( B P
X r C; : ; C  P “ : B P x P  T ,  as before.

But the Method de t?  minimis gives the greatcft Ordinate
ca a

=  and it’s Abfcifs rr —  "3 , In the fame Manner the great*

eft Abfcifs might be inveftigated ; but this would be tedious ; there
fore feek it thus.

Bccaufe E  N is a Tangent to the Curve, the R ight Line M  G  Fig. 4:; 
drawn trom the Point M  thro* the Center F  determines the Point G ,

from
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n o y? Rule for finding the meridional Parts, &c.
from which G N  being drawn is perpendicular to E  N , therefore alfo 
to A  <7, by the Plypothefis, but N  A  V  =  M  A  +  A  P  ; there- 
iore V  P =  M  A  •, but B A  ; A M : ; M  A  : A  P  ; therefore B A  :
P  V  :  :  V  P : P  A  ; b u t  P F  =  F  V  =  —  2  z  and therefore a  ;  a

a
2  Z a

a

J  Rule for 
firJing the me- 
Tidional Parts 
to atj\ Sphe- 
rñai •tvtib the 
feme Exa¿l’

•

í.nryS as in a 
Sfhre, by 
Colin Mac
i,3urin, F. R.
S. Qotninunt' 
eated h\ An
drew Aíitche!» 
E/r̂  F R.S. 
]S;o. 4 6 1 .  p. 
808.
&c. 1741.

s. Hence is eafily deduced z  =  “  E  N  =

A  Q  =  V ^ ricre we mu!l obfervc, tliat the fame Point
4* * 4

M , which afrords in the Right I.ine N  A  M  N  the Point c f  the 
greater Ordinate, affords alfo the Point of the greater Abfcifs.

XI. It was demonflratcd long ago, that in a Sphere the Nautical 
Meridian I.ine is a Scale of logarithmic Tangents of the half Com- 
plements of the Latitudes. The fame may be computed with no lefs 
Exa6tnefs to any Spheroid by the following Rule.

Let the Semidiameter of the Equator be to tiie Diflance o f the Fo- 
cus of the generating Ellipfe from the Center as m to i. Let A  re- 
prefent the Latitude for which the meridional Parts are required, s 
the Sine of this Latitude, the Radius being U n it ; find the A rk  B,

whofc Sine is —  ; take the logarithmic 'i'ang;:nt o f half the Compié-?/?

ment of B from the common Tables ; fubtraót this logarithmic Tan
gent from 10.000000, or the logarithmic Tangent of 45^ *, multiply

79^57044^7^97^
the Remainder by — - —̂ , (¿c» and the Produft fubtraded

m
from the meridional Parts in the Sphere, computed in the ufual man
ner for the Latitude A , will give the meridional Parts exprefled in 
Minutes for the fame Latitude in the Spheroid, provided it is oblate. 
When the Spheroid is oblong, the Difference of the meridional Parts 
in the Sphere and Spheroid for the fame Latitude, is then determined 
by a circular Ark ; but it is not neceflary to defcribe this Cafe at pre
fen t.

Example : I f  m m : i ::  looo : 22. then the greateft Difference of 
the meridional Parts in the Sphere and Spheroid is 76.0929 Minutes; 
In other Cafes it is found by multiplying the Remainder abovemen
tioned by 1 174.078.

*1

C H A P .
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O f  the Combination o f the Tranfparent L e n s ' & c c . 1 1 1

C H A P .  II.

O P  T  I  C K  S.

I. T F  two l.ens's o f  equal focal Length be put together in the Form ^ Vropofithn 
1  o f a Tclefcope, and a Plane Speculum be placed before one o f relating to the 

them, fo that the Axis of the Telelcope make any Angle with it’s 
Surface, and a Ray of Light (the Line o f whofe Direélion lies in a 
Plane perpendicular to that Surface, and paiTuig through the Axis of Rfpáhg 
the TelefcopeJ fall on it, and be reficfted from it, fo as to pafs thro’ Pî »es. By 
the Tclcfcope ; then the Line of it’s laft Direftion, after paifing the 
Teiefcope, will make an Angle with that o f it’s firft Direflion, before 
ii*s Incidence on the Spcculum, very nearly equal to double the Angle „/«/,^/3^9* 
made between the Axis of the Teiefcope, and the Surface o f  the Spe- »734- No. 
culum. , 44o-p-*8S'

Let the Line f  G  be the common Axis o f the two Lens’s I D  and 
K  E, of equal focal Lengths; to which Jet the Lines A  D , D B and
B E, be eiKh equal; and let a Ray of Light, iíTuing from a Point in Fig. 4;.'
the Axis t ,  fall on the Lens I D  at I, and be there refracted into the 
Line I G, cutting the Axis in G , and meeting the Lens K  E  in K, 
where let the Ray be again refraded into the I.ine K H , cutting the 
aforcfaid Axis in H  ; 1 he Angles I F  D and K H  E are very nearly 
equal.

It is known from Dioptricks, that the JL.incs F  I, I G ,  K  H , and Demonftra- 
F G, are all in the fame Plane ; and by the Conftruélion the Lines tion.
A  D, D B, and B E are equal ; and by Prop. 20 of Huygenŝ  ̂ D/op-
trickSy the Lines F A ,  F  D, and F  G  are continually proportional ; 
and confcquently F  A  : A  D : : F  D  : D G, and dividing, F  A  : A D 
: :  F D  —  F A  ( = A D )  : D G  —  A D  ( =  B G. ) Therefore 
A  D : B G : : F  D  : D G. By the fame Propojition  ̂ the Lines B G ,
E G, and H  G are alio continually proportional, and B E  ( =  A D )

^  • E  H  : E  G. Hence it follows, that the Lines F  D, D  G ,
E H ,  E G ,  are Proportionals. But as F  D is to D G, fo is the T an
gent oi the Angle I G  D or K  G E  to the Tangent of the Angle 
I F D ; and as E  H  is to E  G, fo is the Tangent uf the Angle K G  E
10 the Tangent of the Angle K  H  E. The Tangent o f the Angle 
K G E  therefore has the fame Proportion to the Tangents o f  each of
the Angles I t  D and K  H  E , and confequenily thole Anules are 
equal, E. D . ^ / b

N. B. In the Dcmonftration o f the above-cited Prop, o f Huygenŝ
^ e Thicknefs of the Lens’s are ncgleitc'd, and the Diftance o f the 
Points I and K , from the Line F  G , fuppofcd very fm all; fo that if

cither
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cither of thofc are too great, there may arifc a fciifible Diilcrencc be
tween the Angles I t  D and K H  E. u r

Fig. 46. Let D F  and C G reprefent tlie two Lens s put toget.Kr as before,
 ̂ having their common Axis in the Line L  L,

Jum to which that Line is inclined in the Angle G H  N, and let A B
be a Ray of Light falling'on the Speculum at B, as is before cxpr^ccl, 
and let it be there reflcaed towards the Point C of the Lens C  G, 
where it is refra£lcd towards the Point D of the P  
aga'H refraéled into the Line D E, cutting the Axis in h. T he Angle 
A  O P  contained between this lad l>ine D E, continued backwaids, 
and the firft Line of In cid en ce  of the Ray A  B, w i l l  b e  very nearly  

equal to double the Angle of Inclination ot the Axis of the Lenss 
H''! E  L  to the Plane of the Spcculum B N ;  2. e. double the Angle

G H N .  . ,
Dcmonilra- Produce the Lines of Incidence and Refleftion of the Ray A  B and
t:on. g  Cy till they meet the Axis of the two Lens’s in I and L  ; and thro’

the Point B draw B K perpendicular to the Plane of the Speculum, and 
cutting the fame Axis in K, the Angles K B and K  B I are equal, 
The Angie K L  B is the Difference oC the Angles I K B and K  B L ; 
and the Angle H  I B is the Sum of the Angles I K  B and K  B I ( =:
K  B L  ) : Therefore the Angie I K  B is equal to half the Sum of the 
A n g le sH IB a n d  K L B .  But by the foregoing Lemma  ̂ the Angles 
K  L  B and F E D are very nearly equal. Therefore the Angle I K B 
is nearly equal to half the Sum of the Angles H  I B, and F E D ;  

j! that is to half the Angle F O B ,  and it’s Complement B H I  or G  H N
J is nearly equal to half the Angle A  O P the Complement o f P  O B to

a Semicircle. ^  £. T>.
I f  the firft Incidence of the Ray be fuppofed to be in the Line E D , 

it will proceed in the iiime Track as before, but with the contrary Di- 
redlions ; fo that the Angle E  O B made between the firft incident 
Ray and the laft refle¿led, will ftill be equal to the Double o f  G  H  N, 
as before.'

It is evident that on this Principle an Inftrument might be conftruft- 
cd, the Effefts of which would in a great Meafure refemble thofe of 
that before mentioned * ; But it would be liable to the Errors arifing 
both from the fpherical Figure o f the Lens’s, and alfo the different 
Refrangibility o f  the Rays of Light, when the Objeit is feen at a Di- 
ftance from the Axis o f  the Telefcope ; altho* thofe Errors, by a 
proper Difpofition o f the Parts o f the Inftrument, may be reduced to a 
very fmall Quantity. However, for this Reafon, and alfo becaufe the 
Inftrument feemed to me to be attended with greater Inconveniencies, 
both in it's Conftruftion and Ufe, than the other, I have not thought 
ic neceflary to give any more particular Defcription of ic.

 ̂ See Vol. V I. p. 139.
2 II. The
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o f  improvifig perfcSiing Catadioptrical Tcleicopcs.

II. The Imperfcilions of Tolcfcopes are attributed to two Caufes \ 
The IJnfitncfs of the Spherical Figure to which the Glafles are ufually 
ground, and the different Refrangibility of the Rays of Light.

The firit of thefe D efers only, was known to liie Writers of Diop
trics, before Sir I. Newton \ for which Rcafon (as he informs us 
hinifelf*, they ‘ imagined, that Opcical Inftruments might be brought 
‘  t o  a n y  Degree of Perfection,  provided they were able to communicate 
‘ to the Glafics, in grinding, what Geometrical Figure they pleafcd j 
‘ to which Purpofc various Mechanical Contrivances were tliought of> 
‘ whereby GialTcs might be ground into Hyperbolical, or even Para- 
< bolical. Figures*, yet nobody fucceeded in the exaót Defcription of 
‘ fuch Figures-, and had their Succefs been anfwerable to their 
‘ Wiihcs, yet their Labour would have been loft, for the Perfeftion 
‘ of Telefcopes is limited, Jiot fo much for want of GlaiTes truly figured, 
‘ according to the Prcfcriptions o f Optic Authors, (which all Men
* have hitherto imagined) as becaufe that Light itfclf is an heterogeneous 
‘ Mixture of differently refrangible R a ys; fo that were a Glafs fo 
‘ exadlly figured as to colle¿t any one fort of Rays into one Point,
‘ it could not colleft thofe alfo into the fame Point, which having 
‘ the fame Incidence upon the fame Medium, are apt to fuffer a
‘ different Refraction f . ’ And again,----- The different Refrangibility
‘ of different Rays, is an obilrudlion to the perfedting of Optical Inftru- 
‘ mcnts, either by Spherical or other Figures *, and unkfs the Errors 
‘ thence arifing, can be corrected, all the Labour fpent in correfting the 
‘ reft will be to no purpofc 1|.

Now, for this principal and laft-mentioned Dofedt, no one, that 
we know of, has propofed any Remedy •, apprehending, perhaps, the 
Difficulty of attaining fuch to be infuperabie; inafmuch as the great 
Author of this Difcovery, himfelf, had not iliewed us any Method 
whereby to corrcft thofe Errors which arife from this Inequality of 
Ueiraition ; but rather difcouraged any fuch Attempts, by declaring,
‘ tlut on this Accoun| he laid afide his Glafs-works**, and looked upon
* the Improvement of Telefcopes, of given Lengtlis, by Refraftion,
‘ as defperate f f . ’

However, as it has been proved by inconteftable Experiments, that 
this Diffipation of the Rays of Light, from whatever Caufe it proceeds, 
in pafling out of one Medium into another, is not accidental and 
irregular i but that every fort of horaogeneal Rays whether more or 
lefs refrangible, confidered apart, are refrafted according to fome 
conftant uniform and certain Law *, and as the removal o f fo great 
an Impediment as this of unequal Refrañion in the Rays o f Light, 
is of great Importance to the Science o f Dioptrics, and abfolutely 
ncceffary to it's further Advancement •, we have thought it worthy

Prindp^ Schol, ad fit» Lib. i .

1 1 3
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of a careful Examination, whether, in fome Cafes at leaft, it might 
not be poiTible for contrary Refraélions fo to correft each other's 
Inequalities, as to make their Difference regular; and if  this could be 
conveniently effeded. Sir I  Newton has acknowledged, ‘ there would
« be no farther Difficulty ^

Now, upon a due Confideration of this fubjed, we have found 
it poiTible, by proper Methods and Expedients, to reélify thofe Errors 
which proceed from the different Degrees of Refrangibilicy in dif
ferent Rays, paffing from one Medium into another; admitting only 
this well-known and eftabliihed Principle, upon which we ground our 
Reafoning, viz. ‘ That the Sines of Refraition of Rays differently
♦ refrangible, arc one to another in a given Proportion, when their 
‘  Sines of Incidence are equal f . ’  And our prefent Defign is, to fliew 
what Advantage this will yield towards improving and perfeding 
Catadioptrical Telefcopes, by making the Speculums of Glafs, inftcad 
of Metal, in the following Manner : 

pig. 47. Let A  B C D E  F  repreicnt the Sedlion of a concavo-convex Speculum, 
whofe two Surfaces are Segments of unequal Spheres; call the Radius of 
the Sphere, to which the concave Side is ground, a ; and the Radius 
o f the convex Surface, which muft be quickfilvered over, í  ; let B R 
be the Axis of the Speculum, or a Line perpendicular to both the 

h  Surfaces; and therein let P be the principal Focus, or Point where
I parallel Rays of the moil refrangible Kind are collefted, by this
ii Speculum; and Q^the Focus, or point of Concourfc, o f fuch Rays

as are leaft refrangible; to wic, after they have fufFercd two Refractions,
at entering into, and pafiing out of, the concave Surface D E  F, and 
alfo one Reñeftion from the convex Surface A B C :  If the Radius of 
Concavity be greater than the Radius of Convexity, as we will in the 
firft Place fuppofe, then P will fall nearer the Vertex of the Speculum 
than the Point Q j  and the Interval Q^P will be the greateft Aberration,, 
or Error, occafioned by the Separation, or unequal Refraftion, of the 
greateft and leaft refrangible Rays, after their Emergence from the 
concave Surface F E D .  Call the common Sine of Incidence, the 
Sine of Refraftion of the leaft refrangible Rays out o f a denfe Medium 
into a rarer, ; and, of the moft refrangible, /1*.; then, according to 
the known and received Laws of Refradion and Refleftion, the Focal 
Diftance of the moft refrangible Rays, from the Vertex o f the Speculum, 
(neglefting it*sThicknefs, asoflittle or no Moment in the prefent Cafe)

will be found =  _e)2f/, - j -2ne  “  ^ Quantity of the

greateft Aberration, occafioned by the different Refrangibility of the
* moft and leaft refrangible Rays, P  Q j  will be to the focal Diftance juft 

mentioned, P B , as(¿z —  —  n i ) t o ( a  —  which

* PhiL Tranf. No, 88, f  0//. Ed. 2. p. 66.
Quantity

n € D
u r n .
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Quantity, or Error, thus obtained, (to abbreviate the Calculation) 
call f ; and now let it be required to form a Lens, if  poiTible, which 
placed at fome given Point in the Axis between the Focus o f the moft 
refrangible Rays P, and the Vertex o f the Speculum (as H ), íhall 
refract not only the Rays of the moil refrangible Kind tending to the 
Point P, but alfo the Rays of the leaft refrangible Kind tending to Q ,  
in fuch a Manner, that both Sorts fliall concur, after fuch Refraftion» 
in fome other Point of the Axis R *, let H  P the given Diftance o f  the 
Point in the Axis H , from the Focal Point P, be called d% and then 
if the Point H  has been aíTumed, fo that the faid given Quantity, or

Diftance, d, is greater than ^ but lefs than
m €

I fay

the refracting Superficies G  H  I, that ihall perform what was required,

^ j] j  I______ ___ _ '̂ 0be part of a concave Sphere, whofe Radius is =  -̂------- / — ' . ) ;
 ̂  ̂ Wi —  (fA —  m) a *

and H R ,  the Diftance o f the given Point H , from R , the Point to 
which all the Rays will tend, after Refraftion at the faid concavc 
Surface, (wliofe Radius being found, as above, we call u) will

 ̂  ̂ . Laftly, upon the Point R  thus obtained, as abe =
— ft

Centre, with an Interval a little lefs than H R ,  defcribe the circum
ference K L M , and the Figure G H I M L K  will denote the Seftion o f 
a double concave L/-*ns, which, placed at the given Point in the Axis H , 
(taken neverthclefs within the Limits above-mentioned) will colleft 
all Sorts of Rays proceeding from the Speculum, into one and the 
fame Focus, or Point of the Axis, R , as was required •, for the 
Surface G H  I, which firft receives thofe Rays, will refraft the moft 
refrangible Sort converging to the Point P, and alfo the leaft 
refrangible converging towards Q j  fo that both Sorts, after fuch 
Refraction, will concur in the Point R ;  but the Rays tending to R , 
*tis manifeft, will fufFer no Refradion at their Emergence from the 
Superficies K L M ,  bccaufe R  is the Centre thereof, by Conftruilion ; 
which Point, R , where a perfect Image o f an Objeft infinitely diftanc 
will be formed, we call the Focus of the Telefcope, to diftinguiih it 
from the Point, P , which we have before called the Focus o f the 
Speculum.

In this manner a Lens, (or inftead thereof a triangular Prifm with 
two of it’s Sides ground concave, and the third plain, if  that be found 
as pradicable) may be formed and fituated, fo as to correft the 
Errors of the Speculum arifing from the different Refrangibility of 
the Rays of l.ight. But, in order to render this kind o f Teleicopcs 
abfolutely perfedt in their Conftruñion, the Errors alfo that refult from 
the fpherical Figure muft be reftified; and with regard to this, we 
aflcrt, that it is poflible to affume a Point in ĥe Axis, between the

Q^z ..................  '  Focus
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Focus of che Speculum and it’s Vertex, (as wc have taken the Point H; 
in the following Example*) at which, ii'a rcfrailing Superficies, or 
Lens, be conftituted, according to the Method already delivered, 
it will not only correft the Errors occafioned by the unequal Rcfradion 
of the Rays of Light, but alfo reilify fuCh as proceed from the fpherical 
F i g u r e  of this Speculum, to a much greater Degree ofExactncfs than 
is requifite for any Phyfical Purpofc fmeaning always the Errors of 
thofe Rays which refpeft the Axis). Now to find or^ecermine this 
Point, affords a Problem not eafy to be folvcii; and we rcccnimcnd ir, 
as worthy of the Confideration of Geometricians.

Seeing therefore it is poiTible, and we believe alfo pradicible, to 
remedy the Imperfeilions of this kind ofSpeculums, (from whacfoevcr 
Caufe they arife) by the Method we have here propofed; it feems to 
follow, that Catadioptrical Telefcopes may be carried, by this means, 
to as great a Degree of Perfedion, as they are capable of receiving; 
provided fpherical Figures can be truly communicated, with an ex- 
quifite Poliih, to Glaffcs of a large Aperture, and a Foil of Quickfilvcr 
made alfo to retain that Figure accurately, and without any Inequality ; 
for the Objeft-Glafs or Speculum being rendered perfcft, fo as that all 
forts of Rays, proceeding from one lucid Point in it's Axis, iliall 
be colledled by means of the Lens exaílly in another Point, it’s Aperture 
may then be extended to it’s furtheil: Limits *, and that is, till the whole 
Pupil of the Eye (or the whole Portion of the Eye-Glafs to be ufed, 
when that,bccomes necefTarily lefs than the Pupil) be filled with Rays 
proceeding from the Speculum, and flowing from one Point of the 
Objeft, but no farther; becaufe this is a Limitation made by Nature 
in the Strudlurc of the Eye itf-lf: And in Telefcopes whofe.Conftrudion 
is fuch as we have now defcribed, the largeil Aperture of the Speculum 

'4 rhat can ever*^e of Ufe, will be to the Diameter of the Pupil of the
Eye, very nearly, Ratio compounded of the Raiio^s o f  the Focal 
Length of the Speculum to the Diftance of that Focus from the Lens, 
and of the Diftance of the Lens from the Focus of the Telefcope, to 
U nity: That is, of B P  to P H , and of R H  to i ; which 
Proportion holds, whatever be the Charse or the Power o f Mag
nifying.

But if Inquiry be made as to the Charge moft proper and convenient 
that will be determined beft by Experience, in thefe, as well as in all 
other forts of Telefcopes: However, on Suppofition that one o f  a 
given Length has it’s Aperture and Charge rightly ordered and pro* 
^^ioned, the Rule for preferving the fame Degree of Brightnefs and 
Diuinftnefs, in all others o f a like Conftruóbion, will be, to make the 
Apertures, and magnifying Powers, direftly as the Focal Lengths of

j which fhews the vaft Advantage and Perfedtion of 
thefe Telefcopes, above the common refleóting ones j where, according

Fig. 48.
■ fo
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to S ir /. Rule, the Apertures, and Powers o f Magnifying^
niuft be as the Biquadrare Roots of the Cubes of their Lengths*.

It is likewife a confiderabie Advantage in tliis Conftruélion, that 
the Reflexion from the concave Side of the Speculum will do no 
tcnfible Prejudice ; becaufe the Image of any Objcct made thereby, 
is removed to fo vail a Diftance from the principal Image, Ibrmcd 
by the convex Surface, as to create no manner of Confufion or Diilur- 
bance in the Vifion*, which neceíTurily happens, in ibme Degree, 
from the Vicinity of th‘)le Images, when thcGlafs ia ground- concave 
on one Side, and as much convex on the oilier; according to the 
Method propounded by Sir I. Nezvton  ̂ in his Opiicks.

It may be imagined, perhaps, at firft View, that (if our Reafoning 
is ¡uíl) the Errors of refraóling Telei'copes, occafionetl by the different 
Refrangibility of I/ight, may be corre£led by a like Artifice: But 
the Aberration o f the Rays from the principal Focus is there fo great, 
and bears fo confiderable a Proportion to the Focal Length of the 
T c l e f c o p e ,  that the Error cannot be reftified by the Interpofitlon  ̂
of any Lens, until the Rays arc, by a contrary Refrailion, collefted 
again at an infinite D'ftance, which renders this Expedient quite 
ufelcfsi however there is no need to defpair of accomplifliing even 
this, by other Methods: And, by the way, we may obferve, if it 
were worth while to feck a Remedy for the Errors occafioned. by the 
fpherical Figure of the Objeél-Glafs only, in Dioptrical Telefcopes*,. 
that might be obtained by the proper Application of a fuitable Lens,
between the Focus and the Vertex of the Objeft-Glafs *, which is much
more eafy and pradticable, than the grinding of GlaiTcs to Hyper
bolical or Elliptical Figures,

Fora further Illuftration o f  what is gone before, it may be proper 
to exhibit the feveral Parts and Proportions of a Telefcope in Numbers 
computed according to the Theorems already delivered •, and in Praftice 
we judge it will be moil convenient, that the Radii of the Spheres to 
which the concave and convex Sides o f the Speculum are ground, be 
nearly in the Ratio of 6 to 5 ;  as in the following Example; where 
A  B C D E  F, reprefents the great Speculum of Glafs, ground concave Fig. 

on one Side, and convex on the other j quickfilvered over the 
convex Side, and of an equal Thicknefs all round it’s Circum
ference.

The Radius o f  Concavity =  ¿7 =  48 Inches.
The Radius o f Convexity =  =  40 Inches,

Then putting «, the Sine of Incidence =  100; w, the Sine of 
Refraftion of the lead refrangible Rays, out o f Glafs into A ir, =  154; 
and the Sine of Refraftion of the moft refrangible Rays, =  156 i  
as Sir /, Newton found them by Experiments j we ihall have.

*  See hit O^tkh, p. 97.
P B
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P B the Focal L en g th  o f  the  Speculum  w ith  regard  to  the  moft 

refrangible Rays =  1 8 . 2 9 2 6 whi ch will be fo m ew h a t increafed 
bv the T hicknefs o f  the  Giafs, when that is confiderabie.

P Q j the greateft Aberration of the Rays, occafioned by their 
diSerent Degrees of Refrangibility, =  .05594 which Quantity, 
in Practice, ihould be a very little augmented, rather than other-
wife; wherefore we put it here =  .056 =  f.

The Radius o f the concave Surface o f the Lens, turned towards the 
Speculum, vi%, of G  H  I, =  v =  2.8 Inches.

The Radius o f the concave Surface of the Lens, turned from the 
Speculum, viz, of K L M ,  =  6.7 Inches.

The Thicknefs of the Lens at the Vertex L  H  =  o f an Inch.
The Aperture of the Lens muft be about - j  o f  the Aperture of the 

Speculum.
H P, the Diftance of the Focal Point P from the Point H , where the 

abovefaid Lens is to be placed, fo as to corred the Errors arifmg 
from the different Refrangibility of the Rays, and alfo the Errors of 
the fpherical Figure, =  2 . "  Inches.

H R ,  the Diftance o f H  the Vertex of the Lens from R  the Focus 
of the Telefcope, =  6.8 Inches.

And if we fuppofe the Diameter of the Pupil of the Eye to be ^ of an 
Inch, (though it has not one certain Meafure) then the Diameter 
of the greateft Aperture of the Speculum, that can ever be o f Ufe, 
will be 6 “ Inches, nearly.
The fmall plano-convex Eye-Glafs O muft always have one common 

Focus with the Telefcope, to wit, the Point R  tranflated to r, by 
Reflcftion from the Bafe of the Prifm N ; for which Reaibn it muft 
retain, at all times, an equal and invariable Diftance from the Lens 
G  H I K L  M ; which Diftance will be the Focal Length o f the faid 
Eye-Glafs more H R ( =  H  N  N  r) the Diftance of the Lens from 
the Focus of the Telefcope R.

The Form and Pofition of the Prifm N , and the Contrivance of 
the other Parts neceffary, will be much the fame as in the Newtonian 
Telefcope.

If the Focal Length of the Eye-GIafs be-^ of an Inch, the Telefcope 
will magnify about 200 times.

This 7 elefcope may be contrived in the Gregorian way, by ufing, 
inftead of a Lens and Prifm a fmall Speculum fpherically concave on 
one fide, and convex on the other; but we think it not worth while 
to attenipt this Conftruflion, as an Inveftigation o f the Proportion 
between the two Surfaces neceíTarily, in this fmall Speculum, to unite 
the Rays proceeding from the great one, into one Point, would be 
jncHcate, and the Praftice alfo very difficult; by reaibn that a little 
Inaccuracy will, in this Cafe, occafion Errors much more confiderabie 
thin a like Imperfeélion in the refrafting Lens.

We

r m .



O f improving and perfeBing Catadioptrical Telefcopes. ,19 ,

W e have hitherto fuppofed the Radius of the Concavity greater 
than that o f tiie Convexity; as being moft convenient and uieful, 
on icveral Accounts, in forming this kind o f T['eIclcopcs j however 
it may be proper to remark, that the fame Method may lie- ufui for 
correamg the Errors o f the Speculum, when the Radius o f  ii’ s 
Concavity is lefs than that o f  the Convexity, only the rcfraéling 
Superficies o f  the Lens placed between it’s Vertex and Fociis, will 
be convex, and not concave, as in the former Cafe. And there is 
another thing worthy o f  Remark, that the Focus, or Foint (P ' where 
the moft refrangible Rays are collefted, will fall farther from the Vertex 
of this Speculum, than the Focus o f  the leaft refrangible (Q  1 • -i 
Circumitance whidi never happens by Refradion alone, in Glafics 
of any Figure whatfoever, or howfoever they be difpofed.

Now all things being put as before, and making H  Q  =  ^ F,V 4,
I fay the convex Superficies G H  I o f  a Lens placed at I I  tlm  ihall 
corred the Errors arifing from the different Refrangibility o f Ravs 
in this kind o f Speculum, will be part o f a Sphere, whofe Radius
. ________ ( / X  —  W )  X  ( í / ¿ f - t -

■“  n Í ■“  Diftance o f  the

Point R , where the Rays o f all forts will unite, after this Refraftion, 

from H  the given Point in the Axis, will be =  ^(¡A —  n) d —  n u ’
which Point R  being taken as a Centre, defcribe thereon the Arch 
K L M ,  and the Figure G H I M L K  will reprcfent the Seftion 
of a Menifcus-Glafsj or Lens, which, placed at the Point H , aíTumed 
between the Vertex and f'ocus of the Speculum, will collect all forts 
of Rays proceeding therefrom into one and the fame Point, or 
Focus, R , W e  might alfo ihew, how this Error may be rectified 
by one or more GlaiTcs, placed in the Axis, at a Diftance farther 
from the Vertex than the Focal Point P ; but the former Speculum, 
is fo much preferable to this, for the con(lru6Hng of Telefcopes, that 
we think it not worth while to profecute this Matter farther. To» 
conclude this Eflay

Whoever fhall think f i t to p u tth e  Method here propofed in Exe
cution, we dare venture (from a Trial that has been made) to aíTure 
him of Succefs; provided the fame Diligence, Care, and Accuracy, be 
applied, in choofing, figuring, poliihing, and foiling, the Glafs, that 
has of late been employed for the forming Speculums o f M etal; and 
let none be difcouraged, though the firll and fecond Attempt Ihould 
fail; for that muft be expeñed, if  the ordinary way o f grinding and 
poliihing be ufed: Greater Exaftnefs is here required, than is ufually 
thought fufficient for the Objeft-GlafTes of refrafting Telefcopes: Let 
it be alfo confidered how many Eflays, for a long Term  o f Years, 
were made by M r Gregory  ̂ Sir /. Newton  ̂ and others, to reduce their
Conltruftionsof the refleftingTclefcope into Pradice without anfwering, 

in



m

J20 ^  Catoptric Microfcope.
in any tolerable Degree, what their Theories promifed: T he Work- 
nien they employed were chiefly Optical Inftrument-makers, and had 
¡C been left to fuch Perfons only to perform by themfelvcs, we have 
reafon to think, that it would have been pronounced impradicable
to this Day, to make a refieding Tclefcope that fliould equal or excel 
refracting ones of ten times it Length ; though we now fee, that moil
of thefe Artificers are capable of making them to fuch a Degree of 
Perfeélion as was formerly defpaired of. Jpril 5. *739.

A  Catoptric III. Though Microfcopcs  ̂ compofed o f  Refrafting GlaiTcs only, 
Microfcope. By vaftly improved, as to their Effedls o f  m agnifying; yet they
k°r^A/ A  attended with fuch great Inconveniences, that their Appli-
F. J é .  S, No. cation to many Arts, in which they might be very convenient, is nor fo
442. p. 259. common as might be expe<fted, and Mankind have reaped but a fmall
Jufy^c. Qf thg Advantage obtainable from fo furprizing and ufeful an

' Inftrument.
Among the Inconvenicnces mentioned, thefe are the mod con-

fiderable:

1. That in order to magnify greatly, it is neceffary the Obje£l-G!afs 
be a Portion of a very minute Sphere, whofe Focus being very fliort, 
the Objeél muft be brought exceeding near ; it will therefore be fliaded 
by the Microfcopê  and not vifible by any other Light than what pafics 
through itfclf*, in this Cafe therefore, opake Obje¿ts will not be fecn 
at all. .

2. Objeñs illuminated this way, may be rather faid to eclipfe the 
LJghr, than to be truly feen, little more being exaélly reprefentcd to 
the Eye. than the Ouc-line-, the Deprefiions and Elevations within 
the Out line; appearing like fo many Lights and Shades, according to 
their different Dfgrec of Thicknefs or Tranfparency •, though the 
contrary happens in ordinary Vifion, in which the Lights and Shades 
arc produced by the different Expofure of the Surface of the Body to the 
incident I.ight.

3. Small Parts of large Objefts cannot eafily be applied to tlie 
Microfcope  ̂ wicliout being divided from their Wiioles, which in the 
Cafe ot Vivi-fecflion defeats the Experiment, the Part dying, and no 
more Motion being obferved therein.

4. I'he Focus in the Diopirick Microfcope being fo very fliort, is 
exceeding nice, thé lead Deviation from it rendring Vifion turbid; 
therefore a very fmall Part of an irregular Objefl: can be feen diílinótly 
this way.

T o  remedy thefe Defcdls I have contrived a Microfcope on the 
Model of the Newtonian 7 elefcope, in which I have been greatly 
aflifted by that excellent Workman, M r Scarlet  ̂ jun, I fliall fay 
Tiothing o f the Effects o f this Inftrument, excepting that it magnifies 
'W'om the Diilance of 9 to 24 Inches.

2 Fig.
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pig, 50. T he entire Mkrofcope mounted on it’s Pcdeftal, on a pro- 
p a  Joint, contrived lb as to dircd the Inftniincnt towards any Objcd. Pigifci*

I'ig. 51. The Scdlion of the liJlrunicnt, in which A B is the larger Fig. yo, ji*  
cuncavc metalline Speaduw  ̂ C  D is the lefier concave metalline Specubm;
£ F a hollow Brafs Screw to iaiten in the ift Dioptrical Glafs, or Pia-
no-convrx Lens i G f l  another Screw faftening on the hollow Cylinder
H; F 1 (in wiiich the Diopiric Glaflcs are contained) to the Body of
the Microfcope; I K  a Cap with a fmall Perforation, fcrving as an
Aperture to the Eye-Glafs, or 2d I.x;ns (convex on both Sides); M L
isa long Screw palling through the Nuts P  and V , fcrving to bring
the fmall Speculum toa proper Diflrance from the larger ; N Q^a fliding
Piece moved by the Screw, carrying the Stem Q^R, and little Speculum
C D  ; Y  X a Screw tor the Cap at Fig. 52; that at Fig, 53 is to be pig. -2,'53.
fcrewed on the Aperture I K .

Fig. 54. Shews the Coni\ru6lion o f the Microfcope, in which t is Fig. 54.. 
an Ob>¿t fuppofed cre£l ; from which Rays faUirgon the Speculum 
ab̂  will be reíleñed to the Focus where they will form an inverted 
image, and being refleóled by the fmall Speculum c they will pafs 
through the Perforation of the great Spuulum  ̂ and fa,lling on the Plano
convex Glafs e/ , converge again, and form an ereét..Image at I ; which 
being brought very near to the Eye, and fo confiderably magaiiied, 
willbedii\inftly feen throiigh the Eye. Glafs

IV. I viewed attentively the Objedls applied tothefe Microfcopes by An /anunt cf 
Mr Leewivoihoeh himfelf, which M r Folkes * ]ias given a Lift of in his 
Account; but the greateft Part o f them were dellroyed by Tim e, or 
ftruck off by Accident ; which, indeed, is no Wonder, as they were Henry Bikcr̂
only glewed on a Pin’s Point, and left quite unguarded. Nine or ten f. R. S. No.
of them, howe’̂ er, are ftill remaining ; which, after cleaning the p. 503.
Glafies, appeared extremely plain and diftinót, and proved the great 
Skill of M r Leeuwenhoek  ̂ in adapting his Objeds to fuch Magnifiers 
as would fliew them befl, as well as in the Contrivance of the Aper
tures to his GlaiTes, which, when the Objeñ was tranfparent, he made 
exceeding fmall, fi nee much Light in that Cafe would be prejudicial:
Bur, when the Objeit itfelf was dark, he enlarged the Aperture, to
give it all poiTible Advantage o f the Light. T he Lens being fet fo as
to be brought clofe to the Eye, is alfo of great Ufe, fince thereby a 
larger Part o f the Objedk may be feén in one View.

It muft be remembered, that all thefe Microfcopes are o f one and 
the fame Struiflure, and that the moil fimple poffible, being only a 
fingle Lens, with a moveable Pin before it, on which to fix the Objeft, 
and bring it to the Eye at Pleafure.

I'hough I was fenfible it muft coft much Trouble to meafure the focal 
Diftances o f thefe 26 Microfcopes, and thereby afrertain their Powers 
of magnifying, I confidered that, without fo doing, it would be im-

An Account of Mr Lecuwenhoek'x Microfcopes. iz t
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Account o f Mr Leeuwenhoek’i Mknjcopes.

poflible to form a right Judgement o f them, or make any reafonable 
Comparifon between them and our own. This Taik thererore I have 
performed, with as much Care and Exaftnefs as I was able ; and have 
ihewn, in the following Table, how many of them have the fame 
Focus, and confequencly magnify in the fame Degree; how many times 
they magnify the Diameter, and how many times thehupcrncies of any 
Objeéls applied to them. I have given the Calculations in round Num
bers, the Fraftions making but an inconfiderable Difference ; and hope 
any Miilakes I may have made in fo nice a Matter will be excufed.

^  Table of the Focal Diftances M r Leeuwenhoek’  ̂ 26 Microfcopes, 
calculated by Gn Inch Scale divided into 100 Parts *, with a Computation 
of their magnifying Poivers  ̂ to an Eye that fees fmall Ohje l̂s at 8 Jw- 
cheŝ  which is the common Standard.

Power o f magnifying 
the Superficies.

Times,
25600.

17689.

1 2996.

10000.

7921 almoft.

6400.

51S4 fomething more* 

4356 nearly.

3249.

2809 nearly.

1600.

Microfcopes Díñance of the Power of magnifying%
with the Focus. the Diameter of an
fame Focus. Objeil.

Parij of an Inch* Times.

• 1 .  . I
XT or ^ 1 6 0  . • *

1. tÍ o # . 133 nearly.

I. 7
rsz . 114 nearly.

3* •
R

Í00 • . ICO • • «

3- • i h ♦ 89 almoil.

8. . 1
1« • : So. . .

2. I T  

i 00 • 72 fomething more. ,

3. I*
ido 66 nearly.

a.  • • ' 5 7 - • •
2. • 53 nearly. • .

I .  • 1
f • 40 • • .

26. • !

It appears, by the foregoing Table, that one only o f thefe 26 Micro- 
fcopes is able to magnify tlie Diameter of an Objeél 160, and it's Su
perficies 25600 times; all the reft falling much ihort of that Degree. 
And therefore, I am fully perfuaded, and believe I ihall be able to 
prove, that many of the Difcovcries M r Leeuwenhoek gives an Account 
of, could not poifibly be made by Glaffes that magnify no more thaa 
this.

Our Cabinet is but the fecond in M r Leeuwenhoek^  ̂ Colleilion, and is 
very far from containing all the Microfcopes he had, as many wrongly

•  Thislargeft Magnifier of all U ia the Box marked 25. 

1 have
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An Account of M r Lceuwcnhoek'j Mkroja>p'eu
have imagined. W e find here indeed  ̂ 26 MicrofcopeS' in 1 'íiítlc 
Boxes: each Box contains a Couple of them, ar>d is marked-itt two 
Places with a Number, to diftinguiíli it from the refV. But as the firft 
of thefe Boxes is marked 15, and the reft with following Numbers 
on CO 2 7 ; it neccflTarily implies there were 14 preceding Boxes, fince 
no Man begins with the Number 15. M r Leeuu'enboek, then, had 
another Cabinet, that held 14 Boxes before ours in numerical Order, 
and probably each Box contained a Couple o f Microfcopts, as our 
Boxes do. But befides thefe tv/o C;ibinets, he had feveral other Micro- 
fcopcs of ditl-érent Sorts, as his own Writings will make appear.

Our Cabinet fecms to have been only his Repofitory of Objcéls i for 
every Microfcope herein was engaged by an Objeft affixed to it, and 
thereby rendered ufelefs for any other Purpofc 5 whereas thofc he em
ployed in his daily Obfervatiofts muft have been always ready,  ̂ and ar 
full Liberty, to examine whatever offered. Many of them too mu ft 
certainly have been much greater Magnifiers than any in our Poffefnon. 
And we are aíTured by himfelf, that fucli he had; for he.often men
tions his ihiftingObjefts from his common to his better, and thence t<> 
his moft exquifite MicroTcopes: And, befides, (in the fecond Vblume 
of his W orks*) he fays, “  I have an hundred ahd an hóhdréd Wicro- 
“  fcopes, moft whereof are able? to fhew Objedls fodiftiniUy} *eyen irf 
“  thecloudyeft Weather, and by Day-light only, that i f  tht' /!^hftaku¡a 
“  tft Semine mafculino o f Animals had the Extremity of their Tails 
“  forked, (as defcribed by a certain Writer) I fhould eafily have dif-
“  covered it.” ---- Among this Number, mány, without doubt, were
contrived for the Examination o f Fluids, firicc great Part of his Obfer- 
vations were made on them: H e informs us alio, that his Method was 
to put them into an exceeding fmall or capillary Tube of Glafs, which 
there does not feem to be any Means of applyihg to the Microfcopes 
in our Cabinet, even had they been at Liberty *, and much lefs for the 
larger Tubes he made ufe o f to view the Circulation of the Blood in 
Frogŝ  Eels  ̂ Fijhes  ̂ &c. his Apparatus f©r which we find in the fourth 
Volume of his Works*!*.------But to proceed:

M r Leeuwenhoek  ̂ in a Letter to this S o c i e t y  concerning the Ani- 
mdcula obierved by him in the Sttnen mafcuYínim o f  a which he 
defcribes and gives a Draught of, fays, they were fo minute, that he 
believed a Million of them would not equal the Size of one large Grain 
of Sand ||. Again, in his 113th Letter, fpeaking o f the Semen virile^ he 
declares, that a Million of the Anmalcnla feen therein would not equal a 
large Grain o f Sand ; and yet he gives a full Dcitription o f  their Form *, 
for he fays, their Bodies are roundiih, fomewhat fiat before, but ending 
iharp behind, with Tails exceedingly tranfparent, five or fi?c times 
longer, and about five Times flenderer, than their Bodies; fo that 
their Figure cannot better be reprcfcnted, than by a fmall Earth-nui 
with a lon<T Root or Tail.

•  Part II. / . 290. •f Pag. 180. 
k

I Vol. I. Part. I. p. 160.
Now
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An Account of Mr Leeuwenhoek’  ̂ Mtcrofcopcs,
Now the Focus of the grcateft Magnifier of his being h  o f  an Inch; 

asnearas can well be meafured, it is capable of magnifying the Diame
ter of an Objeit (toan Eye that fees fmall Objeds bcil at eight Inches)

L no more than 160, and the Superficies 25600 times: So that Objefts,
I one Million whereof fcarce equal a Grain ot Sand, viewed through fuch

a Lens (as only the Superficies can be feen) could appear no larger 
than 2i Grains of Sand would be to the naked E ye; and I lubmic it 
to be confidercd, whether that is not too fmall a Size for any Man to 
dtfcribc fo particularly, and delineate the Form and Parts of.

But Mr Leeuwenhoek goes yet abundantly farther : For, to mention 
only one Inftance, of which there are feveral in his W ritings; he tells 
this S o c i e t y  in his Letter of Jtdy 2^, 1684, that he could difcern 
VeiTcls in the human Eye, fo amazingly minute, that, defiring to 

PH know th e ir  Smallnefs, he mcafured them by the Diameter ofa Grain of
i Sand, (the Proccfs of which Menfuration is there fet downj and found

by arithmetical Calculation, that a large Grain of Sand muit be divided 
into 18,399,744,000 Fares*, ere it can be fmall enough to enter thefe 
minute VelTcls. He muft therefore certainly have had Glaffes, that 
were much greater Magnifiers than any-we have of his.

It may perhaps be objedkd, that Mr Leeuwenhoek declares, he did 
i not ufe fuch fmall GlaflTes as feme People boafted o f; and that, although

! for 40 Years together he had been poiTeffed of GlaiTes exceedingly mi-
nute, he had employed them very feldom ; fince, in his Opinion,

Í they could notfo well ferve to make the firft Difcoveries of Things, as
. thole of a larger Diameter. In Anfwer to this, I muft obferve, that

! Mr Leeuwenhoek̂  in this Place, is reflefting on a certain Phyfician,
who boailed of an extraordinary Microfcope *f, fcarce bigger than a vifible 

'I Point, whereby he pretended to difcover the Animalcules in Semine vi-
I rili to be exadly of an human Shape, with only a Skin over it. For
I he fays, that while he was attentively obferving thefe Animalcules  ̂ one

of them (a little bigger than the reft) prefented itfelf, having almoft 
Jlipped off it’s Skin : And then there plainly appeared two naked Thighs 
and Legs, a Breaft, and two Arms, above which, the Skin being thruft 
up, covered the Head as it were a Cap. The Sex he confeffes he could 
not diftinguiih, and adds, that it died in endeavouring to gee clear 
of the Skin,

Mr Leeuwenhoek very juftly expofes this romantic Difcovery, pre- 
jjj ' tended to be made by this Speck of a Microfcope ; and takes occafion
! therefrom to let us know, he does not think fuch minute GlaiTes are fo

much to be depended on as thofe of a larger Diameter. But there are 
fo many Degrees between the fmalleft Glafs we have of his, (whofe 
Focus is at ^  of an Inch) and this almoft invifible Point, that we muft 
not infer from hence he ufed none of a Size between. Nay, this very
I.etfer feems to imply the contrary *, for it tells us, that, in examining

* Vol. I . ; .  39. \  Vol. If. Part. \L  Epift. 1 1 6.  p. 84.
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the virilcy he made ufe of 8 or 10 Microfcopes of different mag
n i f y i n g  Powers: But as all the Microfcopes we have of his, have Ob- 
jc-fts faftened to them, and befides have no Apparatus for Fluids, I 
think they could not probably be the fame he employed for that Exami
nation. May we not rather fuppofe he had 8 or lo  different Sizes of 
Microfcopes, that magnified more than ours? For we know. Fluids 
require to be ex.imined by the greateil Magnifiers; and doubtlefs he 
made ufe of fuch for that purpofe.

There is no Advantage in employing a greater Magnifier for any 
ObjeiV, flian what is requifue to ihew the fame diftindtly ; but when 
the Obje£t is exceedingly minute, the magnifying Power of the Glafs 
mud be proportionabiy great, or elfe it will be impoifible to fee the 

clearly. A  L̂ ens, (for Example) that íliews a whole Fiea 
diftin¿\ly, magnifies not near enough to fliew the Animalcuks in the 
Sem n of that Flea.

lam  fcnfible, that M r Leeuwenhoek  ̂ by long Pradlice, and uncom
mon Attention, might be able to difcern many Objeds with thefe M i
crofcopes, which others, lefs accuftomed to Obfervations of this kind, 
cmnot readily d o : His Eyes too might be fomewhat different from 
the Standard I meafure by. But all thefe Allowances will not, I think, 
fuffice to reconcile the Paífages I have quoted with the Powers of the 
Glaifes under Examination,

While I was overlooking thefe Microfcopes of M r Leeuwenhoek.̂  an 
Opportunity prefented of examining and comparing with them a curious 
Apparatus of Silver with fix different Magnifiers, belonging to M r Folkes, 
and then newly made for him by Mr Ot f f m Fleet-Jlreet, T he Body of 
this Inflrument, into which the Glafies are occafionally to be faftened, is 
after the Faihion of JVUfon's Pocket-Microfcope, and contrived to fcrew 
into the Side o f a Scroll fixed on a Pedeftal, from which a turning 
Speculum reficéls the Light upwards upon the Objeft : It is likewifc 
contrived to be ufed with the Apparatus o f the Solar Microfcope: De- 
fcriptions and Figures of both o f which I have fince given in a Book in
tituled, The Microfcope made eafy. Edit. 2**. Lond. 1743. 8̂ ®.

I meafured the focal Diftances, and magnifying Powers, of the Six'
GlalTcSj and found them to be as follows.

Jn Account of Mr Leeuwenhoek'j Mtcrofcopes. 12¡
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Jn  Account of M r Lecuwenhoek’j Micro/copes.

Diftance of the Magnifies the Magnifies the
Focus. Diameter. Superficies.

of an Inch. .1 A 400. •  • 160,000.
J  •

1
Jo ♦ 160, t  • 25,600.

»

1 3  J • •
TOO. • 10,000.

1 -i

i  00 *  *  •
44. • 1593 -̂

3
X 0 • • • 26« • • 676.
t
2  •  •  ♦ 16. • • 256.

A  Table of the Six Magnifiers belonging to M r FoIkesV Mhrofcope, 
calculated by an Inch Scale divided into an hundred Parts, with a 
Computation of tbeir PoiverSy to an Eye that fees Objeits at eight
Inches,

Glafles,

id.
2ci.
3d. .

fth.
6ch. .

The above Calculation fliews, that Mr Foike¿*s Firft Glafs magnifies
the Superficies of an Objcct 6 times as much as the greatefl: Magni-
fier of Mr Leeuwenhoek : And that the Anmalcula (a Million whereof,
he fays, fcarce equalled the Bignefs of a Grain of Sand) would, if
viewed with this Magnifier, appear as large as 16 Grains of Sand do
to the naked Eye. And I cannot fuppofe but Mr Leewxenhoek had
Glafles to magnify even more than this, though they are not come to
us. For I cannot otherwife conceive, how he could obferve the AnU
tn(ikuks in the Semen mafculhmn of a Fleâ  and of a as we find
he did, or affert *, as he does in the ilrongeft Terms i*, that he could fee
the minuteft Sort of Animdcuks in Pepper-waier  ̂ with his Ghififes, as
plainly as he could Swarms of Flies or Gnats hovering in the A ir with
his naked Eye  ̂ though they were more than ten Millions o f  Times
kfs than a Grain of Sand. And left this íhould be imagined only a
random Guefs, he gives immediately a regular arithmetical Calculation
to prove his Computation right. Rut I believe we muft all be fenfible,
that no Glafies ip this Cabinet are able to render fuch minute Obiefts 
diftinguiihable.

I am defirous to do all poiTible Juftice to thefe Microfcopes, by 
acknowledging their Excellence, as far as their magnifying Power ex
tends : But I íhould do wrong to Mr Leeuzvhcnhoek  ̂ íliould I fuffer the 
World to believe thefe were his greateft Magnifiers; fince whoever 
hereafter fhould examine them with that Imagination, would be apt to 
entertain a bad Opinion of his Veracity.

Experience teaches, that Globules of Glafs extremely minute, though 
they magnify prodigioufiy, are fcldom able to ihew Objefts fufficiently 
úiñintt, and therefore are very apt to lead People into Errors : Which

•  Vol. IV. 21, 2Z. + Fag. 23.
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certainly was a good Reafon for Mr Leeuwcnbcih^s rcjedting them : But 
-I around convex Lcns  ̂ though much fmallcr than any of his before us, 
if'^rigluly appli>-‘d ,  will (hew exceedingly minute Objcñs magnified to 
*i furprifing Degree, and with lufficient Light and Clearnefs, as M r
Foikeŝ  ̂ firft Glafs witneiTcs.

I hope I fliall not b e  imagined to intend any Difrefpeil to this famous 
Man, iflluppofe, that our prefent Microfcopes are much more ufeful 
a n d  c o n v e n ie n t  than thefe of his. Let him always b e  remembered with 
the higheft Honour, for the wonderful Difcoveries he made, and the 
Microi'copts he has left us, which are indeed extraordinary, whencon- 
fidertd as the firft almoll of their kind: Let us reverence him as our 
grreat Mailer in this Art. But the World fince muft have been ilrangely 
ftiipid, it it could have improved nothing, where there was room for 
fo much Improvement. I do not mean as to the Glafles (for the Good- 
nefs of thefe before us, gives jull Reafon to believe he might have others 
as excellent as can perhaps be ever made); but as to the Strudlure of the 
liiftruuient they are fet in, and the Manner o f applying Objefts to 
them. And I fancy mofl: People will allow, that herein great Improve
m ents  have been made : And it is with pleafure 1 find, that a large Share 
üf the Credit belongs to our own Countrymen.

One thing alone (which, when ilightly confidered, may appear but 
trifling) has conduccd greatly to thefe Improvements *, and that is, the 
making ufe of fine tranfparent Mufcovy l̂ alc or Iftnglafs  ̂ placed in 
Sliders, to inclofe Objefts in. Had M r Leeuwenhoek known this way» 
it would have fave l him a vail deal of Expencc and Trouble: For 
then, we may rcafonably fuppofe, inlle^d of making an entire and fe- 
parate Microicope for every Objeól he was defirous to keep by him in 
readinefs to ihew his Friends, he would probably have fecured his Ob- 
ie£ls in Sliders, as we at prefent do, and have contrived fome fuch 
Means as ours, of fcrewing his feveral GlaiTes of different magnifying 
Powers, occafionally, to one and the fame Inftrument, and of apply
ing his Sliders to which of them he judged beft. A  few good GlaflTes, 
gradually magnifying one more than other, would, by fuch a Method, 
have anfwered all the Purpofes o f his great Number, and his Objects 
would have been preferved in a mucii better Manner.

T w o  extraordinary Improvements have appeared within thefe two 
Years, which I beg leave to lay before you, as I think it has not been yet 
done. I mean, the Solar or Cancera Microfcope, and the Micro-
fcope for opake Objeñs. Both thefe Inventions we are obliged for to the 
ingenious Dr IJberkhun^ who, when he was in England\z^ Winter was 
Twelvemonth, ilaewed an Apparatus o f his own making, for each of 
thefe Purpofes, to feveral Gentlemen o f this So c i e t y , as well as to 
fome Opticians, amongft whom M r Cuff̂  in Fleet-Jlreet  ̂ has taken great 
Pains to improve and bring them to Perfeflion *, and therefore the Ap* 
paracus prepared by him is what 1 am abt>ut to defcribe.

This

An Account of Mr LceuwcnhockV Micro/copes, 127
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An Account of Mr Leeuwenhoeks Micro/copes,

This Solar Microfcope is compofed of a Tube, a Looking-Glafs, a 
convex Lt*ns, and a Microfcope. The Tube is of Brafs, near two In
ches in Diao-iect-r, fixed in a circular Collar of Mahogany, which, turn, 
ing round at pleafure, in a fquare Frame, may be adjufted eafily to a 
Hole in the Shutter of a Window, in fuch a manner, that no Light 
can pafs into the Room but through the aforefaid Tube. Failened to 
the Frame by Hinges, on the Side tiut goes without the Window, is if 
Looking-GUfs, which, by means of a jointed brafs Wire coming through 
the Frame, may be either moved vertically or horizontally, to throw 
the Sun’s Rays through the brafs Tube into the darkened Room. The 
End of the brafs Tube, without the Shutter, has a convex L.ens, to 
colledl the Rays, and bring them to a Focus •, and on the End within 
the Room, IVilfonh Pocket-Microfcope is fcrewcd, with the Objedl to 
be examined applied to it in a Slider. I'he Sun’s R.iys being direfted 
by the Looking-Glafs through the Tube upon the Object, the Image or 
Viclure of the Objedt is thrown diftindlly and beautifully upon a Screen 
of white Paper, and may be magnified beyond the Imagination of thofe 
who have not feen it. I aíTiíled lately in making fome Experiments 
with Dr Alexander Stuart̂  by means of this Inftrument, and a particu
lar Apparatus contrived by him, for viewing the Circulation of the 
Blood in Frogŝ  Mice, &cc. and had the Pleafure of beholding the 
Veins and Arteries in the Mcfentery of a F̂ -og magnified to near 2 In
ches Diameter, with the Globules of the Blood rolling through them as 
large almoft as Pepper-corns. We examined alfo the Scrudture of the 
Mufcles of the Abdomen̂  which were prodigiouily magnified, and exhi
bited a moil delightful Picture.

The Microfcope for opake Objefts remedies the Inconvenience of 
having the dark Side of an Object next the E y e : For by means of a 
concave Speculum of Silver, highly poliilied, in whofe Centre a mag
nifying Lens is placed, the Objcá: is fo ftrongly illuminated, that it 
may be examined withal! imaginable Eafeand Pleafure. A  convenient 
Apparatus of this kind, with 4 different Specula, and Magnifiers of 
different Powers, has lately been brought to Perfcdion by M r Cuff. 
Thcfe, with the large double refletfling Microfcope, are, 1 tWnk, the 
chief, if  not the only ufefui Sorts now made in England,

I mufl not omit taking notice, that Mr Leeuwenhoek fays*, that fome- 
times, to throw a greater Light upon his Objects, he ufed a fmall con
vex Metal Speculum. How he applied it, I will not pretend to guefs; 
but it is highly probable our double refleñing Microfcope may be owing 
to this Hint. I muft alfo obferve farther, th.u +, alter defci ibing his A p 
paratus for viewing in Glais Tubes, hlx Leeuwenhoek that he 
)ad another Inftrument, whereto he fcrewed a Microfcope fet in Brafs *, 

upon which Microfcope, he tells us, he fiftened a little Diill (of Brafs 
alio, I fuppole,) that liis Eye might be thereby aifiaed to fee Objefts

•  Vol. JI. Part. ÍI. fag. 53, f  Vol. IV . pag. 182.
better;



better : For he fays, he had filed the Brafs which was round liis Mi- 
crofcope, as bright as he could, that the Light, while he was viewing 
Objcéts, might be refledled from it as much as poilible. This Micro- 
fcope, with it’s Difli, (which I give an exait Copy of from the Pi(5lurc Fig. 55. 
in his Works) feems fo like our opake Microfcope with it’s filver Spe
culum, that, after confidering his own Words, I fubmit to your better 
Judgment, whether he is not properly the Inventor of it. His Words
are thefe,----  “  Supra hoc Microfcopium Catillum ferruminavi^ ut oculus

ol̂ cEla tanto melius videret: nam cuprum circa Microfcopium, quantum 
“  fotCj lima abraferamy ut Lumen in confpicienda objcEla, quantum potCy 

irradiaret'*
V . In the annexed Scheme*, P  S denotes a Piate of Brafs, accu- ^  °f

rately divided in the L im b D  into k Degrees, s Minutes, and 
Minutes, by a Diagonal Scale; and the i Degrees, and i Minutes, and 7rriitng'̂ o/Sir 
^M inutes, counted for Degrees, Minutes, and i  Minutes. r. Newton, a-

AE^ is aTelefcopc, three or four Feet long, fixt on the Edge of Pa-
that Brafs Plate. /> Halfc'yf'

G, is a Speculum  ̂ fixt on the faid Brafs Plate perpendicularly, as near cnmainiñ̂  'a 
as may be to the Objc6t-glafs of the Telefcope, fo as to be inclined 45 Defiription of 
Degrees to the Axis o f the Telefcope, and intercept half the Light 
which would otherwife come through theTelcfcope to the Eye.

CD^ is a moveable Index, turning about the Centre C, and with it*s Oirtancc/r, 
fiducial Edge,niewing the Dtgrecs,Minutes, andiMinutes, on the Limb /¿i KixtSta 
of the Brafs Plate P  the Centre C, muft be over-againil the Mi*ldle ^  Sea RgaJ 
of tht Speculum G, 465̂ 0. '̂

//, is another Speculum  ̂ parallel to the former, when the fiducial 
Edge of the Index fails on oo** oo'oo^'-, fo that the fame Star may “ iig. 56. 
then appear through the Tclclcope, in one and the fame Place, both 
by the direét Rays and by the rcflexed ones ; but if the Index bt turned, 
the Star íhall appear in two Places, whofe Diftance is fliewed, on the 
Brafs L.imb, by the Index.

By this Inftrument, the Diftance of the Moon from any Fixt Star is 
thus obfcrved : View the Star through the Perfpicil by the dire6l 
Light, and the Moon by the Reilext (or on the contrary); and turn 
the Index till the Star touch the Limb of the Moon, and the Index ihall 
fliew upon the Brafs Limb of the Inftrument, the Diftance of the Star 
from the Limb of the Moon ; and though the Inftrument iliake, by 
the Motion of your Ship at Sea, yet the Moon and Star will move to
gether, as if they did really touch one another in the Heavens; fo that 
an Obfervation may be made as exaólly at Sea as at Land.

And by the fame Inftrument, may be obfcrved, exadly, the A lti
tudes of the Moon and Stars, by bringing them to the Horizon *, and 
thereby the Latitude, and Times of Obfervations, may be determined 
more exaftly than by the Ways now in ufe.

In the Tim e of the Obfervation, if the Inftrument move angularly 
about the Axis o f  the Telefcope, the Star will move in a Tangent of

V Q  L . V III. Part i. S the
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jf/j Jttempt io 
txplain tbt 
Phsenomcnon 
c/the horizon
tal Moon ap- 
fearittg bigger, 
iban njuhen tU- 
•vattd many 
Dfgrtts above 
iht Horizon : 

fkppcrítá hy an 
i^xpcrimcr.t. 
By the Rev. J . 
'j', Dcííj^u- 
licM, LL D. 
í ‘ . R. S i.om- 
frunicateií jiT\.

30. «734-S- 
N o. 444 p. 
3QO. Nov, 

1736.
*  Hg. 57.

Pig- 58.

Attempt to e>cplainthe Phíenomenon of the horizontal Moon,

the Moon’s Limb, or of the Horizon ; but the Obfervation may not- 
withftandingbe madeexadlly, by noting when the Line, defcribed by 
the Scar, is a Tangent to the Moon’s Limb, or to the Horizon.

T o make the Inftrument ufcful, the Telcfcope ought to take in a 
large Angle : And to make the Obfervation true, Jet the Star touch the 
M o o n ’s Limb, noton the Outfide of the Limb, but on the Infide.

VI. I.  This apparent Increafe of the Moon’s Diameter (which a 
Tclcfcope with a Micrometer iliews to be only apparent) is owing to 
the following early Prejudice, which we have imbibed from Children.

When wc look at the Sky towards the Zenith, we imagine it to ba 
much nearer to us, than when we look at it towards the Horizon ; fo that 
itdois n o t appjarSpherical, according to the vertical Sedion E  F G H  I*, 
but Elliptical, according to the Sedion e F g  h i. For this I appeal to 
every body’s Scnfe of Iceing ; but not to their Reafon, which is apt to 
takeoff the Prejudice in Perfons that have fome Knowledge of Aftro- 
nomy. Whereas any other Pcrfon looking up very high towards the 
Sky, and then forwards near the Horizon, will (when aiked) fay, that 
the Sky over his Head appears much nearer. The Sky thus feen, ftrikcs 
the Eye in the fame Manner as the long arched ilo o f of the IQe of a 
Cathedral Church, or the Cieling of a long Room.

This being premifed, let us confider the Eye at C, upon the Surface 
of the Earth, and imagine C at the Surface to coincide with K  at the 
Centre ; to avoid taking into Confideration that the Moon is really far
ther from the Eye when in the Horizon, than when it is fomc Degrees 
high. Now when the Moon is at G, we confider it as at not much 
farther than G *, but when it is at H, we imagine it to be at almoft 
as far again. Therefore, while it fubtends the liime Angle as it did 
before (nearly), we imagine it to be fo much bigger as the Diftance 
fecms to us to be increafed.

1 have contrived the following Experiment to illuftrate this :
1 took two Candles of equal Height and Bignefs, A B, C D ,  and 

having placed A  B at the Diftance of 6 or 8 Feet from the Eye, I 
placed C D at double that Diftance ; then caufing any unprejudiced 
Perfon to look at the'Candles, I aiked which was biggeft ? and the Spec
tator iaid they were both of a Bignefs ; and that they appeared fo, be- 
caufe he allowed for the greater Diftance of C D j  and this alfo ap
peared to him, when he looked thro' a fmall Hole. Then defiring 
him to ihut his Eyes for a Time, I took away the Candle C  D, and 
placed the Candle E  i  dole by the Candle A  B, and though it was as 
lliort again as the others, and as little again in Diameter, the Spedtator, 
when he opened his Eyes, thought he faw the fame Candles as before. 
Whence It is to be concluded, that when an Objeft is thought to be 
twice as for from theEye as it was before, we think it tobe twice as big, 
though It fubtends but the fame Angle. And this is the Cafe o f the 
Moon, wnich appears to us as big again, when wc fuppofe it as far 
nguiii, though It fubtends but the fume Angle,

-  T he



A n Explication o f the foregoing Experiment.

T h e  Difference o f  D ii lance  o f  th e  M o o n  in Perigeo and  Apogee  ̂ will 
account for the different Bigncfs o f  the  horizonta! M o o n  at d ifferent 
T im e s ,  ad d in g  alfo the Confidera iion  o f  the Faintnefs  w h ich  V apours  
fometimes th row  on the  A ppcarance .

2. H a v in g  m ade an E x p e r im e n t  w ith  th ree  Ivo iy  Balls for C o n f irm a-  An Explica
tion o f  w ha t  I  had  advanced ,  th a t  the D eception  arifcs f ro m  o u r  j u d g -  t i o n ^  th* 
ing  the  horizontal Moon to  be m u ch  fa r th e r  than  ic is ; fom e G en tle -  
men o f  th e  Society were convinced by the  E x p e r im e n t ,  b u t  o thers  were 
n o t ; w hich  obliges m e t o  g ive  th is  fu r th e r  A cco u n t  o f  it, th a t  P e o p le  p . 392. 
may ju d g e  o f  th e  T h i n g i n  W r i t in g ,  w h ich  could no t  be fo well a t tended  
to in the  H u r r y  o f  feveral Perfons v iew ing  the E x p e r im e n t  in H af te .

1. T w o  equal Iv o ry  Balls were fet o n e  beyond ano the r  in refpeft  o f  Fig. 59, 
the E y e  a t  E ,  nam ely ,  A  B a t  2 0  F ee t  D ii lance  f rom  the  E y e ,  and C D
at 40.

2. I t  is certa in ,  by  th e  R ules  o f  O p tics ,  th a t  the E y e  a t  E  o r  F  will 
fee the Ball C  D  u n d e r  an A n g le  b u t  ha lf  as b ig  as it fees th e  Ball A  B *, 
that is, tha t  the  Ball C  D  m u f t  ap p ea r  no  b igger  than th e  Ball 0 P  
placed by the  Side o f  A  B.

3. B u t w h en  lo o k in g  a t  the  tw o  Balls w ith  the naked  E y e  in an 
open R o o m ,  w e  confidcr th a t  C  D  is as far again  from  the E y e  as A  B, 
we ju d g e  it to  be as b ig  as A  B, (as it really is) n o tw i th i la n d in g  it fub- 
tends an A n g le  b u t  o f  h a l f  the  Bigncfs.

4 . N o w  11-, u n k n o w n  to  the Spc<Stator, (or w hile  he  turns his Back) 
the Ball C  D  be taken  aw ay, and  ano the r  Ball 0 P  o f  ha lf  the  D iam ete r  
be pfaced in the  fame L in e ,  b u t  as near aga in ,  a t  the Side o f  A  B, the  
Spectator th in k in g  th is  lafl Ball to  be at th e  P lace o f  C D ,  m u f t  ju d g e  
it to  be as b ig  as C  D ,  bccaufe it fubtcnds the very fame A n e le  as C  D  
did before.

It follows therefore. T h a t  if  a Ball be  im agined  to  be as far again as 
it really is, we m ak e  fuch an A llow ance for tha t  im ag ined  Diftance, 
that we ju d g e  it to  be ns b ig  again as it  is, n o tw i th f tan d in g  tha t  the 
Angle  under  which we fee it, is no  greater, than  w hen  we look  at it, 
know ing  it 's real D iftance.

F o r  this Reafon the M o o n  looks b ig g e r  in the  H o r izo n ,  and near it ,  
tiian at  a confiderable H e i g h t ,  o r  a t  the  Z e n i th :  Becaufe it b e in g  a 
com m on Pre jud ice  to  im ag ine  th a t  P a r t  o f  the  Sky  m uch  nearer to  us 
which is a t  the Z e n i th ,  than  th a t  P a r t  towards the H o r i z o n  ; w hen  w e 
ice the M o o n  a t  the H o r i z o n ,  w e fuppofe it m uch  far ther  *, the re fo re  '
iw it lubtends the  fame A n g le  (o r  nearly the  fame A n g le )  as when a t  th e  
Z en i th ,  we im ag ine  ic fo m uch  b ig g e r  as we luppofc  i t ’s D jftance  
greater.

T h e  Reafon  w h y  this E x p e r im e n t  is hard  to  m ak e ,  is becaufe the
L ig h t  from  the  Ball o P  \s to o  f t rong ly  reflefted on accoun t  o f  it^s
Ncarnefs ; b u t  i f  we could give it fo little  L ig l «  as to  look  no b r ig h te r  
than the Ball C D ,  it  would  deceive every body , I  have m ade the E x 
perim en t  fo as to  dcceive fuch as were n o t  very  long-f igh ted  > b u t  I

S 2 mud
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13 z Ohfervations of the Appearances among the Fixed Stars, &c,

muft confefs I have found it very hard  to  deceive thofe w h o  fee at 
a creat Diñance ; tho* they would all be  deceived, if  the  Diftances 
were o f  300 or 600 Feet. N o w  in the Cafe o f  th e  M o o n ,  th e  Deceit 
is helped, becaufe the Vapours, th rough  which we fee ic w h en  low, 
take away of it’s Brightnefs, and therefore have the  iam e EfFea: as 
would (or does) happen in the Experim ent,  when the  L ig h t  o f  th e  Ball 
c P  ftrikes the E y e  no ftronger than the  L ig h t  o t the Ball C  D .

C  H  A  P. I I I .  

J S T ^ R O N O M T .

Ohjir̂ aihm I. IT E S  E  Appearances in the Heavens, have borne the  N a m e  of 
efibt J|̂  Ncbulcus Stars I But neither are they Stnrŝ  nor fuch Bodies as

em it,  or rcflcft L igh t ,  as the Sun, M o o n ,  and Stars do- ,  no r  are  they 
L//î N̂ebu” ’ Congerieŝ  or Clujlers o f  Stars, as the Milky Way: but whitifli  Art¿ê  
lou5 Stars, by like aCülic(5i i o n o f  Mifty Vapours ; whence they have their  N am e .  
w.Dcrham, 7'here are many o f  them difperíéd about, in diverfe P a r ts  o t  the 
^ W i n i o T  Heavens. I 'h c re  is a Catalogue o f  them  in Hevelius\ Prodromus Aftro- 
/ .  °No. which may be o f  good ufe to fuch as are m inded to  inqu ire  into
438. p. ;o. them.

1; Bcfidcsthefe D r h a t h  mentioned one \n Orion ŝ SworJ \ ano
ther in Saginmy; a third in the Centaur (never feen in England) a 
fourth preceding the right Foot of Antinous \ a fifth in llercules \ and 
that ill Andromeda'% Girdle,

Five o f  thefe fix 1 have carefully viewed with my excellent e ig h t  Foot 
RefledlingTclefcope, and find them to be Phaenomena m uch alike •, all 
except th.it preceding the right Foot o f  Antinous  ̂ which is no t  a Nebu- 
iofiy but a Clujlcr of S'ars  ̂fomewhac like th it which is in the Milky-Way  ̂

Between the other four, I find no 'm ateria l  Difference, only fom eare  
rounder, fome of a more oval F o rm ,  without any Fixed Stars in them 

;[ to caufe their L ig h t  *, only that in Orion, hath fome Stars in it, vifible
only with the Telefcope, but by no means fufficient to caufe the  L ig h t  
of the there. But by thefe Stars it was, th a t  I firil  perceived
the Diilance of the Nebulof̂ e to be greater than th a t  o f  the Fi'Ked Starŝ  

j i:  put me upon enquiring  into the reft o f  them . E very  one o f  which
 ̂ could very vifibly and plainly difcern, to  be at im m enfe Diftances be

yond the Fixed Stars near them , w hether vifible to  the naked  E y e ,  or 
Telcfcopick only ; yea, they feemed to  be as far beyond th e  F ixed 
Stars, as any o f  thofe Stars are from the E ar th .

A n d  now from this Relation o f  w h a t  I have obferved from  very 
g ood ,  and frequent Views o f  the Nebulofiê  I conclude th e m  certainly 
fcot to be Lucid Bodieŝ  tha t  fend their  L ig h t  to  us, as th e  Sun and

•  Óce Vol. I. Chap. iv. §. 13. and Vol. IV . Chap. Hi, 7.
Moon*

I !2. VI
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Obfervatim o f  the Moon*i Tranjit by Aldcbaran,

Moon. Neither are they the combined Light o f  Clujlers o f  Stars, like 
that of the Milky-Way : But I take them to be vaft Area  ̂ or Regions of 
Ligbty infallibly beyond the Fixed Stars  ̂ and devoid of them, I lay Re~ 

îonsy meaning Spaces of a vail Extent, large enough to appear o f fuch 
a Size as they do to us, at fo great a Diftance as they are from us.

And fince thofe Spaces are devoid of Stars, and even that in Orio’/t 
itfclf, hath it's Stars bearing a very fmall Proportion to it’s Nehulof^  ̂
and they arc vifibly not the Ciufe o f it, I leave it to the great Sagacity 
and Penetration of this IHuftrious Society, to judge whether thefe A'V- 
bmof̂  are particular Spaces of Light ; or rather, wh.'ther they may nor, 
in all probabality, be Chafms, or Openings into an immenfc Region of 
Light, beyond the Fixed Stars. Becaufe I find in this Opinion moft 
of the Learned in all Ages (both Philofophers, and I may add Divines 
too) thus far concurred, that there was a Region beyond the Stars, Thofe 
that imagined there were Cryflalline, or Solid Orbs  ̂ thought a Ccchwt 
Emfyraum was beyond them and the Primum Mobile i and titty that 
maintained there were no íuch Orbs, but that the Heavenly Bodies floated 
in the jilther, imagined that the Starry Region was not the Bounds of 
the Univerfe, but that there was a Region beyond thít, which they 
called the Hhird Region  ̂ and ^hird Heaven.

To conclude thcfe Remarks, it may be of ufe to take notice, that in 
Htvelitis's NebtiJofey fome feem to be more Lirge and remarkable than 
others *, but whither they are really fo, or no, I confefs I have not had an 
Opportunity to íce, except that in Andromeda*s Girdle  ̂which is as confide- 
rabie as any I have feen. In his Maps of the Conftellations, the moft re
markable are the three near the Eye of Capricorn  ̂ that in Hercules's Foot; 
that in the third Joint of 5t6r/>/Vs Tail\ and that between Scorpio'% ^ail 
and the Bow of Sagittary, But if any one is defirous to have a good 
View of thcfe, or any other of the Nebulofa  ̂ it is abfolutely neceflary that 
he ihould make ufe o f very good GlalTes, elfe all his Labour would be 
in vain, â  I have found by Experience.
AnparfntTiitie.
II. M. S.
7 40 00

7 45 52

7 49 41

II. I.

T h e Moon*s Body and Aldebaran feen together in the 
diftindl Bafe of the Telefcope.

The Moonh fouthern Lim b running along the parallel 
Thread, the weftern Limb came to the horary 
Thread.

The Glafs remaining fixed, and Aldebaran running along 
the parallel Thread, (having the Hime Declination 
with the Moon's foutherly Limb) came to the Inter- 
feilion o f the Threads.

The Moon again running along the Parallel, came to the 
horary Thread.

S 15 50 Aldebaran (the Glafs remaining fixed) came to the firft
oblique Thread at c.

Ohfervatlon of 
the Moon’/ 
tranjit hy Al- 
dcbriran, A- 
pril 3, 1736, 
maiie at Lon
don bf John 
Bcvis, M . D , 
No. 446. p. 
90. July,
*737- ,
Fig. 60.

8 13 04
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Í 34

Fig. 6i.

H. M. S.
8 15 54^
8 15 59
8 59 54

JÍH Occultation o f  Aldebaran.

to the hoary TJiread at h.
to the fecond oblique Thread at a.

Aldebaran in the Line paffing through the Cufps, his 
neareft Diftancc from the Moon’s Body, being fomc- 
wliat leis that the Length of Mare Cri/uwi, or nearly 
¿  of the Mton's Diameter,

AnOciultathn 
^  Aldebaranj 
Dec. 23, 
1728, Styl. 
Nov. ohfirved 

D. Chrift- 
fhedKirchius, 
j^fironomcr 
Royal at Ber
lin. No. 454. 
p. 225. July, 
l^c. 1739.
1 ig. 61.

Time by a
Pendulum
Clock.

h '
1 6. 56. 37
2 6. 58. 3c
3 7‘ 3- 54
4 K . 5- 29
5 5- 35
6 6. 43
/ *5- 32
8 20

9 28

10 29. 12
11 38
12 42
*3 46. 55
*4 8. 48

Parfs o f Vahico! Correfled More
the M i  theParts T im e . Time.

* • •«*

crometer, o f  the
w ith a M icro
T u b e  o f meter.
4  Feet. f ti h 9 // h 9 ft

3« 15. 21 6. 24. 37
34 13.42

6.
26. 30
31- 54 6. 32. 00

Pm / • 33* 29 /' 33 33
36

7- 33- 35
14.32 34- 43

8 3 .1 4 43- 32,
«
J46'^ 18.47 43

74. I ; 29. 73
56

r
j

73-Í: J ;29- 4 >
8 3* >4 7. 57- 1 2'

991 29. 38 8. 6.
75 30 10
72 29. 5 14. 55
73 j 29.41 8. 16

^  from the Centre of M . Sinai 
¡¡¡i from the Centre o f M. Sinai 
Immerfion of the Star 
Emerfion of the Star. T u b e g  Feet 

35 Emerfion certainly made
5ÍC from the Centre of M. Sinai 

from the neareft Edge of D 
5jc from M- Sinai 
Diameter o f the Moon

or
M . Sinai from the neareft Efige 
Diameter of p .  Tube 9 Feet 
Diameter of }). Tube 7 Fecc 
jtc from M. Sinai 
Diameter of the Moon

The Situation of the Srar, with regard to the lunar Spots was ob- 
fcrved in the following Manner.

Before Obf i. 6̂ . 20^ I obferved the Srar in a right Line drawn 
from the fouthern Edge of hfula Macra {Fofidonius) through the nor
thern Part of Vontus Euxinus (Middle of Mare Sereniiatis) and M. 
Mtna {Copernicus) and a Line from M, Sifiai to the Star almofl: 
touched the Shore of Sifius Sirbomdis (M. Humorum),

A t the Time of Ohf. i, the Scar was in a right I.ine, drawn from the 
greater black I^ike [Plato) through the eallern Parcs of Infula Cercinna 
(from Kepler toward the Eaft).

A t the I ime ot Obf, 2. the Star was in a Line, continued through the 
Middle of Palus MiCOtis, and the Middle of M , Adriaticum (through 
the Middle o\' Ma)'e Qyifmm and S).

Ac the I'inie of the Immerfion of the Star, the following right Lines 
coincided with it, and marked the Place of the Circumference of the 
Moon, where the Star was hid. i. From the SJiore of Pontus Euxinus 
[M. Sereniiatis) to the Northward, through M . M ina (Copernicus), 
2. from  the Shore of the Sinus Apollinis  ̂ through the Loca Paludofa 
(^om the Shore of S. Iridum through Kepler), 3. From M. Sind 
iXycl>o) through the fouthern Shore of S, Strbonis (ikf. Humorum),

The \
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The Emerfion of the Star happened over-againft M  Paropamtfi
(pHrnerii) and in a right Line drawn from the greater black Lake
(Plato) through By^miium {Menelaus)  ̂ which touched the extreme 

0ÍPontus\M. NcSaris).
At the T im e o f  Obf. 7. M, Porpbyntes (Ariftarcbus) the northern 

Edocof I-. Tbefpitis (Fracitftonus) and the Star in a right Line.
At the.Timé of Ohf. 8. the upper Lacus Hyperboreus {Kermes) the 

Middle of Palus M¿eo:is {Mare Crifutm) and the Star in a right Line,

3' h '
6. 27. 35 ImmerHon.
7. 29. 20 Emerfion.
I. 1. 45 Duration.

The Obfervation was made by two Spedators at the fame time, 
with one Tclefcope of 9 Feet, and another of 4.

The Immcrfion and Emerfion were obfcrved about a Minute fooner 
by the long Tube than by the ihort one.

The Appulfc of the Star to the eaftern Edge of the Moon was about 
j6j® of Heveliush moveable Schcme o f the Full Moon. It emerged 
about 272® of the fame Scheme. Therefore a right Line, joining the 
Points of Immerfion and Emerfion, touches the Extremities of Mare 
Hmorum and Nubium  ̂ and pafles between Pifaius and Mare Nubium.

The Sky was not clear at the time of the Immerfion, but thin Clouds 
a l m o f t continually wandered before the Moon and Scar; and therefore 
the Star appeared oblong a great while before the Occultation, through 
the Vapours o f the Atmofphere.

Mr G. Graham’i Obfirvatiom wltb a RefleSling Helefcopê  &c. 135

w/rW'iiterberg 
/«Saxony, ob- 

fe iw d  by Jo. 
Frid.Wtrid’er, 
f .  R . 5 . Ibid. 
p. 225.

Ethnography 
p. 364.,

//

The Occultation at 
Emerged at 
Duration •—

5«

1.

27.
29.

2.

6.
59:.
53-

The Sun*sTranfit at Noon at i i \  59^ 52^', the Clock gaining of 
the mean Solar Time about one fecond in a Day.

III. I. This Obfervation was made \x\ Fleet-ftreet  ̂ London  ̂ with a 
Tclefcope of 10 Feet in Length, fitted with a Micrometer.
App. Time.

4 5 ''  It began.
'’ O The Cufps were vertical.

T he Eclipfe was greateft, the lucid Part o f the Sun’s 
Diameter meafuring 426 Parts, whereof the Sun’s 
Diameter meafured 2 3 11. So that the Eclipfe was 
9? Digits.

The Culps were horizontal.
The Eclipfe ended.

2. I

A t  5 » *  
6 
6

44'
25
37

6

7
46
28

00
23

AFIcetilreet, 
London, ob- 

ferved <with a 
rffteiling Teli- 
fcopt 1 5 7«̂  
<ht$ in Lengthy 
by Mr G .G ra
ham, F. R , S, 
N o. 459, p. 
632. Jan .^ f. 
1741.

yin Obftr*vati- 
o f iht Eclipfe 
o f tbt^unon 
May 2 ,17 3 3 ; 
in tbt Afler-̂  
noon, by M r 
G . Graham, 
F. R. S. N o . 
429. p. 113* 
July, (iff, 
7̂33*



j j 5 Obfervatlom m tb a RefieSltng 'Telefcope, &c.

Oftbefamthj 2. I obferved the late Edipfe of the Sun, at Norton-Court, near 
A/r Stephen Peu'erfliam in Kent, the Seat of John Godfrey, Efq; and the Week fol- 
Gray. f.iJ.S. feeing with Granville IVheler, Efq; at Otterden-'Phct, near
Ibid.p. 114. mKent, he was pleafed to communicate to me his Obfcrvations

of the faid Edipfe,

At Norton- 
Court by Mr 
Grty» p. 115. Obfervac.

Appar.Time
h. m. s.

1 5- 49. 15 Beginning
2 5* 53- 15 I Digit

6 5' 57* 30 2 Digits
4 6. 2 . 55 3'*
5 6. 1 1 . 50 5
6 6. 16. 43 6
7 6. 21 . 7 7
8 6. 27. 0 8
9 6. 32- 45 ;9.

10 6. 37- 30
1 I

\9 '̂
11 6. 40. 0 \gi Greatefl:
12 6. 5 *̂ 5^ 8
*3 7- 0. 35 7^
14 7- 7- 0 6
15 7- 11. 55 5
16 7- 7̂- 0 4
17 7- 21 . 15
1Í 7- 25 . 55 2

19 7- 32. 30 End

Our Obfcrvations were made with an Heüofcopc, or Inilrument, 
confiftingof a Tclefcope and Box, with a Digit Scheme at the End of 
it. The Telcfcope was 6 Feet, the Box 2 Feet in Length, and the 
Sun’s Image on the Scheme was 6 Inches 7̂  in Diameter. The Clock 
was rectified on the Day of the Edipfe, and proved to need no Cor- 
rcflion for feveral Days afterwards, by Obfervations of the Sun on the 
Meridian. The Sun’s Tranfit was taken by the PaiTage of it’s Rays 
through a Hole made in a Brais PJate, the Center of which Hole was 
at 6 Feet and 3 Inches perpendicular Height, above the horizontal 
Plane on which the Meridian Line was drawn. 

yftOtterdcn- yix WhclcT obierved the Beginning at 5̂  49^o^^ and the End at 
V'hei ^ Obfervations were made with aTelefcope of 15 Feet

length, and his Time was alfo reftified by a Meridian Line ; but it 
was done by a IVanfit o f the Rays through a Hole at a much greater 
Height. For the Brafs Plate, in which the Hole was made, was fixed 
to a Window in the Roof of his Hall, at the Height o f 27 Feet above 
the Meridian Line on the Floor.

3. The

-
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34- oo‘ n ° 45
00. 00 «3- 36
14- 30 2. 45

Sun’s Altitude,
End at 7. 14.

I made iifc of a Quadrant 2 Feet Radius,
Laf. 2 W / , 51®.

4. The Latitude of Gottcnhurg is 57®. 40'. 54 ''.
The Beginning o f the Kclipie, which could not be obferved becaufe 

of the Clouds, fcenis to have happened before 6̂ . 26'. p.m.
h ' "
6. 3S. 43 The Sun was about 3 Digits eclipfed.
6. 49. 52 Six Digits, morcorlefs.
7. 14. 6 *u appeared.
7. 14. 46 The whole Diik o f the Sun began to be covcred.
7. 15. 50. The greateft Darknefs, when all the Stats of the Great

Bear, the Lion’s Heart, Sirius, Procyon, the Bull’s 
Kye, and fome others were viíibie : but neither 5 nor  ̂
were fcen.

7. 16. 54 The Sun b?gan to dart his Rays with incredible Quickncfs. 
7. 20. 12 ilil! appeared.
7. 41. 38 The Sun was 6 Digits ecliplcd.
8. 5. 50 The End of the Eclipfe, the whole Dlik of the Sun ihining.

Total Duration of the Kclipfc at 2̂  8̂ ^

The fetal Duration o f  this Eclipfe in a Place called Swenaker  ̂ 7 
Swedifij Miles irom hence, in I^atiiude 58*̂  was, according to the 
Obfcrvation of my Brother Torjlnnus Vajjenius by a Pendulum, 2' 31^'.

WhÜíl the Sun was totally covered, 1 faw not only the grcatclt Parc 
ot the Spots in his Diik, but alfo the Atmofphere of the Moon, with a 
Teltfcope of about 21 Swedijh Feec *, it was a little brighter at the 
weftern Limb o f  the Moon, at the time o f  the greateft Tm m crfion  ; 
but without that Irregularity and Inequality of the luminous Rays, 
which appeared to thoie who looked without a Telefcope. But the 
nioii: worthy of Obfervation were 3 or 4 little reddiih Spots in it, feen 
without the Circumference o f the lunar Diik ; one o f  which was greater 
than the reft, about the middle W ay between the Soutii and W eft, ac- 
cording ro the beft Judgment that could be made. This was compofed 
of 3 im aller parallel Parcs or Nttbecu!^  ̂ of unequal Length, with fome 
Obliquity to the Circumference* of the Moon. I faw it plainly preferve 
the fame Situation for 40̂  ̂ ox more: but at length a Ray of the Sun * 
breaking out like Lightning deprived me of any farther Opportunity 
of obferving fo beautiful a Phenomenon,

Obfervatiom with a ReJlcEttng T'elcjcope, &c.
O f  tht fame^ 
ky Mr j .  M il
ner, at Yeovil 
in Somerret- 
ihire. Ibid. 
p. 116»

J37

M  Gotten-
burg in Swe
den, by D  
Birgerus V*if- 
fetims, Ueadtr 
c f  Matbema- 
ticks. Ibid. p. 
134.
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Jt Wittem- 
berg in S»xo-
»y, h  Joh. ^
Prid.Weidlcr, 0 
Pro/. Math, 
and F. R. S.
No. 433. p. 
332. July, 
iSc. 1734.
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EcHpfi'S o f  the Sun.

5. Phafes of the beginning Eclipfe.
4 ff

36 5 p. m. Beginning of the Eclipfe
39 50 one Digit
4 5  I two Digits
48 50 three Digits
52 50 four Digits
5S 5 five Digits
Some light Clouds come over the Sun.
Phafes of the dccreafing Eclipfe.
/ u

35 50 ten Digits
40 50 nine Digits

h

7 2 50 fix Digits 
7 50 fevcn Digits 

10 50 eight Digits
15 50 nine Digits 
19 50 ten Digits 

29 20 eleven Dibits

h
7

//

44. 50 Digits
4 6  5 the  Sun fcis

I'ig. 62.

t f  the 
Sun April 22,
I

Rome ^
the Abbot Di- 
liacus de Rc 
villjt, F 

AnJrcas 
Cclúus.í'. .̂á', 
Prof Allron. 
Upl'a!. Ko. 
442. p. 296. 
July. & C .  

1736.

The Circle drawn in the Figure reprefents the Image o f the Sun, 
of the fame Magnitude as it appears at the Bactom of the HcLofcope, 

The Light of the Sun near the Orb of the Moon, which I have 
ufually obfervcd, in other Solar Eclipfcs, to have a vehement Motion 
and Undulation, was in this Eclipfe pcrfcftly ilill and quiet.

The Oib of the Moon difcovered a maiiifeil Afperity to all the 
Obfervers, Lfpc*ciaily in the weilern Part, in tlie Phalls that were 
obfcrved a liciie before the Setting oF tiie Sun ; but there were fome 
Intervals, in which the 1 ops of the Lunar Mountains were diitin- 
guiihcd, but not very broad or deep. Hy the Application of a Scale 
nicely divided, 1 eflimaced the Depth of one Valley to be Part oí 
the Diameter of the Moon.

Tiie laft decreafing Phaics were fecn thro’ thin Clouds, and yet the 
Moon did not liide Irom us above n  Inches of the Difk of the 
Sun.

The Setting of the Centre of the San was then found by Calcu
lation to be yh 39/ for the Horizon of IFittemherg, and fo it was
retarded near 6 Minutes by the Rcfrac'lion of the Rays in the Clouds of 
the Horizon.

I V. Tiiis Eclipfe was obfcrved with a very good Tclefcope, o f about
0 Roman Palms in Length.

True 7'ime p. m.
h  ̂ Digits.

22 22 35 o 1 ‘he BL-ginning fcemed to be a fmill Matter over thro’ 
27 j o i the Cloud.
34 o 1
42 0 I :

23 O 52 2. 
3 16 2 

1 0  3 1  2 

i6  r¿ 
45 oi 
£2 1 0

Or a little more, and the greateft Darknefs fecmed to be 
at Hand.

The End, From -



'* From the 4th and 8t)i Obfervations we may gather, that the grcatcfl
D.irkncfs was about 23  ̂ 5^

■\r ̂  Edipji o f  tlié.

i\pparcnt Time. p .m .

4. 12 55 northern Limb of the Sun running over the Parallel
Thread P P, the weftcrn Limb touchcs the horary Thread J Bcvis, A/'/?.
M  H . No. 446- p*

12 42 The fmall Spot near the northern Limb reaches the firft ob-
lique Thread i .  Flg.^63,

13 I The Spot reaches the horary Thread H H.
13 20 The Spot reaches the fecond oblique Thread 2,
14 45 T he eaftern Limb of the Sun reaches the horary Thread.

Then cloudy.
4 45 41 getting out o f  the Clouds, the Eclipfe appears thro*

the Telefcope to be but juft begun.
45 48 Still imperceptible to the Eye thro’ a coloured Glafs.
46 00 Now very fenfible. Then cloudy,

5 5 29 The fouthern Limb running along the Parallel, the weftcrn
Limb reaches the horary Thread.

5 41 The wrftcrn Cufp of the Sun reaches the horary Thread.
7 5 The cailcrn Cufp touches the horary Thread, Then the Sun Fig. 64,

was covcred with Clouds till it fet.
I place the Beginning at 4  ̂ 45  ̂ 31^', p. m.

'̂1*
Appar. Time, p m. A t 5««. Feb. 18,
), / // 1736-7.^ -

2 25 9 A  fmall ImpreiTion appeared on the Sun’s Limb *, I judge the
Beginning to have been about 5 or 6 ' '  fooner. London, ly

3 21 28 The middle of the fjrft and larger Spot was covered.
29 30 The middle o f the fmaller Spot. m *
40 4 The Cufps perpendicular.  ̂'

4 3 3 +  The Cufps horizontal. jan.&c.iyjS,
35 32 The middle of the larger Spot emerged.
3S 21 The fmaller emerged, or a little before.

4^52 57 The Chord between the Cufps —  —  1057
55 00 The Chord —  —  —  —  954
56 32 The Chord —  —  —  851
59 3d. The Chord —  —  —  632
Then a Cloud cover’d the upper Limb, and prevented a Sight of

the ending, which was foon after.

Between twelve and one a Clock, I meafured the Diameter of the 
Sun with a Micrometer, A t  the Tim e o f the greateft Obfcuration, 
the lucid Part of the Sun’s Diameter was equal to 392 fuch Parts as his 
whole Diameter contained 2188.

%
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EcUpfes o f  the Sun.
I had a Tranfit of the Sun at Noon, and of Sirius at Night, which, 

compared with preceding ones, I found my Clock went too fail for 
mean Solar Time, about in a Day,

•At thi 2.
Rnjal Ohfir- _Appar. Túne. p. m. A t

“‘ v h ' "Greenwich. « r> • •
ob/ervtd fy 2 25 39 The Beginning.
J Bt-'vis,  ̂  ̂ 29 The Knd.
M.D.h  the the Sun’s Limb appeared fomev/hn tremulous, and 1
D^mkyT^ fmall thin Cloud came over it. Dr B^vis judged the Tim s miglu be
IbiJ. p. 176. relied on to 2 or 3 '̂.
— Edinbu'gh, In the Hiilory of Eclipfcs co]lc6led by Rlcciclus, there are very

Colin Mac AnnuLir; and of thefe fome hav- been controverted, as
Ciavitts at Romê  yipril 9, 1567, and rhat feen by 

IbU. p. 177. at 'iorgaw in Mifnia  ̂ Feb. 25, 1598, which are both dil'puted by
Kcplr. Some Aftronomers, Antient and Modí-rn, have been ot Opi
nion, that no Eclipie can be Annular: an.l fince fuch fcem ro have 
been rarely obferved, and I have not mit with a particular D.fcription
of any of them, I fliall give as full an Account of this 1‘xlipfe as Í can
collect from the Obfervations that were made here, and tiiofe that have 
been communicated to me from tiie Country.

The Slcy was oenerally favourable in the Southern Parts o f Sco'lvui 
during the Fxlipfe; and though there were great Showers o f Snow- in 
the North, they had fomctimes a View of it. There was fo¡ncthÍPg 
very entertaining in the annular Appearance, a Fhcnomcvon that was 
equally new to all who il\w it, that give great Delight to the Curious, 
without ftriking Terror into the Vulgar. It extended Southward al* 
moft to Morpeth in Northumberland  ̂ and beyond Invernefs Northward •, 
fo that a Parc of England  ̂ and almoft all Scotland̂  were within it’s 
Lámits. I have not as yet learned how far the North Limit was from 
us; but I am informed, that the Weather was very uniavourable 
ih're.

I'en Diys before the Eclipfe, I wrote to many of my Acquaintance 
in the Country, clefiring that they would determine the Duration of 
the annular Appearance as exaftly as poíTible ; in Hopes, by comparing 
their Obfervations, to have traced the Path of the Centre and the 
J.iimits of this PhiCnortienon after the Example given in 1715, by^Dr 
Ualky, to whom we owe the beft Defcription of an Eclipfe that Aftro- 
nomical lliftory affords. I íhall give an Abítraél of the Accounts I 
received in Anfwer to thefe Letters, after I have defcribed our Obfer
vations at Edinburgh,

The Times of the Apearances here were determined by a Pendulum 
Clotk, wliich Mr Graham gave me fbme Years ago, from whorn I 
allo had the meridian Inftrumenc by which it is examined. The me
ridian I.ine was often adjufted in the ufual Manner, and an exact A c 
count of the Suns Tranfits in the Meridian, and o f the Traniits of

Procyon
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Procyon in a fixed Telcfcopc, was kept by M r Sbort for a long Tim e 
before and after the Eclipfe; and, by comparing his Obfervations, I 
cannot doubt but that the Times were determined with fuffident Ex- 
«ctncfs. I was often with him when lie examined the Meridian, and 
pbfervcd thofe Tranfus ; particularly the Day of the Eclipfc, when by 
'tne Sun’s FaflTagc in the Meridian, we found that the Clock was before 
the appirent Time 13 Minutes 27 Scconds; and fo much I have fub- 
dufted from the Times that were marked during the Obfervation,
The Latitude of this l-*lace is commonly faid to be 55 Degrees 55 M i
nutes; and by iome'I'rials we have made lately, this mutl b: near the 
Truth, though in fomc Maps and Tables it be reprefentcd greater.
By comparing an Obfervatioii we had here of the End of the EcTipfe of 
the Moon, Nov, 20, 1732. with an Obfervation of the End of the 
fime Eclipfe by M r Grahmn in FUe:Jirec!̂  the Longitude of this 
Piace is a little more than 12' of Tim e further Weft*.

Some Days before the Eclipfe, Lord Aberdour fet up a Clock in the 
Caille, and adjufttd it with mine by a Watch that ilicwed the Seconds.
The Clocks were compared together the Day of the Eclipfe at Noon, 
by a Cannon fired from the Caille, fome Perfons being appointed to 
attend each Clock, and mark the Seconds when they heard the Sound:
An Allowance of being made for the Progrefs of the Sound,
(which was determined by feveral Trials at Night) the Clock in the 
Caftle was found to be before the apparent Tim e 12  ̂ and fo
much is fuhduded from the Times that were marked in the Caftle 
during the Obfervation. It was agreed that we fliould give Signals to 
cne another mutually at the Beginning and End of the Eclipfe, and at 
the Beginning and End of the annular Appearance. Ilis Lordihip^s 
Signal from the Caftle was a Cannon, ours from the College a Mufquer,
Perfons being appointed to mark our Signals from a proper Place of the 
Caille: 'I'hcre is no Regard however had to thofe Signals in marking 
the Times of the Appearances. Lord Aberdour made ule of a refledt- 
ing Telefcope o f 154 Inches focal Diftance, that magnified 90 times *, 
only he obferved the annular Appearance with one o f 5̂  Inches, that 
he might have a View o f the whole Diik o f the Sun at once. M r 
Short obferved the Beginning of the Eclipfe with a Telefcope of 15J 
Inches focal Diftance, that magnified 104 Times, but the annular A p 
pearance with oneot the fame Length, that alfo took in the whole Diik 
of the Sun, and magnified 50 times. T he reflefting Telefcope with 
which I obferved the Eclipfc from the Beginning to the End, took in the 
whole Diik o f the Sun, (having been made by M r Short for this Pur- 
poie) though the focal Diftancc of the big Speculum be 9  ̂ Inches; 
and though ic bears a higher Charge, I made Ufe oí an Eye-glafs on 
this Occafion, that magnifies only 50 times.

By a Computation that had been made here from Sir /. Ncwton*%
Theory, I expeóted that the Eclipie would begin at 2̂  6^ apparent
Time 5 we therefore looked attentively towards the South-welt Part

of
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oF the Sun»s Limb from Tw o o’Clock. A t 2i> 5' Perceived
a DepreiTion that was jufl. difcernible on the Sun s Limb near that 
Place • our Signal was then made, but by an Accident Lord Abcrdour 
had been hindred from obferving tlie Sun at that Tim e: However, 
when he looked for it, he kw  it was begun, and ins Signal gave gene
ral Intimation of this to the Town, about 4 0 " after we had firft 
perceived it •, and, as far as I have learned, it was not d.fcerned by the 
Eye, though affifted with a fmoaked Glafs, till about this I .me.

1 obfcrved the Progrefs of the Eclipfe by a Heliofcope; but after
10 Digits were eclipfed, I returned to the Telefcopc, to attend the 
Beginning of the annular Appearance. A  little bt:foie the Antitdus 
was connplete, a remarkable Point or Spcck of pale Light appeared 

U near the Middle of the Part of the Moon’s Circumference, that was
not yet conic upon the Dilk of the Sun *, and a Gleam o f Light more 
faint than this Point, feemcd to be extended from it to cach H o rn :
I did not mark the precife Time when I firft perceived this Light, 
but am fatisfied that it could hardly be leís than  ̂ of a Minute before 
the annular Appearance began. Mr Shcrt (who was in another 
Chamber at fome Diftance, and made ufe ot a larger Telefcope) 
aíTures me that he faw it 20'/ before the Anniihs was completed ; and 
this is confirmed by a Call that was then heard from the Chamber 
where he was, of which I did not underftand the Meaning till we met 
afterwards, and upon which the Pcrfon who made our Signals was 
about to fire, if I had not forbid him. I was furprized with this 
Light at firft, and did not immediately rccoliedl that it proceeded 
probably from the fame Crown that was fecn about the Moon in a 
total Eclipfe of the Sun at in i'6o5 ; and was obfervcd by
many in different Parts of Europê  in the three late total Eclipfes of 
1706, 1715, and 1724. 1 did not expeft to have feen this Light,
when fo much of the Sun’s Diik was uncovered ; but as I kept only 
fo much of the Diik in the Tclcfcope as was neccffary for afcertaining 
the Time of the Formation of the Annulus  ̂ this muft have con
tributed ro my difcovering it; for this Light was very faint, compared 
with that which appeared upon the Sun’s Arch near the fame Place 
the Moment it was uncovered, and the Anmilus completed.

Moft of thofc v;ho obferved the Eclipfe with Telefcopes, mention 
in their Letters, that as the Annuhis was forming, they perceived the 
Light [o break in fcveral irregular Spo:s near the Point o f Contaifl, 
anil that the L.imb of the Moon fcemed to be indt:nted there. Some 
cxprtfs themiclves as if thofe irregular Parts had appeared to them in 
a kir.d of Motion. Ir is thus dcfcribed by M r Bnynê  ProfciTor of 
the Municipal J_a\v, ‘ What appeared to me moft entertaining, con- 
‘ fukrtd as an OSÍlA of Sight, was, when the Extremities of the 
‘ Horns formed upon the Face of the Sun feemed as if they had been 
" jn the Action of uniting their Points, the Inequalities on the 
 ̂ Extremity of the Moon's Difk gave the Appearance, as it were,

‘  of
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< of fmall Bodies in particular Motion.* There was not any Undu
lation at chis Tim e on ilie Circumfcrcncc of the Sun. I find that fuch 
App.*arances of a tremulous Motion in certain Periods of folar Eclipfes 
arc mentioned by licvelius and others. Lord Aberdour obfcrvcd tiie 
Beginning of the annular Ai ĵK-arance with a fmallcr Tclcfcope, and 
puccivcd only a narrow Streak of a duiky red Light to colour the dark 
Edge of the Moon, immtdiattly before the Ring v/as completed, 
and after it was diilblvcd.

A t 3*̂  25' 55̂  ̂ the Circumference of the Sun appeared complice, 
and purfcótly circular. W c called at the fame IniVant to the PerPjn 
who was appointed to make our Signal, and in a Second or two the 
Cannon irom the Caftle was heard. The Amufus appealed to the 
Eye to be central for fonie time, but in the T ’elefcope it was always 
broader toward the South-eaft than towards the North*weft Part of the 
Sun*s Dlfk. The Breadth ap[K*ared much greater to the naked Eye, 
than could have been expected irom the Diflerence of the Semidiamcters 
of the Sun and Moon. This was fo remarkable, that fuch a Pbs- 
nomencn muft liavc confirmed thofe Aüronomers in their Opinion, 
who imagined that the Diameter of the Moon is contraélcd in her 
Conjunilions with the Sun. This Appearance proceeded chiefly, I 
fuppofc, from the Light’s incroaching on the Shade, as is ufual; but 
whatever was the Caufe, every Body feemed furprized that the Moon
appeared fo fmall upon the Difk of the Sun.

It was obferved, that the Motion of the Moon appeared more quick 
in the Formation and Diflblution of the Annidus  ̂ than during it’s 
Continuance. This is particularly defcribed by Mr Fullarton  ̂ o f 
Fullartcn  ̂ in a very exad Account of the Eclipfe, as it appeared at his 
Scat at Crosbŷ  near Aire  ̂on the W cíl Coaft of Scotland. I le writes that, 
t the Annulus appeared to be nearly of an uniform Breadth, during the 
‘ greater Part of the Time o f it’s Continuance, but fcemed to go off
‘ very fuddenly ; fo tiiat when the Diik of the Moon approached to
* the concavc Line of the Sun’s Diik, they feemed to run together 
‘ like two contiguous Drops of Water on a Table when they touch 
‘ one another and he adds, that it came on in the fame way. This 
Appearance feems to be accountable from the fame optical Deception 
as the former.

During the Appearance of the Annulus  ̂ the direft I^ight o f the 
Sun was ftill very confiJerable; but the Places that were ihaded from 
his Light appeared glooniy. There was a Duík in the Atmofphere, 
cfpecially towards the North and Eaft. In thofe Chambers that had 
not their Lights Wcilwards, the Obfcurity was confiderable. Venus 
appeared plainly, and continued vifible long after the Annulus was 
diíTolved, and I am told that other Stars were feen by fome: One 
Gentleman is pofuive, that being ihaded from the Sun, he difcerned 
fome Stars Northwards, which he thinks by their Pofition were in 
Vrfa Majorn

2 It
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14^ EcJipfes of the Sun'̂

It was very cold at this T im e; a little thin Snow fell; and feme 
little Pools of Water in the College Area, where there was no Ice at 
two o’clock, were frozen at Four. A  reflefting Telefcope of a large 
Size, and of a much greater Aperture than ordinary, that took in 
the whole Sun, and burned Cloth very fuddenly through the tinged 
Glafs at the Beginning of the Eclipfe, and on that Account could 
not then be ufcd with Safety, was that by which M r Short obfcrved 
the annular Appearance. Some curious Gentlemen found, that a 
common Burning-glafs, which kindled Tinder at 3* 5̂9  ̂ and burned 
Cloth at 4*̂  8̂  had no Effedt during the annular Appearance, and for 
feme time before and after it.

H . I have mentioned thofe Things moftly upon the Report o f  others ;
" for during the greater Part of this Appearance I was obferving the'

Progrcfs of the Moon upon the Difk of the Sun through the Tele- 
fcope. The firft internal Contaft ot the Diflcs, at the Formation 
of the Annulus  ̂ was confiderably below the Weft Point of the Sun*s 
D iik ; and the fecond Contad, at the Diflblution o f the Annuhis  ̂
ieemed to be about lO Degrees Eaftwards from the North Point or 
Zenith of the D iík : But I did not find that the Pofition o f thofe 
Points of Contaft could be eftimated with Exadlncfs on fcveral Accounts. 
The Breadth of the Amndus towards the South-caft Part of the Sun’s 
Difk, was at leaft double of it’s Breadth towards the oppofite Part, 
about the Middle of this Appearance. An Apparatus, by which I 
was in Mopes of being able to determine thofe I'liings more accurately, 
was not ready. I propofed to have made fome Eftimacion of the 
Ratio of the Continuance of the annular Appcarance, where it was 
central to it’s Continuance at Ed'niburghy from that of the Arithmetical 
Mean betwixt the Numbers that íliould cxprefs the Proportion of the 
greatc'ft and leaíl Breadth of the Annnlus to the Geometrical Mean 
betwixt the Time Numbers ; or from the Ratio of the Radius to the 
Sine of half tiie Arch intercepted between the two Points of internal 
Contail; but I did not obtain theie Rations with fufficienc Exaiftnefs.

A t 3*31^43^^ the Annnlus was diíTolved, after having continued
5^48^'. And here again our S:gnals were heard immediitely after
one another : 1 he Middle of the Eclip!e was therefore at 28  ̂ 49̂ *̂ *
In this the T ime by Obkrvation did not agree fo well with the Time by
Computation as in the Beginning of the Elclipfe, the Diiference bfing
hi-re about four Minutes. The Irregularities of the Moon’s Surface
owĉ ifioned the fimc Appearances, in fome mealure, as at the For-
n.aiion of the Anmdus. When I returned to the Heliofcope, there
was lome Tjme Joft in direfling it towards the Sun j and when

go^^he Image in a due Pofition, there was lefs than 11 Digits
c'Clipied; and I fufped that it never amounted to full i i  Diaits. I 
h.td no Micrometer.

After taking fome more Digits, I went with Sir John Clerk to 
neighbouring Houfe, to obfervc the End o f the Eclipfe, being 

 ̂ afraid
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afrakl wc ihould not be able to fee it from the College. By a Signal 
that was made to the Perfon who attended the Clock, ( 2 ' ' being 
fubduéled, that were loft in making the Signal) the End was at 
4*̂  44' 5 1 ' ' .  The Wind blew hard at this Time, fo that the 
Tclefcope could not be kept very fteady, and there was feme Undu
lation on the Circumference of the Sun; but I cannot think that the 
Error o f  this Obfervation can exceed 3 or 4^/, the Circumference o f 
the Sun appearing to me complete at that Inftant.

I ihall now fubjoin the Obfervations that were made in the Caftlc 
and College in one View, by which you will fee that they agree 
precifely as to the Continuance of the annular Appearance, a Coin
cidence that could not have been expefted ; but fo it is, according to 
the Numbers that were given me immediately after the EcJipfe by thofe 
whoattended the Clocks.

Eclipjes of the Sun, H S

The Beginning of the Eclipfe at 
The Beginning of the annular Apppearance 
The End o f  the annular Appearance 
The End of the Eclipfe

in the College. In the Caftle.
h ' ih / //

2 5  3 6
3 25 55 3 25 53
3 3 1  4-3 3 3^ 4»
4  44  5 1 4 44 48

By Lord Aberdour ŝ Obfervations, the lowermoft and biggeft of 
the two Spots that appeared upon the Diik of the Sun in the upper 
Part, was touched by the Moon at 3** 4̂  40̂  ̂ and this Spot was 
wholly covered at 3*' 5̂  19  ̂  ̂ Mr Short obferved another Spot 
at the Circumference of the Moon, at 2̂  24  ̂ 5 1 Though the 
Obfervations of the Digits could not be made with fo much Exailnefs 
as the preceding, on fcveral Accounts, I ihall fubjoin fome of them.

The Sun was eclipfed
h / //

2 Digits at 2 21 14
6 Dig. 2 50 54
9 ^ 'g- 3 45 57
8 Dig. 3 52 55
7 3 59 53
6 Dig. 4 6 51

A t Hopeion-Houfe  ̂ nine Miles W eft, and a little Northwards from 
Edbibnrgh  ̂ Lord Hope obferved the annular Appearance begin at 
3̂  25  ̂ the End of this Appearance at 3̂  31  ̂ and the End o f the 
Eclipfe at 4  ̂ 44  ̂i* His Lordihip was obliged to obferve the Eclipfe 
at a Diftance from the Clock, and to determine the Times by a 
Pocket Watch, that had been adjufted by a very good Dial that 
Day* at 12 o*Clock; but affures me that the Duration of the annular 
Appearance was 6^ as near as could be judged by a W atch that did not 
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fliew the Seconds. The Moon appeared to touch the larger Spot 
above-m en tioned  at s'- 4 '  covered it  m  about half a Minute. 
The Emerfion of the fame Spot was at 4̂  13 . A  Iciicr bpot, higher 
on the S»n*s Diik, was not covered till 1 a f t e r  the greater Spot, but
appL*arecl rather fooncr than it. ,  „ , , , n̂ r-i vt t

A t Crosby, on the Weil Coaft of Scotland, about 4 Miles, North
from Aire, Ux FuHarton obfcrved the Eclipfe to bt-gm at 2 o’Cbck. 
A  cliftinil Anmtlns was formed about 20̂  after 3, which cor.tinued 
cxadlly 7̂ , nitalurcd by a Pendulum vibraticg Scconds. It appeared 
rather broader on the lower Verge of the Sun ; but the Dihercncc 
muft have been very fmall, for it was but baicly difcernible in a Species 
o f the Eclipfc 6 Inches over, caft on a Piece of Papei behind the 

‘ Eye-piece o*' a Tclcfcope 6 Feet long. He adds, that the I>ay-light
was not greatly obfcured, appearing only fo much dimmer than ulual', 
as that of the'Siin is, when feen through a very gentle Mift in a fine 
Morning in April or May, Sir ncnms Wallace found that the annu- 
lar Appearance continued at his Houfc near Lockryan in Gallo'ivay 5^ 

From the Obfcrvation at Crosby, the Centre of the annular Pe
numbra feems to have entered Scotland not tar from Irwine. Ic 
proceedc'd afterwards towards the Eaft, with a confiderable Inclina
tion Northwards; and probably left Scotland not far from Mon- 
trofe on the Eaft Coaft: For the Reverend M r Aucbterlony found, 
that the annular Appearance continued there 7 ', as near as he could 
judge by iin ordinary Watch. I'he Annulus aifo appeared to him of 
an uniform Breadth, through a common Telefcope. This Obfcrvation, 
though not fo exiiffc as that at Crosbŷ  is however confirmed by that 
at St Andre^^ ,̂ to be mentioned afterwards Thcfe two Obfcrvations 
ac Crosby and Montrofe, were made nearer the Path of the Centre, than 
any others that have been communicated to me.

As for the* Southern Limit of this Appearance, the Eclipfe was not 
annular at Newccftle, and there wanted about 40 Degrees of the Limb 
Cl the Sun to appar in order to form an Annulus  ̂ according to the 
Obfcrv âtion of Mr Ijaac I'borfjpfon. The whole Duration of the Eclipfe 
was 50̂  ̂ lefs by hjs than by oui' Obfcrvation ; and the bigger Spot 
was hid 9̂  35'^ by his Obfcrvation, the Digits cclipfed at it’s Im-
merfion 7, 7 *, at it’s Emerfion 4, i. Nor was the Kclipfc annular 
at Morpeiby whence Mr John Wilijon writes, that the Body of the 
Moon appeared almoft entirely on that of the Sun ; and that to the 
naked Eye, the Diik of che vSun fcemed to be almoft round.

But of all the Obfervations that have been communicated to me, 
that of Mr hong at 'Longframlington' ,̂ determines the Southern Limit 
with the greaceft Exadlnefs. The Amtulus, he fays was very fmall 
there upon the upper Part, and the Duration 40 or 41 half Scconds, 
mrafurcd by a Pendulum 9, 81 Inches Jong; from which we may

conclude,

Eclipfes of the Sun.
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conclude, that the I/imic was very near this Place. I have received no 
Accounts conccrningthis Appcarance fiom any Places on the Weft Couft 
of England, A t  Alnvjick in Nortbumberlaud the Eclipfe was annular  ̂
but I have not heard that the Tim e of it’s Continuance was meafurcd.

A t Ber^icky the annular Appearance continued betwixt 4 and 
The End of the Eclipfe at Dunbar  ̂ by M r Mark's Obfcrvation, was 
at 4̂  48' but there was fome Miftake committed in reckoning
the Vibrations of the Pendulum in meafuring the Continuance of tlvj 
Annulus.

Ac At¡drevJ*%̂  this Appearance was obferved to continue precifdy 
by a Pcnilulum Clock, by M r Charles Gregory and Mr David 

2ou/igj Profeflors in the Univerfuy. By a Figure of the Annulus 
taken from it’s Image, projefted through a Tclefcope upon a Paper 
Screen, the Breadth towards the South-eaft Parc of the Sun’s Diik 
is rather more than double o f it’s Breadth towards the oppofite Parc.

I have already mentioned the Obfervation at Montrofe, Ac Aberdeat .̂ 
the Annulus was obferved b y  M r '"jQÍm Stewari  ̂ Math. Prof. for 3/ 2'^ 
It was almoll central, when the Clouds deprived him of ar̂ y further 
View o f i t ; he thinks it probable, that it continued there about 
Several Gentlemen, who live on the Coafl Northwards from Aberdeen  ̂
were defired to obferve the' Continuance o f  the Annulus ; but I do 
not find that any of them faw this Phienomenon from the Btrginning to 
it’s. End.

Ac Eighty the Eclipfe was obferved annular ac 3̂  29' the largef 
Part o f the Ring being uppcrmoft, by the Reverend M r Irwiuy 
who had a View of it for about 30' *̂, but by reafon of intervening 
Clouds could not determine the Beginning or End o f this Appearance. 
A t Cajhk Gordon̂  M r Gregory had one View of the Eclipfe while it 
was annular, but could nuke no further Obfcrvation for the fame 
Reafon.

Ac Invcrncfs  ̂ the Eclipfe was annular for fome Minutes, as I am 
informed by fcveral Gentlemen •, but they did not meafure the precifc 
Time how long it continued. By the Accounts I have had from Fvrt 
Auguftüs aiul Fort William^ it is doubtful whether the Eclipfe was 
annular in thofe Places or nor. Fort Aitgujlus is at the Weft End of 
iMbnefs^ and probably was not far from the Northern Limit o f this 
Phtncnicncn, I have as yet received no Accounts of this Apijcarance 
from any Place further Northwards, or from any Flace in the W eft, 
but thoic I have mentioned. Some Gentlemen in Argykflúre  ̂ who 
obferved tliis Eclipfe, were deprived o f a View o f the Annulus by the 
Clouds.

Mr Walker  ̂ an ingenious Gentleman ac Frazerburgh on the North 
Coaft, found that from the Tim e of the Ring’s beginning to appear upon 
the lower and Weftern Parc o f the Sun’s D iik, till it began to break 
oh the Eaft and upper Part, there were 300 Vibrations of a Pendulum,

U  2 or
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Eclipfes of the Sun»

or 5 ^  T h e  R i n g  Teemed fomewhat narrower even at the Middle of
the Eclipfe on the lower Part.

This is the Sum <5f  what I have been able to learn concerning the 
Obfervations of this Eclipfe, that were made in this Country, and in 
the neighbouring Parts of England, I have made fome Computations 
relating to the Extent of the annular Penumbrâ  and the Direction and 
Velocity of it’s Motion ; but fince I have not a fufficient Number of

i  exa(5t Obfervations, by which I might examine them, it would be
of little Ufc todcicribe them. Had the Weather been more ñivour- 
able in the North, and my Requcfl of having the Duration of the 
annular Appearance meafured, been made more public before the 
Eclipfe, after Dr Halleyh Example in 17*5 ; I doubt not but I iliould 
have been able to have given a more exa£t Account of the Progrefs 
of the Centre of this Phaenomenon, and of it’s Lim its; but I had 
been difcouraged from publifliing any Thing concerning it, by our 
bad Fortune in feveral late Eclipfes, of which the Clouds had not 
allowed us the leaft View.

I am informed, that there Avas very little Notice taken o f  this 
Eclipfe by the Populace in the Country ; and I cannot but add, that 
feveral Gentleman of very good Credit, who are not in the leaft 
Jliort-fighted, afiTure me, that about the middle of the annular A p 
pearance they were not able to difcern the Moon upon the Sun, when 
they looked without a fmoaked Glafs, or fomething equivalent.

1 have taken Notice of this, becaufe it may contribute to account 
for what at firft Sight appears furprizing, that there are fo few annular 
Eclipfes in the Lifts collected by Authors. Kepler̂  in his Aftron.
Optic, does not feem to acknowledge, thnt any Eclipfe, t ru ly  annular, 
had ever been obferved. T h e re  are none mentioned by Ricciolus  ̂ from 
the Year 334  till 1567, though  there are 13 or 14 total Eclipfes 

; recorded within tha t  P e r io d ;  yet it is allowed, tha t  the E x te n t  and
IDuration of the annular Appearance may be confiderably greater in 
the former, than of the Darknefs in the latter. It may have contri
buted to this, that annular Eclipfes muft have been rather incident in 
the Winter Seafon in the Northern Hemifphere, and that Eclipfes 
have been more readily total in the Summer, when their Chance of 
being vifible was greater, and the Seafon more favourable for obferving 

 ̂ them. But perhaps the chief Reafon why few annular Eclipfel
' appear upon Record, is, that they have not been diftinguiilied in moft

Cafes from ordinary partial ones. The Darknefs diftinguifhed total 
Eclipfes, or fuch as were very nearly total; and it is thefe chiefly, Hi- 
ftorians mention. There are two central Eclipfes o f the Sun ftill 
famous amongft the Populace in this Country ; That o f March 29,
1652 was total here, and that Day is known amongft them by the 
Appellation of Mtrk Monday. The Memory of the Eclipfe of Feb,

Í 598, ÍS alfo preferved amongft them, and that Day they term, 
in their way, Black Saturday. There is a Tradition, that fome Perfons

m



Eclipfes o f th& Sun. ij[.g

in the North loft their W ay in the Time of this Eclipfe, and pcrifhcd 
in the Snow.

There was a remarkable total Eclipfe of the Sun in this Country,
June 17, 1433? the Memory of which is now loft among the Popu- 
lacc; but it appears from a PaíTage in a Manufcript in our Library, 
that it was formerly callcil by them the Black after their ufual
Manner. It is dclcribed thus: * This year there was a wonderful 
‘ F.ciipfc of the Sun, on Jtoie 17, about 3 in the Afternoon*, and 
‘ for about halt an Hour, a Darknefs like Night overfpread the Face 
‘ of the Earth; fo that nothing was vifible to human Eyes-, whence 
‘ it has commonly been callcd the Black Hour.* This Eclipfe is not 
in Ricciolus^s Catalogue, but is mentioned by him in another Place,
Sihol. Cap. 2. L  5. By a Computation of this Eclipfe, the Sun was 
within two Degrees of his Apogeum  ̂ and the Moon within 13 Degrees 
of her Perigeum ; fo that this muft have been a remarkable Eclipfe.
I'he Progrcfs o f the Shadow was towards the South-eaft •, and Setbus 
Calvifnn cites the "Turkifit Annals for it’s being total in fome Part of 
their Dominions.

P. S. W e looked for the Occultation o f Aldeharan by the Moon on 
rdf. 25, in the Evening; but the Scar paiTed by the upper Morn, 
without being hid, at a Diftance from it, that was by Eftimation 
nearly equal to the Diftance betwixt the neareft Part of ohe Spots 
Eudoxus and Arijloile.

4. W e had a very fine bright Day for obferving the Eelipie; and 
ncver was any 'I'hing of that kind, I believe, obfervcd with more Exadt- burgh, ¿y/¿r 
nels. In fcveral Places for 10 Miles round this City, as well as in it, 
were fome fkilful Perfons ftationed for that Purpofc: I myfelf hap- n̂to/the 
pencd to be in ihe Caftle here, which is an Eminence at leaft of 500 Baromof his 
or 600 Feet in Height, bcfides a great Afcent from the Level o f the ĵajtJlysEx• 
Sea to the Foot of the Rock upon which it is fituated. 5?

'M.'c Mac Laurin had placed himfelf at a Window in our College ; ibid. p. 195- 
others were fent where the Eclipfe we fuppofed, would be perfedly 
central, about 12 or 14 Miles farther North.

A  Gun from the Caftle was fired at 22̂  ̂ after Twelve, mean Time,
(or 12  ̂ 22'^ before Twelve, apparent Time) upon which, by Agree
ment, the Clocks and Watches o f  the Obfervers were adjufted. A  
fecond Cannon was difcharged precifely when the Eclipfe began, 
which was at 5 ' 36'^ after T w o. A  third was difcharged when the 
annular Appearance began, which was at 25  ̂ 55^  ̂after T h re e ; it’s 
Continuation was 5̂  A  fourth Cannon was fired at the End
of the Eclipfe, which was at 44  ̂ 50̂  ̂ after Four; all reckoned by 
apparent Time. W e had half a fcore good reflefting Telefcopcs to 
make thtfe Obfervations, and our Calculations perfeilly agreed, lb 
that you may depend upon them as moft exaft.

This was not done by us as a Matter of mere Curiofity, but to 
aíTift in afcertaining the Motions of the Moon, on Sir /,

Theory
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Fig. 65.

Eclipfes o f the Sun,

Theory upon which a good <jeal.of' the Doctrine of the Longitude 
wiil depend. Sir Ifaac'  ̂ Calculation, as to the Beginning o f this 
Eclipfc, was pretty right; but not fo well as to it’s central Appearance. 
Two Spots in the Sun made a very diftinél Appearance to us, as they 
entered under the Moon’s Body; one was a little above the central 
or horizontal Line of the Sun, rtiaped as in the Figure; the other was 
near the Edge, on the Eaft Quarter. The firll, by Compari fon with 
the Sun’s Diameter, was larger than the Diik of our Earth; it was 
dark in the Middle, and certainly emitted no Fire or Light. The 
Edge of the Moon appeared a little ragged or rough, but not moun
tainous, becaufe of the Sun’s i.ight. There was no confiderable 
Darknefs, but the Ground was covered with a kind of a dark greenifli 
Colour. Tw o Stars appeared, the Planet Venaŝ  and another farther 
Eailward. This Account is what you may depend on.

i
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Charles 
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p. 197.

5. The Beginning by the Clock —  
The End —  —  —  —  —

Í/Í 1 The Ecliple obferved.

'So Increafing. Dfcrdafmg.
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Eclipfes o f the Sim.

•J »
—  T- , rr  ̂ ' .;í1í ni i: Jjidirxo
Times obkrved at Kelierwg, as follow: y  s  '!o

Beginning —  —  „  —  — , —  —  —  ^ 2 1

2 D ig i ts  —  —  —  —  —  —   ̂ . 2 . 5 6

C en tre  —  —  —  —

4 ,  59

Great Spot immerfcd —  —  —  —  — 3 18

A"". iS, The Obfervatory Clock was 50̂  ̂ too flow, which being
added all the way will give true Time. >

. , U •  ̂ I
6. The Beginning o f this Eclipfe was above feven Hours iooner than —  /̂'Bologu

by our Calculations. For at 3'’ 33  ̂36^', part of the Sun’s Limb ------—r
feemed to be obfcured by the Moon, as we looked through a fmoaked P' *99«
G!afs, fitted to a TeJeicope o f 11 Feet, whereas but a little before, 
at 33 the Sun appeared quite round thro* the fame Telefcope.
But the Calculations placcd the Beginning of the ,Eclipfe at
3  ̂ 4 1 '

W e then obferved the Digits o f the Eclipfe on a white Table, upon 
which the Rays of the Sun were thrown, by an Optical Tube of 6 
Fcecj there was a Circle infcribed on the Table, meafured by the 
Image of the Sun, and divided into Digits and half Digits. The 
Dbfcrvation was pretty much diilurbed by the Wind lhaking the 
Inftrumcnt, The following f e e m t o  have been the mofl: certaia 
Pliafcs.

3
3
3
4 
4

40
48
57
6

15

4 35 
4 45 
4 55

about one Digit was edipfed.
two Digits, .. -
three Digits.
four Digits.
five Digits.

fcven Digits.
feven Digits » which feemed to us the greateft Darknds. 
fcven Digits again, the Eclipfe now dccrcafing.

When the Appearance o f the Sun going down began to appear too 
iludluating and trembling, and disfigured from a round into an oval 
Shape, wc It ft off meafuring the Digits, becaufe it was not attended 
\virh fufficient Certainty,

Some Spots appeared in the Sun, cfpecially 3, the Pofitions o f 
which at Noon that Day, being defcribcd from the'Obfcrvatioas, is 

2 exiabited

f.

i t  'I

i&j

tj

£D



I

152
Fig. 66.

Eclipfes of the Sum

exhibited in the Scheme. W e have thus determined the Occultatior.s 
of two of thcie by the fame Tube of 11 Feet.

h
4

I //
23 18

23
24
26
26

49
25
14
31

The Limb of the Mooa touches the Corona of the 
Spot A ,

It begins to touch the Nucleus of the Spot A .
It hides the whole Nuckus.
It touches the Spot B.
It covers the whole.

^OnhUunt 7. The Image of the Sun was thrown thro’ a Telefcope o í Cam- 
Avcntinea/ up on  a white Table, with a Circle equal to the Image, divided
Rome. Mi into 12 Digits. The Fhafes obferved by this Inilrument are as

Djdacus c u  
6e Ravillas rollow.
F. R. S.
Ibid. p. 200. h ' // m.

3 43

51
o
9

18
»7
30

50
40
30
20
10
00

The Limb of the Sun was found to be a very little ob- 
fcured by the Limb of the Moon, 

one Digit, 
two Digits, 
three Digits, 
four Digits, 
five Digits.
fix Digits, whilft the Limb of the Moon touches the 

Centre of the Sun, thick Clouds take away the Sight 
o f both Luminaries, and o f the fuccceding Phafes of 
the Eciipfe,

^/Wif 8, Digits of the decreafing Eciipfe
tembcrg in 
Saxony,
J. Frcdcrick 
Wcidler. 
Ibid. p. 2or. 
Fig. 67.

8
7 i
7 'i
7 i
7 -
6 i

h

4
/

50
58

I

■ 5 
8

10

" I
31 -
16
36
26
i 6
16

m.

Afterwards, as the Sun went down, it was hid in Clouds. The Be
ginning could not be fcen becaufe of Clouds.

— /̂ Phila- 5. The Eciipfe Feb. i8. could not be well obferved here, by
Pcn̂ fyltania Clouds. I reftified my Clock by one o f  Heath's large
^PrKearily. A t 7** 18' there was a fmall Dent in the Sun’s Edge,
No. 446. w'hcnce the Beginning i or 2̂  fooner: Juft before the End, viz. 10**

or I2^ I had a Sight of the Sun again, and there was then a
- *73/- Dent in the Sun’s Edge, fo that the End niuft be 10  ̂ 13 or 14^

2 the
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the Morning: About the Middle o f the Eclipfe, there was a large 
'Spot near the Middle of the enlightened Part which was the North 
Side o f the Sun. . ^

VII. I .  This Obfervation was made by a Refrañing Telefcope 
of 12 Feet Focus  ̂ armed with a Micrometer, and by a refleéling 
Telcfcope of 9 Inches focal Length.

EcUpfei of the Sun, ^53

It
Beginning of the Eclipfe at 
Enfl at —  ■—  —  —

a.m.

Quantity of-'Obfcuration by the Micrometer —

Duration

dig. min,
—  3

,z .'..f'V. 
h / f f

—  2  GO 16

EcHpfc e/ the 
Sun» oh/er*vt<i 
Aug.4, 173S. 
ly Mr George 
Graham and 
Mr Short,

R. S. at 
Mr Graham*/ 
Uoufe in 
Flcerftrcct> 
London.
No. 453. 
p. 91. April, 

1739.

N, B, The Perfon who was obferving the Tranfit of the Sun 
over the Meridian, obfcrved the End to be at the fame Inftant with 
the above Obfervation.

2, This Obfervation was made with a Tube o f  7 Feet, armed with
. / Artnr îit

one of M r Grabafn's Micrometers.
True Time.

h
12 
12 
12 
12 

o

/
iS
35
37
42
23

n

5^
57
47
22
30

Beginning of the Eclipfe. 
Digits eclipfcd o 5f

o 3Í
End.
Duration.

¿fji Andreas 
Celfius,
F. R. S and 
R . S. Suec. 
Seer. Ibid. 
p. 92.

Bccaufe of the Clouds that covered the Sun at times, I could not 
obferve the greateft Darknefs and other Phafes of the Eclipfe; but we 
may deduce from thcfe Obfervations, that the greateft Obfcuration 
was o 8̂  Digits at 12*̂  30  ̂ 37'^

3. I could not obferve either the Beginning or End o f the Eclipfe, —  jít Wit- 
becaule o f  the Clouds; but as they were fometimes broken by the 
W ind, I had an Opportunity to obferve the following Phafes.

h

11

12 
12

/

30

19
37

*  ̂ A *
The iirft* Phafe o f the increafing Eclipfe was obferved, 

Digit.
p. m. Another Phafe was feen, 2 Digits 30^
The third Phafe of the decreafing Edlipfe was feen. *  ̂ '

Job. Frid.
Wcidler, 
F .R .S . Ibid. 
p. 92. 

j  Fig. 68.

There were alfo feen at the fame Tim e 10 Spots in the Diik of the 
Sun.

V O L .  VIII. Parti.  X  The
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Bologna 
by EulUchius 
Manfredi,
F  R. S.
Ibid. p. 94.

Fig. 69.

Eclipfes of the Sun.

The Difli of the Moon under the Sun íhewed the Circumference 
exactly terminated, without any Inequality, and very black. N o Trace 
of any Atmofphere on the Orb of the Moon could be perceived.

The Calculation taken from the Ludovician Tables erred both as 
to the Magnitude and Tim e: For the Magnitude was predi£lcd to be
2 Digits 20'; and the Middle to be 12  ̂ 5'. _

, 4. As the Diik of the Sun abounded with Spots at this T im c i
on the Morning of the approaching Eclipfc, about 21̂ * 30' p. m. 
Eujlacbius Zanotti Phil. Dotl. and Math. Prof, Puhl. my Collcgue, 
traced out the PoTition of the chief of them, by the I Idp of a M i
crometer, fitted to a Tube of 8 Feet. Thcfc occupied chiefly the 
fouthern Part of the Sun, which the Moon was to cover. It was not 
necefiary to dcfcribe them all, nor could it be done for the Multitude 
of Spectators. Thofe, o f which the Places could be determined, are 
ihewn in the Scheme.

The Beginning of the Eclipfc was not perceived before 22'' 52  ̂ 25/', 
p. m. tho’ I had long obfcrved it with a Tube of 11 Feet, and others 
with other Tubes. I am of Opinion however, that the ContaiSt of 
the Luminaries hapj êned at Icait a Minute fooner, than I perceived ir \ 
which feems to be confirmed by the fucceeding Phales.

The Digits defcribed by Circles on a 1 able, after the ufual Manner, 
and the Parts of Digits are determined by Eftim.ition. The I'e- 
lefcoj^ was 6 Feet; the Image was 2 Inches or thereabouts. The 
Phafes of the Emerfion are more certain than the Phafes of the Im- 
merfion for many Reafons.

Phafes of the Immerfion.
True Time, 

h / //
23 o lodig. I 

II 20 2
25 56
35 14
45 H
47 6
5Í 14 
55 14 
58 14

o I 46

Phafes of the Emerfion.

4
I

4 Í-
4 f
4 f
4 i
4 ?

doubtfu}

True Time. i
h / //

0 4 i4dig. 4 i f t i l l
18 5 4 i
22 43 4 j
31 50 4 !
39 13 3 i
4& 50 3

52 55 2 Í
57 3 « 2

I 3 26 l i

7 5 ¿ 1

1 13 4 1

h / I I

I Feet I 18 I
8 Fecc I 18 2

In
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In the mean Time, the Spots o f the Sun were covercd and uncovered 
after the following Manner.

EcHpfes of the Sun. 155

True Time,
h /

23 3 50
2 1 3
21 49
22 41
23 54
25 10
25 45
26 24

27 2

31 2
0 31 45

32 30

0: 25
34 59
35 51

The 0

Spot C  covered by the Moon, with a Tube o f 8 Feet,
Spot A  begins to be hid, with a Tube of 11 Feet.
The Centre o f the Spot A  is hid.
The whole Spot immerges.
The ficft o f the 2 Spots at B begins to immerge.
The Centre of the fame Spot is hid.
T h e  whole Spot is hid.
T he latter of the 2 Spots at B touches the Limb of tlic 

Moon with it's Centre. Hitherto I obfcrved with the 
fame Telefcope of 11 Feet.

The Spot D begins to be hid, with the Tube o f 8 Feet.
The whole Spot is hid with the fame Tube.
T he Spot A  begins to appear on the Image o f the Sun 

thrown on the Table.
The fame Spot had entirely emerged, with it’s Ring with 

the Tube o f 11 Feet.
Emerfion of the Centre of the firft of the two at B.
Total Emerfion of the fame Spot.
Total Emerfion of the latter; all thefe with the fame Tube 

o f 11 Feet.

J C7 .................
fcveral other learned Men befides Zanotti\ and all obfcrved the Tmic 
by the fame Clock, which was afterwards correcled by Obfervations 
of the Meridian.

During the Eclipfe, I obfcrved the Tranfic of the Moon over the 
Sun by the Plane o f a mural Semicircle fufpended at the Meridian.

T o  determine the Tranfit of the Moon, I noted'the Time, when 
a very fmall Segment o f the Diik o f the Moon, vifible upon the Sun, 
under the horizontal Thread of the Telefcope, appeared to be bifefled 
by the vertical Thread ; for then the very Centre o f the Moon 
muft have been on the vertical one. But the Centre of the Moon 
pafled over the Centre of the Sun at 23** 59  ̂ 26^  ̂ p. m. The 
Merklian Altitude of the Northern Lim b o f  the Moon was 59'’ 36' 
15 '' ; o f the Northern Limb of the Sun, 59® 53' o " .

a

V III. Increafing
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Eclipfes o f  the Sun.

Eclipfe of thi 
Sun ohferved 
tit Wittcm- 
berg in Sax
ony, July 24,
1739* h  Joh.
f  rid.Wcidlcr. 
No. 454. 
p. 226 
July, isV.
*739- '
Fig. 70,

VIII. IncreafingPhafes.
1 n p. m.

15 30 Beginning.
2 2  o o c l i g ,  I

2Q 30 2
35 30 
40 00
47  30  
55 40

2 00 
9 00

24 40

Decreafing Phafes. 
ii I II P‘
5 35 30 ^'g- s

ó
4
5
6
7
S

43 40
50 30
56 00

 ̂ 45 
8 40

14 00
20 45
27 20

76
5
4
3
2
1

End,

Ohfirvation of 
the Immirjian 
and Emer/ion 
t f  the Spotŝ  
*whUb *were 
€onJpicuoui on 
the Dijk of the 
Sun at tht 
*Simt of the 
ZcUpfe,
Fig. 71.

h

4

Immerfions. 
/ //

34 35 
34 45

I
5
7

10
16
18

30
20
15
00
30
00

Appulfe of the Moon to the Spot ¿7. 
The whole Spot a is covered. 
Appulfe of the Moon to the Spot d.
_____ __________ to the Spot e.
________ ______  to the Spot h.
Total Immcrfion of b.
Appulfe of the Moon to the Spot c. 
Total Immerfion of the Spot c.

Emerfions.
h '

5 30 50
32 30
34 00
39 00
29 50
40 40
4 > 00
4 1 40

6 4 30
6 1 5

Fig. 70.

The Spot b begins to emerge. 
The Middle of the Emerfion of b. 
Total Emerfion of b.
The Spot c begins to emerge. 
Middle of the Emerfion of c. 
Total Emerfion of r.
The Spot a begins to emerge. 
Total Emerfion of a.
Emerfion of d,
Emerfion o f e.

F ig . j i ,  Reprefents the Spots of the Sun in that Situation which 
they had about the Beginning of the Eclipfe \ o f which the Immcrfion 
and Emerfion were obferved during the Eclipfe.

7 'he Moon came upon the Sun at about 102'’ from the Zenith; 
and went off at about 53'’ from the fame Zenith.

A t  the Time of the greatcft Darknefs the Orb of the Moon did not
appear

JiTEir
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appear quite black thro* the Telefcope, but tinged with red *, but the 
Spots ot the Moon were not diftinguiíhable.

The  Edge of the Moon on the left Side toward the South, about 
the Time of the grcatell Darknefs, íhcwed the Tops of it’s Mountains, 
which were alfo perceivable in the Image painted by the Tclcfcopc.
'The reft of the Edge appeared even.

During the whole Eclipfc, the Circumference of the Moon appeared 
naked, without any M ilt or Cloud, which fometimcs hang over it in 
other Fclipfcs. But about the End, when one Digit about the Diik 
of the Sun was ftill hid, .there was a vehement Motion of the Solar 
Light on the rough Edge of the Moon.

in the laft Place, 1 muft not omit, that a Friend of mine very 
ikillul in thcie Affairs, who viewed the Sun thro’ a Telefcope of 9 
Feet, about 4*' 3 1 ' obfcrvcd a Light in the dark DiJk of the Moon 
refembling Lightning; and that the fame Obferver about 5̂  50', 
affirmed to all the Company, t h i \ t  he faw again 3 Times fuch Co- 
rufcations breaking out on a ludden.

IX. The Obfervation was made with a reflefting Telefcope'of i6  Eclipfco//̂ / 
Inches Focus, that magnified about 40 Times. Sun, Dec. 19,

The Bjg'nping could not be feen tor Clouds about the Horizon. i739*
About 3/;̂  after 8 o’Clo*.k, there was an Opening, when the Sun

t V t T-v - • 1* r  I Jirvea h  Mrfeemed to be about 2 or 3 Digits eclipfed. Stiort /«gur.
End was exadtly obfcrvcd at 9 ' '  1 '  45  ̂^  Time apparent. rcy-ftreet.

No. 459. p. 633. Jan. (s’i  1 7 4 ! .

Dcfcription of an Inflrument to reprefent Eclipfes.

X . A  Projedion o f the Arches and Circles, conceived upon the 
illuminated Ilemifphere of the Earth, upon a Plane, may ferve very 
well to fliew any Eclipfe of the Sun •, and if  the Places fituatcd on 
the Surface o*" the Earth, as Cities, Shoars, IQands, are inferted 
in the Projciftion, and if a Circle is added, to exprefs the Pofition 
and Magnitude of the Lunar Penumbra  ̂ and fome fmaller Circles 
concentrical with it, we have then in one View thofe Places, where the 
Sun is covered by the Moon, and where any Part of it is withdrawn from 
our Sight.

But fuch an Image is momentary, and as it fliews with great Accuracy 
what happens at any precife Point of Tim e ; as for Inftance, when the 
Centre of the L.unar Ptnumbra firft enters the Diik of the Earth, it 
cannot exhibit the other Ph^nomena  ̂ which depend, partly on the 
Rotation of the Earth, partly on the Motion of the Moon. Thus it 
we would exhibit in this Manner all the Appearances of an Eclipfe, as 
they fucceed oich other,w.- muil delineate a great Number of Projtftions ■, 
which would be an Affair of infinite Labour, and would liardly be 
recompcilcd by the Pleafure expedlcd.

W iiilil the F.irth turns round, the Circles of Latitude indeed, and 
confequently the Projedtion of them, remain the famej but the M e
ridians, or Circlcs o f Longitude, ai*e continually changed, and con-

fequently

An InJIrunent 
to reprefint 
E d i p f e s ^  th t 
Sun, hy J . 
And. Signer, 
ftUd. Pbyf. and  
Math- Prof. 
Goetcing. ar.i 
F. R , S . N o .  
4 6 1 . p . 781.  
Aug.
1741.



I -fj Defeription o f  an Injimmcnt to reprefent EcUpfes.

rtrqiiciuly the Projciflion of them, and the Situation of the Places of the 
EdTihy It) iar as depends upon them.

But the artificial Globe of the Earth, ihevvs the Hemifpherc 11- 
luminatai by the Sun at any Point of Time, with very little Trouble. 
For fJic Pole bving elevated above the Horizon, or dcprcfied below 
it, To that the If.levation or DcpreíTion may be equal to the Declination 
OÍ the Sun at that given T im e ; or, which comes to the fame End, 
the Sun's Place being put in the Ecliptic of the Globe in it’s Zenith, 
the artificial Morizon becomes the Boundary of the Light and Shade; 
for it diftinguiihes the illuminated Hemilphere of the Earth from the 
dark one, and nothing remains to exhibit plainly the illuminated He-
mifphere, but to turn the Globe round upon it’s v iw ,  till it obtains the

■j Situation which the liour of the D iy requires.
H Thus what is very difficult in Projeélions, is with great Eafe per-
j' formed by the Globe, and alfo more conformably to Nature. When

1 confidered this, I found we ftill wanted, in order to reprefent all 
the Phenomena of any Eclipfe of the Sun, to projefl: the Lunar 
Penumbra upon the Globe, and to make an Inflrument, to reprefent 
the Situation of it at any Time, and to refer it to thofe Places of 
the Earth which are marked upon the Globe. By which Facility of 
doing the Thing, I was induced to think of fuch an Inftrument; and 
accordingly I have attempted to execute it after the Manner reprefented 

¡I Fig. 72. in Fig. 72.
r It is a common terreftrial Globe, furniflied with it’s Horizon,

Meridian, and Hour Circle. T o  the Horizon are faftened two 
wooden Arms, A  B, ab̂  in Length a little exceeding the Semidiameter 
o f the Globe ■, one End of each of thefe Arms, is made to embrace 
the Horizon, and may be faftened to any Part of it by Means o f Skrews, 
one of which is fhewn at D.

On the oppofite Extremities B are placed wooden Columns, 
perpendicular to the Horizon B E , be  ̂ of the Height o f the Semi
diameter of the Globe, and of the Breadth of the Brazen Meridian, 
fo that a right Line being drawn thro’ the Tops of the Columns 
cannot touch the Meridian.

On the 7'op o f each Column is a little Ball o f Brafs; each o f thefe 
Balls is perforated by an Iron Axis  ̂ appearing on both Sides, and 
firmly joined to the Ball. The lower Parts of the Axes were fixed 
into the Columns, fo that the Balls are held faft in a Situation pa- 
rallcl to the Horizon of the Globe.

i "1 he upper Parts o f the Axes are round and poliflied, as well as
the upper Surfaces of the Balls; and receive round Plates of Brafs 

S'* ''^hich reft upon the Balls in luch a Manner, that being 
turned round the Axes they always remain parallel to the Plane o f the 
Horizon. The Plates are about 3 Inches in Diameter, and each of 
them has a Notch in the Circumference, to receive a Thread. The 
Plate e fg ,  is fomething lefs than the Plate E F G s  and this Difte-

ference
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rence in Magnitude is no Injury to the Inarument. Bcfides it has 
nothing Particular in it;  and therefore it is only faftened with a 
Ball to kct'p it from tailing off the Axis.

But the other Place E F G  has a Circle infcribed upon it, divided 
into Degrees, and an Index H  is added, to Ihew the Number of thofe 
parts. 1 his is io fítuated, as to turn round the Axis without moving 
the Plate, or being afteólcd itfelf by any Motion of the Plate. In 
order to this, a little immoveable Ball is placed between the Plate 
and the Index, for the Index to turn round upon it any Way.

Then there are three Rays of Brafs, ik^ i i ,  im  ̂ connected in r, 
containing equal Angles ¿;7 , //w, mi k \  and the Plane / is perfo
rated with a very fmall Hole. The Rays are elaitick, and as thin as 
could be made to be firm, and nearly of the Length of i  Part of the 
Globe. I ’he Rays have alfo little Perforations at I and w, thro* 
which a Thread being drawn is brought round the Plates by w F G  o- 
/(?/, the Ends being faftened together between / and w, wherefore 
the Skeleton of the l^entmbra is alfo rendered immoveable at the 
Part of the Thread d m  E , it’s third Ray lying freely on the Part of 
the Thread g G *, hence the Skeleton is turned cither away in a right 
Line, upon the lu rn in g  of the Plate E F G ,  or cfg.

By this Conftruftion might be difcovered how many Parts of the 
Divifion of the Plate E F G  would anfwer to the Diameter of the 
Globe, after this Manner. The Arms A  B, ab  ̂ are fo placed, that 
upon the Skeleton's being moved, it's Centre ; would run thro’ the 
Diameter of the Globe *, and to eiied this, the Horizon of the Globe 
is placed in a Situation parallel to the Horizon of the Earth, and a 
Pendulum in is let fall from that Centre, to ihew the Points of the 
Horizon, over which the Centre would hang. Therefore moving the 
Centre forward, according to the whole Length of the Diameter of 
the Globe, we might note the Number of Parts of the Plate E F G ,  
which have paiTed in the mean Tim e thro’ the Index H  j which being 
carefully obíerved, muft be retained in Memory, fincc the Ufe of ir, 
as well as of every Thing that has hitherto been defcribed, will occur 
in the Reprefcntation of all Eclipfcs. Thefe that follow muft be 
changed according to each particular Eclipfe.

The Principal of thefe is the Difk of the Penumhr¿e  ̂ which I have 
endeavoured to eftedt after the following Manner. Having found, 
by the Tables for the Ectpfe which I would reprefent, the Semi
diameter of the Lunar Penumbra on the Difk of the Earth, as alfo 
the horizontal Parallax of the Moon, I argued thusj as the horizontal 
Parallax of the Moon is to the Radius o f  the penumbrous Diík, fo 
is the Semidiameter of the terreftrial Globe, that I made ufe of, to 
the Qiiadrant, which expreffcd the Radius of the Penumbra required 
by the Magnitude o f the Globe.

As the Size of the Inftrumcnt feemed not to admit of a Divifion 
into 12 Parts, I divided that Radius into 6, and defcribed concentri-

cal

Defcription of an Inftrumcnt to reprefent Eclipfes. 159
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cal Circlcs on a thicker Paper, which I cut into according to
them. 1 pailed the biggeft of thefe to the Skeleton  ̂ ' w, lo that 
the Centre might agree with the Centre o f the Skelc. ):. ? then I 
rcie<5ted the fecond, and parted the third to the Skckcot: the like
Manner, and rejedting the fourth, I paftcd on Urc íj.cr:- rejedin 
allb the inner Circie v lb that the Figure might arife. an n‘ vjclcn je 
between kliit. The Ufc of it is to ihew, that all 
upon the Globe, which lie under the outer Etig* oí 
Circle, fee the Beginning or End of the Eclipfe, that V.v̂ 
fuuatcd under the inner Edge of the fame Circle, fee 2 Digits 
cclipled i that thofe which lie under the outer Edge of tlie ferond 
Circle have an Ecliple oí 4 Digits, and ib on v but that thoíe which 
lie under the Centre iee the Eclipfe total; for I have thought it fufficient 
to mark the Shadow, becaufe of it’s Snnallnefs, thro’ the very Centre.

T o  fet every Thing in order for any Moment of a given Eclipfe, 
we muft proceed in the following Manner. Having found by Calcu
lation the Points of the Bound of L.ight and Shadow, by which the 
Centre of the Moon firft enters the Diik of the Earth, and again de
parts from it, they are to be marked on the Horizon of the Globe, 
an*d the Arms A B , are to be placed fo that the Plate E  F G being 
turned round, the Centre i of the Difl< of the Penumbra k im  may 
pafs over them ; and whether this is done or nor, will be ihewn by 
the Pendulum Then I find the Time when the Centre o f the 
penumbra is in any remarkable Place, as when it firft enters the Diik 
of the Earth, and place the Globe, by means of the Meridian and 
Equator, without the Help of the Hour Circle, in fuch a Manner, 
that the Part above the Horizon may iliew the Hemifphere of the 
Earth at that I'ime illuminated by the Sun. I then turn the Plate 
E F G  till the Centre of the Penumbra ;, is perpendicularly over that 
remarkable Place, as the Bound of Light and Shadow, for Example; 
which I call the primary Situation of it, and this being obtained, I 
move the Index H  of the Plate to the Beginning of the Divifion. 
I'iius every Thing is rectified for tliis Time, and it’s Phenomena may 
be colleétcd.

Now the horary Motion of the Moon from the Sun, being taken 
from the Tables, I infer, that as the horizontal Parallax o f  the Moon, 
is to this horary Motion of the Moon ; fo is the Number of Parts 
of the Plate E F 'G , which anfwers to the Semidiameter of the Globe, 
found above, to the Quadrant, which iliews how many Parts, upon 
turning the Plate round, are to be drawn thro’ the Place of the Index, 
that the Situation of the Diflc of the Penumbra may be had, an H olvt 
before or after the Time, which anfwers to the primary Situation, 
The Diik therefore being brought to this Place, and the Globe being 
turned round the Axis, the Phmomena of this Tim e may be had in 
Jike Manner.

. Now

Dcfcriptlon of an Injlrument to reprefent EcHpfes.



Now the Situations o f the other Times are eafily obtained. For 
the Number of Parts of the Plate juil found btin^ divided, namely 
that which anfwcrs to the horary Motion, in prdcr to obtain thu 
Morion of half an Hour, a Quarter of an Hour, and a Minute, a 
Table may be conilrudled only by Addition and Subtraction, in 
which having marked the Times, the Parts are put to the Plate, by 
which the Difk o f the Penumbra: ought to be moved forward and 
backward, that it may receive the Situation accommodated to tliatTime,
When tliis is done, it remains only to turn the Globe according to the 
Time, and the Plate in fuch a Manner, that it’s Index may ihew 
the Number afcribed to the Time,

Lailly the Places marked upon the Surface o f the Globe, lying 
perpendicularly under the Diik o f the Pmimbra in any Situation of 
ir, may be found by the Pendulum. But they are feen at one View, 
if  the whole Apparatus is expofed to the Rays o f the Sun reflcfted 
from a plain Speculum, in fuch a Manner, that the Rays may fall 
perpendicularly upon the Horizon of the Globe. For then fuch'Sha- 
dows will be projcdlcd from the Diik of the Pmumhr<e upon the Globe, 
as arc like \\\t Penumbra which the Moon cafts upon the Earth, by 
which the Phafes of the Eclipfc, for any Place may be feen.

This Motion o f the Sun is inconvenient *, perhaps thofe who have a 
large burning Glafs, will make Ufe of a Lamp, the Rays of which 
may be thrown upon the Globe from the Glafs, in a Pofition perpen
dicular to it’s Morizon. I have thought alfo o f  viewing the Globe 
from a Diftancc thro’ a Perfpeélive Glafs, by which Method the 
Diik klm^ being brought upon the Surface o f  the Globe, exhibits the 
Penumbra. But this requires a very large Telcfcope ; for if the Globe 
is fct at fuch a Diñancc, that the whole may be feen thro* a fmall 
Telefcope, I am afraid the Places marked upon it will not be diftin- 
guiihable.

I have thought alfo o f giving a Motion to the Machine, by means 
of two fcparate Clocks, one of which might turn the Globe, and the 
other the Plate; and thefe might be brought to agree exaflly by the 
Help of Pendulums. But I have iaid enough already on this Subjeñ.

X I. I.  The Obfervations were made with a Telefcope of lo  Palms. EcHpfeefthi
True Time. Nov.
 ̂ p .m .

8 45 28 The Penumbra begins to be fenfible.
49 14 T he Penumbra thickcr. Abbots
51 19 Beginning of the Eclipfc. '  cusRcvillas,

44 Grimaldus begins to immerge.
A 1 • 1 1 I • i u n u s , and by

r̂ i 47 A ll Gnmaldus hid. Euttachius
54 Galilaeus. Manfrcdi.

53 48 The Shadow at Gaflendus. 428*
56 2 A ll Gaflendus hid. *
57 23 Schikardus.

V  Ü L. V III . Part i. Y  Kepler

Defcripíion of an Jnflniment to upNfint the. Edipja. '



, •
I

}s

f.

f\i
ft

•5Asly

‘;-t

li.:

i!

162 Eclipfes of the Moon.

True Time
If

43
53 

o
13
53 

8
2

29 
27 
12
45
37 
22
12 
4
4

10 
16
40 
21
55
1 1
56 
3Í
II

34 27
34 5Í
36 II

41
37 45 

V 3S 25
40 24
41 o

30
4 2  3 2

45 10
46 20 
48 24

o 57 
i i

33
46
51

/ 
2
4
5
6

78
JO
J4

JC5
16
18
20
21
23

26
28
30

32
33

53

5
13
13
3

17
52
^3

p. m.
Kcpkr.
All Ariilarchus hid.
I^anibcrgius, and almoft all the Mare Humorum hid. 
Bullialdus.
Capnanus.
I'hc Shadow at Mare Nubium.
Copernicus begins to immcrge.
Thro’ the Middle of Copernicus.
T h t  Shadow at Eratoilhenes ;'and all Copernicus hid. 
Tycho begins to immcrge.
Infula Sinus medti, •.
Heraclides.
Tycho hid.
Tymocharis.
Archimedes,
Harpalus,
Manilius.
Helicon. 1 I
Plato.
Menelaus.
Catharina and Cyrillus,
Pliny.
Dionyfius.
Ariftotle.
Promontorium acutum.
Ferneiius.
Sncllius.
PoiTidonius.
Pctavius.
Promontorium Somnii,
L.angrenus.
Hermes.
Proclus.
Marc Crifium begins.
Cleomedes.
I'he Shadow thro’ the Middle of Mare Cri/ium 
Mcfiala. '
I'he total Immerfjon.
Duratioji of the total Immcrfion.
The Emerfion had without Doubt begun.
Grimaldus had emerged.
1 he Middle ot Copernicus.
'I'ycho.
Plato.
Archimedcs.

A



True Time, 
h / p.

56 36
59 57

2 10

Eclipfei t>f the Moon,

II

12
3
4 
8

3

26
25
I ! 
6

m.
Infula Sinus MedtL 
Eutloxas.
Manilius.
Ariftotle,
Menel.ius.
Püllkiünius.
Pliny.
Promontorium acutum,
l.angrcnus.
The whole Mare Crifmm.
End.
Duration o f the whole Eclipfe.

Some Phafes of the Immcrfion taken by another ObfcrvatioH with 
'  a Newtonian Tclelcope.

True Time.

n
'10

14
3« 
7.1

26 55
3 35 36

23

h
8 5 0  

1 1
54

o
2
3
8

p m.
Th^ Penumbra tJiick.  ̂ *
The certain Beginning of the Obfcuration,
A li Grimaldus hid.
The Shadow thro* the Middle o f  Galilieus,
All Kepler hid.
The Shadow at Ariflarchus.
All Ariftarchus hid.
The Shadow at the Beginning of Copernicus.
Thro’ the Middle o f  Copernicus.
A ll Copernicus is covered.
The Shadow at the Beginning of Tycho.
A t  the Beginning of Manilius.
Ac the Beginning of Plato.
The Shadow thro* the Middle o f  Plato and Manilius.
A ll Plato is covered.
The Shadow at the Beginning o f Proclus/'
The Shadow at Hermes,
All Proclus is covered.
A t  the Beginning o f  Mare Crifmm,
Thro* rhe Middle o f  Mare Crifliim,
A ll Mare Crifmm is ihaded.
The total Immcrfion of tlxe Moon in the Shadow.

f apparent Time. —  Obf¿rvfi 
2. The Beginning at —  —  "X- —  g i 30 i»Flcct-ilrcft,

London, bj .
■ t M r, Geo,

n
28 
8

32 
58
18
37 

3
9 20 

10 32
14 47
23 n  

26
55

24 40
39 35
40 18
41 o

44 *0
4 6 1 5 ,
49 3

W
Immcrfion
Emerfion 
End —

^  —  — 8 59 30
—  —  10 38 p 

-  —  — ’  —  I I  37 o
y 2

I - Graham» 
F  R S

Obfcryed p.



^clip/es o f the Moon,
Obfervcd with a fmall Tclefcope about i8 Inchcs long, which 

magnifies about 13 times.
'M. B, Mr Uodgfon Chrijlh^llojpiiaU with a 4 Foot Tclefcope, 

obfervcd the Beginning at 8̂  i '  i and the End 1 3 6 ' h

Helipft e f the XII.
yi/wii. Oft .-c, h I ¡f
1732. Siyl. ,
Nov. ohfcr*ved ^ ^
rt/Wittemberg 5 9  ®
in Saxony, % i 20
6y Jo Fridcr.
Weidler,
F. R. S.
Tso. 443. 
p. 359. Oft.
J736.

'5

I 3 5  30

I I

1 30 o

I 44 30

2 25 30

2 44. o 
311 o
3 o

l̂ emp‘ €urop, ante Mer,
T he Penumbra near Schikard.
Beginning of the Eclipfe.
The Shadow touches Schikard. 'I'hc Edge of it is rough 

and unequal. Soon after the Clouds hide tlie Moon.
Tycho is quite fliaded. The Moon again covered with 

Clouds.
The obfcured Portion of the Moon is blackened, and the 

Spots cannot be difcerned thro’ the Shade by a Tclef
cope of 9 Feet.

The Shadow touches Grimaldus. Now the Spots arc 
feen thro* the Shadow.

The Shadow covers all Grimaldus. Now t!ie iliaded 
Portion is red. The Moon is again covered with 
Clouds.

The Shadow receding touches Lanibergius. It’s Edge is 
ilill rough.

The Shadow touches Gafiendus,
Tycho begins to emerge.
The End upon Snellius, the Sky being clear round the 

Moon.

Eelipfi o f the 
Moon ohjirvid 
éy Mr Geo. 
Graham in 
f  leeiftrcct, 
March i j ,  
1735-6. No. 
445. p. 14. 
Jan. iec.
*737-

—  Ob/erved 
hj Z)r Hal!cy 
4/Greenwich, 
Ibid.
—  Obferved 
at Mr Gra
ham’/ bokfe in 
Fieetilreet, by

Celfius.
ibid.

XIII. I .
h f
10 13
11 I I
12 49
13 47

It
o
o
o
o

The Beginning;
The total Imperiion. 
The Emerfion,
The End.

h f
10 13 37
11 9 4 ^

3. The Obfervation was made with a refleñing Telefcope of 4  IncheSj 
made at Edinburgby and magnifying 63 times.

h f //
10 22 5

23 15
2Ü 16

The Shade on the Middle of Kepler, 
Entering the Mare Humorum, 
Entering on Copernicus,

Entering



/ tt
lO 29

30
33
38
39

34
26
28
44
12

11

*3

40 48 
46 o 

20 
40
36 
17
55 

o

49
o
5
9

13
29
40 45
45 50
46 12

Eclipfes o f the Moon̂

Entering the Middle of Copernicus. 
Gopernicus entire.
Enters on Timocharis.
Enters on Tycho.
The Middle of Tycho,
Tycho entire.
 ̂Enters on Menelaus.
Plinius.
Enters on Mare Cri/ium,
Mare Criftum entire.
The total Immerfion is about to begin. 
Tycho is emerged out of the Shade, 
Mare Serenitatis is totally emerged, 
Mare Crtftum is totally emerged.
T he Eclipfe is nearly ended.
T he Eclipfc is certainly ended.

16

True Time, 
h t tt

—  Ohfirvei 
in Covent- 
Garden, ly]*

6 53 47

7
7
7
7

3 "
3 ‘
32
42

5
50
35
39

?• tn. Bevi$, Af. Z);
Saturn in the Pomt where the Threads of the Micrometer p. ,5,

crofs. 73‘
Firft o f the Hyades at  ̂paiTcs the Thread a.
It paffes over the Thread 
It pafies over the Thread c,

 ̂ Saturn again in the Interfe¿lion o f the Threads.
8 T9 57 A Firft o f the Hyades at 3 paiTes the Thread a,
8 20 42 'i It paifcs the Thread
8 21 27 i It paifes the Thread c,
9 50 o The Diik of the Moon runs over the horary Thread,

139 horary Seconds.
Again 139^^
Again I39^^
A  thin Penumbra feems to cloud the Moon near Hevehus,
Nowji^ery fenfible.
I reckon the beginning of the Eclipfe,
T h e Edge of the Shadow, as I think, paiTcs thro* Gri- 

maldus and Cavalerius.
Thro* Ariftarchus.
T he Shade enters the Mare Humorum,
It touches the Sinus Roris. ^
T he Shade divides Tycho.
It touches the Mare Serenitatis.
It touches Menelaus, a black Cloud comes over. __

9
10
10
10
10
10

56 o 
1 o
9 40

10 20
11 40 
*4 38

JO 19 46 
10 24 15 
i O  32 44 
10 40 18 
10 42 26 
10 46 1



M
EcUpfes o f  íhe Moon,

True Time. 
b t II p

1 0  53  4 6

m .

i o 56 
I 5 48
1 10 o
2 42 20
2 46 5
2 47 56

2 57 5
3 4 3
3 »3 40
3 H  o

3 1 7  2 2

3 43 44 
3 4 t> 25
3 48 30

On tt»e Departure o f the Cloud th€ whole M are Ncdbaris 
was found covered. Very thick Clouds obfcure the
M con ag;tin.

Tht’ Shadow touches M are Crijium.
M are Cyiftum and M are fcecundum are immerged.
The total Immerfion of the Moon into the Shadow^
The eailern Limb of the.Moon grows clear.
It grows ftill more clear,
A Thread o f pure I.ight i» reftored in the tw inkling of an 

Eye. M iny light O ouJs.
The Edge of ̂  the Ijight touches the Marc Humorum.
The whole‘Mare Humorufrt is recovered.
Tycho is half covered.
Qiiice uncovered.
Waltherus emerges. Many dark Clouds, which fcem 

J'ikely to laft fome Time.
Mare fcecundum is feen out o f the Shadow.
The true Shadow ends.
Tlie Penumbra no longer fenfible.

In thefe Obfrrvations I made Ufe o f a very good Clock, cor- 
re¿ted by 5 correfponding Altitudes of the Sun this very Day, and 
feveral D.iys before, and a Telefcope 6 Feet long. About the miJdle 
of the Obfcuration, the Moon appeared as thro* a darkiih Cloud, 
but at the Edges it was red like hot Iron. T he Lim it of the Light 
and Shade was not well determined thro* the whole Eclipfe.

5. The Latitude cji Teovil is 50^ 52'* T he Clock was firft ad-Ohfervtd x .lk ilu u u v  wi jl
<j/YeovU in jufttd by the Fxiuftck>n Table.
Somerfctihire, 
hy Mr. John 
Milner.

The Beginning
The Moon*s Altkwíe then —  -  
The Beginning of total Obfervation 
The Altitude then was •—
tK « Middte ^
The End o f total Obfcuration —
The Altitude then was —  —
The End -
The Altitude then was —  —  — . —  -
The Continuation o f the total Obfcuration was 
The Duration of the whole Eclipfe —  —

h 1 n  '• dig. •/
10 6 a

34 29
14 4 30

34 16
11 54 0
12 43 30

34 47
I 39 15

31 47
X 39 0
3 32 15

XIV. I
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Eclipfes o f the Moon.

XIV. I.

Beginning of the Eclipfe —  —  —  —  12
The Shadow touched Grimaldi —  —  — 13

touched Kepler —  —  —
touched Copernicus -—  —  
touched thefeift Side of Tycho 
touched the Kail Side of Plato 
touched the Eaft Side of Munilius 
touched the E. S. of Mare Crtfum 

Beginning of total Darknefs —  —  —  14

t tf

58 0
0 0
9 30

17 10
25 5
34 30
36 40
56 20

3 45

lff.7

ZtHpft of tht
Appar. Tim..

in Fleetfireet» 
London» ¡ty 
M r Geo. 
Graham,
F. R. S.

d by Mr* 
James S h o r ty  
Edinburgh)
r R. s.
No. 466; 
p, gz.

The Obfervation made with a 5  ̂ Inches reflefting Telcfcope, 
magnifying about 38 times.

2. The Obfervation was made with a Telcfcope of 5 Feet.

Apparent Time, 
h f ft

T he Penun>bra couches che North Eaft Limb. Clear.
Now very confpicuous. Oear.
The true Sliadov/, as I judge, touches the Limb. Clear. 
Tiie Si'.adow touchcs Grimaldi. Clear.
Grimaldus covered. Clear.
It enters the Mart* Humorum thro* thin Clouds. Clear. 
Tl^e Siiadow couc hes the Mare Vaporum. Clear.
Tiic dark Part of tlie Moon is of a reddifh Colour. Very 

citar.
The Lim ’rt of the Shadow h:ft:fls Manilius and touchcs 

M  ire Serenitatis. Very clear.
Ic touches Mare Tranquillitatis. Clear.
Marc Serenitatis is covered. Clear.
It toiichcs Aiure Cr'tfmn. Ckar,
Mare fcecundicatis is covered.
Total Immtrfion ot* the Moon, Very thick Clouds come

over and hide the Moon.
Mare Tranquillitatis feems quite uncovered thro* a Gap otj

ihe Clouds.
Clouds again. - .
The Clout' going off, the Moon feems to be tree uom

all Obfcurity.

The Clock wns fitted to true Tim e by equal Altitudes o f the Sun ; 
and it*s Agreement with M r Grübtiin̂ % Chronometer was marked by a 
very good Watch.

3 *

— In CovariS- 
Garden, Lou
don, hi J. 
Kevis, hi, D* 
Ibid.

53 '̂ 5
5 4  2 5

56 50
57

13 O 25
7 23 

28 39 
3 ‘ 19

36 53

•38 48 
47 21
55 26 
5S 5

14 2 25

16 43 o

43 30
17 3 22

• %

j lP lD



i6 S

I
K.

is 
f f

f'

ÍL

h.
l*ll■y:

— — vi/ Wit* 
temberg, 0̂ ' 
f i r v e d  by 

|. Frederick 
Wcidlcr.
T. R. S ,
Ibid. 94*

3

I z

t If 
6 0

I 50 o
I 50 30
1 52 o
2 0 0
2 I 30
2 7 0

EcUpfes of the Moô u

The Penumbra .comcs upon the E;i(t Parc of the Muon, 
like a Mift or Smoalc.

Beginning.
'J'hc Shadow touches Grimaldi.
---------- -------------------- Galilieus.

Kepler.
covers all Kepler.

2 8 0  
10 50 
16 10 

2 20 o 
25 o 
29 10 
36 o

45 30

o
o

A  Portion of the Lunar Difk, immerged deeper into the 
Shadow, appears clearer than that which was nearer 
the Edge of the Shadow.

The Shadow touches Copernicus.
------ ---------covers all Copcrnicus.
--------------- touches Tycho.
Half of the Moon darkened.
The Shadow touches Mare Serenitatis. 
-------------------------- Menelaus.
All Mare Serenitatis covered. I'he Moon looks red thro’ 

the Shadow like a Coal of Fire.
The Shadow at Mare Crifiurn. A t this Time the Edge of 

the Shadow is bent inwards about Mare Crifium; and 
during the whole Eclipfe, the Circumference of the 
Shadow appeared rough and rugged, and fccmed in the 
extreme Part to be furrounded with a Sort o f light 
Smoak.

All Mare Crifium Hiaded.
Total Darknefs, Now about 7 of the Lunar Difk towards 

the Eaft appears darker than the Weft part.
The Shadow darker in the Middle, but paler about the 

extremities.
The Moon is covered with Clouds.
Emerfion of the Moon out of the Shadow.
The Shadow leaves Grimaldi. After this the Moon was 

hid by Clouds, out of which it now and then emerged, 
but a Mift or thin Cloud fliaded it fo, that the Spots 
could not be diftinguiihed. A t Length the whole 
Moon was hid by thick Clouds,

The Obfervation was made with a Telcfcope>j 8 Paris Feet long.

4. I made the Obfervation in Hudfon ŝ^Bay, in Lat. 55° 34  ̂ N.
Oii/.  ̂ Meridian of the Nortb-Bear JJlandy which lies 30 Miles

Chriilophcr ^  Weftward of Charlton  ̂ I'he Weather was very clear, but the
Middleton, Motion of the Sea rendered my Telefcope ufelefs, and I  miíTed the 
F. R. S. Begmning.  ̂ ’
Ibid. p. 96. j

2 50 
53

3 43

4 8
44
45

o
o
o



EcUpfes of the Moon. 169

The total ImmeiTion of the Moon’s Body into j „ , -.Tr ,
' the S h a d o w ---------------------------- ------ 1 8 22 by my Watch.
The Emerfion 
The End —

10 8
•XI 16

In order to reilify my Watch, and be certain of the true Time, I 
took three feveral Altitudes next Morning, and one in the Afternoon, 
by M r Hadley's and M r Smithes (^adrants; which (having made 
proper Allowances for the Refraftion o f the Atmofphere and the 
Height that I ilood above the Surface o f die Sea) were as follows.

Hence the true Time is — 
The Time by my Watch -

Watch too flow —  —

The true Time therefore is 
The Tim e by my Watch

Watch too flow —  —

The true Time therefore is 
The Time by my Watch -

Watch too flow —  -

in the Afternoon
Hence the true Time is —
The Time by my Watch

Watch too flow —

0

Firft Altitude 23 0
Latitude — 55 45

Second Altitude 25 48
Latitude — 55 45

Third Altitude 26 44
Latitude •— 55 45

The fourth Altitude taken 
the fame Day —  21 29 
Latitude —  • 55 33

h /

8 4 9  —
8 28 —

0 2 1  —

- 9 15 —
8 5 4  —

0 21 —

- 9 24 —

9 3 —

0 21 —

” 3 25 -\ -

3 4

0 21 -j-

I f  21 Minutes therefore be added to the Times above-mentioned, 
for the Error of the Watch, we fliall have the true Times of the 
feveral Obfervations on the Meridian of the North-Bear JJland̂  as 
follows, viz. I» f

The total Immerfion of the Moon’s Body into the Shadow 
The Emcrfion —  —  —  —  —  —  —  —
The End —  —  —  —  —  —  —  —  —  T

—  8  4 3
— 10 29
r  I '  37

This fame Eclipfe was obfcrved by Dr Bcvis at London, and he 
mjidc the true Tim e o f the total Immerfion of the Moon’s Body 
into the Shadow, u N  2', 2 5 ' '  ; confequently the DiflFerence o f Lon
gitude between London and North-Bcat* IJlond in Hudfon^ '̂Buyy is 5N

19'  ̂ 25 '', or 79% 5^ '-. „
V O L ,  VIII. Parti.



170
An Eclipfe of 
ibt Moon.
Dec 2 1 , 1.7 4 0 * 
at tbt IJtand t f  
St Catharine 
OH the Coajl c f 
Bralil, eh- 
ftr*vcd b) iht 
Hon. Edw.
I'fgf. •̂ /?«
Captain n f  bit 
^iajtfiy s Skip 
the Severn,
No. 462. 
p. 18. Read 
Jan.21, 174 Í
Remarks on 
the /ongoing 
account ty the 
Rev. Jofeph 
Atwell, D D . 
F. R . S .  Ibid.

EcUpfii o f  the Moon.

at 7 >> í; ' •> b u t the Horizon b e in g  hazy, 
X V . I. I": L  Be<^inning: However, it ended ex-

I  could not ob lerve  e x a ft ly  b y  t w o  O b fervation s
a f t l y . t o  aMoment, at 9' 50 - confirmed it by one

.1». - g  .o ’fa, ¡t W» r ir tt   ̂ And I „b.
g ' j  o L  r S o p e  l  b„aa,, .nd t» t  .«o.h.r on Shore,
w h ich  agreed  e x a d l y  to g eth er. o ,

2. The Captam places t̂he

By the Captain’s Obfervat. fuppofing the the Beginning exaft 8 27 30 

Difference of Meridian —  —  —  —  —  —

The End of it, by Calculation at Greenwich —  
------------------ by Capt. Legge\ Obfervation —

Difference of Meridian —  —  .—  —  —

of it, ap-
h / It

I I 44 50

8 27 30

ó 17 20

49^20^

h / //

6 .57
■ 9 50 0

' 3 16 57
49" 14'

Cape. Legge obferves, that in attempting to pafs Cape Horn  ̂ they 
thought thcmfelves to have been more to the Weftward than they 
really were: By which Miftake, turning too foon to the North, 
they fell 'in with high Lands, and met with thofc Misfortunes, which, 
if they had kept out more at Sea, might probably have been avoided. 
By comparing the Longitude at St Catharine's as above fettled, with 
Senex's Maps, the Coafts appear to be placed about 6 Degrees too 
much Eaftwardi and if the other Parts of America aboujt the Cape 
are laid down as faultily in the Charts, this Error w^í probably ac
count for their Misfortunes.

“  At Cam
bridge in 
NewEng- 
land, ly Mr 
John Win- 
throp Holli> 
üan, Prc/. 
Math, and 
Aftron. at 
Cambridge in

3. I>€C, 2 1 ,  1 7 4 0 . 
b \

24
3 5
4 7
5 3

A  plain Penumbra,
The true Shadow feems to enter. 
Touches Palus Maraotis.
Reaches Mount Sinai,

End o f  ti?e Edipfi;^ ti’ e Moon till the
p- 577- Kead through the CJouds  ̂ as near as 1 could g u els

^ ‘>''•3- <743. Tjie



Eclipfes o f the Moon,
The Niglit before the Eclipfe, viz. 20 Deeemher  ̂ at I2 \  I4^ I 

faw the Moon eclipfe a fixed Star, which, I think» is in the Heel of 
Cnjicr.

Thefe two Obfervatlons were made with an eight Foot Telcfcope, 
itiy Watch being redlified to the apparent Time by correipondcnt 
Altitudes o f the Sun, taken with the before-mentioned Quadrant for 
fevcral Days together, before and after the Ecfipfe,

171

h

6

X V I. In the Morning. 
/ II

1 8

5  4 0

10
14
1 6
16
17

o
o
o

10
2 0

Jcfuits.
No. 468.
P 309- J»n-
«742 3.

18 30
19 O
>9 3 0
22 30
23 10
24 O 
24 20 
32 O
42
43
55  

2
6

An Eclipfe ^  
the Moon,

T he Shadow was obferved to have juft touched the Edge
o f  the Moon, with a Tube o f 3 i Feet. theCeiUgtat

T he certain Beginning between Vieta and Scbiknrdus h  
with a Tube of 6 Feet. ^

T he Shadow at Schikardns,
------------ ------Mare Humorum,
------------------- Grimaldi.
------------------- Capnanus.
GaiTendus begins to be immerged. The Centre of Gri

maldi in the Shadow.
A ll Grimaldi immerged.
The Shadow at Campanus.
-------------------Herigonius,
------------------- Tycho.
------------------- Bullialdus.

o
o
o
o
o

Tycho immerged.
The Shadow at Pitatus,
------------------- GalÜaíus.
------------------- Kepler.
Reinholdus.
Fracaftorious is immerged. The Shadow at Copernicus 
A ll  Copernicus feems to be in the Shade.
The Shadow at Wendelinus.
The Centre of the Moon in the Shade.
The Moon is hid behind Mountains at the Setting, before

the Middle o f the Eclipfe.

The Penumbra was fmall and the Shadow very black and diftinft, 
and the EcJipfe might very plainly and clearly be feen *till the Setting 
o f the Moon. The Diameter of the Moon before the Eclipfe was 
in the Micrometer about 30' 20̂  ̂  but at the Setting only 30  ̂ 00''^ 
The Centre of the apparent Difk was from the Sinus JEJluum Occid, a
little towards Hipparchus.

fi

10 20 
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1^2 Eclipfes of the Moon*
^flEclipfci/ XVII. The Obfervation was made with a refleiling Tclefcope of
the Moon, * Inches Focus, that magnified about 40 cimcs.
Jan. 2, 1740. ^
ohftrved at '  h ^
JWr Graham’/
Houfein?\eti- Bt'giniiing about —  —  -— •—" •—  ■—  8 25 00 T m ie a p p a r ,
itrect, ^A/r B e g i n n i n g  of total Darknefs at —  —  -------9 3 *

End of total Darknefs —  —  —  —
jan.Vf! ' End of the Eclipfe at —  —  —  —
>74'-

N, B. The Beginning and End could not be diftinflly fcen for 
Clouds.

EcUpfeofthe X V III. The Sky was moftly overead with Clouds, fo that the 
Moon, Oft. following Obfcrvations are the only ones that could bo made with any

Certainty
§bferved at
A/>-GrdhamV Beginningpf the Eclipfe about

—  I I  15  20 
—  12 22 00

Fleet- The Shade touched Copernicus about —  —  
Ŝ o touchcd Plato about —  —  —

Read Nov. 3, touched Tycho about —  —
«743* Total Immerfion about —  —  —  —  ■

1
1
1
1
2

21

3 9

4 5

5 '
^7

n
o
o
o
o
o

O f  the Lunar 
jítmofpbere  ̂ by

iraoojean 
Fouchy, of
iht R Ai&d. 
at Paris,
455- P ^61. 
Nov. (sfc,
* 739-

X IX . By the Name of Atmofphere is underilood, a certain Con- 
w ” kan p̂LT pellucid Matter involving a Planet, and capable of turning
Granojean^de of I '̂ight, that pafs thro’ it, from a right Line ; whether

this Matter exiils in our Air jointly, or fcparatcly from it, whatfoever 
it is, we treat here only of the refraiting Matter, and that is 
what I only take upon me to prove in the Couife of this W ork, 
that there is no Matter about the Moon, which is able to turn 
the Rays of Light fcnfibly from their ftrait Courfe. I would in
form the Reader only of this, that I here conceive the Atmofphere
to be a homogeneous Fluid, with a fphtrical Surface, and of the
fame Denfity every where, which is equal to the Sum o f the de-
creafing Denfities in the real Atmofphere, purpofely omitting the 
Difference of the Denfity of it’s Parts, which cannot diflurb our 
Dcmonftrations.

Now if the Moon is encompaflcd with an Atmofphere, it’s Dia
meter ought to be found greater than in the naked Planet; but 
that the (^lantity of it’s Increafe may be known, let A  IB  be the 
Body ot the Moon, G E  F it's Atmofphere, the Angle A  H  L  will 
be the real Diameter of the M oon; and the Angle E H L  com
prehended under the Axis L H ,  and the Ray A  E H  will be the
Diameter of the Moon obferved. Therefore the Angle E  H  A  will 
be the Increafe of the Diameter of the Moon by it’s Atmofphere, 
bur the Angle E H  A  is oppofite to the Side E A  o f the Triangle 
E H  A  5 and the Angle A E H  the Supplement to 180 o f the ho

rizontal

74-

m m



rizontal Refraétion in the Lunar Atmofphere, is oppofite to the xSiJe 
A  M of the Diftance of the Moon from the Earth. Moreover 
the Side E A ,  is the Half of a Chord o f the Lunar Atiiiol'phcre, 
touching the Body of the Moon itfclf in A . Therefore the Sine 
of the Incrcafe E A H o f  the Diameter of the Moon by it's Atmo- 
i'phere, will be to the Sine o f  the Sapplemenc of the horizonta!
Refraction A  E H ,  as the H alf A  E  of the Chord of the Atmofphere 
touching the Body of the Moon at the Diftance A H  of the Moon 
from the Earth.

Hence it follows evidently, that this Increafe of the Lunar Diameter 
is infcnfible*, for if it arofe to fuppofing the horizontal Re-
fraction 5^ that is, at leaft 30 Times greater chan it can be fuppofcd, 
as will be proved hereafter, then the Semit'hord E A  would equal 
276 French Leagues, and would far exceed a like Chord of the 
terreftrial Atmofphere. Therefore whether the Moon is covered with 
an Atmofphere or rot, it’s Diameter will always be obferved the 
fame ; and the Obfervation of the Lunar Diameter can by no Means be 
equal to the Solution of the Queftion.

The Eclipfes o f the Sun by the Moon, give a greater Handle >̂2- "$• 
for deciding the Doubt; for the extreme Rays terminating the 
Cone of the Lunar Shade, as they touch the Body of the Moon, and 
pafs thro* it’s Atmofphere, will neceiiirily be inflected toward the 
Axis o f the Cone; therefore the Cone will become ihorter and more 
obtufe; but to fliew the Quantity of that Variation, we muíl ob- 
ferve, that the Ray F  A , or it’s Parallel E G, which, if there was 
no Atmofphere, would be the Bound of the Lunar Shade F A C ,  
would be refra6led toward the Axis C A ,  at the Ingrefs of the A t
mofphere G , and at the Egrefs H  *, whence the Semiangle of the 
Cone of the Lunar Shade will be increafed by double the horizontal 
Refradlion in the Lunar Atmofphere.

Hence it follows, that if we fuppofe a lunar Atmofphere, a total 
Eclipfe of the Sun will begin later and end fooner, than if we 
do not fuppofe it;  moreover in certain Cafes, that there will be 
no total Eclipfe; which however the Diameters of the Sun and Moon 
obferved in the fame Dcgrcee o f  Anomaly would require; for in 
thefe Cafes the Cone of the Lunar Shade is contrafted, becaufe of the 
Atmofphere, and it mi^ht be fo contrailed as not to touch tlie Diik 
of the Earth even with ii’s Point.

Alter the fame Manner cxadlly, the Duration and Quantity of Fig. 76.. 
the partial Eclipfes would be diminiíhed ; for the Beginning ()f a 
partial Eclipfe is obferved, when the Cone of the Penumbra G D I  
enters upon the H.ibitation of the Obferver; but a double Re- 
fraftion F C E, E V H  being fuppjfed in the Atmofphere of the 
Moon, the Semiangle of the Cone ot the Penumbra is diminiihtrd,. 
and the Scmidiamcter of tlv. Bife G I  is contraóled into I H ;  there
fore tiiat the Beginning of an Eclipfe may be obferved in a given

2 Place,
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Defcnption of the Lunar Atmofpbere,
Place, a Spacc G H  equal to the Centre I of the Penumbra, mufl: 
ijc run ovvr \ the Idnic n'luft be faiti o f the Emerfion. Therefore 
a partial Eclipfe will begin later and end fooner, fuppofing a Lunar 
Atnioiphcre, than if the Moon is naked; and it will alfo be obicrvcd 
ro be ids, for the Habitation T  being imn-.crged into the Penumbra 
by the Q^iantity T  N, fuppofing a Lunar Atniofphere, will enter 
it only by the Diftance T  K. Ic may alfo be, that no Eclipfe may 
be obfcrved in that Place, where it would be obferved, if no At- 
nioiphcre is fuppofcd to be about the Moon , tor the Diik of the 
Penumbra being altered, the Place K, which if the Moon is naked, 
would be immergcd into it, will become free from it by the Quantity 
R N. But they who ihall live in the Space Y  H , comprehended 
iKtwcen the diredt Ray X  Y  touching the Atmofphere, and the 
rcfraded Ray E H , terminating the Penumbra  ̂ will fee the Sun 
free indeed from the Body of the Moon, but obfcured by it’s Atmo
fphere ; and therefore a certain pale Penumbra  ̂ which, by what has 
bfcn already demonftrated, muft precede and follow the Difk of the 
M oon; moreover this Obfcuration may be obferved without any 
Eclipfe.

7'hefc Phenomena mud principally be obferved in the Solar Eclipfes, 
if  there is any Atmoiphere about the Moon ; now let us fee what is 
really obferved.

In the firil Place, as the Axis of the Lunar Shade is extended to 55 
Semidiametcrs of the Earth, when greateft, and to 52 \ when it is 
leail:, and as the lead Diilance of the Moon from the Earth is 54 Se
midiameters of the Earth, if  the lunar Atmofphere was capable of 
a horizontal Refraflion of S ' ' ,  the Semianglc of the fliady Cone 
will be increafed by double the Quantity, that is, 16 ', and therefore 
it will be equal to 16' 41^', when it is moft open, and to 1 6 '5 ' '
when it is narrowed. Moreover the lead Semiangle of the Cone being
fuppofed equal to 16' 5 ' ' ;  it's Axis will be Icfs than the lead Didance 
0Í the Moon from the Earth, of 54 Semidiameters o f the Earth, 
and therefore the Point of the Lunar Shade, will reach to the Earth. 
I f  therefore there is an Atmofphere about the Moon, in which the 
horizontal Refrailion is 8 '',  there will be no total Eclipfe upon 
the Earth. 1  herefore either there is no Atmofphere about the
Moon, or if  there is any, it produces a horizontal Refradlion lefs
than 8''.

But there are total Ec Iipfcs o f the Sun obferved with a Duration 
u 'oral Darkncfs. I'or Indance, in the Eclipfe of 1724, the 

the Duration o f the total Darknefs amounted to 2 ' i6 ' ' .  The 
Moon at that Time ran over i '  5 2 '' in it’s horary Motion, and 
I t s  i>hade always parallel to it in Degrees o f the Diik o f the Earth 
went over a Space 54 Times greater, that is, equal to 1^7/ 3 0 '';  
imni which,  ̂ if wc take away the diurnal Motion o f a Hibiration 
equal to 20, which may prolong the Duration of the Eclipfe, we

ihall



ihail have the Diameter o f the Shadow equal to 4 7 ' 3o'^  or 4517.^
Tüifcs, or 22 Paris Leagues. Whence, by Calculation, we find that the 
/ixis o f the Cone of the Lunar Shade, is greater by at leaft one Dia
meter of the Earth, than the Diftance of the Moon from the E.irrli, 
which was then the leaft, the Moon being about the Pdri t̂eum.
Moreover from the given Diameters o f the Luminaries, obferved in 
the fame Degree o f Anomaly, the j^xts of the Cone of che i.unar 
Shade is found to be equal at leaft to 55 Scmidiameters: Whence 
it iollows, that the Spot of the Lunar Shade on the Diik of the 
Earth, and the Axis o f the Cone are found to be exadtly the fame, 
as the Diftances of the Moon and the obferved Diameters of tlie 
Lunaries feems to require. There is therefore no Atmofphere about 
the Moon, or, if  there is any, it cannot produce any fcnfible Re
fraction. But that there may be no Room left for Doubt, I ihall give 
a Reafon for thofc Phanoniena  ̂ which being obferved in the Solar 
Eclipfes, have given Room to imagine a Lunar Atmofphere.

Firft indeed, that diminutive Light, which is obferved in total 
Eclipfes, does not prove any Refradlion in the Fluid, which en- 
compafil's the Moon ; for by M , Maraldy*s Experiments, which 
have been repeated by me with the greateft Care, and with 
the fame Succefs, it is manifcft, that the Shadow of Bodies not 
covered with any Atmofphere, if they are cxpofed to the Sun, are 
bright about the Axis of the C one; and the more fo as it is the 
farther from the Body itfelf. Moreover the Habitation o f the Ob- 
ferver in a total Eclipfe is about the Axis of the Cone of the Lunar 
Shade, and in the Neighbourhood of it’s Point. It is no wonder, 
therefore, that the Middle of the Shadow is covered with a malignant 
Kind of Light, which may otherwife be increafed by the Rays being re- 
flcfted by an illuminated A ir furrounding the Shadow about the Middle.

Secondly, the lucid Aanulus furrounding the Moon* in total Eclipfes, 
by no Means proves the Exiftence of the Lunar Atmofphere, as will ap
pear to any one that hides the Sun from him by Balls of Wood or any 
opake Matter. Wherefore it is to be afcribed not to a Lunar, but 
a Solar Atmofphere, as has abundantly been proved, by M , li Îairan*  ̂
in his Treatifc* o f the Aurora Borealis,

Thirdly, the Diminution o f the lunar Diameter, which in the 
Süliir Rclipfcs is obferved to be about 30̂  ̂ lefs than when the Moon 
ihine  ̂ v/tih a full Orb in the fame Degree o f Anomaly, by no means 
proves tiie Lunar Atmofphere ; tho’ fome Inequalities of Mountains 
are obferved in the Circumference of the Diik of the Moon, which 
quite dif. ppear in the Fuil-Moon-, for lucid Objedls ftrike the 
Fibres or the Eye fo ilrongly, that the Motion o f them is com
municated to the neighbouring Fibres, and fo the Image o f the lucid 
Body is incrcafcd beyond the due Quantity, which is known by com
mon Experience 5 for if  a Stick is placed between the Moon and

the
*  Seft. I. cap, i. pag. 14.
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176 DeferIption of the Lunar Atmofphere.
ihe Eye, the Diameter of the Stick over againfl: the Moon will 
r.em to be diminiihed *, but if at that Time any Cloud comes over 
th_- Luminary, the Diminution of the Stick will appear lefs, but if 
the Cloud rake away the Sight of it there will be no Diminution ■, and 
lallly it will be various according to the various Intenfcnefs of the 
lunar Light.

As for the Inequalities of the Mountains, they are leaft obferved 
for the liime Rtafon in the.Full-Moon ; for the lunar Mountains ob- 
fcure of themfclves, and fcen in the bright Orb of the Sun, efcape 
the Eye much lefs, than when iltining in the Full-Moon, they are 
extinguiihcd in the neighbouring Splendor of that Luminary; efpecially 
aa the lunar Light is fo intenie, that a Star o f the third Magnitude 
can hardly be fccn when near it. But, to take away all Doubt in 
this Affair, if the I.imb of the Moon oppofed to the Sun was the 
Bound of it’s Atmofphere, and not of it’s very Body, the Mountains 

'in the Circumference of the Moon would never be obferved by the 
longer Telefcopcs with narrower objc6live Apertures. I have often 
obferved fcveral Inequalities of Mountains in the Difk of the Fuli- 
Moon with a Telefcopc of ^6 Paris Feet, and an objeflive Aperture 
of one Inch ; whence it follows, that the Difk of the Full-Moon
is terminated by the Circumference of it’s Body and not of it*s At-
mofphere.

77.// ô jer- Fourthly, I muft fpeak a little of that wonderful Obfervation,
'■Mas jn 17 1 of the lunar Corufcations, which was made by M. Delouville^

}̂h'lu\\ty il  Prefence of many Aftronomers of the Royal Society. W e may 
//>/Tri/wi* ibat the vifible Limb of the Moon is compofed of the
M.Df)üuvil!e. I ’ops of Mountains; which, in a total Eclipfe, hide the Sun from

'y* Obferver in the fame Manner as the I'rees of great Woods ob- 
P *•> * 259. Sight. Whence if fome Rows of Mountains on the Surface

of the Moon afford a free Paííiige in a right Line to the folar Rays, 
they mufl imitate a Sort of Corufcations, in the fame Manner, as when 
in a Camera Ohfcura  ̂ a Ray of the Sun by Means of a Speculum is 
fuddenly admitted, and the Figure of external Objeils drawn on the 
I'ocus o f  the Lens is taken away, it will be illuminated with lumi
nous I radls very much refembling Lightning ; which I think is the 
more cafily to be allowed, becaufe thoie fudden Corufcations have 
always been oblcrved near the Limb o f the Moon, as appears from 
the Scheme of this Eclipfe in Sir Hans Sloané̂ % Mufeum  ̂ drawn by his 
Daughter.

As for that pale Ring accompanying the I.imb of the Moon in this 
Eclipfe, ás nothing like it appeared either to me, or to any other Aftro- 
itomer in the Solar Eclipies hitherto obferved, v/hich however, ac
cording to the Hypothefis of the Lunar Atmofphere, muil always
and every where be obferved, we lhall make no Mention of it 
ncj'e.

From
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From all this ¡t is manifcft, that there is nothing like a Lunar 
Atmolphere in the Fxlipfes of the Sun. I fliall now fpeak of the 
Hclipfcs of the Fixed Stars and Planets by the Moon.

If the Moon is furrounded by an Atmofphcrc, the Planets and Fig. 77. 
fixed Stars will be feen by an Obfcrver placed on the Surface of the 
Earth, to be lud later behind the Moon, and tc5 emerge fooncr froni 
it’s Dilk, than it the Moon is fuppofed to have no Atmofphere*, nay, 
and in fome Places, where an Eclipfe of a fixed Star or a Planet 
ouglit to be feen, there will be none. T o  make this plain, let A B C  
be the Body of the Moon, and let a Srar be jilaccd as ii were at an 
infinite Diftance in S •, the parallel Rays L  V , M  X ,touchiiig the Body of 
the Moon on all Sides, conilitute a cylindrical Surface, of which Cylinder 
the Bafe V Z X  comprehends in it*s Compafs all the Habitations on 
the Diik of the Earth, in which the Star or Planet is covcrcd by the 
Moon, The Obferver therefore will fee the Beginning of the Eclipfe 
at V , and the End o f it at X , and will meafure the Duration of the 
'I'ime, in which the Moon may run thro’ ii’s Diameter, or rather 
a Space equal to it. But if we fuppofe an Atmofphere of the Moon, 
the Ray I W  will not remain parallel to the ^.v/j of the Cylinder, 
and the Cylinder, itfclf will become a Cone, of which the Se¿lion 
Y  T  U  will mark the Habitations where the Eclipfe muft be. And 
the Bafe Y  T  U  being contradfced, the Point Y  will come upon the 
Habitation later than the Point V ; and the Limit U  will forfake it 
fooner than X : Therefore, the Eclipfe of a Star or Planet by the 
Moon will begin later and end fooner, if we fuppofe an Atmofphere 
about the Moon, than if there is none: And there M'ill be no Eclipfe 
in that Place where it ought to be obferved without an Atmofphere j 
for the Place C  being covered by the Circumference V Z X  of the 
former Cylinder, will be free from the Seflion o f a Cone Y T U .
Befides, fuppofing the horizontal Refraftion in the Atmofphere of 
■the Moon equal to 8^^ V Y  will be equal to i384 Toifes, or i  of a 
Paris League; whence it follows, that no Eclipfe muft be obferved 
in the Places pointed out ¡n the Calculation, as often as they are 
immerged into a cylindrical Area not exceeding I of a League.

Another Phenomencn alfo arifes from the Suppofition oí a Lunar 
Atmofphere; in the Part o f  the Cylinder Y R ,  the Star indeed will 
always be feen, but thro’ the Interpofition o f the Lunar Atmofphere; 
and therefore it will acquire a different Motion and Colour from the 
true ; and that in all Eclipfes whatfoever, whether the Star is one 
o f the biggeft or leaft.

Befides, the Duration of the Eclipfes of the Fixed Stars and Planets 
by the Moon, does not feem in any Manner diminiflied, but is always 
found to be exadlly agreeable to the Diameter of the Moon and it’s 
Motion. As for thofe Obfervations, in which the Srar after the 
Contadt is feen to proceed a little in the D of the Moon before 
the Occultation, we fliall refer the whole Cuufc of thcui to die in- 
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Defcripikn of the Lunar Atmofphere»
creafed Diameter of the Moon and Scar; for if the Lunar At- 
mofphere was the Caufe of this Appearance, it would always be ob- 
fervcd the fame in all Scars, and in any Apertures of Objeélives. Be- 
fides, I have not as yet obfervcd the ProgreiTion of any Scar in the 

*' Diik*of the Moon, unlefs it was of the firft, or at leaft of the fecond
Magnitude, arid that by half of it at moit, and the true Diameter of 
the Fixed Stars, as is manifcft to any Obferver, becomes infcnfible, and 
is increafed only by fpurious Rays; whence the adventiuous Rays both 

■ I o f the Star and the Moon, are mixed in the Bottom o f the Eye before
’ die true Corjundion of the Bodies of the Sun and of the Moon  ̂ and

if the vifible Limb of the Moon was the Bound of the Atmofphere, 
and not of the Body, no Mountains would be obferved on it’s Cir- 
cumfercnce with greater Tubes and narrower objedive Apertures; 
which however, as has been faid, are feen plainly enough.

From ail this ic is manifeil, therefore, that the Moon is not fur- 
rounded with a refraéling Atmofphere, the Refradlion of which is 
capable of being obferved ; for there might be an Atmofphere about 
the Moon, in which the horizontal Refraétion amounted to or 2̂ ;̂ 
for this Opinion feems to be countenanced by the greater Spots in the 
Moon, which cannot by any Means be taken for Woods, as Hart- 

foeker and others have imagined. For the Shadows of the Edges are 
always obfervcd nearer to the bright Limb of the Moon ■, whence it 
is rightly concluded, that they are Cavities and not Woods, which 
would projeft a Shadow from the other Side. Moreover fome Fluid 
may be fuppofed to be in them, in which cafe it would be very agree
able to Philofophy, that fome Vapours lliould be raifed from them, 
the Congeries of which would reprefent a Sort of an Atmofphere 
about the Moon, which Atmofphere would not be found to be very 
thick; for by Sir I. Newton*% Demonftrations, it would hardly equal
i o f the Denfity of the terreftrial Vapours, nor would be alike at 
di^erenc Times, thofe Vapours being deftitute of any other A d
dition.

JOnjunahn XX; Satum and Mars were feen Feb, 5. 7*̂  30̂  p. m. in the fame 
¡̂ Saturn w  fight Line with the Star E  K Bayeri,
Mars, ehjtrvtd ^  '
at Witiem*
berg Joh. E  K
Frid. Weidler, ♦
F. R. S. No.
44>- P- 238* *
April, ^
1736.

o
h » 2® i s '
¿  E>£ I 12 30 /̂
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EcUpfis of the SateUites o f yuptier,

Feb. 19. 7  ̂ 15 / p.m . the Diftancc of $ from oK  was obfcrved, 
n a m e l y  oH S 1*̂  17 ' 30 /̂. Mars was diftant from the Scar toward 
the North. ^

V.

i

X X I. I. êiipjés of the
'rue Time. April Sau//¿ta c/

Ju p iter  o b -

Emerfion of the fecond Satellite of Jupiter out o f the^^Uchlai 
Shadow. Sky clear. Telefcope of 2 2  Feet. Manfrcdi.

2 36 Emerfion of the fourth Satellite, Sky clear, Telefcope 22 No. 429- 
Feet.

7 31 40 April 3. Emerfion of the inner Satellite from the Shadow,
Sky clear, Telefcope 22 Feet.

13 32 4 April <j, Emerfion o f the fecond Satellite, Sky dear,
Telefcope 22 Feet, a little doubtful.

9 44 41 May 3. Emerfion of the inner Satellite, Sky clear, Tc-
lelcope 22 Feet.

May 4. Emerfion of the fecond Satellite, Sky cloudy,
Wind.

Telefcope 14 Feet.
Telefcope 11 Feet,
May 26. Emerfion of the inner Satellite, Sky clear.
Telefcope 22 Feet.

 ̂  ̂ Telefcope 11 Feet.
9 43 47 June 2. Emerfion of the third Satellite, Sky cloudy,

Telefcope 22 Feet.
II 7 24 June Immerfion of the third Satellite into the Shadow,

Sky clear, Telefcope 22 Feet.
10 8 25 June i i ,  Emerfion of the inner Satellite, Sky clear, T e 

lefcope 22 Feet.
July 27. Emerfion of the inner Satellite, Sky clear,

Telefcope 11 Feet, doubtful.
Jan, 17, 1733. Immerfion of the third Satellite, Sky 

clear.
Telefcope 22 Feet.
Telefcope 14 Feet.

16 13 29 Emerfion of the third Satellite, Sky clear, Telefcope 22
Feet.

March 12. Immerfion o f the inner Satellite, Sky clear.
13 23 34 Telefcope 22 Feet.
13 23 22 Telefcope i i  Feet. ̂

h /
10 56 3

n 2 36

7 31 40

13 32 4

9 44 41

10 35 32
10 35 41

9 58 4
9 58 2 I

9 43 47

11 7 24

10 8 25

7 36 5

14 8 45
14 8 33
16 »3 29

A  a 2 2. The
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IPl.f

■j 8 o

—  Ohferved 
hy Geo. Lyrn, 
Eiqi at South* 
w ick, vear 
Oundle in 
Norihamp* 
tonihire. No. 
440 p, [96. 
Jan.Cffi. 1736.

Eclipfes of the Satellites of Jupiter.
2. The Telefcopc I made ufe of is the fame as formerly, having 

a 13 Foot Objed-Giafs, with an Aperture o f  2 Inches, and 
an Kye-Glafs of 2 i Inches. By apparent Time, at South-'ivick̂  near 
Oundle in Norihamplonfiyire  ̂ Longitude Well: from London  ̂ 00° 30', 
as follows:

1730.

17:5.
*730-

173*

The 2d Satellite began to emerge — 
It r.eemed in a Minute after to be 

.bright as the ^th Satellite —  —  
And at full Brightncfs about —  -  
The 4chSitcllite emerged — ■ —  
The 2d began to immerge

Month. D. ^
April 29 10

as ^

/ u
19 20

20 20

And was quite out of Sight at —  
The ?.d began to emerge —  —  
And feemed at full Brightnefs about 
The ifl: Satellite bjgan to emerge 
And was at full Brightnefs about 
Again the firil began to emerge 
Was at full Brightnefs about

Jan. 25 9
Nov, 28 13

i 7 jt.

^732

i 7ih
Í 733

1735-

And

And paflfed by the 3d Satellite at — 
The ift Satellite began to immerge 
And ŵ as quite out of Sight about -  
The 3d Satellite began to immerge 
Was but equal in Light to the 2d at 
Quite gone at —  —  —  —  ■
The 2d Satellite began to emerge —  
The il l  Satellite began to emerge 
The 3d Satellite quire difappeared 
Again the 3d Satellite difappcared - 
But it began to fail o f it’s Light about 

6 Minutes before.
The 2d Satellite immcrged —
The 3d began to emerge —

2 1 20
45n'.vly
17 46 
19 46 

8
36 30

—  ylpril 18 II 45 10
— 46 10

4 30
5 45 

49 30
2 55 
4 25

—  Jan, 28 14 16 o

Mc7y  4 10

1 1
Jan. 7 12

April 30 
May 6 
Fehr, 18 
April 2

3 2
12
13 
13

5 or

------- May 28 10
'  —  Auguft 3 9

was 4 or 5 Minutes before it came to it’s full Brightnefs.

19 o
24 o
23 57
48 44 

5 3P 
3 30

45 o 
lo  3a

—  Ohfirvtiiat 3. It was a great Pkafure to me to fee that Mr James Hodgfon has 
Pctcriburg, ¿Jabeen at the Pains to calculate the Eclipfes o f  the four Satellites of

which were to happen in 1732. It was to be wiihed he 
F. R. i.^No. '^'ouid continue to do fo for the Years fo llow ing; but I would advile 
441. p. 225. him , to do it a long while beforehand, that People in Foreign 
Ap.ís'í-. 1736. Countries might have T im e  to be informed o f  it. H e  fáys, he has 

made ufe o f  Tables o f  the Satellites, which have not been corredled
* Hi means thele 50 Y ears*. Probably he means the Tables o f  M . Cajfini  ̂ pub- 
^ablesofiht liihed at the Royal Printing-H oufe at Paris^ in 1693, at the E nd

Obfervations of the Gentlemen of the Academy made in
ieveral



f

feveral Voyages. However, the late M. Cajfmu has from Time to Time 
made divers Corrections to thofe Tables, though they never were 
made publick. M . Maraldi has alfo much worked at it after the 
Death of M. Cajfmu and has communicated to me his Correi^ions, on 
which I have taken Pains to calculate new Tables; but having in the 
Year 1724, received of Dr Hailey a Copy of his Aftronomical Tables, 
among which, are thofe of the four Satellites of Jupiter by M r 
Bradhy  ̂ I judged there could not be any better, till fome Method 
fliall be found and explained geometrically to deduce from the I^ws 
of Gravity, the Effcdfc of the mutual Attraftion of thefe Satellites 
on one another, and with relation to Jupiler: But as I could not hope 
this could be done fo foon, I took the Pains again to calculate new 
Tables upon thofe of Mr Bradley  ̂ by reducing the Tables of the 
four Satellites into the fame Form with thofe M r Pound has made of 
the firft Satellite only. Thefe Tables being thus made eafŷ  I have 
ufcd them hitherto for comparing Obfcrvations ; and my Brother has 
taken the Pains, fince the drawing up thofe Tables, in the faid Manner, 
to calculate a Year beforehand all the Eclipfes of the four Satellites.
I commonly fent thofe Calculations to my Correfpondents, to prepare 
them for Obfcrvations, and fome Years o f thofe Ephemerides have 
been publiilied in the little Gazette of Literature o f Leipzig^ printed in 
High Dutch. M y Brother lately prolonged thefe Calculations to the 
Month of Januaryy 1737.

Herewith follow the laft Obfcrvations on the Satellites of Jupiter  ̂
which were made at Petersburg  ̂ fince thofe inferted in the third V o 
lume o f the Memoirs of the Academy of Petersburg  ̂ to the prefcnc 
Time,

Eclipfes of the Satellites of Jupiter, i 8 i

N . St. 
J73Í. Dec, 6

1732. Jan, 4

True Tim e 
h / //

17 3 5

13 30 56

33 7

Immerfion of the firft Satellite difficult
ly obferved with a reflefting Tele- 
I'cope o f 5 Foot. T he true Time 
was found only by Means of two 
Clocks.

Immerfion o f  the fecond by the Refiec- 
ter, doubtful to a few Seconds. Ju- 
piter not being well defined* nor fuffi- 
ciently high. The true Tim e ad- 
j ĵfted by two Clocks.

Immerfion of the fourth by the Rcflec- 
ter. The Sky not very ferene, and 
the true Tim e adjufled only by two 
Clocks.

T h e

4 J f m



lS2 Ecíipfes of the Satellites of Jupiter.

N . St. 
Jan. 9

I'ch. 22

Mjvch 8

April 3

1

20

27

Alay 10

Dii.

26

24

T rue 'I'imc 
h Í n

20 25

13 25 34

13 26 34

8 22 20

8 46 23

7 20 30

o The other Satellites difiippearing by the 
! Day-liglu, the fourth was not yet 

come out of the Shadow. Telef- 
cope the fame.

The lirft Satellite, juft entering the Sha
dow, was yet vifible when a Miit 
covered Jupiter.

Jupiter being uncovered, the firft Sa
tellite did not now appear through 
the refleéling Tckfcopc. The true 
Time was adjufted only by two 
Clocks.

Immerfion of the third by the refieft- 
ing Telefcope, The Wind was fome- 
what troublefome, the true Tim e was 
adjufted by two Clocks.

Emerfion o f the firft by the reflefting 
Telefcope. Doubtful to a few Se
conds, by reafon o f the Nearnefs of 
the Satellite to Jupiter,

Immediately after Sunfet, Jupiter be
coming vifible to the Eye, the thkd 
Satellite appeared to be out o f the 
Shadow, and entirely clear by the re- 
fieiting Telefcope.

Emerfion of the third Satellite, by 
the reflefting Telefcope. The Sky 
ferene.

The third Satellite had been come out 
of the Shadow perhaps for feveral 
Minutes; for the other Satellites did not 
appear better than this which was feen 
with the refleéting Telefcope through 
the M ift, Jupiter being low, and the 
Crepufculum ft ron g.

12 55 54 1 Emerfion o f  the firft by the refleñing
Telefcope, Sky ferene, Obfervation 
certain.

11 14 5 Enierfion o f the firft by a Telefcope of
13 Foot. Cloudy.

Immerfion o f  the ift  by a Telefcope of 
13 Foot. A  good Obfervation.

4. Full

II 6 52

15 13 o

18 4 30



A‘
1740

Dcc.

1741

Feb,

EcUpfes of the Satellites of fupiter.

h f It

4- 5 55 15 a. m.

8. 12 16 5 P- m.
I 2. H 16 52 P- m.
is- 14 49 24 P- m.
16. 9 55 0 P- m.

19. 16 9 10 P- m.
21. 10 37 33 P- m.
22. 17 21 48 P- m.
26, 18 I 25 P- m.

30- 17 47 40 P- m.

9 10 57 P- m.
10. 11 42 3^ P- m.

14. 10 33 20 P‘ m.

17- •4 15 20 P- m.

19. 18 3 0 P- m.

•

I. 5 30 6 P- m.

6. 12 52 25 P- m.

8. 7 20 30 P- m.

11. 13 51 22 P- m.

14. 2 42 40 a. m.

15- 9 12 36 P- m.
18. 16 26 15 P- m.
22. 5 41 57 P- m.

11 3 •9 P- m.
24. 5 33 24 P- m.
29. 8 18 j 6 P- tn.

12 57 10 P- m.

3- 8 18 0 P- m.
5- 10 53 20 P- m.
6. 2 53 0 P- m.

fcope 13 Feet.

—  Ohferwd by 
the Jefuifs at

»83

468. p. 306. 
Jan. I742*3«

As the 3d Satellite was going to immerge 
into the Shadow, it difappearcd in a 
Cloud, fo that the Immcrfion neither ot* 
this nor of the 4th could be feen.

Full Immerfion of the l i l  Satellite.
Full Immerfion of the fame.

fcope 10 Feet.
Fiill Immerfion of the ift Satellite, Tele- 

fcope 10 Feet.
Full Immerfion of tlie 2d Satellite, Tcle- 

fcope 10 Feet.
Immerfion of the ift Satellite, Telefcopc 

10 Feet.

Emerfion of the ift Satellite, Telefcope 10 
Feet.

Emerfion o f the ift Satellite, Telefcope 18 
Feet.

Emerfion o f the fame, fame Telefcope, 
doubtful.

Emerfion o f the 2d Satellite, Telcfcope 
10 Feet.

Emerfion o f the ift  Satellite. Telcfcope 
18 Feet.

Emerfion of the fame. Telefcope r3 Feet.
Emerfion o f the 2d, Telefcope 10 Feet.
Emerfion of the 2d, Telefcope 18 Feet.
Emerfion of the i f t ,  Telefcope 18 Feet,
Emerfion of the ift, Telefcope 10 Feet,
Emerfion of the 2d, Tckfcope 13 Feec
Emerfion of the ift, 1
Emerfion of the 3d, I telcfcope 8 Feet.
Emerfion of the 2d, ( ^
Em afion of die ift, J

1 7.

ittq,
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174 -̂
7.
S.

10.
13. 13 32
14. I I 14

5 43
7 39

25- 8 26
Mar, 2. 0 36

1 1. 6 2
A p r .  3. 6 26

8 H
10. 8 20

h U y  3. 8 40

9 36
Sept. 8. 4 41
0¿ i. I . 5 0

15- 17 8

EcUpfes of the Satellites of Jupiter» 
h / n
9 20 55 p. r/J. Emerfion o f the li l ,  Telefcope 8 Feet,

10 43 o p. m. Full Immcrfion of the 4th, Tclefcope 13
Feet,

14 6 30 p. w. T h e  4th began to hnmerge. Same Tele-
fcopc.

9 16 30 p, tn. Full Immerfion o f the 3d* Same Tele
fcope.

32 o p. VI. I'he 2ci immerged, Telefcope 8 Feet.

o Emerfion of the 2d, Telefcope 8 Feet.

o Emerfion of the 4th, fame Telefcope.
. Immerfion of the 1 ft, fame Telefcope.

8 a. m. Immerfion of the ift, Telefcope 13 Feet.
9 p, m, Immerfion o f the 2d, Sky a little cloud

Telefcope 13 Feet.

OccuUation XXII.
of Jupiter and T im C S  bv Apparent
fots oatellices 
by the Moon, 
Oftobcr 27,

the Clock, 
October  26.

Í X
Times.

0 Bober  27.
J740, /«/¿rf Clock above
Morning; Stairs.
fer<vedat Mr h / If h / f/
George Gra- 
hamV, F.R.S. 23 46 38 0 0 0,
Houft in FleeC- Clock below.
Strcet, Lon
don, iy Dr 14 49 4 Í 5 2 2 5 ’

fievis, and
Mr James
Short, F.Í2.5. 14 52 32 1 5 5 5 3 1
No. 459. p.
647.

Clock above.

1

15 26 I 15 39 20
15 37 43 '5 2 '

Í5 39 9 A5 52 28 *

the Tranfitory.
The Moon’s illuminate Lim b preceded 

Jupiter in right Afcenfion 1/ 28 " in 
Time.

The fame Limb preceded 31'^
Thefe were taken with a refleding Te- 

iefcope, 9 Inches Focus, fitted with 
Wires at half right Angles, and which 
magnified 30 times.

dian.
M eri-

Ciock



Eclipfes o f the Satellites o f Jupiter,
Times by Apparent
the Clock, Times •

O^ober 26. October 27-
Clocii below
Stairs •

h u h /

15 41 15 15 54 36

15 47 10 16 0 31

15 55 4 16 8 25
15 57 20 16 10 41
16 0 54 16 14 «5

Clock above. 

i6  17 49
- OEl. 27. 
23 46 42

16 31
OEt. 28. 

0 0 0

Moon,
Jupiier ŝ fccond Sattlliie eclipfcd by the 

Moon.
yupiUr^% preceding Limb immerged. 

^Jupiter's I'ubfequent Limb immerged. 
Júpiteres firft Satellite cclipfcd by the 

Moon.
Thcfe Immerfions were taken with a 

Refleéling Telcfcope, of 16.5 Inches 
Focus, that magnified 120 times. 

Procyon pafled the Meridian.

The Sun’s Centre paffed the Meridian,

N* B, The Clock in the lower Room was all along 2̂  ̂ flower than 
the Clock in the upper Room.

None o f the Emerfions could be feen for Clouds. Whilft Jupiter 
was immerging, the Sky was perfectly fcrene; and, at his neareft 
Approach to the Moon, he did not appear to alter his Figure in 
the leaft, nor to be tinged with any prifmatic Colours; neither did 
he (as is iaid to have been fometimes obferved through Refrafling 
Telefcopes) feem to enter at all upon the Moon’s Body.

That Part on the Moon’s Limb where Jupiter entered, was a 
H ollow ; and though fome are o f Opinion, that the Circumference 
ot the Moon, as it is bounded to our Eye, is a perfcdlly fmooth 
Circle, and that no Hills or Hollows appear there, as on the Surface 
o f the M oon; yet if it be looked at in a clear Night with a good 
Telefcope, that magnifies about 100 times, or even leis, it will be 
feen rugged and uneven all round.

Notwithilanding Jupiterh Light feems to be more vivid than that 
o f the Moon, when he is feen at a good Diflance from her, and 
far more fo when the Moon is away ; yet the contrary is plainly 
difccrncd when they aré near one another: And in this Obftrvation, 
whilft Jupiter was immerging behind the Moon, his Difk appearid 
much dimmer, and of a mt)re faint and duíky Complexion, than the 
Difli o f the Moon.

V O L .  VIII. Parti. B b XXIII.  I .

i i i m
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1 8 6

Jn Ociuliaiion 
9/ Mars by the 
Moon, O il .7. 
1 7 3 6 ,  ehferved 
by Mr Geo. 
Grahcim,
F. R .S . h  
Fleet ftrecr, 
London, No. 
4 4 6 .  p .  1 0 0 .  

July, &c.
1737-

OccuUation of M an by the Moon,
XXIII. I. The firft Contaft could not be feen for Clouds.

Apparent Time, 
h / ft

A t 14 24 44 Mnrs appeared about half covered, but a diftinil:
View could not be had for flying Clouds.

14 25 21 Mars totally covered, the lail Ray o f Light being
then loil.

15 II 22 The appeared, but A im  was not feen, no Part
being yet emerged.

15 15 II I judgrd it was quite emerged, but Clouds pre
vented the Moon*̂  Limb from being diitinitly 
feen.

The Obfervation was made with a Refrafting Telefcope of 12 Feet.

—  Ohfer<utdin 2. Bcforc the Eclipfc, I took fcveral Differences of Right Afcenfion 
Coveni-Gar- and Declination between Í  and ¡a Pifcium  ̂ for afcertaining the true 

Place of M ars: As alfo feveral Differences o f right Afcenfion and 
p. 101. '  Declination between t\\t Moon^ná Mars^ before and after the Eclipfe,

which I iliall give another Time.

Apparent Time.
 ̂  ̂ p. m.

14 24 10 1 was furprized to fee iVÍ7rj continue quite round, though
hardly, to Appearance, disjoined fi*om the fciibrous 
Edge of the Moon; but that Inftant I thought it began 
to lofe it*s Figure. Clouds.

14 25 26 The Moon ihone out bright again, but Mars was entirely
vaniihed.

15 14 46 The Moon being juft clear of a Cloud, I faw Mars partly
emerged.

^5 14 49 feemed juft half out; then Clouds came on again, ib
that I faw not the final Contaft,

The MoQn*s Diameter was 21,157 of the Micrometer and it̂ s 
illuminated Part paíTcd over the horary Thread in 2 Mi« 
nutes, 3 Seconds.

I am certain of the Time to 2 or 3 Seconds.

3' 9* *740- 11*^2  ̂ 15̂  ̂ Mars emerged from the Moon  ̂ in
iMoop."  ̂ **1̂  drawn through Menelaus and Kepler, the Immerfion

fir*v(d hy the could HOt be fecn becaufe of Clouds in the eaílern Horizon.
Jffuits at Pe
kin, No. 468. p. 306. Jan. 1742-3. X X I V  ^ I



X X I V . §. I.  OSlohcr 10, 1 1 ,  and 12,  when t  paiTcd near ju K, z Oh/ervaiiens 
ir of the 5th Magnitude, I obfcrved the followiiiK Diftances o f tlie

Obfervatms on Mars. 187

Star
Centre of Mars from that Star.

S(. N . TrueTime.
l̂ arrs ot üu
Micromet.

Valu.: ol Pans 
of the Mic.

h t / //
O ñ, 10 9 4 1 ^ # Í  fji.'Ü Telefc. 7 F. 48 i ^9 24

9 46 Telcfc. 9 F, ^9 21

Oi-7, II 10 1 Í  K Telefc. 9 F. 221 6 42
• 10 4 Telefc. 7 F. 16 6 24

10 9 4 ' Tclefc. 7 F. 16 i 6 36
10 12 Tclefc. 9 F. 22 6 33

12 8 55 f̂ (/P- |t4 K Telefc. 9 F. 7 <i 21 18
. 8 59 Telefc. 7 F 53 21 12

9 5 Telefc. 7 F. 53^ 21 24

Antumn of 
1736, at Ber
lin. ^Chrift. 
Kirch, yfjlro- 
Kower 9f tht 
R Sociftj there. 
No. 459. p. 
573. Jan. 8¿c.
174.1.
ConjunStian of 
Mdfi & //. X .

§ 2. In order to obtain from tliefe Diftances the Tim e o f the Con- 
jundion of Miirs with the Star jt* X, I chofe the three following Di
ftances.

I, 0 /?. 10. 9 43 Vefp, Diftance of the Centre o f Í  from j

2. 0¿f. 11.
3, 0 ¿7. 12.

X —
10 6 Vefp, —  —  

9 o Vefp. —  — —  —  —  21

n

22

34
18

I fuppofed from the Ephemerides, the diurnal Motion of Mars in 
Longitucié 19 ' 30^', in Latitude 3̂  40^': Therefore the diurnal M o
tion of Mars in his proper Orbit, is 19' 5I^^ ^nd the Angle of the 
Oi bit of Mars and the Ecliptick (or rather with the Parallel o f  the 
Ecl-ptick) is lo*̂  39^

§'3. In the oblique-angled Triangle ¿í /x Í, three Sides being given 
namely, ^

* ah  ̂ the. Motion of Mars, which anfwers to 24*̂  23  ̂ (the 
Tim e between O b f i and 2) —  —  —  —  —  —

a /I*, the Diftance firft obferved —  —  ■— ■ — -------- 19
h fjLj the Diftance fecoridly obferved —  —  —  —  —  6

F'g- 7*-

20

n

10

From ¡X I drew a Perpendicular to the apparent Orbit of^ 
Mars and in the rcótangular Triangle fought the> i 
Particle of the Orbit of Mars found it to be —  3
and the leaft Diftance of Í  and jw, which I found to be —  6

B b  2

22

34

51

18
The

u c m



Sí?

1

Obfervatkns on Mars,
h

The Particles of fhc Orbic of anfwcr to —  2
Which being fubtrafled from the fecond'i'ime of Ob- 

icrvacion, 0¿J. 11.
10

14

6

52

Fefp,

Vefp.Leave the true Time 6  ̂ K in the Orbit, 0¿f. 11. —  7 
§. 4, In the oblique angled T r i a n g l e ' í  the Motion 

Mars between Obf. 2, and 2, ¿c, is —  —  —  ^  —  S
The Diftance of from ¡a X by the Obf. 2. S/a 
The Diilance of <? from /x X by Obf. 3.  ̂ —

6 
2.1

34
18

Thefe three Sides being given, I fought the Angle r, and found it 
to be 17° 35^ Then I drew a Perpendicular from ju, to the Orbit 
of Mars and in the rectangular Triangle cxf^y the Iriypothe-
nufe c fA being given, I fought the Sides and and found 
the leait Diilance 6̂  26^/and r —  —  — • —  —  20̂ 18̂ ^
From which the Side  ̂ being fubtraéled —  —  —  —  18 55
Leaves —  —  —  —  —  —  -—  —  — ------i 23
'I'o which anfwers in Time 40 /

6 Fefp. 

26 Vefp.

Which being fubtra<fled from the Time of Obf. 2. 11. 10
Gives the true Time of the leaft Diftance, or o f the )

Conjunftion of i  and K in the Orbit, 1 1. S
5. The Deductions in the two preceding Paragraphs, as ufual, 

differ but little. If I had taken the diurnal Motion of Mars about 
i  o f a Minute lefs, the Difference would have been fmaller. In the mean 
Time, if I choofe a mean between the 2 Deductions, I can err but very 
little from the Truth; and thus I gather the true Time of 6  ̂ /a H 
in the Orbic of Mars, OJl. 11. 8*̂  9/ the lead Diftance of  ̂ from ¡a >£ 
6̂  2 2 North.

§ 6. Tho’ this might have been fufficient, yet I fet about  ̂ ' 
a new Calculation, fuppofing the diurnal Motion o f <? in ^19

In Latitude —  —  —  —  —  —  —  —  —

//

15

Therefore the diurnal Motion of S' in the Orbit was —
40
3^

And the Angle oí the Orbit of Mars with the Parallel o f  theEclip- 
tick 10° 47/ the Spaces of Time between Obf. i ,  and 2, and between 
2 and 3, this diurnal Motion of Mars in the Orbit 19  ̂ 36̂  ̂ being 
given, make  ̂ 19  ̂ 55/^, and 18'42^^; the Diftances, ¿^and 
c fA remain the fame as in the former Calculations. Thefe being 
granted, I found in the firft Place by the Triangle 
and

T o  which anfwers—  —  —  — ■       .
Which being fubtradted from O ii. i i ,  —  —  —̂  
Leaves the Time of the leaft Diftance, O lt . i i .  —  —  8 
Then by the Triangle I found ¡j.^, —  —  —  ■

I
lO

/

59
6 Vefp.

Vcfp.
6' 21" 

And

i j n n r
m .

i



Ohfetvations on Murs.
%

And 38 which anfwer in Time to —  —  -
Which being lubtradled from the Time of Obf. 2.7

I I .  —  —  —  —  —  —  —  —  —
Leave the Time o f the lead Diftance, 05f. 11, —  —  g

h
2

/
o

6ycfp.

evefp.
Thus tliefc Calculations agree very well together, and with the 
mean o f the former Calculations.

§. 7. IÍ from /X a Right Line ^ d ht drawn, which with the 
Line X perpendicular to the Orbit of Mars, makes an Angle at ^ 
equal to the Angle of the Orbit of Mars with the parallel of the 
Ecliptick, d [X will be perpendicular to the Ecliptick. I found this 
Angle at firft to be 10° 39' (§. 2.); and then the Diurnal Motion 
of Mars being correfted, I found it to be 10® 4 7 '(§ .  6.)- Now in 
the Reftangular Triangle d x  befides the Angles, the Side x/x is 
known tg be 6̂  22^', and the other Sides are fought. AiFuming 
therefore the Angle /X ¿  10  ̂ 3 9 ', the Side if is found to be 1' 12''. 
But if  I make ufe of the more correft Angle 10® 47', the Side x ^  
will be 1' 13'*.

//
29

7

36

//

4

57

25 S.

56

T o  which is anfwerable in Time —  _  _  —  —
Which being added to the time of the leaft Diftance 7

0 ^ ,  I I .  —  —  —  —  —  —  —  —  —  Í
Gives the true time oí 6 ^ and /x X in the Eclip

tick Oí .̂ II. —  —  —  “  —  —  —  —
d or the difference of the Latitude of Mars, from^ 

the Latitude of the Star in 6 in the Ecliptick is^

Q
W hich being fubtrailed from the Latitude of the 1 

Star —  P
I^eaves the Latitude o f Mars —  —  —  —  —  2
The Longitude of Mars is equal to the Longitude t  

o f the Star according to the accurate Briiam ickv^  19 25 40
Calalcgue —  —  —  —  —  —  —  — '

§. 8. A t  the Time o f the Conjun¿lion of Mars^ 
and ^ X in the Ecliptick, at Beriwj true time 9

And at Bologna  ̂ mean Time 051, 11 —  —  —  —  9
By Ephemerides the Longitude of Mars j ^

is found to be — • —  ^  —  —
Which fiills fhort of the Obfervation —  —  —
Chiprés Ephemerides make the Longitude of Í  —  t  19 
Almoft 22/ ihort of the Obfervation, and thcEphem.

29

of Defp/aces make it —
Agreeable enough to the Obfervation.

36

H

H  
11 
4

25

o

40

o
o

Manfredi\

189
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Ohfer'vatíons on Mars.

Mnnfredi's Ephemerides m^ke. die o f $
that is, about i '  iefs than the l.atitudc obJLrvcJ •, 
According to Ghijler’i it is —  —  —  —  —  
And according to tliofe of Befplaces —  —  — ■ —

nr rUtct of §, I. At the Time ofthe Conjimcflion ofMdrs and / 
Ĵars in tppo- ¡ti K jn the Ecliptick, the Place of' the Sun is toiind by ( 

fttht, to l i i  T a h l . .! ro I v  —  —  —  —  ■— . ^

o

6 === i S

Sun.
Maiifredi'% Tables to be 
Ac wliich time the Longitude of Mars wjs to
AncT therefore $ was almoil in oppoficion to tl-ic Sun, and

only 39' 19** from the oppoficc Place to the Sun.
The diurnal Motion of the Sun. was —  —  —  o
And thediurnal Motion of Í  retrograde in theEclipt, —  p 
The Sum gives the diurnal Motion of O from  ̂ —  — * i

§. 2. As 18* 49" thediurnal Motion of O  from  ̂  ̂
Í  is to 24. hours, fo is 39' 19^  ̂ the Diílanccof from w i  
the oppofite Place t o O t o  —  —  —  —  —  —  '  
AV.hich being added to the true Time of ó  ̂ /x K in

tlie Ecliptick 0 .̂. 11.
Makes the I'ime of the Oppofition of Mars and the Sun,}  ̂

at 0 8 . 1 1, true time —  —  —  —  Í
Subcra£l the Equation —  —  —  —  —  —  —  o
There will remain mean Time at 0 ^. 11. —  21
For the Difference of Meridians, between Bologna and) 

Berltfi, fubtrad —  —  —  —
R cmains mean Timeat Bolognâ  OU, 1 1. -----  —  —  21

§. 3. As 24*> to 19' 15̂  ̂ the diurnal Motion of Mars  ̂  ̂
in Longitude, fo 11*' 58^ the time between 6 f  and t  o 
/i* X in the Ecliptick, and the Oppofition of© and <?, t o '
Which being fubtrailed from Longitude  ̂ in ó 7 ^  ^

and/X X —  —  —  —  —  —  .—  .—  5®
Leaves Longitude o f á ' i n . g O  —  —  •— . —  o ^  
The PJace of O  by Marifredi^s Tables 0 8 . n . 7  ^

21̂  ̂ 12  ̂ mean Time at is found —  —  S — 19
A  Difference of only 1̂  ̂ (befides the Semi-circle) from 
the Place of Mars, which may iafely be negle£led.

4. As 24*̂  to 3̂  40^^ thediurnal Motion of Mars i
in Latitude, fo 11^58^ to — • ■—  ----  —  3 ^

Which being fubtracled from Latitude á' in S «Í and 
. ^ H in the Ecliptick —

Leaves Latitude á' in S O

/

57'

57
59
/

Á.6

It
o

SO
30

n
21

o ^  19 25, 40;

59
i.y

I

58

34
1 3 1 
20 Í

8 i

12.

/

9

25
16 

16

34

49,

fi
o

o

o

o
//

36

40

4
3

/
I

57
5^

ft
50

56 S. 

6 S.

4

Ohf^ahom Mars was among the Stars e and  ̂of Pifces., and other fmaller 
e / / s  which I often mcafared the diftances o f Mars? with 3

different

i

j n r o
L



Ohfervatims on Mars.
difFerent Tel^copes, o f  7, 9 and 2 feet, and once with a Tclefcope hitfeeondSt»-
or 18 reet. By the longer TeIefcojx:S more accurate Diftanccs may N“vem-
be taken; but becaufe they do not comprehend any preat Space 1
could meafure only the fmaller Diftanccs by them. Large Diltances
m ^ht indeed be obferved by the Telefcope of 2 feet, bm (bmetimts
a Doubt ot I or ¿Minutes may creep m, efpecially if the Diftances are
too large for the Capacity of the Telefcopes Such Errors are moil fcen
•when the Situation o f the Stars is drawn upon Paper, and the Diftanccs
of a Planet from different Stars, do not interfeft each other in one
Point. I have taken out the Stars, from which I meaiured Mars
from the Britannick Catalo^ie, and by the Diftances of Mars from thtfe
Stars, I have traad out the Place of the Planet by means ofa Circle
I ftiall firft exhibit the Diftanccs taken, and then the Places of Mars
found thereby. Where it is to be obferved, that I have made ufe
of a Delineafion, in which the Miignitudes o f Degrees and Diftanccs F'g- 7f-
of the Stars were double of thofe in the Scheme.

Styl. nov.
True
time

Vefp.

•

•

• Parts of 
tlie M i
crometer

Value of 
parts of the 

Microm.
h t 0 / //

Oft. 27. 8. 58. e' K Telef. 7 feet 121. 0. 48. 24.
0£t. 29. Q» .̂ 0 $ é K ■Telef. 7 feet 6. 24. 48.

8. 38- Telef. 9 feet «3. 24- 43.
Nov. I , 1 1. 6. S e H telef. 9 feet 38- II. 18.

11. 10. Telef. 7 feet 28. j i .  12.
Nov. 5. 7- 22 a. Telef. 7 feet 34 13. 48.

7- 26. e K • • • ICO i. 40. 12.
1 8. 14. f. • • • 105; 42. 0.

8. .2 1. S a. Telef. 9 feet 44' »3- 6.
Nov. 6. 7- 28 S a. * Telef. 7 feet 7̂' 6. 48.

7- 34- $ e K • • • 116. 46. 24.
7- 40. $ c. • • • 1 10. 44. 0.

or 110 2\ 44 *2.
7- 44- $. a. Telef. 9 ffCt 23 -• 6 59.

^ ov. 7. 6, 4 6 a. Telef 18 ftei 16. 2. 17.
7 47 ' Í2 Jiñic. Telef. 7 feet 5 "• 2. 12.

f 7' 50. S e H • • • 129. 5 *̂ 3 *̂
7- 53* c. • • • 1 18. 47. 12.

Nov. 12. 9 ' 19. . ¿ a Telef. 7 tcet 52, '0. 20. 48.
9- 27. e K • • é 172. j 1. 8. 4 *̂
9- 3 *̂ c. f • 165 II, 6. 0.1

Styl,
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Obfervatiom on J^íars,

Sryl. nov.
True
time

Vefp.

Parts o\]̂  
the M i
crometer

Value of 
pares o f the 

Microm.

h / « / //

Nov, 7. 32. i Í  ¿7, Telef. 9 feet 77- 0. 22. 56.
/
7. 3^ : Telcf . 7 feet 58. 0. 23. 12.
/
7- 40.' $ e # 1 % 175' I. 10. 0.

/• 44..  ̂ c. • ♦ 171. I .  8. 24.

Nov. 15. 7. 2. Í  ÍÍ. Tclef. 7 feet 72. 0. 28. 48.
9
7.

1
9* 1^ Í K. • « • 179. I.  II. 36.

/
7. 1

I ^ r. • • « 186 2. I. 14. 36.
/ •
7-

f > * 18. (Í Telef. 9 feet 96. 0. 28. 35.

Nov. 2 6, 6. ■11. S e K . Tclcf. 2 feet 91. 1. 22. 6, .
Í   ̂ X. • • # 106. I- 35* 3 -̂

 ̂ f K. • f 94* r. 24. 48.
á'' r. • f • H 3- 2. 9. 2.

a. • , X XI3- I. 41. 57.
Í  Í K. • • • 92. I. 23. 0.

6. 32* é • • 103. I. 3 -̂ 55'

Nov. 28. 6. 4 *̂  ̂ Í X. Telef. 2 feet 104. t I. 33. 50.
6. 46.  ̂  ̂ X. • • • 82. I. 13. 59.

9* 34. á* f X. • i • 103. I. 32. 55.

9* 37* Í  e X. • • • 105. I. 34- 44-
9* 41. Í   ̂ X. • # • 82. I. 13. 59.

better t\ 81. I. 13. 5.

Dec. 3. 9' 41. Í X. I ’elcf. 2 feet 160. 2. 24. 23.
$ t X. • • f 5̂7- 2. 21. 40.

9* 5 '̂ .Í  ̂ X. Telef 7 feet 5 -̂ 0. 22. 24.
✓

10. 1. Í  c  X- Telef 9 feet 75- ^ 22. 29.
or 76. 22. 38.

Dec. 6. 5- 33' Í  t X . Tclcf. 2 feet 201. 3. I .  22.

5- 39- Í  Í X. • • « 204. 3- 4 - 4 -
5- 44. Í  C >«• « • t 50. 0. 45 .  8.

s  P  -a. Telef. 7 feet 1 . 3  i. 0. 45 .  24.

5- 57- s  C X . Tclef. 9 feet >53- 0. 4 5 .  34.

Thcfe Diftances are always to be underilood from the Centre of Mars, 
cfpecially by the longer Telcfcopes.

Now tollow the Places of Mars deduced from the D i f t a n c e s  enumerated, 
and his Places taken from the different Ephemcrid ;̂ ,̂ to fliew the 
Agreement or Difagreemcnc between the Calculations and the Ob- 
fervation.

Scyl.

r



Obfervations on Mars. 193

Styl. nov.
True

Tim e
Vefp.

Longitude of 
Mars.

Latitude of 
Mars.

Nov. 5.
J> 1 
8. 18. Obfervation.

Manfrcdi,
Ghifler.
Dcfplaces.

" 1 ~ II

T  13- 37- 0. 
13. 26. —  
13. 42. —
>3- 35- 30.

« / //

I . Í 7 *
I. 16, 30. 
I. 20. 30. 
I. 17. 30.

Nov, 6. 7. 26. Obfervation. 
 ̂Manfrcdi. 
Ghiilcr, 
Dcfplaces.

^  13. 32. 0. 
13. 22. —
>3- 37- 30- 
•3- 3 '- —

I. 13. 15. S. 
I, 13. —
I. 16. —
I. 14. — •

Nov, 7. 7- 50* Obfervation.
Manfrcdi.
Ghifler.
Dciplaces.

'Y' 12. 27. 40. 
13. 17. 40. 
13. 32. 40: 
13. 27. —

1. 9. 30. S. 
1. 9. 20.
I. 12. —
r. 10. —

Nov, 12.
s

ii
• ̂

9. 28. Obfervation.
Manfrcdi.
Ghifler.
Dcfplaces.

“V 13. 20. 0. 
13. S. —  
13. 19. 30. 
13. 18. —

0. 50. 40. S 
0. 51. —
0. 53. —
0. 51, 30.

Nov. 13.

:

7- 38. Obfervation,
Manfredi,
Ghifler.
Dcfplaces.

1 ?. 20. 30.
13. 9, 15. 
13. 19. —  
13. 19. —

0. 48. 0. S. 
0, 48. ■

49- 30*
0. 48. —

Nov, 15. 
♦ •

7. 12,

.0'
- 1

\

Obfervation.
Manfredi.
Ghifler.
Dcfplaces.

^  23. 30.
13- »3-
13. 21. 30. 
13. 21. 30.

0. 42. 0. S. 
0. 41. —
0. 43- —
0. 41. —

Nov. 26. 6. 20.
I

1

Obfervation.
Manfredi,
Ghifler.
Dcfplaccs.

nr 14. 35. 0. 
14, 26. —
H- 37- 
H* 34* —

0. 9. 0. S. 
0. 9. —
0. 12. —
0. 9. 30.

Nov. 28. 9- 35’ ,1

«
r

Obfervation. 
Manfredi. 
Ghifler. • 
Dcfplaces,

^  i 4‘ 57* 0
14. 49. 30.
H- 59- —  
14. 57. 30.

0. 3. 30. s. 
0. 4. —
0. 7. —
0. 5. —

¡Dec. 2.

*

9. 48^. Obiervation. 
1 Manfrcdi. 

Ghidcr.
’ Dcfplaces.

'V' 16, I .  0.
15/ 57- ^  
16. 2. ^  
16. 2. —

0. 6. 30. N. 
0. 7. 40.
0. 5.
0, 7. —

DwC. 0.

' < 1 • V i

5. 46.

■J é .

Obfervation.
M î f̂recli.

iQhiner. ; „ j .

Dcfplaces.

' v  16. 46. —  
i6. 40. 30. 
10. 47. 20..
>6. 50' 33-*

0. 16. —  N. 
3- *3- 30*
0. 10. 30,
0. 13. 30.

V O L. Vl l l .  I'art i. C  c 0.1



194 A  7 "̂ anjif of Mercury over the Sun,
On the 2 laft Days, namely the third and efpecially the fixth of 

December̂  the Plac<;s of Mars, deduced from Obfervation, are doubt
ful ; thefe therefore maybe rejcfted.

The Places of the fixt Stars in the Scheme annexed, from the 
Britannic Cataloguê  to the B-.;ginning of the Year 1690, are taken 
without any Reduilion: therefore to the Longitudes of Mars, ex
hibited by the Figure, muft be added 39̂  or 39  ̂ 5̂  ̂ for the Motion 
of the fixt Stars in 46 Years and about 10 or 11 Months.

The Obfervations of November 9 are omitted above, and I (hall 
add them here, with the PJace of Mars deduced from them.

Styl. nov.
True
time

Vefp.
h /

Nov. 9. 9. 28.  ̂ a.
9, 30. ^  e K
9* 34  ̂ c.
9. 41.  ̂ a.

Telef. 7 feet

Telef. 9 feet

Parts of Value of
the M i Parts of the

crometer Microm.

25. 0, 10. 0.
152. I. 0, 48.
J36, 0. 54. 24.

3 2 1 0. 9. 40.

Styl. nov.
True
time
Vefp.

Longitude of 
Mars.

Latitude o f  
Mars.

Nov, 9. 9' 34- Obfervation.
Manfredi.
Ghifler.
Defplaces.

0 f n
V  13. 22. 20. 

13. 22. —  
13. I I .  —
13* 25. —

0 / //
I.  I .  30. S. 
I .  o- 30.
I. 3- 30-
I. 2. 30.

J n  Ohfervati-
in o f tkt Tran~ 

fit of i\iercury 
onjtr the Sun, 
0 ¿>.3i , i736, 
hy Mr George 
Grakam,
F. R. made 
in Fleetflrcet, 
London. No. 
446* p 102. 
July. {rV. 
Í/37.

X X V . I.  

Apparent Time.
h / If

9
9

22 00
37

Mercury not yet feen, then Clouds.
I firil faw Mercury for a few Scconds, and judged he 

was got entirely within the W s  Diik, or perhaps 
a little more *, then Clouds again, with fome Inter
vals of a few Moments between, which allowed us 
a Sight of Mercury about three or four feveral times; 
then quite cloudy till near 12, when we had a Sight 
of the Sun for a few Minutes, and took his l̂ ranfit 
upon the Meridian ; at which time we judged

Mercury



í
A  TranfU o f Mercury over the Sun*

^  Mrfwr^ to be about two of liis Diameters, or a little
more, within the Stm*& Diik, and a little pail the 
vertical Line.

12  ID 2y W e had again a Sight o f the Sim  ̂ but Mercury was
gone ofF,

2. The Sky was very clear, and the Air not diilurbed by any — Ovíj-w^/ 
Wind. Roverfius happened tob e the firil who pcrceived the Plante 
at the edge of the Sun at 22  ̂ 8̂  37^  ̂ p. m, and it’s inner Contad 
with the Sun at 22*̂  11 ' 1 2 ''  we made ufe of Clocks regulated by a f  jc/k'ibid. 
Meridian Line drawn by Zanotti  ̂ by equal Altitudes of the Sun in p. 103. 
the Morning and Evening, taken feveral times.

The Planet was perceived fomething later by other Obfervers in the 
Limb o f the Sun. For my own part, I did not perceive it, witli a 
Tclefcope o f n  feet, till 22  ̂ 9 ' 5 ' '  when it had plainly entered the 
i««, and leftimated it’s inner Contaél to be at 22  ̂ lo '  53'^ But tiu 
former Obfcrvation is far more certain, as being made with a b'Jtter 
Inftrument. But fince from the times o f the Egrefs of the Planet, 
which will afterwards be mentioned, it is manifcft that it’s Body fpcnc 
3̂  16̂  ̂ in going our, if  we fubduft fo much from the tinic 
o f  the inner Contaft obferved by Roverfius  ̂ the exterior Con- 
taft, or firil Appulfe of Mercury to the Sun will be ftill more certain, 
at 22  ̂ 7* 56^^

The fubfequent Obfervations tended to find feme Points of the Path, 
which the Planet was feen to defcribe in rhe Sun. W e referred each of 
thofe Points to a Horary Circle, and alfo to a Parallel drawn through 
the Centre o f the Sun̂  according to Cqffmî s Method, marking the 
times by the Clock, at which the Limbs of the 5«« and Mefxury paflTcd 
over the Horary Thread o f the Micrometer. obtained many
ofthefe Points with aTelefcope of 8 feet; and I obtained i or 2 with 
a Tube of 6 feet, to which an excellent Micrometer was fitted, made 
by Jo, Jacobus Marinonius, Roverfius and "fbomas Perellus  ̂ M , D. 
determined fome other Points with the fame. Hither alfo belongs the 
Obfervation made by Perellus on the Meridian, with a mural Semi-circle, 
by which Obfervation the right Afcenfion of the Planet was found to 
b e i i '^  Í o f Time greater, and the Declination 58̂  ̂ í of Time lefs than 
o f the Centre of the Sun. Bcfides Zanotti took upon himfelf to defcribe 
the Pofitions of the more remarkable Spots, many of which were feen 
that Day in the Sun. It was eafy to diilinguiih betwc'en the Planet and 
thofe Spots, becaufe it was cxadly round, and very black, and fur-
rounded with no Ring.

Frúncífcus AfgaroUus, F. R. S. obferved the Beginning of the Egrefs

but thefe Obfervations are not very certain, becaufe the Telcfcopcs 
were but indifferent, and the Wind nfing about that Time ihook them

C  c 2 a little

^iHÜL
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rig . So.

•i

i
I'í

27
22
22

/

7
9 

1 1

;;
56 Ingrefs oF Mercury into the Diík o f  the Suft. 
34 Ingrefs of the Centre.
12 Total Ingrefs.

o 50 50 Beginning o f  the Egrefs.
o 52 28 Egrefs of the Centre,
o 54 6 Total Egrefs.

2
I

^3

42
21
3 Í

54 Stay o f the Centre o f Mercury in the Diik of the Sun. 
27 H alf the Stay.

I Time of the middle Tranfit.

Q / //

23 40 0

105 48 0

82 8 0

7 52 0

Ill • -  tllC XAlflUl IIIC
llanet with the Horary Circle determined by the 
Obfervations, to the Eaft,

ngle of the Ecliptick with the Horary Circle from 
the Ailronomical Tables, to the Hail, 
therefore the Angle o f the Ecliptick with the Per
pendicular to the apparent Path o f Mercury.
alfo the Angle of the apparent Path with the Eclip- 
tick.

j

a little. Therefore we muft prefer the Obfervation which was macfe 
with a Telefcope o f 22 feet, by Francifcus Vandellius  ̂ ProfeiTor of M i
litary Architedlure. He determined the inner Contaft at 50' 50^^ and 
the outer at 54' 6^  ̂ whence the Stay of the Planet in the Limb was 
3/ i6  ̂  ̂and the Time of the Egrefs of the Centre 52' 28'^ which, ac
cording to my Obfervation, ihould be 52  ̂ 25'^

Thus much for the Obfervacions themfelves; I ihall now mention 
what I have deduced i'rom comparing them with 7>anotti, AiTuming 
the Diameter of the Sun to be 32  ̂ 34^  ̂ and the Time of it’s pafling thro*' 
the Horary Circles 2̂  17̂  ̂ (which Numbers are fet down in the Tables- 
of the Modern Aflronomers, and confirmed by the Obfervations them- 
iclves) we liave fet down thofe Points by obferving the Bounds o f the 
planetary Path ; and as an Account of the fmali Fallacies o f the Obfer- 
vaticns they would all fall exadly upon the fame Right Line, we 
thought none more proper to reconcile them, than if  we determined a 
Perpendicular Line drawn from tlie Centre o f the Sun to the Path of 
the Planet, to contain an Angle of 23® 40' to the Eaft with the Horary 
Circle; and if we fettled the Length of that Perpendicular from the 
Centre to the Path to be 13' 58'/ to the North. From thefe we have 
calculated all the reft after the Ibllowing manner.

A  of Mercury over the Sun.

Diftance

1;



•  / //
o  13 58 Diftance of the Path from the Centre o f the Sun to the

North, found by Obfervations.
o  16 17 Semi-Diameter of the Sun,
o  16 45 Length of the Path within the 5//«’sDiik.
o 8 22 H alf of it’s Length. •
0 6 1 0  Horary Motion of Mercury in the apparent Path.
0 6 6  Apparent Horary Motion in the Ecliptick.

A  T̂ ranfit o f Mercury over the Sun. 197

o I 58 Portion o f  the Path between the middle of the Tranfit
and theConjunftion.

o 10 20 Portion of the Path from the Ingrefs to the Con-
junftioii.

o  6 24 Portion o f the fame from the Conjunñion to the Egrefs.
o  10 15 DifFerence of Longitude o f Mercury and the Sun in the

Ingrefs.
o 6 2 1  Difference of Longitude in the Egrefs.

h / //
o 19 2 T im e from the middle o f the Tranfit to the Con-

' Í jundion.
True Tim e

Mean^Time^ > Tim e of the Conjundlion at Bolognĉ

23 34 25

 ̂ f of Scorpio,
19 23 30 Longitude o f  the Sun and Mercury at the very Con-

junftion, by CaJJini*% Tables.

This Longitude agrees within 4'^ with the Obfervation 
 ̂ made ^  Petrus Lilius, J . V. D. the fame Day by the

Meridian Gnomon o f  St Petronius.
o  12 37 Latitude-ofiliirr//^ in the Northern Ingrefs,
o  14 54 Latitude in the Northern Egrefs.
o o 50I Horary Motion-into the Latitude,
o 14 I Latitude in the Nordiern Conjunftion.

h I /t I
16 39 o  Space o f Time from the Tranfit of Mercury thro* the

afcending Node to the Conjundlion, '

 ̂  ̂ ^ \  Time of the Tranfit thro* the Node,'!. ^6 s s  o  Mean Tim e f  ,

Motion• $4

m
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198 A 't'(¡n fit of Mercury under the Sun.
O

4
n

4 13

47 Motion o f Mercury feen in the Orbit out of the Sun at 
the Diftance of 16  ̂ 39  ̂ about this Time, or A rgu
ment of Latitude in Conjunftion,

56 The fame Motion reduced to the Ecliptlck,

 ̂ o f Taurus
9 34 Place of the afcending Node of Mercury feen out of 

the Sun,

Log. 449301 Diftance of Mercury from the Sun at the Tim e of
Conjuntflion by CaJfmP̂  Tables.

Log. 499503 Diftance of the Earth from the Sun by the fame Tables,

n
o 30 31 Latitude of Mercury in Conjunilion feen out o f  the

Sun North.
6 5 1  0 Inclination of the Orbit of Mercury to the Ecliptlck.

//
o

o

o

5S

o

3 16 Time from the inner CoxiX:̂ &.c& Mercury to the outer
one in the Egrefs, by Obfervation.

o 20 Portion of the Path gone through at this T im e by 
Mercury.

50 o Angle of the Path with the Semi-Diameter of the 
in the Egrefs.

o 10 Apparent Diameter of Mercury as nearly as poffible. 

c h ■ ¡appeared within the 5««’s eaftern Limb (as in the
Nov I t .  '  ‘

/ H
49 20 - at - I
36 o  ̂   ̂ abt. - 2
52 20 - at -  2

2 30 - .  .  - 4
4 30 - - - 5

44 20 “ • » - ^
52 45 • - - 7

 ̂ 0 ^. 31. 1736, early In the Morning,
n  u  Conjunélion o f Mercury with the Sun̂  being invited by
Ur who condefcended to afljft me. The Sky was very clear
at the nfing of the Sun̂  but the Wind was very briik. Dr Hailey*'m.% 

T I Rooni with me, and was pleafed to attend the Clock, 
wniJft I took the care of a Telelcope of 24 feet. I began to obferve 

 ̂ about

I 736. by 
J. Frid.Wcid- 
ler, F. R, S, 
Jbid. p. 110.

Fig. 81.
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11 
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A  TranfU of Mcrcury over the Sufu

about 8, being afraid of miíTing the Ingrcfs, if there ihould be any
Error in the Calculation: But I could fee nothing in the Sun bcfides
Spots. The Sky was prefently after covered with Clouds, About ten
the Clouds opened a httle, and gave me the firil Opportunity of Iceing
Mercury under the which was taken away in a Moment by veiy
thick Clouds. I had not waited long before I f.iw him again, and
(hewed him to Dr Hallcy on the Face o f the Sun, Then carnea long
SucceiTion of dark Clouds. About Noon it began to be clear, and
D r Hailey obferved the Sun culminating with his great Mural Quadrant.
I had now great Hopes o f feeing the Egrefs of Mercury  ̂ and renewing
my Application, made the following Obfervations. 

h / //
30, 23 50 45 The Centre oiMercury was i '  8 ' '  diftant from

the Sun by the Micrometer.
3 1. o  2 39 Mercury was diftant from the Sun̂ % Limb

about his own Diameter.
7 4  The Centre was judged by the Eye to be gone

out.
8 33 T he exterior Conraft, the Sky being very

clear.
X X V II . I have fent y o u a  Schemeofthe Phafe of the 0 5̂7. 31ft, Afranfitof 

j jh  12// as taken by my Telefcopc, which isa very good one of 10 Mcrcury ovtr 
feet; but as I had neither Crofs-Hairs, Micrometer, or other exad ¿̂̂ Sun, Oft. 
Inftriiments, the Obfervation may not be very exaft : Bcfides, I had 
only a Glimpfe of the Sun for 7 or 8 Minutes.

No. 459. p. 645. Fig. 82.

X X V I I i;  jlp r iliiy  1740, I had an Opportunity toobferve Mercury  ̂ A 7renfu of 
then near his defcending Node, tranfiting the Diik. Being ad- M«cury o w  
vertifcd by Dr Halley*% Calculations, that the former Part of this Tranfit  ̂ ' Ty\o 
would be vifible in our Horizon, I was refolved to obferve it in the beft fohnWín- 
inanner I could, with thofe few Inftruments I was furniilied with ; thorp, H9/. 
which were only thofe I had received from my PredecciTor Mr If, Green- 
wood̂  and are the fame that are mentioned by the late Mr Thomas Robie * 
being a 24 Foot Telefcope, another of 8 Foot, and a brafs C^adrant Cambridge in 
of 2 Voot Radius  ̂ fitted with telefcopic Sights, and having Crois-Hairs Ncw-Rng- 
fixcd in the Focm of the GlaiTes. All theie I got in Readinefs, being 
the moredefimus to make this Obfervation, becaufe Mercury had never 
as yet been feen entering upon or going off the Sun\ Limb at his 
defcending Node, and this ought to be invifible to Europe, The
better to obferve Mercury^ Ingrefs on the Sun̂  I determined to make 
ufe of my 24 Foot Tube, while an AiFiftant 1 had with me ufed that 
of Eight F o o t: After which I propofcd, in order to find out his Path 
in th  ̂Sun̂  toobferve the Paffages o í Mercury the Sun*% L/imbs by 
an horizontal and vertical Hair in the Telefcopc of the Quadrant; and

• $ ee VoJ. VI. p. 173.
I chofc

i
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i

1 chofe rather to deduce Alcrcury's Right Afcenfions and Declinations by 
Cilculation from hence, than to obferve them immediately in the com- 
nion way of placing one of the Crofs-Mairs parallel to the Equator, f ir .  
bwt\;jfe, as the Sun was likely to be low before Mercury made his En
trance, Uefradion would have caufcd confiderable Errors in the Places 
o f Afcnury determined in this Manner, Maving no Clock, I was 
obli[»ed to make ufc of my Pocket-Watch, which I know to be a good 
one; and by this it was eafy to diRinguilh Time to a Quarter of a 
Minute, which would have fcrved pretty well for the Ingrefs of the 
Planet. But as it was by no means fufficient for thofe other Obfervations 
1 dcfigned to make, 1 procured another Watch, which ihewed Seconds; 
and both thefe Watches I adjufted to the apparent Time, by feveral 
Altitudes of the Sun taken with the Quadrant before the Tranfit began; 
and by Altitudes taken the next Day, I found that the Watches had 
kept time exadly enough. Í expelled that the Centre of the Planet 
would enter upon the Sun at 5̂  2^ but being apprehenfive that he might 
he earlier than the Calculation, I, for fome time before that, with my 
■24 I'ooc Tube direfted to the Suft̂  kept my Eye fixed on that Part of 
liis I.imb w'herc the Planet was to enter, as fteadily as I could for the 
Wind, which then blew frefli. This Precaution was not needlefs; for, 
at 4** 54  ̂ 59̂ /, I perceived that' Mercury had made a Imprefiion on the 
Sun\ Lim b; by the Quantity of which I concluded, that a lm o ft io f  
his Diameter might be entered. After I had beheld this very plainly 
about a Minute, a fmail Cloud covered the Suyi near 3^ which then 
clearing off, and the Sun fl îning very bright, as before, I had again a 
dirtind Vicwoi the Planet, and faw much more than half his Body on 
the Sun. I continued to fee him till 5*̂  0 '4 0 '^  at which Time he 
fecmed to be gotten almoil wholly within the Sun \ for he appeared now 
very near round, though I could not yet difcern the Sun\ Light behind 
him. By the fiiaking of the Tube, 1 unfortunately mifled the Moment 
of his interior Contad: with the Sun̂ z Limb, but am certain it could be 
but very little later than this ; for I prefently after faw him fliirly with-

A  Tranftt of Mercury over the Sun.

1

Ingrefs, and which 1 had no Convenience for raifing 
nearer Home, almoil half an Hour flipped away before it was poflible 
for me to begin my Obfervations. I began them as foonas I could, and 
continued them till Sun-fct, excepting when I was interrupted by the 
Clouds *, and I obferved fometimes one and fometimes the other Lim b 
of the Sun̂  as I found it moit convenient. It will be needlefs, I fup- 
pofe, to give a Detail o f all the Obfervations I made; I íliall therefore 
Jcleft Two or 7'hree, which I look upon as mod exaft, and moil 
luitable to my prefent Purpofe. One was as follows:

The

j n
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h / /;

T h e Sun at tlic Horizontal -—  —  —  —  5 37 59
The Sun at the Vertical —  ^ ^ ^ ^ 0 3 9  i
Mercury at the Vertical —  —  —  —  —  0 3 9  16
Mercury at the Horizontal —  •—  —  —  0 ^ 5 0  i

This Obfervation gave me the Azimuth and Altitude of Mercury at 
his PaiTage by the vertical Hair j from whence I computed his Riglit 
Afcenfion and Declination, and from thence his Longitude and Lati* 
tude. The Method of obtaining which being fuificiemly known,
Khali fay nothing upon it, but only mention the Refultofthe Numbers, 
which was, that at 5'' 59' I6 '^  when paficd the Vertical,
his Longitude was 12^ 43  ̂ 5'^ li ; and the hot being then in 
12^ 42  ̂ 27̂  ̂ o f that Sign, Mercury was in confequence of tht Sun*s 
Centre, 3 8 '',  his Latitude at the fame time being 15  ̂ Nortli.
Another Obfervation was thus:

h / /T

T he 5«« at the Horizontal —  —  —  -— 6 47 37
T h e Smt a t  the Vertical —  —  —  —  —  o 48 17
Mercury at the Vertical —  —  — ' —  —  0 4 8  25
Mercury at the Horizontal —  —  —  —  0 4 9 2 4

From hence I concluded, that at 6̂  48' 25'^ Mercury was in Antece
dence o f  the t o  3̂  5 7 with 14' 20'' North Latitude. 1 made another 
Obfervation after this; but the Sun being then very near the Horizon, 
his Limbs were not well defined, fo that I look upon this Obfervation

the Sun̂ s upper l-,imb.

The Sun at the Vertical —  —  —. 
Mercury at the Vertical —  —  —  
Mercury at the Horizontal —  —  
The Sun at the Horizontal —  _

The Sun at the Vertical 
Mercury at the Vertical

The Zun at the Horizontal ----  —

5 ; and were made by

h f t

6 5 6
—  0 7 8

—  0 8 42
—  0 9 45

n i S

n 29
—  0 i 3 26

•—  0 1 9 3 ’-

A t  the former o f  thefe Obfcrvations, v iz. 6'’ 7 ' 8 "  I computed the 
Longitude of y'Vít'ríKO'to be in 12® 42' 1 7 "  « , which being taken from 
the Sun's Placc in 12® 43 ' 35" » , leaves i ' ,  1 8 "  for the Difference of 
l,ongitude between the Sun and Mercury ■, and his Latitude was then

V°0  L. VIII. Part i. D d i + f
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14/ 47^'. Ac the latter Obfervation, the Difference of Longitude was
1/ 55^^ and the Latitude of Mercury 14' 42''.

From thefe Places of Mercury it appears, that his Horary Motion in 
Longitude from the5«?; was now 3' 58'^; according to which, ifwe 
fuppofe the central Ingrefs to have been at 4̂  57^ we ihall find the 
Difference of Longitude at that time 3^ 20̂  ̂ *, and the Semi-diameter 
of the Sun being 15' 5 7 " ,  the Latitude of Mcrcury muft be 15'
Now the Angle of Mercury's vifible W ay with the Ecliptic being, by 
the Theory of his Motion, 10  ̂ 23^ we muft conclude the former of 
the obferved Latitudes about 4̂  ̂ too fmall, and the latter as much too
large;----- an Error very Inconfiderable in this kind of Obfervations.
From thefe things we may gather by an obvious Computation, that

I Mercury was in Conjunition with the Sun̂  in refpeft of Longitude,
![ at 5̂  4 7 ' with 14  ̂ 59^' North Latitude and that his neareft Diftance

to the Centre of the Sun was 14  ̂ 44  ̂̂ ; and when he was at his neareft 
Diftance, the Difference of his Longitude from the 5««’swas2^ 39'^ 
which he paficd over in 40  ̂ of Time, and confequently arrived at the 
middle of his Courfe in the Sun at 6̂  27^: Whence the Semi-duration of 
the central was 30^,andtheEndat7^57^,anHourafterSun-fet,

As to the Place of Mercury*% Nodes, the Inclination o f his Orbit to 
the Ecliptic, and the other Elements o f his Theory, I pretend not to 
determine any thing from fo fhort a Series of Obfervations as this. I 
content myfelf with the foregoing D^;terminations, which, I hope, are 
not far from the Truth, having taken all the Care I could, both in the 
Obfervations and Calculations.

7>anfic of X X IX . I. T h e  Beginning could not be feen by reafon o f  Clouds, 
but about 8*^45  ̂ Mercury feen (through a R efleftingTelefcope three

25. 1743. in Eoot Focuŝ  magnifying about 5Ó times) about ibur or five o f  his 
tht Morning, Diamcters within the ^««’s Lim b.
•bfir*veeiat Mr A t M r 5-6i?r/’s Houfc in Surrey-ftrcety Mercury was feenjuft p a ft the

8  ̂ 30^ 59^/ through a R efleftingTelefcope two Foot
Fleet Greet, f^eus^ magnifying about 70 times; the Perfon who obferved it fays,

No. 471, p. that the Thread of Light between Mercury and the 5««’s Limb was
jj8. fo fmall, as fcarccly to amount to the 20th or qoth Part of Mercuri*% 
ÍSOV.3. . 743- Diameter.

T!be following Differences of Right Afcenjion between the Sun*s preceding 
Limb and Mercury, were taken at M r Short’j  Houfc,

h / //
Sun’s preceding Limb touched the Wire at —  —  1 10 58 55
Mercury touched the fame Wire at —  —  —  —  j  10 59 40

Sun’s preceding Limb touched the Wire at — - —  — i n  48 4
touched the fame W ire at —  —  —  —  '¡>11 48 32

Sun’s fubfcquent Limb touchcd the fame Wire at *—  —  j  11 50 20

^  Sun’s

L
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n

Sun’s preceding Limb touched the Wire at —  —   ̂ u  49 20
Mercury touched the fanne Wire at —  ^  j

Sun’s prcccdirg IJnibtouchcd the W ire at —  — •  ̂ i r ^
Afí.Tí:/̂ ;7 touched the fame W ire at —  —  —  —  j u  qo

Sun’s preceding I,imb touchcd the W ire at —  —  *I î2 1 3J
^  jVi r̂rwr  ̂touchcd the fame Wire at —  —  —  —  j  12 i 57

j
M r Graham got an Obfervation madeby a Perfon in his Neighbour

hood, by which it appears, that at 11*» 5 9 '5 0 '^  M rr«;7 preceded the 
Sun’s Centre42^' in Right Afcenfion.

The Sky clearing up towards one o’CIock, the following Times were 
obferved at M r Grabamos Houie with great Accuracy,  ̂ ' //
Laft interior Contaft at —  —  —  —  —  —  —  i o 42 
End, or juft leaving the Sun’s Limb at .—  —  i 2 16

This laft Obfervation agrees to a Second with the fame Obfervation 
made by Dr Bevis at M r SiJfon*s Hoiife in the Strand,

During the Tim e o f thefe Obfervations it blew a violent Gale of 
W ind, fo that both Obfervers and Inftruments were fomewhat 
difturbed.

2. I made this Obfervation at \n Beaufort-Buildings^ fituated —^ John Bc-
about s a Minute Weft from the Royal Obfervatory. The Weather 
■was the fame as in my former Obfervation*, only the Wind blew har- 
der, which caufed a little iliaking o f the Tclefcope, tho’ ftrongly Sup- Dec!i5.T743. 
ported. I could not eafily apply the Micrometer, and the fingle Ob- 
ftrvation made with it was found to be fo inaccurate, by comparing 
it with a contemporary Obfervation made in a clofe Room at Greenwich  ̂
that I ihall not mention it. M r Jer, Sijjon counted the Clock, whilft I 
obferved the Sun. A t  8 in the Morning nothing appeared in the Sun, 
and it was foon after obfcured by many Clouds. A t  about 10 t  I firft 
difcovered Mercury  ̂ having then finiihed almoft half his Paifage. The 
Sun was then covered with Clouds again, but at Noon grew bright, 
when the afcenfional Difference o f the Sun and Mercury appeared : for 
having placed three vertical Threads in the Focus of the meridional 
Pdfl-ige. 051  ̂ 24. 23*» 57  ̂48 '̂ T .  App. the preceding Limb was come 
to the firft o f  them, and in 25^'the Centre of Mercury c.̂ }X)Z thither.
It then grew very cloudy with Rain, fo that I thought of giving over 
the Obfervation, but the Clouds breaking again, I proceeded, and had 
the Pleafure to fee exceeding black upon the bright Body of the
Sun, and fetdown the following Phafes exadtly, - ^

■ S u p r a ^  X X V I .  ^

I
D d  2 Tem pJ
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Temp. Ap.  ̂
0^, 25. o

/ //

58 34

0
1

33

The Diftance between the Limbs o f the Sun 
and Mercury nearly equal to the Diameter 

 ̂o f Mercury,
The laft interior Contaft.
The Egrefs of the Centre, judged by the

Eye.
2 16 The laft exterior Contact.

The Day before, a little before Noon the Diameter of the Sun was 
meafured 32' 27^' with an excellent Telefcope of 12 Feet, armed with
a Micrometer. . t. • • r 1

M r Bird made a good Obfervation, about the Begmning oí the
Tranfit, witli a catadioptrical Telefcope that magnified much, in Surrey-

ftreet about 1'  ̂ i  of Time Eaft from the Place of my Obfervation. He 
perceived a very fmall Thread of Light between the Limbs of the Sun 
and Mercury, which had juft entered, fcarce equal, as he faid to ^ o f  
the Diameter of Mercury, at 8̂  30' 5 6 ", that is, at 8̂* 30' 5 4 "  i in 
Beaufort-Buildings, as appeared by an exadt comparifon of the Clocks; 
wherefore I may venture to refer the total Ingrefs at Beaufort-Buildings 
to 8** 30̂  40 '̂ as near as pofiible.

1 may therefore, from what has been faid, fet down the whole Tran
fit, as feen at Beaufort-Buildings, in the following manner.

Temp.Ap.  ̂
Oáí. 24. 20

25-

f
28
29
3‘

0
1
2

//
57 The firft exterior Contadh 
48 i I'he Ingrefs of the Centre. 
40 The firft interior Contact. 
33 The laft interior Contaft. 
24 i  The Egrefs of the Centre.
1 6 Tlie laft exterior Contad.

— ¿yjl/rjobn 3»
Catiyn, No. The Equal Time of the true 6 zx. Greenvoich —  Odi, 24 

P* -35' The Equation of Natural Days add —  —
(e 1 0V.25. Time of the true 6 —  —  —  Oif7,

22

1742 24. 22

/

15
16
32

5^
II
9

A t which Time the true PJace of the Sun a n d l  
of Mercury Iccn from the Earth —  —  —- j 

I'he Geocentric Latitude of Mcrcury

m, 

South,

12

'I'he Elongation in 5 Hours f/. e,) the 2 11 
immediately preceding and following the ó j

The Difference of Latitude in the fame t im e --------
Therefore the Angle of the apparent W ay o f 2 1 

with the Ecliptic —  —  —  —  —  j  
And the Diftance of their Centres at the T i m e l  

of their neareft Approach —  —  —  -—  j  
And the Motion of Interval between that and the 6

8

36

9
29

4
33

9
1

44 
37
16

2 4

o

31
26

And
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And the hourly Motion o f Mercury in his Path 1 
over the Diik of the Sun —  —  — * —  J 

And the Motion of the 1 Duration from the firft I 
to the laft exterior Contafts of the Limbs —  f  

And the Motion o f the fame for the interior 1 
Conrads —  —  —  —  —  — ■* —  /

Hence the Tim e of the Interval from the ó to 
the Middle —  — ■ —  —  — ■ —  —  j

t f

Í4 32

o f  2 the exterior Hranfit —  ■—  •—
of i  the interior ----  —  —

Hence
The firft exterior Contaft of the Limbs 
T he firft interior Contail —  —

2
2

*4
12

22
30

8
8

10

32
34
46

59

>9*1 ^
ÍI  J 05f. 25

j Morning.
j

I I I
^Aftrenoon.

T h e neareft Approach of the Centres, o r !
Middle —  —  —  —  —  —  /

The laft interior Contad —  —  —  — ■ o
T he laft exterior Contaft, or End of the!

rranfti —  —  —  —  —  —  ‘
This Computation is made from Tables* which give the afcending 

Node o i Mercury i\x. the Tim e of this Tranjit 6* 17** too forward, ac
cording to the Refulc of very accurate Obfervations made of that in 
the Year 1723, by D r Tir Bradley  ̂ and Grnbam, There
fore making the Calculation with this Corredion of the Place of the 
Node, the Times of the fcveral Circumftances of the ^ranfit will be as

/ //
29
3 ^
46

1

21 T 0^* 25. in 
c 5> the Morn- 
6J ing.
*7'  ¡>Afternoon•

51 J

follows:
The firft exterior Conta£t —  —  —  —  8
The firft interior Contaft —  —  —  —  8
The neareft Approach of the Centres -------- 10
I'he laft interior Contaffc —  —  —  —  i
The laft exterior Contaft —  —  —  '—  }  ̂ ^

This Tranfit may be very aptly compared with that which liappencd 
on the 24th Day of OBober 1697 + •, as happening at the End oí a re
markable Period in Merctiry ŝ Motion, by which he is nearly in the flimc 
Situation, with refped to the Sun, at every Completion of ir. Dr Ihtilty 
in his Series of Moments, in which Mercuty is joined to the Sun, Cifjl- 
makes the Middle of this ^ranfit ac ii> paft Six in the Morning the 
24th Day, or the 23d Day at 18  ̂ w ^p.m . and the Diftancc oi the 
Centres of the Sun and Mercury 10  ̂4^^

It may not be amifs to examine and compare thefc Numbers by fuc(i 
Obfervations as were made of this Tra>lJ¡t̂  and may be depended on, 
and thereby to colled the DiiFerence between Computation and Obkr- 
vation J and whatever Error arifes in Excefs or D efcd by a prop*, r

'  Vol. VI. Chap. III. §. 39. i  Mean PcrioJ 4«} Vwrs ¡ú 5»̂ 45' 4-'■
U Vol. I. Chap. IV. 5- »00- .

o * Appl:cai:on
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6 iranfit of Mercury over the Sun̂
Application to the 7r¿2?2/f/of 1743, it is imagined, will foretel it with 
a greater Degree of Exaftnefs, than a Calculus from any Theory what- 
ibever.

There wns only the F.grcfs of Mercury in the Tranjit o f 16975 capable 
of being obll-rvecí in Europe* \ which was Aov\̂  zx. Nuremberg in Ger- 
m<nn\ by Mr JVurl^eUmn\ and at Paris by M . Cajfini; at Greenwich 
Clpuds prevented it. A t  Nuremberg Mr ¡V urtzeWaur obferved Mercury 
to go off of tlic Dill< of the Sun i “ at 45  ̂  ̂mane about 73 s Degrees 
from the Vertex o f the Sun to the Right-Hand; and M . Cajfini ^
obierved the fame accurately at 8*̂  10' 2 4 "  mane-, therefore from the 
known Difference of Meridians of thefe Places, the Egrefs nnuft have 
h;i{ipened at G reerr^ ich 8̂  i ' tnane:

The Obfcrvation of Mr U^urtzelbaur will greatly avail at coming at 
the Duration of the Travftt, It is mentioned, that Mercury left the 
I.imb of the Sun 73° 30’ from hi?Vertex to the Right. Now at that 
time at Nuremburg  ̂ the Angle of the Ecliptic with the Vertical pafiing 
through the Sun’s Centre, was 42® 3' 5^' ’> therefore the laft Point of 
Contact on the Sun’s Limb was obferved 31® 26* 55*̂  from the Eclip
tic to the South, and conicquently his Latitude was 8̂  28'! South at 
that time.

T o  find the Point on the Sun’s Limb of the Ingrefs, in order to come 
at the Duratio'‘n of die r̂anftt̂  we rnufl' be beholden to Computation, 
and the Theory of Mercury*?, Motion: I have therefore, from the 
Tables from which the above Times of the Tranfit o f 1743 are drawn, 
carefully computed his Motion along his Path crofilng the Diík of the 
Sun, and find that he moved along it after the Rate of 5̂  53̂  ̂ i  in an 
Hour, and the Difference of Latitude in 5 Hours 4̂  21 and his 
Elongation 29  ̂ 7'^: Therefore the Angle of his vifible W ay was 
8° 29̂  which, doubled, and added to 31® 26' 55^^ gives
48  ̂ 26' 35*', his Diftance, on the Limb of the Sun from the Ecliptic 
allb to the Southward at his Ingrefs on it; therefore the neareft Approach 
of his Centre to that of the Sun was ro* 19'*, and the Length of the 
Path run during the Tranjit 25  ̂ 14^  ̂ and confequently the time o f 
running it4^ 17 ' the half of which2*' 8' hy fubtrafted from 20  ̂ i*, the ^ ■
End of the I ’ranjit at Greenwich  ̂ gives the Middle there at 17*̂  52' 30'^ 
earlier by 18’ i than the Series of Moments, give it.

Now as the faid Series makes the Middle o f the o f 1743,
at manê  and as it correfponds with that of 1697; and the i

is 18' i too late by the Series of Moments, i^c, ,
it may be reafonably expedled, that the fame Computation for this

^743 1̂  fo much too late too; and iffo, the Middle may be
put down at 43/  ̂ pad 10, o r 44  ̂ at fartheft, 05lober 25th in the 
1-orenoon.

V II. Fol. 32. f  Vertex to the Right, it hyt,
a Nadir 05/« ca aexiras; but it is a manifeft Miílakc, as any one upon Trial may find.

By
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By Computation from the Tables above-mentioned, with tfie Cor- 
redtion o f the Node, I make the Diftance o f the Centres at the neareft 
Approach in 1697, to be lo^ 33^^ but by the Obfcrvations of 
y[x JVurtzelbnur it turns out only 10' l9^^ Icfs by 14 /̂. Should there
fore their Diftance in 1743 computed in the fame manner at 9̂  10̂  ̂
be as much diminifhed, the Duration of the Tranfit will be protra¿U*d 
no lefs than 5̂  2 4 '',  and the firft Contaft will be 2̂  42'^ earlier, 
and the laft fo much later, than the Times abovementioned for 
them.

N , B. In the Computation of the ^ranftt o f  1743, the Semidiamcter 
of the Sun is fuppofcd 16' 14̂  ̂i  and that of Mercury 4 ' '  í ; but in that 
of 1697» have taken Affri«ry*s only 3̂  ̂ i ,  imagining the prccife Mo
ments, of the firft and laft exterior Contañs are not obfervable; but that 
the Ingrefs is feen fome little Tim e later, and the Egrefs foontr, than 
the true Times thereof. I have all along fpoke of the Motion of Mcrcury 
without mentioning that of the Sun, whereas, in Reality, it is that of 
them both jointly ; but as we may fuppofe the Sun to ftand ftill during 
the "Tranfit it will then be confidercd as the apparent Motion of Mercury 
alone for that Time.

jin Occiihation of Mercury by Venus, 207

X X X . 
Apparent Time.

h
I 37

//

3 The preceding Limb o f Venus pafles the Meridian, 
the Centre from úit Vertex 25® 46  ̂ 35^'» but I 
could not fee Mercury within the Telefcope.

4 9 The Centre of Mercury preceded the preceding Limb
of Venus 12 of Time.

6 20 The fime preceded, as before, the fame Qiiantity of 
Time.

28 o As Mercury ran along the parallel Thread of the M i
crometer, the fouthern Cufp of was cut by
the fame Thread D ? ,  whence I gathered that Venus 
would cover Mercury  ̂ or at leaft touch hin̂  ; therefore 
I drew out the Micrometer, that I might difcern the 
inner Contaft the better, with a Tube of 24 Feet.

43 4 Mercury is not diftant from Venus more than 75 or 7̂  of
the Diameter o f : then interppfin^ Clouds.

51 10 Venus ihines out again very-bright,' but alf Mercury
lies hid mátv Venus: The Clouds now cover Venus
again, hindering any farther Contemplation of lb r.irii 
aSpsftacle.

May 18. p. m. Meridian Diftance of the Sun from the Vcr/ex 30° 4'.
I It

An Occulta- 
thn ^Alcrcu- 
ry hj Venus, 
Ma>.7 173;. 
at tlit Obftr- 
*vatory at 
Gr«cnw'ich,/t 
J. Brvis M.Ú. 
No. 450. p. 
394. Oit. 
Í73K- 

85.

h
I 31 53 The preceding I.imb o f Venus pafTes the Mcridi.in.

The Centre diftant from Ver:c:< 2'-®5 7 ' >5"-
1 could
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,-ín Oh fft -X <1‘ 
¿¡<,K on the PU' 
net V’cnu’,
(  nviih regflrd 
to her ha'-jing 
a SaitHite) 
made hy Mr 
fames Short, 
F.R.S. nf Sun-
rlfif 0¿l. 23*
1740. No. 

459. p. 646. 
Jan.
1741.

I could not fee Mercury culminating this Day, the* the Sky was 
very clear.

N. B. The Diftances from the Vertex are not cleared from the 
Refrailions.

X X X I. D:re¿linga RefleftingTclefcope of 16.5 Inches Focus, (with 
iui Apparatus to follow the diurnal Motion) towards Venuŝ  I perceived 
a fmnll Star pretty nigh her-, upon which I took another Tclefcope of 
the fame focal Diftance, which magnified about 50 or 60 times, and 
which was fitted with a Micrometer, in order to nicafiire it’s Diftancc 
from Venus \ and found it’s Dlftance tobe about lo^. linding Voius 
very diftinft, and confequently the Air very clear, I put on a magnify
ing Power of 240 times, and, to my great Surprize, found this Star 
put on the fame Phafis with Venus» I tried another magnifying Pov/er 
of 140 times, and even then found the Star under the iiime Phafis. 
It’s Diameter feemed about i ,  or fomewhat lefs, of the Diameter of 
Venus *, it’s Light was not fo bright or vivid, but exceeding iharp and 
well defined. A  Line, paifing through the Centre of and it,
made an Angle with the Equator of about 18 or 20 Degrees.

I faw it for the Space of an Hour feveral times that Morning; but 
the Light of the Sun increafing, I I0ÍI: it altogether about a (^larter 
of an Hour after Eight. I have looked for it every clear Morning 
Cnee, but never had che good Fortune fo fee it again.

in his Ailronomy, mentions much fuch another Ob-
fcj-viuion.

I likewife obferved Tw o darkifh Spots upon the Body o f Venus % for 
the Air was exceedins clear and fercne.

An Obfervation on the Planet Venus,

St'verai AJlro- X X X II.
r.mical0\f<r‘  j h
fvations made x r  o o

^0 '̂- 8. 18
yrfuits. No.
468. p. 306 
Jan. 17423.

/

34

9. 18 34 o p, m.

22. 18 43 o p.m.

26. 7 45 o Vefp,

? preceding the Star ?»in was more 
Weft in the right Afcenfion 2̂  54'^ 
o f Time, and more North in the 
Declination 6̂

? following yefterday’s Star, was more 
Eaft in the right Afcenfion of 
Time, and more South in the Decli
nation 15/ 40'/ Diftance 21^ 53^  ̂

? followed the Star ^ in in right 
Afcenfion 4 ' 27̂  ̂ o f  Time, and was 
more fouthern in the Declination 
13  ̂ 20^^

The Star t in -  ftood in the Line of 
Dichotomy of D, from the fouthern 
Cufp in the Declination more fouth
ern 13'

Dcc.

D iiE r
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An Obfervation on the Planet Fenus,
f
20

tt
O

4' 12 26 o

174I
Jafh r. wane

1 5
1

59 30 p. m.

* 6 0 24 ------
•4

1 I 15 ------
! 6 5 36

I* 6 18 ------

7 55
34 0 ------

s 43 0 ----- -

21. 5 30 0 p.m.

22. 5
1

15 0 p. m.

' ,  28 
’ ^

7 18 Vefp.

Feb, 22. II 44. 26 p. m.

24. 9 27 o p.m.

13 3S 4 5 P-W*

V O L . VIIL Part i.

The Star Í in « was above D in the fame 
right Afcenfion with the Centre of 
Plato, more North in the Declina
tion i2'20^^ Plato was diftantfroni 
the northern Limb of )) 4 '

T> covered the Star j¡ in n , which im mer
ged againft Byrgius\ the Emerfion was 
not obferved becaufe of a Cloud.

? diftant from the Star v in *n t  34^ 
Ic followed it in right Afcenfion 
1'50'^of T im e : more North in the 
Declination I9^

The weftern Limb of D at the horary 
Thread in the Telefcope.

K at the Day-Thread, was diftant from 
the northern Limb of I> I3^ 

Thecaftern Limb o f 5 at the famcThread. 
The weftern Limb of ® again at the fame 

horary Thread.
% at the fame Thread, diftant from the 

North Limb 12^
Eaftern Limb of T> at'the fame Thread. 
V culminated, Altitude 73® 26'.
D culminated. Altitude ot the Centre

73^ 15^
S preceded the Star of yefterday f  in n 

i  ̂ 8^'ofTime in right Afcenfion, it 
was more fouthern in declination 5^ 

 ̂ preceding the Star of yefterday 
2̂  45^'of Tim e in right Afcenfion, 
more fouthern in Declination 2̂ . 

^•was diftant from the Edge of 5 
19' 5o'^

The Moon covcred the Star tj in b 
ftanding in a right Line with Mani- 
iius and Cenforinus, The Emerfion 
could not be feen.

The Star »1 in h below the flood in a 
Right Line with Tycho and Plaio  ̂
being diftant from this to the South 
1 1 ' 2o'^

The Star/* in u was covered by D in a 
right Line thro’ Tycho and Pofido- 
nius; which did not emerge before 
J3^55^ when 3) fct behind i\ lloufe.

J:'. e ŷ pr.
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Obfer:atiom on a Comet. 
k f //

Apr. 20. lo  50 42 p. w.  ̂ covered the third Satellite, which
was to the Weft of V-,

10 5Ó 45 touclied the I jm b o f  "U 10^57^35^^
was the full immerfion of him in the
middle between each Cufp of I» 
diredly toward the Centre. The 
other Satellites were not very difcern- 
able, becaufe o f the Atmofpherc, 
and the Moon hid itfelf foon after 
behind the Houfes.

S<̂ pi. 24. 8 7  ̂5 P'  ̂ covered the preceding Star o f the
Qiiadrangle before the fouthern Tail 
o f  the Whale, which juft emerged, 
at the rifing of Cleoftratus,

9 o The fame emerged very near

Ohitrvations X X X III. I.  I made fcveral Obfcrvations on the late Comet, during 
upJtheComH the laft 5 Weeks of it’s Appearance, which enabled me to find out the 
that a¡feartd ülements of a Parabolic Trajedory, upon which a Calculus might be.

founded, that would correfpond with each of my Obfervations within 
7̂37 m̂aiUat ^bout I  ̂of a Degree: But the firft of them being taken many Days after 

Oxford, hy the Time of the Perihelion  ̂ and the whole Series comprehending but a 
j. Bradley, very fmali Portion of the Trajectory ; I was fenfible, that a little Error,

Obfervations themfelves, or in the Places of the Fixt Stars 
N o  4 4 V w h i c h  the Comet was compared, might occafion a confid^rable 
iM.julyíífr. Difference in the Situation and Magnitude, of the Orbit deduced 
1737' Irom them alone; and thereforel was defirous of having fome earlier 

and accurate Obfervations, in order to determine thofe Elements with 
more Certainty : But I have notyet been able to procure them.

I firft faw the Comet 15th 1737, between 6 and 7 in the Even
ing, when it's Nucleus appeared fmail and indiftinft, and it’s Tail (ex
tending above a Degree from the Body) pointed towards the Star in Lino 
Auftral. Pifiium^ marked J by Bayer. Applying my Micrometer to a' 
good 7 Foot 7'ube, I obierved, that at 7'' 32' 'Temp, uEquat, the Comet 
preceded the faid S:ar 1^40'' in Right Afcenfion, and was 2 0 '2 0 '' 
more Southerly than the Star. Noie  ̂ That the equal Time is likewife 
made ufe of in ail the following Obfervations.

AiTuming the Place of this Star, as it is fettled in the Briiijh Catalogue.̂  
'as I iliall likewife the Places of others hereafter mentioned) it follows, 
that the Comet’s Right Afcenfion was 22*̂  58 ,̂ and it’s Declination 

3y  5 5 ''.  North.
Fek 17. 7̂  33' the Comet followed a Nodo Lin. Pifcium 31^ 25̂  ̂

in Right Afcenfion, and was 52  ̂ 30̂  ̂ more Northerly. Hence the 
Comet’s Right Afcenfion was 27"̂  8̂̂  20 '̂ and it’s Declination 
2'̂  21/ 10^' North»

Feb.
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VA. 18. 7̂ ' X4'afma!l Stai* (whofe Right Afcenfion was afterwards 
found to b e -29° 5̂  ̂ami Declination 2® 58  ̂ 30'^ North) preceded the
Comet 24  ̂ in Right Afcenfion, and was 15' 30 '̂ more Northerly. 
Hence the Comet’s Right Alccnfion was 29̂  ̂ 24  ̂ 5 '^  and it’s D e
clination 2  ̂ 34  ̂ North.

Feb, 21. 7*’ 25  ̂ the Comet preceded w Ci//1® 6* in Right Afcenfion^ 
and was 38  ̂ 20̂  ̂ more Southerly. Hence it’s Right Afcenfion was 
34^ 25' 10", and it’s Declination 3  ̂ 47* 20’* North.

Feb, 22. 7*‘ 45  ̂ the Comet followed v Cí// 30̂  5'  ̂ in Right Afcenfion, 
and was 18' 45  ̂  ̂more Southerly. Hence the Comet’i Right Afcenfion 
was 36® 15^^ and it’s Declination 4® 6' 55^' North.

25. 7*' 45' afmall Star (whofe Right Afcenfion was afterwards 
found to be 40® 34*, and Declination 5*̂  5̂  30̂  ̂ North) followed the 
Comet 2̂  30̂  ̂ in Right Afcenfion, and was 2̂  30̂  ̂ more Northerly 
than the Comet. Hence the Comet’s Right Afcenfion was 40® 3 1 ’ 30’ ^

Qbfervations on a Cmet- 2 1  I

and it’s Declination 5° 3' North.
The Difference of Right Afcenfion find Declination between this Star 

and the Comet was taken with a 15 Foot Telcfcope ; but the Place oí 
the Star was determined by one Obfervation made with the 7FootTube.

Feb, 27 8** 45' the Comet preceded a fmalI Star 16* in Right 
Afcenfion, and was 2̂  15̂  ̂ more Southerly. T h t  Right Afcenfion oi 
this Star was afterwards (by a fingle Obfervation) found to be 
44® 37' 4 0 '',  and it’s Declination 5̂  ̂ 38' 30'  ̂ North. Hence the 
Comet’s Right Afcenfion was 43® 21  ̂ 40^^ and it’s Declination
5° 3̂  ̂ 15̂  ̂ North.

Alarcb 4. 8̂  a fmall Star (whofe Right Afcenfion was found tobe
49^ 30' 30^^ and it’s Declination 6® 38  ̂ 30̂  ̂ North) preceded the 
Comet 7 ' 30̂  ̂ in Right Afcenfion, and was 10' more Southerly. Hence 
the Right Afcenfion of the Comet was 49  ̂ 38^and it’s Declination 
6 ^ 8 ' 3 0 " .

March i i .  S'* 25  ̂ the Comet preceded (a Tauri 2® 5 ' 5 0 "  in Right 
Afcenfion, and was 4̂  25'^ more Northerly than the Scar. Hence the 
Comet’s Right Afcenfion was 58® 12  ̂ 4o '^  and it’s Dcclir*ation 
8® 16' 50̂ / North.

March 14. 9̂  the Comet followed the 47/J& Sicr of I'aurus in the Britifli 
Catalogue 12' 50'^ in Right Afcenfion, and was 15'^ more Northerly 
than the Star. Hence the Comet’s Right Afcenfion was 60° 8̂  5 ^ ,  
and it’s Declination 8̂  34  ̂ 5̂  ̂ North. This, and all the following 
Obfervations, were made with a good 15 Foot Tclefcope, the Comer 
now appearing too faint to be wellobferved with the 7 l oot Tube.

March 17. 8̂  40' the Comet followed v  Tauri 25^5'-  ̂ in Right 
Afcenfion, and was 9̂  40̂  ̂ more Northerly. Hence it’s Right Afcen
fion, was 62° 47  ̂55'^  and it’s Declination 8° 58' 4 5 ''  North.

March 19. 7»' 50' the Comet followed the fame Star 2  ̂ 4 ' 50'' in 
Right Afcenfion, being 23' 55̂  ̂ more Northerly. Hence i:’s Right 
Afccrfion was 64® 27' 40^^ and Dcclination 9® 1 3' North.

E c 2 T h f
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2 12 . Obfervafions on a Comet.
The fame Night, at 9̂  the Comet preceded ¿  7 ¿ím' 47  ̂ 40'^ in .

Right Afcenfion, and was 22* 50'^ more Southerly. Hence it’s Right \
Afcenfion was 64® 30̂  20'^ and Declination 9® 12 ' 35^' North.

March 20. S’* 5 ' the Comet preceeded d Tauri 30^' in Right Afcen
fion was 16̂  35'^ more Southerly than the Star. Hence it’s Right 
Afccnfion was 65® 17  ̂ 3o'^ and Declination 9® 18  ̂ 50'^ North.

M/rí-i» 22. 8̂  15' the Comet followed the fame Star 36' 10 '' in 
Right Afcenfioa, and was 3̂  50 '̂ more Southerly. Hence it’s Right 
Afcenfion was 66  ̂ 54  ̂ I0^^ and Decli'nation 9  ̂ 31^ 35̂  ̂ North.

I'his was the lail Night that I faw the C om et; for the Moon being 
then in her Increafc, entirely obilruded it’s further Appearance. The 
Light of the Comet was indeed (even in the Moon’s Abfence) fo 
very weak, that I found it difficuir, in fome of the latter Obferva- 
tions, to take it’s Place with any tolerable Certainty ; which is, in part, 
the Caufe of fome little Difagreement obfervable in the Comet’s Places 
taken from the fame Stars on different Nights; though there are iike- 
wife other Irregularities that occur in this Series of Obfervations, which 
feem to arife from fmall Errors in the aíTamed Places of the Fixt Stars,

Suppofing the Trajectory defcribcd by this Comet to be nearly 
Parabolical  ̂ conformable to what Sir I. Newton has delivered*.
I collect from the foregoing Obfervations, that the Motion of 
this Comet in it’s own Orbit was direEl̂  and that it was in 
it’s Perihelion  ̂ Jan. 19. 20' "iímp. JEquat, Lend. That the In
clination of the Plane of the Trajedory to the Ecliptick was 18° 20̂
45^^ The Place of the Defcending Node « 16° 22'. The Place of 
the Perihelion ^  2 5^'55^ The Diftance o f the Perihelion from the 
Defcending Node 27', The Logarithm of the Perihelion Diftance 
from the Sun 9 347960. The Logarithm of the Diurnal Motion
0.938188.

From thefe Elements (by the Help of Dr Halleŷ s general Table for 
Comets, to which they are adapted) I computed the Places in the fol
lowing Table; which alib contains the Longitudes and Latitudes of 
the Comet, calculated from theobferved Right Afeenfions and Decli
nations above-mentioned, together with the Differences between the 
obferved and computed Places,

» Princip. Math. Lib. ÜL

0>!on,



Obfervatiom tn a Comet. 2 13

Oxon. 1737*
Timp. jiquat.

Citn. Longif, 
Ohftr*vat.

Lat. Auft. 
Ohfir*vat,

Com» Longii. 
Computat,

Lai.
Comput.

Diff.
Ung,

Diff,
Lat»

Day h ' fi 1 // 0 1 // 9 t // 0 / // // fi

Fehr, >5 7 3*
17 7 33
18 7 »4
21 7 25
22 7 45

Y 2 2  45 7 
26 30 30 
28 18 14 

» 3 26 34 
5 4 53

7 53 27
8 27 21
8 44 20
9 26 50 
9 40 00

<y*22 45 00 
26 30 44 
28 17 46 

« 3 26 53
5 S 28

7 53 *
8 28 6
8 43 57
9 26 46
9 39 27

+  7
—  14
+  28
—  19
—  35

+  26

T+  23

t  4 
+  33

25 7 45 
27 8 45 

Jl/flr. 4 8 00 
1 2 8 2 5  
14 9 00

9 42 18 
12 36 43 
19 3 00 
27 49 58 
29 47 42

10 12 21
10 31 42
11 6 46 
II 43 j  
II 49 59

9 4 ' >9 
12 36 16
*9 3 5 
27 49 53 
29 47 '9

10 12 22
10 31 13
11 7 8
1* 43 9̂ 
11 49 26

+  S9 
+  27
—  5 
+  5
+  23

—  I
+  29
—  22
—  16
+  33

17 8 40
19 7 50 

9 00
20 8 5 
22 8 I 5

n  2 30 57 
4 12 36
4 *5

. S 3 >0
0 41 30

11 56 31
12 00 19 
12 I 12 
12 3 5 
12 6 1 5

n  2 30 50 
4 *2 4 ;
4 *5 »3
5 3 32
6 41 19

11 56 49
12 CO 47
12 00 52 
12 2 3 3  
12 <; 42

+  7
—  9
—  2
— • 22 
+

—  i8 
—  2 $ 

-p 20
+  32 
4- 33

' From the fmall Differences between the Comet’s obferved and com
puted Places, exhibited in the two laft Columns of this Table, we 
may reafonably conclude, that the Orbit, as above detefmined, can
not differ much from thfc Truth, and muft therefore be near enough 
to enable future Añronómers to diftinguiih this Comet ujx>n another 
Return, and thereby to fettle it’s Period ; which I cannot at prefent 
pretend to do, not havihg met with an Account o f any former Cornet 
that feems likely to have been the fame with this, whereof a Defcrip- 
tion has been given particular enough to determine this Point.

2. Feb. 16. about 7'* ¡>. in. the Comet firft appeared to us in the 
wcftern Part of the Heavens, 8® or g** lower than Vinus-, and de- Rome, /i/ 
dining a Uttle from her verticarCircle toward the South. With the üiJacm 
naked Eye v;e faw only a whitiih Line, ihining with a doubtful de Revillas, 
Light. But with .in excellent Telefcope of 6 Feet, befides the Tail, • *
■which was extended into the Part turned from the Sun, and appeared 
like a Line without tlie Telefcope, we faw the Nucleus, though co
vered on all Sides with a thin Atmofphere. As no Quadrant was 
at Hand, and not ,onIy a Cloud intercepted the View of the neareft: 
fixed Star, but’ the Twilight alfo concealed them, the apparent Placc 
o f the Comet could not be determined that Niglit.

From the i6rh to tl\e igrh, and alfo after the 25th there were 
many other Obítruótiuns, which hindred us from oblerving. But

in
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in the NiHits between the 19th and 26th, we could not accurately 
determine *̂ tlie apparent Place of the Comet, any óííiTfwite íhán by 
comparing it’s Phanomenon with Vemtŝ  becaufc we ufed only a fmall 
Quadrant, of which the Optical Tube was fcarce equal to an Eng. 
liih Foot. Therefore from the vertical Altitudes both of the Comet 
and-of Fenusy obferved at the fame Time, wc colkdted the vertical 
Diterences of both, as follows.

D.ty p. m. Vert, dtff.

20
22
23
24
25

h t

7 59 
7 00
7 20 
6 i< 
7 30

K 22
3 5  ̂
3 13 
2 30 
I 47

The Tail of the Comet on the 2 2d, pafilng 
over the vertical Thread of the Micrometer, im
pended 7^'. The Micrometer was fitted to 
the abovementioned Telefcope.

24 8 03 Venus and the Comet appeared under an Angle o f 7  ̂ 35'
25 7 50 They appeared under an Angle of —  — 8 05

Philadcl- 2* January 27, about Six in the Evening, I law a dull Star about
3 or 4 Degrees above Mercury  ̂ and a little to ' l̂e Southward of a 

!p/Kearily. Vertical paiTing through but took little Notice of it then, not 
ihid.^. 119. thinking o f a C om et; but by comparing Place with the Fbct

Stars, I afterwards thought it might be a Comet.------On the 31ft,
about 6̂  30  ̂ p. m. I took it*s Dlftance from VenuSy by a Refieding 
Inftrument of Mr Hadleŷ s Make, 14® 40^ but by a Foreftaff, 14® 
50', and a Right Line pafled over the Comet, VenuSy and the Pleiades, 
The Night following, about 6̂  20' it’s Diftance from Venus was, 
by M r Hadky*$ Inftrument, 13® 25^ The reft of my Obfervations, 
by fuch Inftruments as I had, being none of the beft, and the Comet’s 
growing very dull, arc as follow ;

Feb, 7, —  —

I I .

6

7

7
7

47
3

14
20

17. —  —  —  7 20

p* m.
Comet from Vê ius 7" 40^
---------from Aldebaran 59*̂  40 ̂
------— from Algeneb 17° 45^ by a

ForeftafF,
A  Right Line from the Comet over 

Venus paffed over the bright Star 
in the Side o f Perfeus.

Comet from Venus 7  ̂ i iK  
A  Right Line over the Comet, 

Venuŝ  and Head of* Cajfiopeiâ  
T h e  Comet was in a Right Line, 

and to the Northward o f  two 
Stars ; Diftance of the Stars I

fuppofcd

U O £ ü



 ̂ fuppofed ro be a b o u t  4 0 ' ,  a n d  
the  Com ee from  the Icaft 3 0 ' .
T h c fe  Sears, I  th in k ,  w ere the  
Sourii N o d e  o f  Pifcesy b righ tefl 
f ro m  Venus 10® 20^ from  Aide- 
haran 50® 3 0 '  as I  found  it fee 
d o w n , b u t mufi: be very  falfe.

F(hr^ 20. , —  —  No Star within Sight of the Comer
by the Telefcope.

30 7 Comet from Aldebaran 34® from 
Lucida Cap, 1 9 1,

21. a b o u t ------ 30 8 Wanted about a Degree of Oculus
C eii,------Which was tlie lalt
Sight 1 had of it,

4. The Comet was firfl: perceived about Ja n , 26, but muft, by it’s — /̂Spafiini 
Plainnefs then, have been vifible for fome Tim e before. It was in Town/«Ja
che Weft firft o f  all, fome Degrees below and direftly under Venus :
E v e ry  N ig h t  i t  appeared  nearer to  th a t  Star, b u t  inclined N ortherly , *
In  abou t a  F o r tn ig h t ,  i t  was parallel to  it, and  in a  W e e k  after, was F. R. S. IbU, 
no  m ore r o b e  fcen. p. 122.

5. Feb, 9, for 7 Days laft paft, about 7** Vefp. there hath appeared a —at Madras, 
dim Comet, as we took it to be: It is feen in the W eft, under
VcHus towards the S. W . It looks through a Tube of 1.0 or 1 1 Feet "
long, like a dim or pale Planet; it’s Tail tends upwards.

6. Jan, 29. 1736-7, at 6̂  4 9 ^ í•  we faw a Comet with a long Liibon, 
bruih Tail, at which Tim e it’s Altitude was found 5° 15 ', it’sDiftancc
from Venus 18® 5^; and Vcí¡us*s Altitude wasobferved 20® 40'. It bore QnhardtVt 
due Weft, Burford̂ /íj«

oj ifar,

X X X I V .  T he Motion in it’s own proper Orbit was retrograde. parabolic
^ * 0 / Orbit for tbt

T he Perihelion was in —  ^  —  «5 5 1 1  Comet ^
The defcending Node in —  _  _  •y’ 25 i8
T!\\t Perihelim  from  the  N o d e  —  — - —  ^9  53 P.uftachio/a-

d h ̂ notti ai 6a>
T he Comet was in the Perihelion —  —  June 9 9 59

in the defc. Node 7 «^ 18 4 57
T h e  Perihelion the C o m et’s O r b i t  was w ith in  the  Sphere  o\ 

the  O r b i t  o f  Veuns^ and  w ithou t th a t  o f  the O r b i t  o f  Mercury *, b e in g  
d iftan t from  the  Sun 0 ,6 9 6 1 4  P arts  o f  the  E a r th ’s m ean D if ta n c c fro n i  
the  Sun.

T h e  P lane  o f^ th e  O rb i t  flood  inclined to  the  P lane  o f  th e  E clip tic
in  a n  A ngle  o f  5 3 °  2 5 ^

The Diurnal mean Motion, according as it is interpreted by Dr llallcy
in Ills Elements of Cometical Aftronomy, was 1^)5707.

2 X X X V .

w  a Csmjtt. 2 15
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Somt Conjee- 
tures concern 
ing the Pcjt- 
tion o f thcQ<y' 
lure h  the an 
cunt Sphere ; 
by the Rev. 
F>benozer I.a- 
tham, M . D- 
No. 466. p. 
221. Nov. 
1742.
Fig. 84.

Ohfervations on a Comet.

XXXV.

Siyl.Nov.  ̂ ^ T- . . í f & í o F  Urfa
Feb. II. Vcfp. The Co.^et m a right Line w ith| ^

5 y of Urfa Major &  x of Draco,
' ' Ui'ix Major.

_  ̂ in a right Line with x  of Urfa Major &  a of Draco,
¿ i n  a rectangular Triangle with w<?i Uifa Major.

. , . .  3 fid of Leo &  V o f Urfa Major,
almoft in a right Line with Í  ̂ L cq &  p of Virgo.

f almoft in a right Line with ^ of Leo &  (3 o f  Virgo
I in a reft. Triangle with y &  J of Urfa Major,

.—  •—  almoft in a right Line with p of Leo &  ¡3 of
Virgo 5 at whichTimc the Ccm et&j3 of Virgo 
were almoft equally diftant from p of Leo.

—  In the Tail of Leo near a little Star o f the 6th 
Magnitude, which conftitiices (  ̂&  p of Leo, p of 
almoft a right Line with Í Leo, &?r of Virgo.

On the other Days it could not be obferved with any Telefcope, 
therefore the Comet was Jaft feen at Vienna, near the abovementioned 
Star, of which the Long. 13  ̂ 16  ̂ 28'  ̂ ^  and N . Lat. 17^ 30' 
the Comet declined from this Star Feh, 21. 8̂  8̂  22̂  ̂ towards the 
N. 28' 16 "  more to the W . 15 ' 1 2 " .

X X X V I. I fend you a Draught of the Confteliation Aries  ̂ as it 
was cxaiftly copied by Dr White  ̂ from a Book in the fine Library of 
Samuel Satmderŝ  Efq; F. R . S. I do not know whether it may not 
be cfteemed of fome Moment towards the determining the famous 
Controverfy with refpeél to Sir L Newtonh Chronology. Dr Hailey 
obfcrves*, ‘ That the Difpute is chiefly. Over what Part o f the 
‘ Back of Aries tlie Colure paiTed. Sir /. Newion takes it to be over 
‘ the Middle of the Conftellation ; P . 'Souciet will have it, that it 
‘ paiTed over the Middle of the Bodecatmnorlon o f Arks^ which by 
‘ Confequence would make it pafs about Mid-way between the Rump 
‘ and firft o f  the T a i l ; ”  which Situation could never be faid to be over 
the Back; Whereas, if the Ring in this Cui was defigned, as I appre
hend, to image the Colure in the antient Spherê  it exaftly anfwers 
Hipparchus*% Deícription— It/aw ícoAÍp» if>50** xsTB-cci t« xai» rccvxrx 
xscra 7T?.xT ,̂ and juftifies the Conirruction Sir Ifaac put on thofe 
Words beyond Exception. The Sculptures from whence this was 
taken, have the Title of Arateca  ̂ Jive Signa C¿elefiia, in quibus Aftro- 
vomica Speculationes Veterum ad Archetypa vetujliffmi Arat^eorum C¿efaris 
Germanici Codicis (44) oh oculos ponuntur a Jacobo de Geyn ex Biblioth, 
Acad. Lugd, Bat. Arnftel.

• Vci. V1Í. Part IV. §1.2.
t  Bata^'i Syntagpja Arateorum : ex ojic. V lantin . ^fo. S i t  Grr/ftaniaii'’s

Intcrpreiaiion, p. 35, ihe Figure of ihs Conflellation Aries*
I will
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I T/ill beg L^ave to obfcrye farther, that as this Catalogue begins 
with the Draco, which the Ancients feem to place at the Head ot 
their Conftellations ; perhaps it may give feme Light into the Time 
of the Book oí J oIj, as well as into the Senfe of that Place. For

i  when he lays, By his Spirit he has garnijhed the Heavens; bis Hand
has formed the crocked Serpent \ I fubmit ic to the Judgment o f  the 
Critics, whether it is not highly probable the Writer muil have lived 
within that Period of 7 'ime wherein a Star of that Conilellation 

^  might pafs for che Polar Star : And then, if  the Afterifms are fup-
pofcd to be placed in ibme fuch Order as here, the exprefs Mention 
that he only makes o f this was fufficient to refer us to the whole 
Syftem or Furniture of the Ileav'ens.

X X X V II . I. As we now have the Globes o f the Heavens, they are ^ /<7
only formed for the prefcnt Age, and do not ferve the Purpofes of fnakuhs 
Chronology and Hiilory, as they might, if the Poles, whereon they 
turn, were contrived to move in a Circle round thofe of the Ecliptic, }{°avens  ̂
according to the prcfent Obliquity of this. By this Means we might mo'Vt in a 
have a View o f ihe Heavens fui ted to every Period, and that would Cirde round 

anfwer the ancient Dcfcriptions, thofe of Eudoxus  ̂ for Inftance, who .
is fuppofed to borrow his from the moft early Obfervations ; and of *
HipparchuSy Nor could any Contrivance better enable the loweft Ño. 447.?.
Reader to judge of the Merits of the Controverfy about the Argonautic ^oi. April 

Expedition, as far as it depends on this : For it will verify to the Sight *73®* 
the Path o f the Colures, at any Time.

2. The Poles of the Diurnal Motion do not enter into the Globe, AContrivanu 
but are affixed at one End, to two Shoulders or Arms o f Brafs, at the to make the 
D iflanee of 23® ¿ from the Poles of the Ecliptic. Thefe Shoulders 
at the other End are ftrongly faílened on to an Iron Axis, which f 
paiTeth through the Poles of the Ecliptic, and is made to move round, ¡ejiiai c;iobe 
but with a very iliff Motion •, fo that when it is adjuiled to any Point fnfs rcund tb$ 
o f  the Ecliptic, which you defire the Equator may interfeít, the Diur- 
nal Motion of the Globe on it’s Axis will not be able to diflurb it,

When it is to be adjufled for any Time, pall or to come, bring johnScncx, 
one of the braftfn Shoulders under the Meridian, and holding it fail F. R, $, 
to the Meridian with one Hand, turn the Globe fo about with the ibid. p. 203. 
other, that the Point of the lixliptic, which you would have the Equator *73 
to interfc6l, may pafs under o Degrees of the brafcn Meridian :
Then holding a Pencil perpendicular to that Point, and turning the 
Globe about, it will dcfcribe the Equator as it was pofited at that Time *, 
and transferring the Pencil to 2^  ̂ 1, and 66° » on the brafen M e
ridian, the Tropics and Polar Circles will be dclcribed for the fame 
Time.

By this Contrivance, the Celeftial Globe may be fo adjufted as 
to exhibit not only the Rifings and Sftcings of the Stars, in all Ages, 
and in all Latitudes, but the other Phtencmcna likewile, that depend 
upon the Motion of the Diurnal Axis round the Annua! Axis.

V O L .  V I l l .  P a r t i .  F f ^ a a A
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rig. 85. ttnaa. K  Section of the Celeftial Globe.
E E . A  ilrong Iron Axis, paOing througii the Poles o f the Ecliptic. 
b c. T w o  ilrong Arms of Brais, fcrewcd on to the Ends of the Iron 

g/VxiS ilC ^
P  p . The Axis or Poles of the Diurnal Motion, (by which the Globe 

is hung in the braicn Meridian) rivctted on to the other Ends 
of the'brafs Arms, and which may bs carried round the Poles
o f the Fxliptic, by the Iron Axis, but with fo lliff a Motion,
as not to difturb tiie Diurnal Rotation on the Poles P  P. 

n I- X X X V III. I never heard of Mr Seaex’s Invention, till I faw the
rcítíoñ'.//i/ Tranfaflion N ° 447», and am pleafed with the Opportunity I had
AHeiifms ia of producing it to the World. It is many Years fince I firft thought 
th ancuHi (.¡jjg fvlcthod, and have often fuggcfted it to fome Students. The

arofc about Sir Ifnac Newton̂ % Chronological Index, 
communicated bv Abbe Cofili, confirmed my Opinion o f the Ad- 

No. 460. p. vantage that would attend i t ; efpecially the Admonition Dr Hailey 
730. April Father Soudef̂  to inform himfclfin the Spi;a:riques, fo as to give

‘ us the right Afcenfion-of the Stars truly from their given Latitude 
‘ and Longitude’ ) made me yet more fenfible how neceíTary fome-
thing of this kind was, to let common Readers into the Merits of
the Controvtrfy. But it was perfectly accidental, that I ever pre
fumed to mention this Alteration in the Conflruftion of the Globes, 
which I had fo often wiihed might obtain for the Ufe of feveral 
Sciences. You will receive, with this, one Scheme, among feveral, 
which I have projeded, that is neareft M r Jíwía’s, and leail defaces 
the Globe.

Fig. 86. -f' ig- 86. A  Vertical Sedlion of the Globe.
P. 7be Poles of the diurnal Motion.

A . *Tbe Axle of the Globê  which terminates in the Poles of the
Ecliptic  ̂ and receives the other End of the Brafs Arms upon 
each ofii^s Pivots.

A  brafs Equator fixed to the brafen Meridian.
K. K. A  Ké)\ vohicĥ  on Occafion., being put through a Hole in the 

Brafin Meridian  ̂ is juft over the Place v)hsre the Poles of 
the Ecliptic pafSy by means cfafquare Hole in the Head of a 
Screw  ̂ fcrves to fix that End of the Brafs Arm  ̂ or give it 
Libtriy to move with Eafe: And the Keŷ  being left in when 
the Si rew is flackened  ̂ will hinder i-he Globe from moving on 
the Poles of iî s diurnal Motion  ̂ till you have adjufied it to 

your Mind  ̂ flraitened the Scrciv again  ̂ and taken out the 
Keys; (IS may befeen more plainly in̂

Fig. 87. Fig. 87. Which is nothing but the Windlafs Part, or the Arm , Pole,
and Part of the ftrong Axis o f the Globe, with the Screw
and Key more at large, and feparate from one another for
the more dirtinét View.

*  StCi. X X X V I I .  2.
If
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If I may talce the Liberty to add any thing farther on this Head, 

next to the accurate Obfervarion of the Brilijh Catalogue in placing the 
Stars thcmfelvcs, it fliould be the Revival of the ancient Figures and 
Colourŝ  as far as we can recover them. Ic is certain the Invention was 
very ancient, if we fuppofe the Dcfcriptions Eudoxus has given us, 
taken from Obfcrvations long before his Time, when the Solilitial 
Cojure paiTed through the Middle o f  the Great Bear, and the 
through the Neck of Hydra  ̂ and ait the Ship between the Poop and
the M ail, Cir.------Now I have mentioned the Ship  ̂ you will indulge a
Conjeilure, that the Situation of this [jufl; on the Horizon (where they 
imagined the Sea) in an ertii: failing Pofture for fome Eaftern Expe
dition, and terminating their farthcil View to the South,] may both 
give fome Light into their Latitude  ̂ that impofcd this Name, and 
(from tl)at, which mufl have been the Place of the Poletoanfwer this 
Form) the yEra of wherein it was donej for, in the prcfcnt
Difpofition, the Inhabitants of Greece could not have a proper View of 
that Conftellation, or be led to form it in the Manner the Ancicnts have 
done. 1 fliail not here urge all the Difficulties in the old Dv.fcriptions, 
that might have a Solution from this Method ; but if an Alteration could 
be made either in the Colour or Atlitnde o f  the Figures to anfwer them 
better, it would add to the Pleafurc of reading fome Authors, and, 
together with that new Conftruclion, might afford us fuch a View of the 
Heavens, as M r Addifon had o f Italŷ  when he made the Tour of ic 
with the Clafllcs in his Hands: And, fince I have brought thofe Writings 
into the Account, you will allow me to cite fome PafTagcs, which 
might receive both Truth and Beauty from fuch an Improvement: Where 
Homer fays,

n?tt)Vú£ííKí y  'T¿¡y>¡í Tf, TO Tf 
Â XT&y izs'iitXy.ci'j hojAéW»?,

X, 48

a j r i f  í “ ^ É ^ £ T ü í i ,  x j  t '  ’X Í o í 'í .'v *  J o x í í f t ,

Or>í f  S y , f x o . f ¿ ^  fr» Xorrpwy u x t x v o T o »

The Pleiads, Ilyads, with the Northern Team,
And great Orion*% more refalgent Beam ;
T o  which around the Axle of the Sky,
The Bear revolving points bis golden Eye,
Still ihines exalted on th*'etiiereal Plain,
Nor bathes his blazing Forehead in the Main,

, . . .  . . Mr P o r t .

M r Pope, amidft a fmall M iftakrw f the- Se», keeps only the Fore- 
head above W ater; but the Poet feems to exempt her entirely j and fo

F f 2 • doci
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docs Virgil, when he makés Fear account for the fame Pb̂ Homenon̂  
that OxvW’(who prcferves all the Fable of the Ancients) afcribes to

f  *  - A

Ma%imm hie Flexu finuofo elahitur Anpds 
CircHfn̂  perque duas in tnorem fiuntinis Ar5fos:
Ar^os Occani metuentes jEquore tingi,

V i r g i l . Georg. Lib. I. 244.

Around our Pole the fpiry Dragon glides,
And like a winding Stream the Bears divides,
T he Lefs, and Greater, who by Fate’s Decree 
Abhor to dive beneath the* Southern Sea.

D r y d e n .

Nuper honoratas fummo m a Vulnera Ccelo 
Videritis Stellas illic, ubi Circulus Axem 
Ultimus extremum Spatioque brevijftmus ambit,

O viD , Met. Lib. IL 5 15 .

—  —  — • —  New Stars you’ll fee,
In this approaching Night’s Obfcurity,
With hateful Beams i’th* Ar5iic Circle íhine.

He immediately adds,

At VOS ft Ufa contemptus tangit Alumna,
^ Gurgite coeruleo feptem prohibete Triones :
Sideraqtte in Ccelo ftupri mercede recepta 
Pellite, ne puro tingatur in JEquore Pellex,

------------ 527.

Ne’er let thofe fpurious Stars approach the Deep,
Nor in the purging Ocean’s Bofom fleep,
But their eternal Stain, their whoriih Tindure keep.

And when he defcribes them asa Team, it is with the fame Referve,

íTum primum Radiis gelidi caluere Triones, 
Et veiito fruftra lentarunt jEquore tingi.

Then the Sev’n Stars firíl felt Apollóos Ray, 
And wiflied to dip in tlie forbidden Sea.

1 7 1

* N orthern. In  the Ordial by W ater it was adjured, net t9 receive the
G u il t / ,  in Term s like ih tic .

2 A l l



All which is a proper Hint for the D'tfpcfitkn of the Glchê  that nViifl 
correfpond to thefe Appearances then, and which can only be obtained 
by this Method : By the Help o f which we may alfo apprehend the 
Light thefe Defcriptioos give us into the Age of the Writers. I may 
illuftrate this from Heftod*% Account of the SeafonSy o f which we have 
not only a better Idea by this artificial Difpofition of the Globe to anfwer 
them, but alfo of the Time wherein he Jived, when we come to adjuft 
the Heavens to the accurate Inftruftions he gives us, according to 
his Latitude at Afcra, allowing 5 0 '' per Annum for the apparent Motion 
of the Stars.

Eur av o 9}(ai9io
X ft/ A iy  txIíXíV^ Z i u f  W  p a  T c V  « V í)/»

^̂ OAlirwV ÛOV póov ttíAcMoTô  
npwToy -B-afxípaívwv, tTriTfPAilcei

'H<r*é(F. C. 182

When the glad Sun, approaching with his Rays,
Has from the Tropic run out Sixty D ays;
Ar f̂uruSy rifing from his facred Bed,
Is firft difcover’d in the Ev’ning Shade.

Improvetneuis on the Ghbcs. ^21

Eut av Í  *n îwu if fJiidO'J sAS’w
OS^avw, ’A^xlü^oy V  ivHn }oÍ qÍ¿ hIu>̂ &* ’H«f.

227.

But when Orion, and the Dcg-Star, come '
T o  the Mid-region of the heav’nly Dome,
The Morn, that bluihing draws away the Night,
Beholds ArSlurus in the dawning Light.

I f  we fix the Pole almoft in the Mid-way between the Scar in the 
Shoulder of the Icfler Bear  ̂ and another of the Serpoity we iliall have 
the Satisfaction to obíérve all thefe Phaenomena anfwer the Delcription^ 

 ̂ I ihail not enter into the Calculation; for I would not anticipate the 
Pleafure, one, that hath no Notion of the Age of Heftod̂  muft have, 
when he finds himfclf able, with fo much Eafc and Precifion, to de
termine it by thefe Charadcrs *.

* Since I  wrote this, 1 had the PleaCare to find ^cali^tr concur w ith me
Htfiaéut florthat eo Sacuk, Û9 Arilurus :xKfU'v‘) r ^  oriihatur in Bajita, •̂iij OU Mar/ii. 

Si qutdbo€ ad CQijt^uram facU, falttm fipmi txallentn Aflrtilogoŝ  ya/ ix  hoc Parafegmatt 
infra ftptuúginta plui mtnui Annos Speculum Htfiodi dtprehtndirt pojfunt. Aniffiadvtrf. in.
Chron. Eu/<bii, />.67. Edit. LugH. Baiav. 1606.---------

The following PaíT^^e in Sir IfaacNt^tont Chron. p. 95. hath  come to my Hands 
ftncc the former» * Hfjbd u lU  U5, that, 60 Days after the W inter Solilice, the Star

* Ariiurus



Jmprcvements oa thi Giohcu

lítfiíi'% Account of the Fláais is too particular not to demand our 
Attention, and require an Explanation in the fame way f .

Xl>̂r!i¿̂<av *XiX:t.U'Aojv tTríleVvO/Aívioy
d̂ iroio ¿£ íü<r<r0̂ f»‘jjí«jy*

$r, T O *  v ú x 1 « í  T £  ^  r,^ xl< x,

KEXfjpa7jti. 'Hc-ící. *'Epr Bí€a. g. j ,

Begin the Harveft, as the Pleiads rife.
And take the Plough, when cb- y withdraw the Skies;
For Forty Days and Nights their gliinni’ring Light,
Obfcur’d to us, no longer cheais the S:ght.

T o  this I might add Horneras Image of ÚitDog-Síar, but efpecially 
the exad Dcfcription in Hejicd,

’ A r ^ p *  OTTWótvw ¡vaXÍymo'jy o í  re fjt.(íXiroc- 
Á»y.TjTfov TffCíiA(pcc!'jr.<rí XíX«jUív®̂  wKíavciO* 'íXící̂ . E\ 5,

Like the red Scar, that fries th'autumnal Skies, 
When freih he rears his radiant Orb to Sight; 
And, bath’ d in Ocean, Ihoots a keener Light.

■ill yap r&Ts ariip
u?Tij) xr¡pt7p£̂ £wv ¿vS'pwtsrwy

*^EpV¿Ixi XrAfrOP TÉ Vüxiof IwíKUpí»*

''EpF. Bí6a. (y. 35.

For then the Bog-Star governs in his Courfe,
Walks o’er the Heads of Men, who feel his Force,
Comes in the Day, but chiefly ihares the Night.

How beautifully does the fame Writer exprefs the Gefture o f Oricn  ̂
as he is following the Pleiads ?

* ^ri^uruj rofe juíl atSun-fet; and thence it follows, that flouriihed about 100
'  Years after the Death oíSo/omon, or in the Generation or Age nextafier the Trojan War,
* as //^i/himfelf declares.’

’Tis what we may compute by the prefent Globe; for, bringing to the Eaftem
Horizon, the Sun we íhall find in the Ninth Degree of Jries. Now it enters Jtf Dee. 1 1 . 
and 60 Days after, or Feb. 10. it is in X  2° 30' when allowing for the Northern Lati
tude of Arhurut to make it vifible on the Horizon, it’s Longitude mull have been 14**» 
^ c .  whereas it’s Place now is about ^  20® 27' 12". And the Difference both ways one 
Sign 6° 18 which makes him to have lived 2614 Years ago.

•f" llifee $ignis veteres Agricol̂ ê  iff ex eorum Traditionibui Scriptorii rei rufitca  ̂ fiec iu¡n 
Medicii Poe/te, Hifiorici funt ufi ad A m i Tempejiates dejignatjdas, &c. Greg 

Aftfon. / .1 3 0 ,
O EÜT*

m£u E
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E7t* ¿V U>.r!ixÍ€í (Siyflf
srtWWiii tf n’fpOEiJiei 3Tpv1wí.  ------ — 2 J 7 »

The Pleiads  ̂ flying from the threat’ning Scourgc 
O f  ftrong Orion  ̂ plunge into the Surge.

Perhaps this may give fome Light to a PafTage of Virgil  ̂ that hath 
very'much puzzled his Commentators.

Taygete fimul Os terris cftendit honeftum 
Pleias, &  Oceani fpreios pede reppuHt Amnes:
Ant eadem Sidus fugiens, ubi Piféis aquoji 
Trijlior hibernas Caio dejcendit in Undas.

Georg. Lib. iv. 232.

Firft, when the pleafing Pleiades appear,
And fpringing upward fpurn the briny Seas :
Again when their aíFrighted Choir furveys
The watry Scorpion mend his Pace behind, ^
Witii a black Train of Storms, and Winter-wind, ^
They plunge into the Deep, and fafe Protedion find. 3

D r y d e n ,

Some, I know, by this Sidus underftand the Soutbern-Fijhy others 
the llydra  ̂ and fome the Snn \ but how M r Dryden came to infert 
Scorpiô  I fliall not inquire. Nor fliall I trouble you with any Con- 
jedtures with regard to the ancient Figures: It is certain there have 
been Variations in this refpeft, fince Ptolemy mentions a Star in the 
Horn of A ries; and it is thought Hipparchus reckoned one, that is 
now in the Line, to the firft Foot o f Aries *. Whether the Rpithrt
Ovid Capellay docs not imply fome little Difference, in the Si
tuation of it, from ours, I leave to the Critics,

Et Oleniai Sidus pluviale CapelU^
Taygetenquê  Hyadafjue Oculis  ̂ ArHanqtit notavi.

• Met. Lib. III. 394.
•

* Since T wrote this, I find 9ir I/attc AVtf/w, in this way, recovcr to their forraef 
Placfs ihe Surs M o w , by rcdifying the Dtluiraciun.

‘ In ihe extrerñé Fluxure c f  a Siar of the Fourth Mágoitudei o f  laic
* referred to tic  Bofcm of Cetus.

* Id the o( Pi^fids. a Sttr of the Fourth Magnitude.
* In the Righc Hand c f  a Star of tlic Fourth Magnitude.
‘  In the Ncck ot a Sur of the Fourth Magnitude.
‘  In the Left Hand o f Ĉ pbeuî  ore of the Fifth Maj^nitude.*
A ll  whüTe Char^ftcra he 4ci gn$ from Bflytr.

--------------1  l > c g a n
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Improvements on the Globes» .

------1 beg?.n to note
'fhe ftormy Hyadeŝ  the rainy ♦ Goaty 
The bright and the iliining Bearŝ
With all the Sailors Catalogue ot Stars.

I might infift on the Etymology of ArEiurus  ̂ and others ; for it 
appears from the Accounts the Ancients themlelves give us, there 
was not always the grcateft Uniformity in their Drawings. Ovid 
fays of Bootes»

—  —  —  —  te tua Plaujlra tenebant.
Lib. X. 177.

Nay, and *tis faid, Booteŝ  too, that fain
Thou would’ft have fled, though cumber’d with thy Wain.

A d d i s o n ,

And he lets us know, that Scorpio took up 60 .̂

EJi LocuSy in geminos ubi Brachia concavat Arcus 
Scorpios i £s? Caudâ  flexifque utrinque Lacertis^
Porrigit in Spatium Signorum Membra duorum.

---------------------- 1 9 5 -

There is a Place above, where Scorpiô  bent 
In Tail, and Arms, furrounds a vaft Extent j 
In a wide Circuit of the Heav’ns he fliines.
And fills the Space of T w o celeftial Signs.

This might be one Reafon o f that Compliment which Virgil paid 
Augujtus, apart from the other, which Scaliger aíligns.—

Anne novum tardis fidus te menfihus addas.
Qua locus Erigonem inter̂  Cbelafque fequentes 
Panditur ? ipfe tibi jam Brachia contrahit ardens 
Scorpius, Cosli jujia plus parte reliquit»

Georg, Lib, I. 32,

Where in the Void o f Heav’n a Space is free.
Betwixt the Scorpion  ̂ and the Maid^ for thee:
The Scorpion  ̂ ready to receive thy Laws,
Yield half his Region, and contrafls his Claws.

*Tis true, this Poet knew Libra very w e ll; but, perhaps, it made 
no great Figure among the AJterifms then.

Elbow’d.
I.ibra

uUjntDL
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Improvements on iht Globes.
Libra die fomnique pares ubi fecerit boraŝ
Et medium Lucij atque Umbris jam dividit Orbem,

m m m

But when Afirai^% Balance, bung on high,
Betwixt the Nights and Days divides the Sky.

D r y d e k .

How Taurus \sz,% painted at that Time, we learn from his Dcfcrip- 
tlon.

♦ Candidus auratis aperit cum Cornibus Annum 
Taurus, Ü* averfo ccdcns Canis occidit AJlro,

---- 217.

When with his golden Horns, in full Career,
The Bull beats down the Barriers of the Y e a r ;
And ArgoSy and the Dog  ̂ forfake the Northern Sphere.

In the laft Verfe we have, perhaps, no Occafion for Heififius^sCov  ̂
rcftion o f adverfo, i f  we compare the Didion here with Ovid*s,

Per tamen adverfi gradieris Cornua Tauri,
Met. Lib. II. 80.

The BuWs oppofing Horns obilruft the W ay.

T he Inftruftions Virgil gives in the fame Place, as to Huíbandry, 
are beft underílood from this new Difpofition, and may render us 
fenfible how much earlier thefe Phaenomena were then in the Year, to 
what they are at prefent i '.

Ante tili Eoa Atlantides abfcondantur  ̂ &c.
Georg. Lib. L 221.

But if  your Care to Wheat alone extend,
Let Maia with her Sifters firft defcend.
And the bright Gnoftan Diadem downward bend.

• By rcafon the Firft Month of the old Luni-folar Year (on account of the inter
calar)' Month) began fometimes a Fortnight after the i^quinox. This may, perhaps, 
account better for the Propriety of t'trgiTi I’.xprefiion Aperit Annum, than any of his 
Commentators have done.

i  Paulatim Ob/tr^aHo huji'tr O f  tut isf Occafus neghBa jacet, nec ab alih u/urpaiur, 
ûum ii Pó¿tist ^ui ifmp'tra tir Oircufnflüfitiai tam njaris órfuj d5f  Oceafús tot Sytierum 

(^uihu! mbit fukbrim)  M<ribere, U  mtluti piTtgtrt fiUnt, tfuamvis plerumquf erronéi, quippt 
qui Caltndarii nojlri Diem fir  ejufdetn Sfe/i^ Ortim Jefcribunt nunc, per quern defcrihebatuf 
tempori C/rfariif <um tamcn tempera difcrepent \ \  diebui/ere^ Circg. A f t r o n . 13**

225

V O L .  VIII. Parri. 0  8 I knovf



 ̂ I know wc cannot depend upon all the Exañncfs in a Poet, that
m ight be expeded from an Aftronomer : Virgil feems to have
rnade it his favourite Study.

I Me vero primum dulces ante omnia Mufa^
§iuarum facta fero ingenti perculfus Amorê
Accipiant i Cô liqiie Vias  ̂ y  Sydera nmjirent.

Lib, 11.475.
I Would you your Poet’s iirft Petition hear,
» Give me the Ways of wand’ring Stars to know.
I

I Ovid appears alfo perfe6tly acquainted with the ancient Figures, and
Í the moft accurate way o í delineating tliem, at the fame time that he
; eulivens them with their Fi^ions,

Conjiftuntque Locô  Specie remanente Coronae,
^ui medius nixique Genu, aneuemque tenentis.

! ^   ̂ Met. VIII. 181.
.rI
I —. — ' —  — * — • The Crown retains

It’s proper Figure, and a Station gains
I Where Hercules in bending Poilure Hands,
 ̂ And ftrives to gripe the Dragon in his Hands.

Vid, Lib. XIV, 846.

How we came by the Account, it is not material to inquire •, but
there is 0te Line, wherein he feems to have, preferved fome ancient

f Tradition, as to the Pole,
/

^ aque  Polo poftta ejt glaciali proxima Serpens.
Lib. II. 173.

The folded Serpent next the frozen Pole.
I

And there is Reafon to believe one of the Stars of that Conjlella-
ticn was the ancient Polar Star  ̂ and might firft give Rife to the

 ̂ Denomination j for one in the Tail of the Dragon  ̂ of the Third Mag
nitudê  comes neareft it of any other. About the Time of the Flood,
it was within 10' of the Pole, and might pafs for the Polar Star 
a 7'houfand Years after among thofe Writers, from whom Ovid co- 
pied his ExpreiTion However, this is certain, ú\?it^another Star of 
that Conftellation, one of the Fourth Magnitude, was really nearer 
tlian any other, when the old Obfervations were made, which literally 
juftifics Ovidh Account. I might take notice of his exail Repre- 
fcntation of the Difpofition of the Ara<̂  and Anguis  ̂ when he makes 
them the two Extremes.

Improvements on the Globes.
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P A P E R S  omitted.

—  —  —  —  Mulio tutijfimus ibis:
pfeu dexterior iortum declinet in Anguem̂
TJeve Jinifterior prejfam Rota ducat ad Aram.
Inter utrumque tene.----------  lb. 137,

—  —  —  —  T h e middle W ay is bed.
Nor where in radiant Folds the Serpent twines 
Direft your Courfe, nor where the Altar ihines.
Shun both Extremes.

But the Infpeilion of the Globe, when it is fixed in a proper 
Pofition, will convey the beft Idea of all thefe Appearances ; for 
we derive this Advantage from the new Conilruftion of it, that it 
will enable us to place the feveral Pkcnomena before every Eye *, by which 
means thofe who have the leaft Acquaintance with thefc Studies, muft 
be greatly furprized, and pkafed to obferve the ancient Accounts mi
nutely verified. It is a fore of living over again the former Ages,
allowing 1°. 23^ 3 0 for every hundred I'carSy according to 
and Flamjledy which is a fort of Mean between the other Computa
tions.

I fhall not now fuggeft fome other Purpofes, that might be ferved 
by this Method. It is fufficient to recommend the Invention, that 
it throws fo much Light on the common Claflics, to which I have 
confined this Examination, and which muft be my Excufe for the 
Citations.

P A P E R S omitted.
1.- A  Catalogue of Eclipfes of Jupiterh Satellites, for the Year No. 417. p, 

*734> James liodgfony F, R. S. Mafter of the Royal Mathema- 26.
tical School at Chrift̂ s Hofpital London, No. 43*. p,

2. The fame for the Year 1735.  ̂ 279.
3. The fame for the Year 1736, computed to the Meridian of the No. 436. p.

Royal Obfervatory at Green'wicb̂  by the fame. 5*
4. The apparent Times of fuch of the Immeriiong, and Emerfions 

of Júpiteres Satellites, as are vifible at London̂  in the Year 1736, to
gether with their cinfigurations at thofe Times, rcprcfenied in a 
Plate.

5. An Account of fome Obfervations of the Eclipfes of the firft ibid. p. 15. 
Satellite of Jupiter, compared with the Tables, by the fame.

6 . The apparent Times of the Immerfions and Emerfions oí Júpiteres No. 440. p. 
Satellites, which will happen in the Year 1737, computed to the Me- *77* 
ridian of the Royal Obfervatory at Green̂ îchy lay the fame.

7. T h e apparent Times of fuch of the Immerfions and Emerfions of Ibid >. 184, 
Júpiteres Satellites, as are vifible at London̂  in the Year 1737» by the
fame.

G  g  2 T k «



22? P A P E R S  omitted.
No. 445. p. S. The Iinmerfions and Emerfions of the four Sate!lItesof7 «/i//ir, for 
5’='- the Year 1738, computed to the Meridian of the Royal Oblcrvatory at

I  G rccm v k h  by the f.une. , , ,   ̂ 1 ^
 ̂ Ibid p too 9- apparent Times of fuch of the Immerfions and limerfions

0Í Jupiler’% Satellites, as are vifible at London \n the Year 1738, by
the fame.

iVo. Í45. p. 10. The apparent Times of the Immerfions and Emerfions o f Júpiteres 
9̂- Satellites for the Year 1739, computed to the Meridian o f the Royal

Obfervatory at Greenwich  ̂ by the fame.
Ibid. p. 76. 11. The apparent Times pf fuch of the Immerfions and Emerfions

of Júpiteres Satellites, as are vifible at London̂  in the Year 1739, by
the fame.

No. 449. p. 12. The apparent Times of the Immerfions and Emerfions o f the 
332* four Satellites of Jupiter  ̂ for the Year 1740, computed to the Meri

dian of the Royal Obfervatory at Greenwich  ̂ by the fame.
Ibid. p. 340. T h e  apparent Tim es o f  fuch o f  the Immerfions and Emerfions

o f  JupiUrh Satellites, as are vifible at London̂  in the Y ear 1740, by
the fame.

No. 471. p. 14. De Difparitione Annuli Saturni An. 1743 , & 1744, ex Epiilola 
a Domino Godofredo Heinfio, ad Dominum Petrum Colinfonum, 
R. S. S. data.

C H A R  IV,
O f S U R V E Y I N G .

jffttwPlot- T  T  is a plain fmooth Board, about 18 Indies fquare, and Three-
X  quarters of an Inch thick, Fig. 88. ^ 5  C D , made of Mahogany'̂

/JTlaps^t Pear-tree  ̂ or Norzv¿iy Oak, well clamped at the Ends, or a brafs-.
Survfying: Frame round it, to prevent it’s warping, and, as much as poiTible,
Innjentedin ihrinking and fwelling.

Within Six-tenths of an Inch o f two of it’s oppofite Sides (znd 
Heory parallel to them and one another) are two Grooves E  F, G //, cut
Brighton, on the Face half an Inch deep, to Jet in two brafs Holders in the
F. S. Shape of N O ,  Fig. 89. which are each o f one Piece ofcaft Brats, like 
74°7.Aug. *̂ Rulers, joined together at Right Angles. The perpendi-
iitc. 1741. to and l i o  Parts of an Inch thick, as at ¿i, i  an Inch
Fig. 83. deep, and a little ihorter at each End than the upper Part, which

is 17 Inches long, A  broad, and about 8 Parts of lio of an Inch 
thick i about 2 i  Inches from each End o f the Holder, are thick 
Parts of BoiTcs in the upright Piece, as at P  and through which 
are Holes tapped, to receive the Screws P  which Screws go
each through a brafs Plateas T and V, fixed by Rivets on the under 
Side of the Table, and little round. Nuts, (as at a and put on them,

to



O f  S U R F E r i N G .  2 2 ,

to confine them to their Shoulders in taming in the Piafes» that they 
neither rile nor fall; thcfe Holders mufl: go eafy in the Grooves, to 
fiok eafy and even with the upper Surface of the. Table. Then, when 
the Screws enter the Holes of the Holders, by turning R  and S at the 
fame Time forward, the Holders will fall, and pinch down any Pa
pers, isfc. that are under them*, and, turning backward, will rile and 
reJeafc them. In the Middle of one End of the Table is a Groove 
to receive the Brafs which has the fame fort of Screw and Fixing 
as the other, to raife or fall it. But the Groove is quadrantal, that 
the Holder fF  may on Occafion be turned fo as to lie all on the out- 
fide the Line E  //, and to crofs it, in cafe of high Winds, for fe- 
curing the Papers down, on Three Sides; and a Fourth might be 
added, but there is feldom any Occafion for it.

T o  the Centre of the Table underneath, is fixed a brafs Socket, fo 
truly made, that the Table may, when fee, turn round truly horizon
tally : And a Machine, cafed with Glafs, in which a Plummet, hangs 
to fct the Table level i or the parallel Plates, and glafs Tubes of 
Spirit o f Wine, may be ufed, to fet it horizontal, as any one fees 
Occafion to fiinfy them.

T o  any one of the four Edges underneath, is fcrewed a Box and 
Needle, fee to the Variation.

There belongs to this Inilrument, a ilrong three-legged Stafl̂ , and 
an Index with plain or telefcopical Sights, near two Feet long.

The Papers, or Charts, for this Table, are to be either a thin fine 
Paftboard, fine Paper pafted on Cartridge-paper, or two Papers 
parted together; cut as exaftly fquare as is poiTible, each Side being 
nearly i6  Inches and an half long, juft as they may Aide in eafily 
betvveen the upright Part and under the flat Part of the Holders.

Any one of thefe Charts will be put in the Table any of the four 
ways, be fixed, taken out, and changed at Pleafure : Any two of 
them may be joined together true on the Table, if  you make each 
of them meet exaft at the Line L  M , whilft near one half of each 
will hang over the Sides o f the Table *, or by crefting and doubling 
each, the whole of them ílill be within the Table. And if Occafion 
Ihould h.ippen, as fcldom it does, by crefting each Paper both Ways 
through the Middle, four of them may be put on at one time, meeting 
in the Centre of the Table.

Each Chart is always crofTed by Right Angles through the Middle, 
for the Purpofe above, and to make any of them anfwer to the Guide- 
Lines on the Table, Fig. 88. I  K, L  drawn quite through theCcn- pig. a .
trc, and the whole Table.---- So the grand Objeftion of fliifting Papers
is obviated,

li^s Facility and Difpatcb,

A salfo  it’s Certainty, compared with any of the mod celebratcvl 
Inftruments, I ihallnow briefly fee forth.

Buc,



Of  S U R V E T I N G .
But,.iu order thereto, it m.iy not be improper to premife, or lay 

down, as Lemmata, thefc three Things:

I, ‘I'he e^emial Bttfwefs or Aim in furvcying of Lands or Countries, 
is either to have an cxr.il Plan, or to find the Area in fame knoisin 
Meafure.

}̂ . Every thing that is ftiperfluous or foreign to fiuh Defign, is better 
. i oniitlcd than taken,

¿. I f  a true Survey, and exaii Plan be made, every Part w ill have 
it's ju jl Proportion, and every Angle it's true Opening or ^an-' 
tity.

f

'Í
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j j Then v/hat need have we of Degrees, Minutes, They are
never made any Ufeofinthe Praótice of cafting up, or any thing related 
thereto: For, if from a Station two Lines be drawn by a good Index 
to two diftant Objefts, will it not be the very Angle, and identically 

 ̂ I the fame, as if it had been taken by tlie moft celebrated Inftrument, in
j I Degrees and Minutes, and laid down by a Protrador ?

i The firil is much more expeditious, eafy, and certain, than the other.
More expeditious, becaufe thofe two Lines are fooner drawn than an 
Angle can be taken, which done, two thirds of the Work is behind, 
viz. Writing down and Plotting. More eafy, as done with i  o f the 
Trouble. More certain, becaufe one may be liable to Miftakes in 
taking the Degrees or Minutes j in fetting down, and in protrailing.
And if it iliould fo happen, that one numerical Angle fliould be taken, 
fet down, or plotted to the wrong Coaft, (where they depend, on one 
another) fo great an Error would enfue, that could not be retrievable, 
but by going on the Spot, and performing the Operation anew. Now 
the Plotting-Table, after two Stations, proves every thing on the Spot; 
for, from every Station you are upon, the Index muft point at the fame 
time to any Station on your Map, and it's correfponding Objedl: in 
the F ie ld ; which is a demonilrative Proof, for nothing but Truth 
will agree.

In ieveral Branches of the Mathematics, it is abfolutely neceíTary to 
take Angles in Degrees, Minutes, and their Subdivifions, as Aftrono* 
my. Trigonometry, Navigation, Longimetry, inacceifible Heights 

J  and Diftances, Sifc. and alfo in taking large Plans, to calculate and
prove Things by Trigonometry; which would not only be a W ork of 
Curiofity, but very commendable. But where the Nature o f the Thing 
will admit of as good Proof, with part of the Trouble and T im e; 
it would be like running the Solution of an eafy Queftion into a long 
Procefs of Algebra or Fluxions, when the plain Rule o f  Proportion 
would juftly anfwer the fame.

It is objefted. That, in furveying by the Plotting-Table, the 
fiinnking or fwelling of the Papers, arc a great Inconveniency,

In

I

I



O f  S V R V E Y I N G .

In Anfwer to this, it may be faid> The fame Inconvcnicncy ittcnds 
the furvcying by any other Inftrument, fo foon as it is plotted ; for both 
Velum and Paper will ihrink and fwell in the Houfe on the Alteration 
of Weather (as well as all Bodies)*, for a Line of 48 Chains, plotted by 
a Scale o f 3.2 Inch, in a hazy Morning, in a dear Afternoon the 
fame Day, meafured but 47 and an half: And there are various 
Shrinkings and Swellings, according to the Weather, and Difference of 
Paper,

In the Plotting-Table this Inconveniency is in a great meafure 
remedied. For in what State foever of the Weather you put Lines on 
the Chart, the Holders give Marks on the Chart as it then ftood ; if  it 
was moift and fwelled up in the middle Part, you may, when you either 
cafl: up or meafure Lines, by laying it on a damp Floor, put it in the 
fame Condition as it was when you plotted the Lines. I f  you plotted 
in dry hot Weather, and are cafting up in damp or moift, a little 
heatingby the Fire will reduce it to the fame State again. Another 
Remedy I have long ufed is, to plot and meafure by Scales of the fame 
Paper, which will ihrink or fwell in proportion as your Map does.

But it will be well to obferve here, that the ihrinking and fwelling 
alters the Lines only, and not at all the Angles: For, let a Polygon 
be never fo much uniformly extended or contrañed, each Angle muft 
contain the Íame Number of Degrees and Minutes as before. Hence 
this Objedlion falls no harder on the I'able, than on all other In- 
ilruments.

And here I intended to have ended this Difcourfer But as I have 
fome other fmall Improvements, not only in the Inftrumental Part, but 
in anew Method of difpofingthe Maps, and better adapting them to all 
fublervient U fes; I proceed.

I ihouid have faid before, that each Chart has a Flower de Lys on it̂ s 
North Edge •, and, as the Needle is moveable to any Side, Care muft 
be taken, that the North End o f the Needle, when it ftands, ihouid 
point the fame W ay as the F/ower de Lys on the Qiarts.

I ufe a Needle about 5 Inches long, placed in an oblong wooden 
Box, but juft fo wide as the Needle may play double the Degrees of 
the Variation Weft, viz,  30®, In t h e  Middle of one End is the 
de Lys  ̂ and the Box is by Studs and Holes always put on the 1 able 
oblique to the Quantity of the Magnetical Variation. I make no other 
Ufe o f the Needle, than to fet the Table in the Meridian, and to prevent 
any great Miftakes, in joining or placing the Charts wrong.

I have no more than i  an Inch of the Needle that appears from under 
the Table, for the Reafon it ihouid not be in the W ay, or fo fubjeft 
to be damaged: The making the Box fo narrow, is to chcck it’s play
ing, that it may fooner hang ftill over the Flov:^f de I.ys. T he wooden 
Box, Jined with Paper, I find preferable toa large brafs Box, and large 
Glafs, which in cold and hazy Weather, condenfcs the Vapour and 
A ir fo much, as to make the Needle very languid and dull.

T h e
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Vauhv rv„. The Charts, thus taken, are more readily laid together by Numbers
h)taiif:gaSur Qp Edgcs, wluch tally, and make up the whole Map in one Plan,

I View, and are, in thefe Squares, more portable.
' ill fccond Place, they are more readily copied,^ extended, or con-

* * ' traded. For, by having a Frame of Wood that b i l  encompaíTes a 
Chart, divided by 19 Threads at equal Diftances, and the fame at Right 
Angles, the other Way ; each Five or Ten, being diftinguiihed by 
Silk of a different Colour *, a Reet is made of ^00 Geometrical Squares, 
from which, having a Velum or Paper fo divided by leiTer or greater 
Squares •, then drawing or copying by Help ofthe Lines into thole new 
Squares, you have your true Map contrafted or extended.

Large Maps of Lordihipsare not any ways convenient, or portable, 
to Ifeve recourfe to on the Spot or Place they reprefent being fubjedl to 

1 1| K Damages, unfit to be opened in rainy Weather, very troublefome in
theW ind, and very difficult to find out the Part you want. T o  remedy 
all thefe Inconveniences, fome Years ago I contrived a new Method of 
difpofing them, in fuch Manner as makes them more fure, fafe, ready, 
convenient, durable, and portable, than any other Method.

And this is done by imitating the Geography of the World, which 
firfl: gives the whole, then the feveral Kingdoms, Countries, Pro
vinces, and minuter Parts and Divifionsj feverally and more at large.

Firft, It will be highly necefiary, that a General Map o f the whole 
Lordihip (Country, Úc.') be drawn in one Sheet of Paper or Velum, 
to give the Form, Idea, and Proportion, that the Parts bear to the 
whole, and one a n o th e rb y  which Situations, Bearings o f the Towns, 
Villages, Roads, and remarkable Places, will be feen at one View : 
And this muft be reduced to fo fmall a Scale, as the intended Sheet 
may comprehend the whole. A  Scale o f about 11 or 12 Chains in an 

i ' Inch, will plot a Lordihip of more than 2000 Acres, in the Compafs
o f 16 4 Inches fquare; which may be a convenient Size to make two 
Leaves, and open in a Folio Book. This Map may exprefs the Roads, 
Rivers, Streets, Boundaries, Inclofures, and common Field Lands 
fingly, in cafe they bt not lefs than 40 or 50 Links in Breadth : The 
Pieces that contain not lefs than about 10 Acres, will admit of Room 
to write the Owners Names and Quantities in Statute Meafure, as in 

Fig* 9** Fig. gi But for all the fmall Parts, there will not be room to explain 
them: Therefore I divide the general Map into as many Geometrical 
Squares, as it took Charts in furveying by the Table, by red Lines, 

'£• so* ^V- û horizontally and perpendicularly, as noted by 0,0,0,0,
which, by a Scale of 2̂ per Inch, may rake about 15 Charts in 
N um ^r: In the openeit Place near the Middle of each Square, in a 
Imall Circle, I number them with red Figures j, 2, 2, fcff. correfpond- 
ing to he original Charts: And in the Middle of each o f their 
bides, Numerical Letters, ihewing how the particular Maps are to
lOin fn  f .'jrh ^  ^  . tjoin to tach other.

( .

The
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The particular Maps are each as large as the general, and numbered 

at the Top Í. i l .  III. correfponding to the Squares in general, as 
Fig. 91. where, in tlie Right Hand Margin, is put V , and at the 9 *̂ 
Bottom IX, Ihcwing the Filth Map tallies to the Side, and the Ninth 
to the Bottom, or South Part; The general Map being an Index, fliew- 
Jug how they join to each other.

By thele particular Maps may be ihewn all the leiTer Qiiantities, with 
their Tenure, Owners Names, and Contents; and, by the Scale, arc 
capable of flicwing the Lengths of any Lines, and the Dimenfions, fo 
as todifcover any Encroachments, and record their Shape and Extents 
to Pofterity : A  moil valuable Ufe of a Survey and Map.

All thefe Maps are bound up in Order, in a Folio Book, to open 
freely, which will be not only very portable, but ufcfui to have recourfe 
t(i on any Occafion; fecure from Damages of Weather, as well as more 
durable and ornamental.

The Terriers to thefe Maps are made in the following Manner; 
either bound in a Book of a Pocket Size by themfelves, or along with 
the Maps.

T he Names o f  the Freeholders, Copyholders, Cottagers, Tenants,
(¿C, are put in an Alphabetical Order.

n o , Po^ver,

Refer CO 

che Mbp.

IV. f. 4.

The Names of the Lands, their 
Sicuation?, and Boundaries.

Calmtr'Cl'tfi in the Village of
J?.—------ the Pariih of Gvuin //'.
T<m:*lfend E- Own S.
The Houfc and iiome-flead 

IV . f. 6. callcd Btoa4 v m r  Hot/i Ciofe V/. 
Own R. N. S.
fhtft Clofe Gu'ttne W . Broad
moor E. Pitfs N S.ÍV. e. 6.

Tenure Freehold Copyhold

•

f

a r P
Freehold 11 1

Copyhold — — 18 2 28

Freehold <7 1 6 — — — 1

f%

I

In like Manner, under every different Name, rpay PaKels.
be cxprcflfed feparatdy. ,  . j-, c n.

To find any Piece or ParceLof Land in the Lorddiip readily, nrit
find tbe Tenant’s or Owner’s Name in the Aiphabetiail Order, under
which, in the Second Column, may tlie Parcel be found. The gd
Ihews whether it is Free or Copyhold; the 4th or 5th, the Quantity in
Statute Meafure, eitlier Free or Copyhold.  ̂ - . . .  ,

The numerical Letter in the Margin on the Left IV. (hews it is in the 
Fourth particular Map; /. 6. refers to the Parts of the Map; find/, 
at the Top, and 6 on the Left Side, and in the Angle ot Meeting of 
thofe Squares is the Houfe, Clofe ; and fo for any other.
. There is but one Objedion I can at prefent forefcc, that can bear any 

\Veight h<̂ ain(l this Method of dividing the general Map, viz. , _  . .. 
t  y  O L. VIII. Part i. H h I hat
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That by dividing the fame into geometrical Squares, many of the 

Parccls, I^nds, and Grouncii, will be cut into two ftparate Pieces j one 
Part whercol' will lie in one particuhu* Map, and the reft in anoclier \ 
as in Fig. 91. Map IV. Part oí Calmer and Broad-Clofe will be in the 
Vth Map.

In this Cafe, it is ufual to put the Owner’s Name, and C^antity, 
in that which i; the greater Part, and in the Terner refer allb to the 
Remainder i where, if the Shape,- Lengths, (¿c. are required, they 
may bedifcovered.

But as this may not be fatisfadory, or fully anfwer the ObjeAion 
the two following Mcrhods will entirely obviate the Difficulty, and 
make them as fuliy fubfervient to all Purpofcs, as any large and entire 
Map on one Piece.

The id  Method is, to take juft fo much in a particular Map as is 
circumfcribed by fome known Roads, Lanes, Brooks, Boundaries of 
particuLir Owners, or Tenants Lands: I ’his, indeed, will often make 
the Map very difproportional, and irregularly fliaped; but cannot be 
a material Objection, by reafon, in Surveys, there is feldom any thing 
regularly fhapcd.

2. The 2d Method is, to have a wider Margin, or rather draw the 
particular Maps by a fmailer Scale, as 4 Chains in an Inch, inftead o f 3 
Chains 20 Lines; and that will allow Room to add the Parts of the 

Tig. 9». Parcels focut off in the Margin, as in Fig. 92. the I Vth particular Map .
varied, where the Whole of Broadmoor and Calmer is drawn ; then in 
the Vth and IXth particular Map, may the fmall Parts, which are in 
the I Vth, be drawn in fu ll: Then will they join by indenting or tally
ing one into anotherr

7oredu(i m Firft fee what Extent the whole Survey takes on the Charts you laid
greateft Depth and Breadth, as from 

rtJ Maf. Specimen of the genera] Map it may appear.

Depth Breadth

upper Chart is N® 2. =  10 Inches, N® 8 =  5 Inches
6. i 644 9

11. 16 k i 10 i 6 U
ID i 21

A m

16 i  i

The Whole 53 i
The Whole

7 0 1

60 ~i i  q n .

T r leaving fixed on the Size of the general Map to be 16,37 Square,
I form a Scale of 60 i per Inch, that may juft extend the -whole Breadth 
Of the 16,37 Inches; by which you may form all the Squares, and
div̂ ided* Depth and Length, as above; and at Fig. 90. is

Th«

1
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The Breadth o f  the whole Map, by a Scale o f  32, is tÁo,Í2 Inches, 
which I would reduce into the Compafsof 16 i  and i  =  *6,37 Inches.

Divide 60,62 by 16,37, gives 3.7, which multiplied by 3,20, makes 
the Produft 11,84, that is 11 Chains 84 Links in an Inch, the ScaJe 
for the general Map.

Thus have I done all I intended i but iliall obferve, that feveral of 
chelü Tables have been made, and, as People have fanfied, with Alte
rations and Additions; but all Variations are not really Improvements.
The letting it horizontally by Spirit-Tubes, maybe curious enough:
But ;is the Difference is very inconfiderable and indifcernable, when 
it ilands 2 or 3 Degrees out of the Level, I iliall not trouble myfelf or 
others about i t ; only further obferve, that when Grounds are declining 
much, and very uneven, if the Table (lands horizontal, unlefs the Sight 
or Mark on the lower Part is fo high as it̂ s Top makes a Level with the 
upper Part of the Table, which Í8 feldom done, or pra6licable, I do 
not fee why fuch a Strefs ihould be laid on the Inilrument’s being level, 
when neither the View by the Index, nor the Meafure of the Line, 
either can be, or is taken horizontally : I f  the Sight o f the Index ftand 
nearly perpendicular at every Obfervation, it is more than fufficient 
for any Exadlnefs requifite in a Survey.

C H  A  P. V.

M  E  C  H  A  N  I  C  K  S .

I. T  T  A  V  I N  G laft Year fliewn feveral Perfons in Holland the Expe- ^  i
1  Jl riment contrived by Mr Geo, Graham  ̂to explain the Doftrine re- ^Cravefandi,' 

lating to the Momcnium of Bodies (viz. That the A/tfwrw/w;;;, orQiiantity Math. 
of Motion in Bodies, is always as the Mafs multiplied into the Velocity) LeyJ- F..R S. 
which Experiment is made with a flat, pendulous Body, that receives the 
Addition of a Weight equal to itfelf at the lower Part o f it’s Vibration, 
and by the Reception o f  that equal Quantity of Matter always lofes half to tht
it's Velocity. Dr Mufcbenbroek  ̂ ProteiTor of Mathematicks and Aftro- Royal Soci- 
r.omy at Uirecbt  ̂ communicated to me the following Experiment, made hi/
in Oppofition to that which I was (hewed by Mr Frofefí'oT i'Gravefande.
In this laft a Spring equally bent every time, puilics forward, unequal Mq’ 4,9. p. 
Quantities of Matter fucccíTively, and in every Experiment the Produil 143- J“‘y- 
of the Mils of the Body by the Square of the Velocity is the fame ; and ' 733*' 
therefore, as the Quantity of Motion muft always be the fame from the 
iiime Caufe (viz, the fame Tenfion of the Spring) it follows, by every 
Experiment, that it is us the Mafs multiplied into the Sqitarc of the 
Vtiocity. ;

II  h 2  ̂ *•]
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A Jkiti Atctunt 
df Dr JurinV 
i^inth and laji 
DiJ/ertathn
Dc Vi Mo- 
trice, i j  Mr 
John HameSt 
/. R, S. No. 
459. p. 607. 
jan.Ü'f. 1741.

Exp, 1.] The pendulous Cylinder is flioc by the Spring from o Dcg.
to 7 Dcg. meafured upon a Tangent Line.

kxp. 2,] The C y lin d e r  with a leaden Weight in it that makes it*s
Weight double, is íliot forward to 4 Deg. 1̂ .

Exp. 3.] The Cylinder with a Weight in it that made it’s Weight
triple, was lliot forward to 4 Degrees and a little farther.

Exp, 4.] The Cylinder with a triple Weighty o f Lead fo as to qua
druple the whole Weight, was fliot iorward to 3 i  Deg. ^

Thcfe 4 Experiments at fit ft feem agreeable to the new Hypothefis ; 
for according to the old, the Cylinder in the 2d Experiment ought to 
have gone but ro 3 \ Deg. in the 3d Experiment but to 3 7 Deg. and in
the laft but to 2 Dcg,

But if we take in the Confideration of Time, all will be rcduced to 
the old Principle. As for Example, let us compare the firft and laft 
Experiments.

In the firft, the Spring during a certain time a6ls upon the Cylinder 
which is driven forward with the Velocity 8. When the quadrupled 
Weight is driven forward with the Velocity 4 inftead of 2, it is becaufe 
the fame Spring a6ls twice as long upon the Cylinder before it ceafes 
to impel it; and certainly the fame Caufe ading twice as long muft 
produce a double Efteft.

II. The laft DiiTertation is* new% and treats of the Motive Forces 
of Bodies, whether they are to be eftimated by the Velocities, or the 
Squares of the Velocities, when the MaiTes are equal. The Original 
of this difpute among the Mathematicians, the Author afcribes to a Slip 
committed by the celebrated Mr Leibtiiz  ̂ in the Year 1686, and the 
Continuance, to the Negle6t of the I'imes, wherein equal EfFetfls are 
produced. The one Side a'fierts all Caufes to be equal," whofe EfFecl:s 
are fo, whether the Times, during which the Caufes aft, are lliorter or 
longer. The other, on the contrary, maintains, that equal EfFefts 
may arife from unequal Caufes, if the Times of Aftion are unequal; 
that confequently the Times, as well as the Effefts, ought to be taken 
into the Account,

He wiilies the Gentlemen on the other Side o f the Queftion would 
produce fome Experiment in their Favour, where the Equality o f  the 
rimes is preferved ; fince all the Experiments they have hitherto made, 

and argued from, may juftly be fee afide, as, incompetent, on the 
Account of the Inequality of the Times of Aftion.

The Author then proceeds to prove the Truth of the common 
Opinion of the Forces in, equal Bodies being proportional to their 
Velocities. This he does by Three Mediums, the Firft taken from

*  The Eight preceding DiíTcrtatíons had been before printed feparately; but were 
now a]] colleiled together, with the Addition of this Ninth, and publiihed in one Volume 
in Q¿ia%'Oy Londcn, 1732.

M  E  C H  J  N  T C K  S.

1  the
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the Ailion ofa fingle Spring upon the fame Body: The Second Irom 
fome Experiments of Mr ; the Third from the joint Aftion
of feveral Springs upon two unequal Bodies.

I. A  fingle Spring, fixed to a moveable horizontal Table, is made 
to communicate to the fame Body, Degrees of Force unqucftionably 
equal, while the Degrees of Velocity communicated at the fame rime 
are alfo undoubtetily equal; therefore the Forces arc proportional to 
the Velocities.

II. In M r Mar\oite*% Experiments, the ImpreiTions made upon equal 
Surfaces in the fime Point of Time, are found to be in the Duplicate 
Rñtlo o f the Velocities ; but the Maffes or Numbers of impinging 
Particles are in the fimple Ratio o f the Velocities ; confcquently, the 
Maifes and Velocities conjunflly being in the Duplicate Ratio  ̂ i.e. as 
the Imprefllons, mud alfo be as the Forces which made them: Which 
is the old Opinion.

III. A  complicated or bent Spring interpofcd between two unequal 
Bodies, ading upon each with an equal Prefiure, and during an equal 
Time, mud communicate equal moving Forces to each •, but their 
Velocities are by Experiment reciprocally proportional to their Mañls ; 
therefore their Mailes, drawn into their refpeilivc Velocities, are alfo 
equal, as were their moving Forces*, and by confequence their moving 
Forces are as the Maffes and Velocities conjundJy: Which is the 
generally received Opinion.

In the Appendix, the Author anfwers fome of the principal Argu
ments brought in favour of the contrary Side.

I. T he firfi: is drawn from the compound Motion of a Body along 
the Diagonal of a Reilangle, whoíe Sides rcprefent the fimple Motion.*;. 
Here it is faid, that the fimple Forces are no-ways contrary to each 
other; that being united or added together in the compound Force, 
that compound Force will not be to both or either of the Ample I-orces, 
as the Diagonal is to both or cither of the Sides ; but as the Square of 
the Diagonal to the Sum of the Squares of the Sides, or to the Square 
of cither Side refpeftively. He anfw'ers. The fimple Forccs, while 
they aft in their proj>cr Direftions, are not contrary to each other, 
either Wholly or in Part *, but when confidered as contributing to the 
Motion o f the Body in the Direftion of the Diagonal, Part oí the one 
afts contrary to Part of the other, and deilroys it; as is evident, i\ 
you refolve each fimple Force into two others, one acting along the 
Diagonal, the other in a Direftion perpendicular to it. And then it 
isto^be oblerved, that the Sum of the two former is equal to the Dia
gonal (while the two latter deilroy fach other): Which is perfeftly 
agreeable to the old Opinion, but not at all to the new ; for the de- 
monftrating of which this Argument is brought.

II. T he fecond Proof is taken from the equal CompreíTion of 4 equal
Springs, before the Force was confumed, by the fame Body moving

with
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with d o u b l e  the Velocity i and labours at the Bottom under the fame 
Par.illogifm.

Ill, The lad Argument is founded upon the learned and ingenious 
Mr Pokni's Experiment, wherein equal Cavities are formed in fofc 
Subllanccs, by equal Bodies falling from Heights reciprocally propor
tional to their M.uTcs. This the Author fees afide, as infufHcienr, 
fince the Times of forming thefe equal Cavities are unequal, and un
equal Caufes may produce equal EfFcds in unequal Times. The learned 
Mr Polcni docs, indeed, reply, and fay, that the Formation of thefe 
Cavities feems tobe inftantaneous: But the ingenious Author fliews 
the contrary, and that from a Pofition allov/ed of by Polcni himfclf, ia 
his Reply.

óhftrvGticfís III. I. AUho* it is now above 60 Years fince M r Richer firft dif- 
covered, that Pendulums of the fame Length, do not perform their 

Ĝ corwCra. Vibrations in equal Times in diffVrent Latitudes *, and tho’ feveral Ex- 
bam, s. periments made fince in different parts of the Earth concur to prove, 
and at Black- Pcndulums fwinging Seconds are in general fliorter as we approach

7 "̂ Co- Equator v yet wiiat the real Difference is between their Lengths
lin'Smpbcll, indifferent Latitudes, does not feem to have been determined with 
i / y ;  F. R. S. fufficient Exactnefs, by the Obfervacions that have hitherto been com- 
conufmnitht municated to thePublick ; as may be gathered from Sir /. Newton̂ % 

cr- where they are compared as well with each other, as with
derndtur- the Theory of that illuilrious Author, Ic were therefore to be wiflied, 
mint the D i/- that more of this kind oí Experiments could be made with greater Ac- 
ference ¿ r -  curacy in proper Placcs, by fuch Perfons as have fufficient Skill and 

L̂ength!o/Uq‘ Opportunities to d o i t ;  that we might thereby be enabled to judge 
chronal Pen- with more Certainty, concerning the true Figure o f the Earth, and the 
du'um5i«/¿eyf Nature of it’s conllituent Parrs.

Prsf, Colin Cdmpbelly Efqv i le  has furnifhed himfelf with an Apparatus of
i X x O n . T n / T r n  n n ^  1 i n  « t  •  * 0 -------------------  i

41  ̂ j

Inilruments not unworthy the Obfervatory o f  a Prince ; among which 
No. 432- r* ¡5 Clock whofe Pendulum vibrates Seconds, made by M r George302.Apr.Cf ^ j ......... i _ • I - . ^  • - - - - - -
' 734- Graham  ̂ who judging that an Opportunity was now offered o f  trying 

with the utmoft Exaólnefs, what is the true Difference between the 
Lengths of Ifochronal Pendulums at London and Jamaica  ̂ readily em
braced i t ; and in framing the Parts of the Clock, carefully contrived* 
that it’s Pendulum might at pleafurc be rcduced to the fame Length, 
whenever there ihould beóccafion to remove the Clock from one Place, 
.and fet it up in another.

This Clock being chiefly deCgned for Aftronomical Obfcrvation?, 
iiad no ftriking Parr, and it̂ s Pendulum was adjufted to fuch a Length, 
that in London is vibrated Seconds, of Siderial, and not o f Solar Tirp^-

 ̂ Lib. IH . Prop. 20.

/

When

J n t t r
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When It was finifhed, M r Graham fixed it up in a Room fituated back
ward from the Street, and on the North-fide of his Houfe, to prevent 
ii's being diilurbed by Coaches, or other Carriages that paíTcd through 
the Screcr, and that it might be asJittle afFcfted by the Sun as poíTible* 
Having fct it going, he compared it with the TranGts of the Scar Líí- 
tida Aquili over the Meridian, which paOcd

th h.

20 at 8 59 15
22 at 8 59 iK

AutuH ^3 8 59 2oi
i n i  I ^5 at 8 59 22 J> by the Clock.

'   ̂ ' 28 at 8 59 25^
29 ac 8 59 26
30 at 8 59 27

Hence it appears, that the Clock gained 12'/' in 10 Apparent Re
volutions of the Scar.

In order to eilimate how much the Pendulum may be lengthened 
by greater Degrees of Heat, or how much flower the Clock would go 
ort that Account when removed into a warmer Climate, a Thermo
meter was fixed by the Side o f i t ; and between the Hours of 10 and.
II in the Morning, and at Night, notice was taken at what Height 
the Spirits flood, and the mean Height for each Day was as follows:

239

173».

tk Thtrm.
21 32 i
22 30 i

»3 28 i
24 2 7  i
25 284
26

27 2 7  i
a8 27 i -
29 27 i
30 27 i

D iviiioni.

H encr the mean H eight for all thefe Days was about 28 » 
Diviilons.

The Clock-Weight that keeps the Pendulum ¡n Motion is 12 ib. 
\o\ez. and is to be wound up once in a Month. The W eight of 
the Pendulum itftif is 17 fc. and ("during the Time that the Clock was 
compared with the Tranfits of the Star) it vibrated each way from 
the Perpendicular i*" 45I. The Magnitude of the Vibrations was efti- 
mated by means o f a Brafs Arc, which was fixed juft under the lower 
t«d of the Rod of the PenduJum, and divided into Degrees,

%
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lu P té iu  M** took off the Wc-ighc bclo:>ging to the Ciock,
rui hu”<̂ on another of ó lfc>. 3 ^̂ - Weight the Pendu
lum vibnitedonly i°  15' on'each Side; and the Clock went if i  i 
Howcr in 24 Hours, than when it’s own Weight ot 12 lb- 10 i íjz. was

*'^l1i¡rilx'>eriment íTiews, that a fmall .Difference in .the Arcs de« 
Icribed by the FenduUnr», or á fmall Alteration in the W eight chat 
keeps it in Motion, will caufe no great Difference in the Duration of 
file Vibrations *, and therefore a little Alteration in the Tenacity ot the
Oil upon the Pivots, or in the Foulnefs of the Clock, will not caufe 
it to accelerate or retard it’s Motion fenfibly > from whence we may 
conclude, that whatever Difference there ihalj appear to be, between 
the going oí the Clock air L^ndou and in Joncitĉ î  it muft wholly 
proceed from the lengthening of the Pendulum by lleatj and the Di
minution of the Force of Gravity upon it.

A  particular written Account of the Obfervatlons and Experiments 
hitherto taken Notice of, was delivered to me by Mr Graham in êpt, 
1731, about the fame Time the Clock was put on Ship-boaid tobe 
carried to Jamaica, He likewife fenc very full Direftions to M r Carnp̂  
htlU dcfcribingin what manner the Clock was to be fixed up, and how 
rhe Pendulum might be reduced exa¿lly to the fame State as it was 
when in Engknd\ but no Intimation was given concerning the going 
o f  the Clock, that the Experiment might be made with all pofiible 
Care, and Caution, and wuhout any Byafs, or Prejudice, in Favour of 
any Hypothefis, or former Obfcrvations.

in July 1732? we received an Account of the Succefs of the Expe
riment, by the Hands of Mr Jcjeph Harris  ̂ who was prefen t at the 

i making of it in Jamaica  ̂ whither he went the Year before with Mr
Campbell̂  in order to affift him in his Defign of ereóling an Obferva- 
tory for the Improvement of Aftronomy, and the promoting other 
Parts of Natural Knowledge in that Ifland ; But his ill State of Health 
obliging him to return into England  ̂ he brought with him the Ori
ginal Journal of the Obfervations of the Tran fits of two S ta rs '(m .
Syrius^  /3 Cams Majoris) over the Meridian,'compared v/ich the 
Clock, after it was fixed up \x\ Jamaica  ̂ as M r had directed;
together with the Height o f the Spirits of the forementioned Thermo
meter, upon the ieveral Days of Obfervation,

The chicfof thoie Obfervations are contained in the following Table, 
die lil  Column whereof ihews the Day of the Month ; the 2d, the 
Name of tiic Star, and the Time by the Clock of it’s obferved Tranfit 
over the Meridian ; the 3d contains the Hour o f  the Day, when the 
Thermometer was obferved, together with the Height of the Spiritat 

i| thofe Hours; the Morning Hours being denoted by the Letter A,
and thofe-of the Afternoon, by the Letter P.
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« 12 5 37

7 A  20 
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10 A  i 8 j
11 P 16
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^ 11 36 53 8  ̂ A  19
I P 94
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A I I  5 7  H
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8 P 6
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18
<3i
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The Pendulum, during 
this Interval, vibrated about 
I® 52* each way from the 
Perpendicular,
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The Tranfits of the Stars over the Meridian, were obfcrved with 

a Tclcfcope, fixed at Right Angles to an Horizontal Axis, whofc 
L‘.nds lay exaólly Kaft and Weil ; by the turning of which Axis, the 
Line of Collimation of the Telcfcope, was conftantly direftcd in the 
IMain of the Meridian. Í*his Inftrument was daily adjufted toa Mark, 
rixed in the Meridian : and in the Journal, between the 2d and 3d of 
Februarŷ  the following Remark was made.

N. B. l ‘his Diiy was holier than ufual̂  as appears by the "Thermo
meter \ and the Tratijii Injirument had loft the Level a little  ̂ but after we 
bad adjufted it̂  it pointed exactly to our Meridian Mark  ̂ and therefore 
we are at a lofs for the C:iufe of this Difference in the Clock,

From the foregoing Table it appears, that the Clock loft 54 ' 21 
in 26 Revolutions of the Stars i that is, about 2̂  in one Revolu
tion, the Difference from this Medium foniewhat varying, upon ac
count of a greater, or lefs Degree of Heat on different Days.

The Mean of all -the obfcrved Heights of the Thermometer from 
January 26th, to February i8th, was about 12 i  Divifions. Therefore, 
the DiiFerence between the mean Heigiits of the. Thermometer, at 
Jamaica and London̂  during the Intervals of the refpeólive Obfer- 
vations, was 15 1 Divifions ; the Spirits ftanding fo much higher in 
Jamaica  ̂ becaufe of the greater Heat in that liland.

That we might be able to judge, how much the different Degrees 
of Heat, correiponding to any Number of Divifions upon this Ther
mometer, would caufe the Clock to go flower, by lengthening it’s 
Pendulum, Mr Graham took Notice £xf ĥe loweft Point, to which 
the Spirits funk ac London in the Winter, 1 7 3 1 ;  and the greateft 
Height to which they rofe in the following Summer ; and comparing 
the Motion of the Spirits in this Thermometer, with the Alterations 
in another made with Quickfilver, which he lias for fome Years made 
ufe o f ; he concluded, that at London the Spirits in this Thermometer 
would iland (commuttihus Annis) about 60 Diviíwns higher in Summer 
than in Wjnter.

By icyeral Years Experience, he has likewife found, that his Clocks 
(of the fame fort with Mr Campbellh) when expoled, as ufual, to the 
different Degrees o f Heat and Cold o f  our Climate, do not vary in 
their Motion above 25 or 30 Seconds in a Day.

From theíé Obíérvations and Experiments therefore we may rea- 
fonably conclude, that fufficient Allowance will be made for the 
Lengthening of the Pendulum by Heat, if  we fuppofe the Clock, 
upon that Account, to go one Second in a Day flower, when the 
Spirits of this Thermometer ftand two Divifions higher, and in the fame 
Proportion for other Heights.

Admitting then, that the mean Height of the Thermometer, while 
the Clock was compared with the Stars at Jamaica  ̂ exceeded that at

London

M  E  C II A  N  I  C K  S.
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Loftdon httwccn 15 and 20 Divifions; if  we allow 8, or 9 Seconds, 
upon that Account, the remaining Difference muft be wholly owing 
to the Difference o f the Force of Gravity in the two Places.

Upon comparing the Obfcrvations, it appears, that in one apparent 
Revolution of the Stars, the Clock went 2' Off j  flower in Jamaica  ̂
than at London ; dedufting therefore 8'  ̂ 7, on account of the greater 
Heat in Jamaica  ̂ there remains a Difference of 58^', which mufl 
ncceflarily arife from the Diminution ot Gravity, in the Place ncarefl 
the Equator,

I have allowed the Clock to have loft fomewhat more, on account 
of the Differenceof Heat, than the mean Heights o f the Thermometer 
may feem to require, upon a Suppofition, that the total Heat of the 
Days, compared with the Cold o f  the Nights, bears a greater Pro
portion in Jamaica  ̂ (han London ; but if that Suppofition be not ad
mitted, then the Clock in Jamaha^ mfufi: have gone rather more than

58^' 5rr a Day flower than irt England,
M r Campbell's Obfervations were made at Black-River^ in 18^ North 

Latitude, Now if  we fuppofe, with Sir L Newton  ̂ that the Dif
ference in the going of the Clock, is owing to the greater Elevation 
o f the Parts of the Earth towards the Equator, it will follow from 
thefe Obfervations, and what is delivered by him in Lib, III. Prop. 
20. of his Principia^ that the Equatorial Diameter is to the Polar, as 
190 to 189 ; the Differente between them being 41k Miles-, which 
is fomewhat greater than what Sir L Ntwlon had computed from 
his Theory, upon the Suppofition of an uniform Denfity in all the 
Parts of the Earth.

I fhall not enter into the DIfpute about the Figure o f the Earth, 
but at prefent fuppofe, with Sir /, Newton  ̂ that the Increafc of Gra
vity, as we recede from the Equator, is nearly as the Square of the 
Sine o f the Latitude ; and that the Difference tn the i.ength of Pen
dulums, is proportional to the Augmentation, or Diminution of Gra
vity. Upon thefe Suppofitions, I colleñ from the foremcntioned Ob
fervations, that, if the Length of a fimple Pendulum (that fwings Se
conds at London) be 39.126 Inches, the Length of one at the
Equator, would be 39̂ .00, and at the Poles 39.206. And (abffraél- 
ing from the Alteration on account of different Degrees of Heat^ a 
Pendulum-CIock that would go true Tim e under the Equator, will 
gain 3^48^ !̂- in a Day at the Poles; but the number o f Seconds 
which it would gam in any other Latitude, >̂ ould be to 48 
nearly, as the Square of the Sine of that Lititude is to the Square of 
the Radius ; From whence it follows ; that the Number of Seconds 
which a Clock will lofe in a Day, upon it’s Removal to a Place nearer 
to the Equator, v.-ill be to 3' 48'^  ̂ nearly, as the Diffcrencc between 
the Squares of the Sines of the 1 atitudes of the two Places to the Square 
of t!it KaJius. 'I'hus the Difference ol the Squ.ires of the Sines of 

and I S’-', ihe l/.ititudcs of Londcn and IV.aik^River dicing to
1 i the
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the Square of the Radius, as 1 18 to 228;, the Clock will go i '  58'/ 
in a Day (lower at Black-River than at London, as was found by Ob-
fcrvMiion.

It may be hoped, that Mr Campbellh Succcfs in this Experiment, 
and the little Trouble there is ‘in making it, will induce thofe Gentle
men who may hereafter carry Pcndulum-Clocks into diftanc Countries, 
to attempt a Repetition of it after his manner; that is, by keeping or 
reftoring the Pendulums of chcir Clocks to the lame Length in the 
different Places, and carefully comparing them with the Heavens, and 
ac the fame 'i'ime taking notice of the diiferent Degrees of Heat, by 
means of a Thermometer. From a Variety of fuch Experiments, we 
iliould be enabled to determine how far Sir I. Newton ŝ Theory is con
formable to Truth, with much greater Certainty than from thofe Trials 
which are madebyaftualiy meafuringthe Lengths of fimple Pendulums; 
becaufe a Difference of y^.Parc of an Inch, in the Length o f a Pen- 
dulum, correfponds to in a Day ; and it being eafy to obferve 
how much- a Clock gains, or lofcs in a Day, even toa íingle Second ; 
it is certain, that by means of a Clock, compared in the manner above- 
mentioned, we may diílinguiíh a Difference (in the Lengths of Ifo- 
chronal Pendulums) of 7 ^  of an Inch, or lefs; whereas it will 
be fcarce poflibic to meafure their true Lengths, without being liable- 
to a greater Error than that. Befides, by taking Notice how much a 
Clock gains, or lofes, upon the falling or rifing o f  a Thermometer, 
we can better allow for the different Degrees of Heat in this, than in 
the other Method of making the Exj^eriment, by aftual Meafurement; 
fince it may not be eafy to determine how much the Meafure itfelf„ 
which we make ufe of, will be lengthened by different Degrees of Heat.

For thefe Realbns, I efteem Mr CampbeWs Experiment to be the moft 
accurate of all that have hitherto been made, and propereft to determine 
the Difference of the Gravity of Bodies in different Latitudes; and 
therefore I ihall fubjoin a Table, which I computed from it, containing 
the Difference of the Length of a fimple Pendulum, fwinging Seconds 
at the jliquaror, and at every 5th Degree of Latitude, together with 
the NumbtTof Seconds that a Clock would gain in a Day, in thofe 
fcveral Latitudes, fuppofing it went true, when under the E q u a to r; 
by means o f which any one may readily compare other the like Ob- 
fervations with h is; and thereby diicover whether the Alteration of 
Gravity in all Places be uniform, and agreeable to the Rule laid down 
hy Sir /. Nexvton or not.

T h e
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The 
Lati
tude of 
the 
PliCC.

The l)\^trcnce 
of the LcngfS 
of the Pendu
lum in Parts of 
dr Englijb 
Inch.

Scconds 
gained 
bv a 

#

Clock in 
one D a y .

Dcg [nch Seconds.

rj 0. 0 0  10 7
10 0. 0062 6. 9

15 0. OI3S 15- 3
20 0. 0246 26. 7

2 5 0. 0369 40* S

30 0. 0516 57- I
35 0. 0679 75- I
40 0. 0853 94. 3
45 0. 1033 : 114. I

Lati
tude o f  
tiie 
Place,

'rhe Diflfcrci'.cc 
o f  the Length 
of  the Pendu
lum in Paits of  
an Englijh 
Inch.

Scconds 
gained 
by a 
Clock in 
one D.iy.

Dcg. Inch. Seconds.

5 0 0. I 2 12 1 3 4 .  0

55 0. 1 3 8 6 Í 53 - 2
60 0. 1 5 4 9 1 7 1 .  2

<55 0. 1 6 9 6 1 8 7 . 5

7 0 0. 1 8 2 4 2 0 1 .  6

75 0 . 1 9 2 7 2 1 3 .  0

80 Q. 2 0 0 3 2 2 1 .  4

8 5 0 . 2 0 5 0 2 2 6 . 5

9 0 0. 2 0 6 5 22S.  3

2. The preceding Article brought to my Mind feme Experiments 
I made feme Years ago, that may be of Ule in Obfervations of this 
Nature.

The firft that I íhall take notice of, ihall be fome Experiments I 
made in the Year 1704, with excellent Inftmmcnts, concerning the 
Vibrations of Pendulums in Vaciio *. The Sum of which is, That the 
Vibrations in Facuo were larger than in the open Air  ̂ or Receiver 
unexhaufted : Alfo that the Enlargement or Diminution o f  the Vibra
tions, was conftantly in Proportion to the Quantity o f Air, or Ra
rity, or .D^nfuy thereof, v;hich v;as left in the Receiver of the Air- 
Pümp. And as the Vibrations were íarger or ihorter, fo the Times 
were augmented, or diminiihed accordingly; viz, 2̂  ̂ in an Hour 
flower, when the Vibrations were largeft, and lefs and lefs, as the Air 
was re-admitted, and the Vibrations fhortened.

But notwithftanding the Times were flower, as the Vibrations were 
larger, yet I had Reafon to conclude, that the Pendulum really moved 
quicker in than in the^/>, becaufe the fame DifFercnce, or En
largement of the Vibrations (as two Tenths of an Inch on a Side) would 
caufe the Movement, inftead of 2'  ̂ in an Hour to go 6 or 7I' flower 
in the fame Time ; as I found by nice Experiments.

The next Experiments I íhall mention, I madeat feveral Times, in 
1705, 1706, and 1712, by the Help of a good Month Piece that fwings 
Scconds. The Weight that then drove it, was about 12 or 13 fc , and 
it kept Time exactly by the Sun’s mean Motion : ■ But by hanging oji 
6 tb more, the Vibrations were enlarged *, yet the Clock gained but 
13 or 14̂  ̂ in a Day.

And as the Increafe or Diminution of the Pov/er that drives t!ic 
Clock, doth accelerate or retard it’s Motion *, fo, no doubr, doih

Experiments 
concerning the 
Vibrations o f  
Pcrndulums.
J?> the late 
W . Dcrliaro, 
D. D.
F. R. S. and 
Car.cn of 
Windfor.
No. 440. p. 
201. Jan. 

1736.

•  See Vol. IV .  Part II. Chap. I. f .  32.
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C7V./;/̂ /(/G or Vouhefs z?icQ. it, and fo doth Heat and Cold\ for all have 
the iiiiiic i'.ñlá  upon the Pallets and Pendulum.

I'he l iil I’-xpcriments 1 iliall mention, I made in 1716 and 1718, 
to tty what Eñeás Heal and Cold had upon Iron Rods o f the fame 
t .cngtli, or as near as I could to thofe that fwing Seconds. I made my 
] '\'|)cn!ncnts with round Rods of about i of an Inch Diameter, and with 
iquare Rods, of about 4 of an Inch Square. The Effefts on both which 
were tlie fame.

A t firft I took the exact Length of the Rods, in their natural Temper. 
I ’hen I heated them as well as I could in a Smith’s t ire , from End to 
End nearly to a Flaming Heat; by which means, they were lengthened
— of an Inch. \ quenched them in cold W ater; which made
thetn of an Inch fhortcr than in their natural State.

Then I warmed them to (as near as I could guefs) the Temper o f my 
Body; by wliich means they were about —  of an Inch longer than in 
their natural Temper.

Afterwards I cooled them in a ftrong frigorijick Mixture o f common 
Salt and Snow, which íliortened them ~  Parts ot an Inch,

Afterwards I meafured thefe Rods, when heated in an hot Stm̂  
which lengthened them 7^ Parts o f an Inch more than theirnatural 
'I cm per.

A ll thefe Experiments feem to concur in refolving the Phsenomenon 
of Pendulum-Clocks going flower under the j^qiiator than in the Latitudes 
from i t : But yet 1 confefs, that I have too good an Opinion o f  Sir
I. Newton*  ̂Notion of tlie Sphreroidal Figure of che E a r t h y  to part cafily 
with it; and therefore I leave it to the Confideration o f others, how, 
far the Figure of the Earth, ana how far Heat aria Cold, ana the Rarity 
and Dcnfity of the Air, are concerned in that Phsenomenon.

J n  A a o u n i  o f  IV. I.  The two Clocks upon which the following Obfervations were 
i' being dcfigned for Regulators, particular Care was táken to‘
' P̂tnJul̂ ° with all poiTible Exaflnefs: The two Pendulums

CUcis avire were Jiung in a manner different from what is ufual; and fo difpofed, 
o b f i r v e d  t o  that-the Wheels might aft upon them with more Advantage. Upon

* found not only to move with greater Freedom than
j! lohn Ĵ Iicott, common, but an heavier Pendulum was kept in Motion byafmaller 

'F. R. S. No/ Weight. They were in every refpeft made as near alike as pofiible. 
453; P; 126. The Bail ofeachofthe Pendulums weighed above 23 ib ; and required 

J; to be moved about I 5̂  from the Perpendicular, before the Teeth of tTie
i |  ̂ * fwing Wheel would fcape free of the Pallets ; that is, before the Clocks

would be fet a-going. The Weight to eacli was 3 ife, which would 
ciiufe either of the Pendulums in their Vibrations to defcrit>c an Arch 
of 3°. The two Clocks were each in Cafes, which fliut very clofe, and 
placed Sideways to one another, fo near that when the Pendulums were 
at̂  Reft, they were little more than about 2 Feet afunder. The odd 
P¿ ;̂/í7/;;í;;<;obferved in them were thefe: In leis than 2 Hours after they 
were fet a-going, one of them (which I  call N® i,)  was found to ftop ;

and
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and when fct a-going again, (as it was fcveral times) would never con
tinue going two Hours together. As it liad always kept going with 
great Freedom, before the other Clock (which I call 2.) wjs placed 
near it, this led me to conceive it’s Hopping muft be owing to fome 
InHuence the Motion of one o f  the Pendulums had upon the other; and 
upon watching them more narrowly, I found the Motion of N® 2. to 
increafe as N® i. diminiihed \ and at the time N® i. flopped, 2. 
defcribed an Arch of 5°, that is nearly 2  ̂ more than it would have 
done, if the other had not been near it, and more than it did move in a 
iliort time after the other Pendulum came to be at Red : This made me 
imagine that they had a mutual Influence upon cach other. Upon this 
I ftopped the Pendulum of N® 2. leaving it quite at Reft, and fet 
N® I .  a-going, the Pendulum defcribing as large an Archas the Cafe 
would permit, viz. about 5®. In about 20 Minutes after, I went to 
obferve whether there was any Motion communicated to the Pendulum

2. when, to my great Surprize, I found the Clock going, and the Pen
dulum to delcribe an Arch of 3®, whereas at the fame time i. did 
not move 4®. In about half an Hour after, i. ftopped, and the 
Motion of N “ 2. was increafed to very near 5®. I then ftopped N '' 2. 
a fccond time, and fet i .  a-going, as before; and ftanding to 
obferve them, I prefendy found the Pendulum of N °  2. to begin to 
move, and the Motion to increafe gradually, till in 17^40^  ̂ it defcribed 
an Arch o f 2  ̂ lo*, at which time the Wheel difcharging itfclf of the 
PaUcK, the Clock went. The Arches of the Vibrations continued tp 
increafe, till (as in the former Experiment) the Pendulum moved 5  ̂ ; 
the Motion of the Pendulum N*' i. gradually decreafing all the while, 
as die other increafed ; and in three Quarters of an Hour after, it ftopped,
I then left the Pendulum o f i .  at Reft, and fet N® 2. a-going, 
making itdefcribe an Arch of 5® ; it continued to vibrate lefs and lefs, 
till it defcribed but about 3° ; in which Arch it continued to move all '
the time I obferved it, which was feveral Hours. The Pendulum oí 
N® I .  feemed but little affeiled by die Motion of N® 2. I tried thefe 
Experiments feveral times over, without finding any remarkable 
Difference. The freer the Room was from any Motion (as Peoples 
walking about in it, Csfi.) I found the Experiments to fucceed the better 
and once 1 found 2. fet a-going in 16  ̂ 20^  ̂ and N® i ,  at that 
lime ftopped in 36' 4o'^

2. In my former Account I took Notice, that the two Clocks were 
in fcparate Cafes, and that the Backs of them refted againft the fame /fr-vct'ions an,i 
Rail; that the Pendulums, when at Reft, were about 2 Feet afiindcr, 
and weighed about 23 tb each, and were made to move with i'uch I-'ree- 
dom, that a Weight of 3 ib would caufe cither of the Pendulums to 
defcribc an Arch of three Degrees. 'I'he moft remarkable Particulars 
then obferved in them were thefe: If the Pendulum o f one of the Clocks, 
which (for Diftindion fake) I called N °  2. was loft at Reft, and that 
of the other, which I called N ° i. was fet a-going, this would, in about

16 Min LUC V
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16 Minutes, communicate fo great a Quantity of Motion to N® 2. as 
would make it’s Pendulum dcicribe an Arch o f above two Degrees, 
and would fet the Work a-going: That the Motion of the Pendulum of

i.-conftantlydecreafedasthatofN® 2. increafed, and after about 30 
Minutes it did not defcribc an Arch fufficient to free the Teeth of the 
Wheel from the Pallets, fo that the Clock ftopiml. A t the fame time 
the Pendulum of 2. dcfcribed an Arch of five Degrees, which was 
two Degrees more than it would have done, had it not been affefted by 
the Motion of N ° i. Upon leaving the Pendulum of i. at Reft, 
and fcttingN*^ 2. a-going, the Pendulum of N® i. was^found tobe 
but little aftccled, and never moved fufficiently to fet the W ork a-going, 
'I'hefc feemingly different Effeñs, which the two Clocks had upon each 
other, I (hall now endeavour to account for.

The Manner in which the Motion is communicated to the Pendulum 
at Reft, 1 conceive to be thus: As the Pendulums are very heavy, when 
either of them is fet a going, it occafions by it’s Vibrations a very fmall 
Motion, not only in the Cafe the Clock is fixed in, but, in a greater 
or kffer Degree, in every thing it touches; and this Motion is com
municated to the other Clock, by means of the Rail, againft which both 
the Cafes bear. The Motion thus communicated, which is too fmall 
to be difcovered but by means of fome fuch-like Experiments asthefe, 
will, I doubt not, be judged by many, infufficient to make fo heavy a 
Pendulum deicribe an Arch of 2°, or large enough to fetthe Worka- 
going i and indeed it would be fo, but for the very great Freedom with 
which the Pendulum is made to move, arifing from the Manner in which 
it is hung. This appears from the very fmall Weight required to keep 
it going, which, when the Clock was firftput together, was little more 
than one fc. And if the Weight was taken off, and the Pendulum 
madero fwing two Degrees, it would make 1200 Vibrations before it 
decreafed half a Degree, fo that it would not lofe the part of an 
Inch in each Vibration. Indeed if  the Weight was hung on, the 
Fridion would be increafed, and the Pendulum would not move quite 
fo freely j but even in that Cafe it was found to lofe but little more than 
the part of an Inch, or about three Seconds of a Degree, in one
Vibration-, and therefore if the Motion communicated to it from the 
other, will make it defcribe an Arch exceeding 3^  ̂ the Vibrations muft 
continually increafe till the Work is feta-going. And that the Motion 
:s communicatcd in the manner above fuppoled, is confirmed by the 
following Experiments:

A  Prop was fet againft the Back of the Cafe of 2. to prevent it’s bear- 
ing againft the R ail; and N ° 1. was ftt a-going ; then obferving them for 
iLvcrai Hours, Icould not perceive the leaft Motion communicated toN°2. 
I then Icrt both the Clocks a-going, and they continued going feveral 
D ays; but I could not find they had any Influence upon each other. In- 
iUad of the Prop againft the Back ot the Cafe, I put Wedges under the Bot- 
tomstii both the Cafes, to prevent their bearing againft the R ail; a n d f t u c k

a Piece
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a Piece of Wood between them, juft tight enough to fupport it*s owa 
Weight. Then fetting N ° i .  a-going, I found the Influence fo much 
increafed, that N® 2. was feta-going in lefs than fix Minutes, and N '’ i. 
flopped in about fix Minutes after. In order to try what Difference 
would arife, if  the Clocks were fixed on a more folid Floor, 1 placed 
them (exaftly in the fame manner as in the laft Experiment) upon the 
Stone Pavement under the Piazza’s of the Royal Exchange  ̂ and fluck 
the Piece of Wood between them, as before i and fetting i. a-gohig, 
the only Difference I could perceive, was, that ic was 15 Minutes be
fore 2. was fet a-going, and i. continued going near half an 
Hour before it flopped. From thefe Experiments 1 think it plainly 
appears, that the Pendulum which is put in Motion, as it moves towards 
either fide of the Cafe, makes the Preffure upon the Feet of the Cafe 
to be unequal, and, by it’s W eight, occafions a fmall Bearing or Motion 
in the Cafe on that Side towards which the Pendulum is moving; and 
which, by the Interpoficion of any folid Body, will be communicated 
to the other Clock, whofe Pendulum was left at Reft. The only Ob- 
jeftion to this, I conceive, is the difi'erent EfFefts which the two Pen
dulums feemed to have upon each ocher. But this 1 hope to explain to 
Satisfadlion.

For, notwithftanding thefe different Effedls, I foon found, by 
feveral Experiments, that the two Clocks mutually affedled each other, 
and in the fame Manner, though not with equal Force; and that the 
Varieties obferved in their Aftions upon each other, arofe from the un
equal Lengths of their Pendulums only.

For, upon moving one of the Clocks to another Part of the Room, 
and fetting them both a-going, I fofind that 2. gained of N® i.
about one Minute 36 Seconds in 24 Hours. Then fixing both againft 
the Rail, as at firft, I fet them a-going, and made the Pendulums to 
vibrate about four Degrees ; but I foon obferved that of i. to increafe 
and that of N® 2. to dccreafe; and in a fliort time it did not defcribe 
an Arch large enough to keep the Wheels in Motion. la  a little time 
alter it began to increafe again, and in a few Minutes it defcribid an 
Archoftvvo Degrees, and the Clock went. It’s Vibrations continued 
to increafe for a confiderable Time, but it never vibrated four Degrees» 
as when firft fet a-going, Whilft the Vibrations of 2. increaled, 
thofe ot 1. decreafed, till the Clock ftopped, and the Pendulum 
did not defcribe an Arch of more than one Degree 30 Minutes Ic then 
bc*gan to increafe again, and 2. decreafed, and ftopped a fecond 
time, but was fee a-going again, as before. After this s, flopped 
a fecond time, and the Vibrations continued to decreaie til! the Pendu
lum was almoft at Reft. It afterwards increafed a fmall matter, but 
not fufficiently to fet the W ork a-going. But 2. continued going, . *
ii’s Pendulum defcribing an Arch of about three Degrees.

Finding them to acl thus muiually and alternately upon each other,
I fet them both a-going a fecond time, and made the Pendulun:s 
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defcribe as large Arches as the Cafes would permit. During this E x. 
perimenr, as in the former, I fometimes found the one, and at other 
times the contrary Pendulum to make the largeft Vibrations. But as 
they had fo large a Quantity of Motion given them at firil, neither of 
them loft fo much during the Period it was adted upon by the other, as 
to have it’s Work (topped, but both continued going for feveral Days 
without varying one Second from each ocher; though when at a Diftance, 
as was before obftrved, they varied one Minute 36 Seconds in 24 Hours. 
Whilft they continued thus going together, I compared them with a 
third Clock, and found that N ° i. went i j "  fiifter, and N °  2. 
19 "  flower, than they did when placed at a Diftance, fo as to have no
Influence upon each ocher.

Upon altering the Lengths of the Pendulums, 1 found the Period 
in which their Motions increafed and decreafed, by tlieir mutual Ailion 
upon each other, was changed; and would be prolonged as the Pen
dulums came nearer to an Equality, which from the Nature of the 
A¿lion it was reafonable to expeót it would. This difcovers the Reafon 
why the Pendulum of N® 2. when left at Reft, would be fee a-going 
by the Motion of N® i. w'hereas if i. was leit at Reft, it would 
not be fet a-going again by the Motion of N ° 2.

For I found by feveral Experiments, that the fame Pendulum, ŵ hen 
kept in Motion by a Weight, would gofafter, than when it only moved 
by it’s own Gravity. On this Principle, which may eafily be account
ed for, it follows, that during the Tim e in which the iliorteft Pendulum, 
N ° 2. was only adled upon by N °  i, it would move flower, and the 
Times of it’s Vibrations approach nearer to an Equality with thofe of 
N °  I. than after it came to be kept in Motion by the Weight j and by 
this means the Time which N® r. would continue toadt upon it, would 
be prolonged, and be more than was required to make the Pendulum 
defcribe an Arch fufficient to fet the W ork a-going. But on the contrary, 
while the Pendulum of N® i. which was the longeft, was only adled 
upon by N ° 2. as it would move flower, the Difference of the Times 
of the Vibrations would be increafed; and confequently the Tim e which 
N® 2. would continuero a£l upon it, would for this Caufe beihortcned, 
fo that before the Pendulum of i. w'ould defcribe an Arch fufficient 
to fet the Work a-going, the Period of it’s being afted upon would be 
ended, and it would begin toadl upon 2. at which time it’s Vibra
tions would immediately decreafe, and continuero do fo till it came 
to be almoft at Reft. And thus it would continue fometimes to move 
more, and at other times lefs, but never fufficiently to fee the Clock 
a-going.

ZmtConfidera- The Method ufed in difcovcring the centrifugal Force has  always
whether been, to compare Obfcrvations made in Countries lying atavaft Diftance 

rtri from each other. But I have begun to think, whether the fame end 
a!̂ [entr¡fu%al obtained, tho’ there was no Diftance of Country between
f&rce ; ¡0- the Obfervations made, But in order to explain my Thoughts the more-

cafilv>
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cafily, I fliall begin with mentioning what the learned Hi^'gens has laid annesMarchio 
down, in his Dijfertation on the Caufe of Gravity, when lie endeavoured 
to diicover how much a Pendulum ought to be fliortened, which is 
carricd from France to the Equator. But as his Figure is fo conñrudted, Jan. 1742 j .  
that all the Lines fecm to be in the fame Plane, 1 have endeavoured to Fig. 93. 
form a new Scheme to reprcfcnt fcenographically a Part o f  an armillary 
Sphere, which will help the Imagination better, and at the fame T im e  
be more convenient for the Addition o f  thofe Parts,, which ferve to 
explain what I propofe.

^he Circle P  A  QJE (fays Huygens) reprefents the Earthy cut by a Plane 
pajftngtbro* each Pole P  (^(therefore this Circle will be a Meridian), ^he 
Centre is C : the Equino^lial Circle E  F  A  G-: The Pardlel of Paris D  N  O :
Paris D :  K H  rsf̂ refents a Rope fuftaining a Uaden IVeight FÍ: wlArh 
recedes from the Perpendicular K  D  C , bccaufe it is tbro'UDu hack by the 
circular Motion  ̂ according to the Line D M , ûobich Ifuppofe to pafs thrô  
the IVeight H . N o w  D  M  is a Tangent to the Circle I) N Ü , the 
Parallel o f  PariSy in the Point D.

Now i f  we would know what Jhould be the Situation of the thread K  H ,  
and how mub lefs the Lead H Jhould gravitate^ than i f  it bung perpendi- 
cuhirly according to K  D , we tnujl conftdcr the Point H , as i f  drawn by 
3 Threads I I  C ,  H  M , U K ;  of which I I C  draws toward the Centre of 
the Earth with the whole IVeight which the Plummet would have, i f  the 
Earth flood jlill:  H  M  dra ws according to it*s proper Dire5fion̂  with the 
(centrifugal) Force given by the Motion of the Earthy in the Circle D  N  O  : 
and I I  K drawn  ̂ or draws ̂ with that Force which is fought. Therefore 
i f  C  I I be produced  ̂ and K  I ,  draivn parallel to D  M , it is known that 
the 3 Sides of the Triangle H  L  K  arc proportional to the Powers which 
draw the Point l  i  •, and that the Side L  H  a?tfwers that which draws 
^  l i  C  i the Side K  L  that xvbicb draws H  M  ; and the Side H  K  
to that which draws or fujtains the Plummet by the Thread K  H . But the 
Triangle K D  U  is imagined to have it's Sides equal to the Sides of the 
Triangle H  L  K  *, becaufe C  H  L  is as it were p a r a l le lC  D  K . There- 

fore the Sides of the Triangle K  D  H  anfwer to the fame Powers : namelŷ  
the Side K  D  to the abfoltue Gravity of the'Weight H , which it would bavc  ̂
i f  the Earth flood immoveable ; D  H  to the Power which the daily Motion 
(producing the centrifugal Force by the Tangent D  M ) gives i t ; and 
K  H  to the Gravity fought. But I confider the Power o f  the centrifugal 
Force, namely that which anfwers to the Tangent D  H .

T hus far I have laid down from Huygens's M ethod what greatly relat
ed to my Purpofe ; but fo far only as is neceffary to confuUr the Plum m et
H , as drawn by the 3 Threads H  C , H  M , H  K  ; when the P lu m 
met H  is held immoveable by thefe 3 Threads, or by thefe 3 Powers.
Hut if  it muft be moved j that is, i f  the Pendulum ofcillates ■, I ilifpeft 
that new Confiderations muft be had ofthat Motion o f  O fcillation: T h e re 
fore 1 flu ll make a ftcp towards them, and now treat o f  the Parts, which 
muft bcadded to the Figure.
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But before I fpeak of thefe, I íhall obferve, that I have made ufe oFa 
Figure accurately formed of folid Parts of a thicker iron Wire. I ihall 
alfo obferve (confidering the Hypothefn of the Earth’s being moved) that 
one and the fame Arch is not perfedly defcribed in the fame Plane, in 
one Ofcülation of the Pendulum  ̂ from it*s Centre •, and at the fame time, 
as the differences thence arifing do not difturb my Purpofe, that I may 
f:ifciy ncgk'ct them.

With regard.to my Figure, I defire it may be perfedly underilood, 
that thro’ the Point M a Plane is drawn parallel to the Meridian 
P A Q^E, and that in this Plane an Arch is marked B T  V ; which, 
when the Pendulum K 11 ofcillates in fucha manner, that the Centre of 

Í the Plummet H  never departs from that Plane, would be defcribed by
I the fame Centre in the fame Plane. Let this Arch B T  V  be called the

. firit Arch.
;i Then imagine another Plane to be extended thro’ the Tangent D M
' and the Radius D C, and the Arch R  I S to be delineated on this Plane,

whicii, when the Pendulum K FI ofcillates in fuch a manner, that the 
Centre of the Plummet H  never departs from this Plane, would be de- 
fcribed from the fame Centre in this Plane. Now it is manifeft, that 
thofe 2 Arches B T  V , R I S intcrfeft each other in riglit Angles 
at H.

Tlifefe things being thus laid down, two Cafes worthy o f particular 
Attention occur; or 2 Diredions of ofcillating Pendulums arc chiefly to 
be confidered : one by the firft Arch B T  V ,  the other by the fe- 
cond R I S.

As to the firft; when the Pendulum ofcillating by the firil Arch 
B T V , is moved in a Plane which is always equidiftant, by the Space 
o f the Length of the Line D H , or is always fo much diftant as the 
value of the whole centrifugal Force by the Tangent D  H  ; it feems to 
be clear in this cafe, that the Power of the centrifugal Force by D H, 
the Power of the Gravity by FI C, and the Power of the Thread by 
H  K, notwithftanding the Ofcillation o f the Pendulum, are always 
tempered together by the fame Proportion, which Huygens has explain
ed, ferving alfo to keep the Pendulum immoveable, as I mentioned 
before.

As to the other; in which the Pendulum is moved by the fecond 
Arch R I S in the iime Plane, in which the Line ofDireñion o f the 
centrifugal Force is D  M. In this Cafe that Force does not feem to aft, 
fo as to endeavour to draw the Centre o f the Plummet H  from this 
it’s Plane; but whilft the Pendulum tends from R  to S, this Force feems 
alfo (as it ads in the fame Plane by it’s Direélion frortn D  to M ) to concur 
m increafing the Motion of the Pendulum. But, on the contrary, whilft 
the P^dulum retires from S to R , that Force feems, by it’s Direftion 
from D toM , to retard the Motion of the Pendulum.

Therefore the proper Motion o f the Pendulum, or that which would 
be referred to one central Gravity aéling according to D  C , in the firft

Cafe
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'Cafe of the Excurfion by the Arch B T V ,  is varied by the centrifugal 
Force, bccaufe it is affefled by the Motion arifing thro’ D  H ,  from 
that centrifugal Force, with which Morion it muft neceflarily be com
pounded. But in the fecond Cafe of the Excurfion by the Arch R I S, 
it is varied, becaufe in one entire Excurfion towards, it is acccleratcd 
by the fame Force, direded from D to M v but it is retarded alfo by 
the fame Force in the contrary return towards the oppofice Side R.

Therefore as it feams confonanc both to Reafon and Calculation, that 
the Variation made in the Arch B T  V  is not equalled by that made 
in the Arch R  I S j it alfo becomes probable, that there mufl: be fome 
difference between thofe 2 Cafes, namely, between the Motions o f an 
ofcillating Pendulum according to the fecond Arch R I S, and thofe 
according to the firft Arch B T V ,

Thefr few things being now propofed, I have fufficiently ihewn what
I think I have difcovered, by the Obfervation of that difference. For
I think I have difcovered a Method of finding, by the help oí Obferva- 
tions, fomething about the centrifugal Force, which has been applied 
to the Rotation of the Earth about it’s own A x is , tho’ no Alteration 
of Piacc is made between the making of the Obfervations.

T o  the Cafe o f the firft Arch will anfwer a Pendulum placed upon 
any Meridian Line, fo that the Ofcillations may be made as near as 
poffible according to that Line: And to the Cafe of the fecond Arch 
a Pendulum will be accommodated, if it is (b placed, that the Line of 
the Ofcillations is at right Angles with the Meridian Line. W e might 
have longer Pendulums to our Clocks for fuch Experiments, namely, 
of the Length of 9 horary Feet.

VI. Dr Jursn having propofed * two Queftions in Gunnery to be 
examined, the Society was pleafed to appoint a Committee for that the Committee 
Purpofe. '  i^oyal

The Queilions were. Society ap-
1. Whether all the Powder of the Charge be fired  ̂ before the Bullet

fenfibly moved from it'*s Place ? t̂ejiion în
2. Whether the Dijlance to which the Bullet is thrown  ̂ may not become No.

greater or lefŝ  by changitfg the Form of the Chamber  ̂ though the Charge of 1̂ 5- ^ *72-
Povcder and all other Circumftances continue unchanged?  ̂ ^

At'the Meeting of the Committee it was propofed to divide the Firft 
Queftion into two Parts.

1. Whether all the Powder of the Charge be fired ?
2. Whether all the Potvder that is fired  ̂ be fired before the Btdlct is 

fenfihly moved from ii*s Place ?
As to the Firft part o f the Firft Queftion, the Committee are of.

Opinion  ̂ that all the Powder of the Charge is not fired.
They found their Opinion upon the following Experiments:

•  Jane 24.. 1742.
Piecca '
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