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f.
A  T A B L E ,  ihcwing for what Months each 

Tranfadlion was publiihed.

1

V O L .  N o.
X L I I I .  472 . January^ February  ̂ Marth^ and Aprils

473 . and Part o f JmCy
474. June^ Jufyy Augufi^ Siptemher^ Ociober^ No- 

vember  ̂ December,

475. January^ February  ̂ March^
476. ApriU May^ June^ July^
4 7 7 .  Auguft^ SepicfJiber  ̂ OStoher  ̂ November^ Decemberj  

Supplement,

X L I V .  478. January^ February^
4 79 . March^ April,
480. May, June,
4 8 1. October, November^ December,
Supplement,

482. January, February,
483. March, April, May,
484. Oñober, November, December,
A p pen d ix,
Supplement,

X L V .  48$. January,
486. February, March,
487. April, May, and Part o f
488. June,
489. OSlober, November,
490. December,

X L V I .  4 9 1 . January, February, March,
492. April, May, June,
493. O^ober, November, December,

494. January, February, Marcby ApriU
495. April, May, June, July,
496. November, December,
497. Appendix,

«74 +-

1745*

1746.

»747-

1748.

1 7 4 9 -

1750.

At



A t the beginning o f  V o l. X L I I I ,  the following Advertifement is inferted,

W herc-cvcr it is faid, at the head o f  any paper, here printed with
I \ Additions^ or with Alterations j It is to be underftood, that the author
i o f fuch paper made fuch additions or alterations h im fe lf; for none
H o f them have been made by the editor. A n d  where it is faid,

fented on fuch a day ; It implies that the paper was not read ; the con
tents o f  it being o f  fuch a nature as not to be underflood at a bare read
ing ; and that therefore the fubjc6l in general was only mentioned, 
or the title read.

*This Advertifement is alfo puhlifhed at the beginning o f  V ol. X L V I .

T h is  X L V I .  Volum e o f  the Philofophical TranfaSfions concludes 
thofe pubiiihed by the late Cromwell Mortimer^ M . D . Secretary o f  
the R oy a l-S o ciety the laft number being printed oiF ju ft before his 
death on the 7th o f  January 1752.

;
'  I '
111

I

!!

The following E R R A T A  were correSled in the Tranfa£lions at large,
too late to be re£!tfed in the Abridgment,

V o l. V I I I .  Page in the marginy fo r  3 1. 1738. read O S ,

This article therefore infiead o f being numbered X X V IL  fiould be
X X V . 4.

V ol. JX. Page 4 6 1 , line 29. read, mentions not only a Pen o f Jron  ̂
but alfo the Point o f a Diamond»

The R E A D E R  is dejired alfo to correal the following E R R O R S  in
the prefent Volume,

jj in the margin y for F\g. 18. read?\g. i z .
;'i ■̂ ¿̂’̂  4 7 3 » tabtiy M ay 1 3 . / ? r 3 3 , 23. (the height o f  the Ba

rometer) read^Oy 23. and July 2 4 ,/?r 22, 66. read 29, 66.
Page 4 8 1 , inthemarginy /or July 15 , read July  18.
Page 1034, 1« the margin  ̂ /i?r W arren, rfí?íí W arw ick.

T H E
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T H E

C O N T E  N T S .
V O L .  X. P A R T  I.

T h e  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 .

1.O
F  the H/íín/í i/M uIcinom ials, 

atid Series affe£led by radical 
Signs, which do not begin to 

converge till after the fecond Term ; by 
M r  Sim p fon. Page i

II. Concerning the eajieft method for cakii-
lating the value of annuities upon lives  ̂
from tables o f obfervaticns, by M r  de 
M oivrc, 6

III. ^n account of a new invented ariih- 
metical inflrument called a Siiwan-p;in, 
or Chincfc Acconipting T abic j ly M r  
Sm ethuril,

IV . A  commodious diffofiiion of equations
fo r exhibiting the relations of Goiwomc- 
trica! Lines, ly M r  Jonts, 14

V . Ejfay on Q uantity, by D r  M iles,
22

C H A P .  II.

O p T I C K S .

I. / ^ ^ \F  the application of a Microme- 
ter to a M icrofcope, by Prof, 

Hollm an 29
Y O L X .

II. O f  fallacious Vifion through com 
pound Microfcopes, by M r  Gmclin*

Page 30

C H A P .  III.

A s  T R O N  O M Y.

1. \  N  apparent motion in fome of
the fixed Stars, by D r  Brad

ley, 32
II. Deciina:ions of Southern Stars i?/

the ijland zdmagnitude^ in June 1738^ 
with the method o f finding the lime at 
fea in the nighty by the afpc l̂ o f the 
Southern Crofs, M . de la Conda-
mine, 53

III. A  new method of calculating Ecliplcs 
oftheS\yv\\ t?r íj;;_y Occuitations c f  the 
Scars by the Moon ; by Prof. Gcrften,

55
I V . I. TTitfSun’s E c lip fe o f  July 14,1748.

obferved at M.irlborough-houfe, with 
the 12 foot refrañing Telefccpe fixed as 
a finder to the tube of the great 12 foot 
reficclor: by D r  Bevis, 68

2. ----------  M r  D ay, ibid,
3. ---------- at the Obfervatory Royal at

Berlin, ^  JV/r Grefchow, ibid.



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

' ---------  lythe'E'\r\ of M orton, M r
le Monnier, and M r  Short, Page 69
----------at M adrid, by Don Ant. de
U lloa, 77

V . I . Solar Eclipfe, Jan. 8, 1730, N . S
at Rom e, by M r  Mairtr, 7Í

2 , ------ -—  at the Obfirvatory at Berlin,
by M . Grifchow, and M . Kies,

ibid,
VI. Concerning the M oonV tnotiony by

M r  Dunthorne, ibid.
V II. O f the Acceleration of the Moon by

the fame  ̂ 84
V III . I.  M oon'sEclipfci?/July 28,

1748, obferved iit Marlborough-houfe
ly Dr Ucv'is, 89

2 . ----------at Madrid, ly D. A nt. de
U lloa, ibid.

IX . I. Jn  Eclipfe of the M oon, Dec.
12, 1749, obfcrved at A/r GrahamV 
in Elect-llreet, by D r  Bcvis, and M r  
Short, 90

2. — --------- at Earith, near St Ives, in
Huncingdonihire, by M r  Rlftohb, 91

3  , ------- Rome, ¿y .I'/r Maire, ibid,
X . I. Eclipfe of the Moon, June 8, 

1750, obfcrved in Surry-ftrcret in the 
Strand, by M r  Catlin, and iWr Short,

92
2 . ------   at W ittcm berg, by Prof.

Bofe, ibid,
X I  Tí?/í7/Eclipfe M oon, obferved

Dec. 2, 1750, / « Strand, by Dr 
Bcvis, and M r  Short, 94

X II . Oecultation of Jupiter Moon, 
obferved a t 'Lov\áot\  ̂ byDr^M%^

X III . ^he Phatnomena Venus, repre-
fcnied in an Orrery by M r  Feigufon, 
agreeable to the obfervations of S. Bian- 
chini, itid,

X IV . Obfsrvations concerning M crcury,
by D r  Bcvis, ¡04

X V  Transí o f  Mercury over (he Sun, 
N ov. 5, 1743, at the Obfervatory at 
Gicfen> by Prof, Gerftcn» ibid.

X V I .  Occultation c f  Cor Leonis by the
Moon, Mar. 12, 1747» in Surry- 
ftrect in the Strand, London, by D r  
Bevis, Page n o

X V I I .  Ohfervations on the late Comet,
made at Sherborn and Oxford , with the 
Elements for computing ii*s motions  ̂ by 
the Rev, M r  Jof. Betts, 1 1 1

X V I I I .  The Path of the Comet, 'ivhicb
appeared from the beginning o f  March 
1742, to the beginning of April, from  
the obfervatiom made at the Obfervatory 
and College of the Jcfuits at Pekin in 
China, u 6

X I X .  The Paths o f according to
the Hy^othtfis  ̂ which makes them de
fer ibe a Parabola about the Sun, by 
Nicholas Struyck, j ly

X X .  Various afironomical obfervations 
made in Paragua, in S. America, 1 1 1

X X I .  Remarks upon the Solar and Lunar 
years  ̂ the Golilcn Number, the Fpadl, 
and a method of finding the time of 
Hafter, as it is now obfcrved in moft 
parts of Europe, by the E. o f  Macclef- 
fieid,

X X II- Gradual Approach of the R zn h  to 
the Sun, by P ro f  Euler, 141

X X I Í I .  Contraction of the Qxhiiisof the 
Planets, by the fame.,

X X I V .  J  new method o f making a M u 
ral Oiiadnint, which fia llb e  free from  
many of the inconventencies to which thofe 
now in ufe arefuhjeii, by M r Gerilcn,

X X V .  D e fc r ip tio n W  Ufes <?/¿7» Equa
torial Telefcope, by M r  Short, 154

X X V I .  Imprc '̂tm vJ o f the Ccicítiai
Globe, by M r  Fergufon, ,

X X V I I .  J  Letter from the PFidow o f the 
late M r  Senex to the Prcf. concerning 
the large Globes prepared by her hujhand^

15H

C H A P ,
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T h e  C O N T E N T S .

C H A P .  I V.

M e c h a n i c k s , A c o u s t i c k s .
«

1, r n p i H  E  A<5lion <if Springs, hy D r
Jurin, 160

II. An inquiry into the M cafurc o f the
Force of Bodies in Motion : with a pro- 
fojal o f an Experimentum Crucis to de
cide the Controverfy about it j l)y the 
fame, 1 74

III. Dynamical Principles, or M ctaphy-
fical Principles of M cchanicks, by the 
fame, 182

IV . I. A  7ietv M irror, which burns at
66 feet áiftance  ̂ invented by M . deBiif- 
fon, in a letter /re?;;; JVfr Turberville 
Needham, 194

%. Concerning the fame M irror burning at 
150 feet diflanccy in a letter from the 
M arquis Nicolini, 195

3. AbfiraSt of a letter from  M . Buffon, 
concerning his Re-invcntion o f  Archi- 
medesV burning Specula, ibid,

V . The motion of Projediles near the
Eiirth's Surface confuiered  ̂ independent 
o f the properties of the Ccnic Sc ĴionSy 
by M r  Slmpfon, 196

V I . 1. Obfe  ̂valions on the height to vM ch  
R orkcis afcend, hy M r  Robins, 201

2. An account cffome experiments madeby 
M r  Robins, M r  Da Cofta, ana feve- 
ral other Gentlemen  ̂ in order to difcover 
the height to which Rockets may be made 
to afcend, and to what diflance thdr 
L ig h t may be fee?t *, by M r  E ilicott,

202
V II . Defcription o f  a M achine to blow 

Fire by the fa ll  of W ater, by M r  Stir
ling, 20^

V I I I . Tables o f  Specific Gravities, ex- 
trrScd from various Authors^ withfome 
Obfervations upon the fame by D r  D.ivis,

206
IX . A  Letter from  R obert Southwell,

Efq-, to M r  H enry Oldenburgh, con
cerning fome extraordinary Ecchoes,

Page 246

C H A P .  V .

H  Y D R A U L I C K s.

I. A  Defcripticn of a W ater-W heel for
/ V -  M ills, invented by M r  Phiiip 

W illiam s, 247
II. A  Dcfcription o f a Clepfydra, or

W ater-Clock ; hy the Hon, Charles 
H am ilton, Efq-, 248

C H A P .  V I.-  

G e o g r a p h y  and N a v i g a t i o n .

I. /^\Bfervations determining Lon- 
gituvie of Kingfton in Jamaica, 

by M r Short, 250
II Extra£l of a Letter from Prof. Euier 

to the Rev. M r  W etílein, concerning 
the Dtfcoverics of the Rufilans on the 
N . E  Coi-.ft Afia, 251

III. A  Letter from Arthur Dobbs, Efq\
to the fame., concerning the D:ftnnces 
between and 252

IV . A  Letter from  F, Gaubil, to D r
M ortim er, containing fome account of 
the knowledge of Geography amongft 
the Chinefe, 255

V . A  Letter from M r  John Robcrrfon,
to the Pref. containing an Explanation of 
the late D r  H ailey’s Demonfiration of 
the Analogy o f  Logarithm ic Tangents 
Í0 the Meridian L in e, or Sum of Se
cants, 25^

V I .  ^ M a ch in e  /^r f o u n d i n g S e a
any depths or in any part  ̂ hy Major 
C o o k , 261

a 2 C H A P .



Xii The C O N T E N T S .

C H A P .  V I L  

M u  S I C K.

I. tbe various Genera tfwiSpecies
of M uíick among the Ancients,

•with fome Obfervations concerning their 
Senile, ^  Dr Pcpulch, Page 261

II. A  Machine to ttri e down cxc. nipore 
Volunraries, or oth^r pieces of M ufick, 
hy tbe Rev, M r Qxttfid, 266

V O L .  X. P A R T  II.

The P H Y S I O L O G I C A L  P A P E R S .

C H A P .  I.

P h y s i o l o g y , M e t e o r o l o g y , 

P n e i / m a t i c k s .

1. I. \  Bfira£f c f  'what is contained in a
book concerning Eltíílricity, 

ju fi publijhed at Lcipfick, 1744, ly 
P ro f  W inkler, 269

2. O f  E ic6rici:y, by Prof, Hollm an,
271

3. O f  firing Phofphorus by E lcilricicy,
D r M iles, 272

4. New Obfervations on Eledlricity, by
Prof. W inkier, 273

5. Ahflrct¿i of a letter from M. De Bozl*s,
to M . Dc Maizcaux, 277

6. A  Letter from Dr Miles to the Prcf. 
containing Obfervations of luniinous 
Emanai;ons from human Biiriics, and 

from Brutes; v)iib fome nrAarks on 
E ltdriciry,

7. Experiments and Obfervations  ̂ tenaing 
to iliiifirate the nature and properties of 
E leitricicy, iy M r  W atfon, 279

8. Further Experiments and Obfervations
by the fame, 2^0

9. A  Sequel to the Experiments and Ob-
fervations, in a letter to tbe R o y a l-So
ciety, ^  the fame, 294

10. Extraéis of two letters from D r Miles 
io M r  Baker, concerning tbe effe¿ís of a

cane o f black Sealing-W ax, and a Cane 
c f  Brimilone, in E lcdrical E xperi
ments, 3 17

1 1 . Extraes of two letters from tbe fame,
containing fcveral Eleétrlcal Experi
ments, 3x9

12. Part of a letter from M r  Trem bley 
to the Vrt{. comerning the Light caufed
by Quickfiivcr fbuken in a Glafs Tttbe  ̂
proceeding from E icilricity , 321

13. Part of a letter from D r  M iles to 
¿\ir Baker, concerning E k a r ic a l Fire,

322
14. A  letter from tbe fame, concerning the

Elc¿fri,:ity of W ater, ^25
A  letter from to M r  E lli-

cor, c f  weighing tbefirength o f  EkckrU  
cal L'ífiüvia, 324

16. Part o f two letters from D r  M iles
to M r  Baker, containing fome E lcélri- 
cal Obfervations, ^25

17. ExiraSl o f a letter from P ro f  W in k 
ler, concerning the effers o f  E led ri- 
city on himfelf and his wife^ 227

18 A  letter to M r  Robins, fhewing that 
the E ledricity of Glafs difiurbs the M a 
riner’s Compaís, and alfo nice Balan-

328
19. ExtraSl of a Utter from M r  Boíé to 

M r  Watl'on, on tbe Lli-aricity i/G lafs 
that has been ex^ofed to Jlrong Fires, ^29

20. E x  trail



The C O N
20. ExtraSi o f a letter from M r  Nced-

hafu to the l^ref. concernwg fome new 
E lcdrical fcxperimcnts lately made 
at Paris, ibid,

2 1 . ExtraH of a Memoir concerning the
Communication of bJciiricity *, i/y M . 
le Monnier the younger  ̂ 336

22. Qbfervations upon fo much o f the
preceding Article^ as relates to the com- 
nmnuaiing the l ih d r ir  V i r t u e N o n -  
elc6lrics, by Mr W atfon, 339

23. Part of a let’cr from M r  Browning 
o f  Bnftol, to M r  Baker, concerning the 
Effeti of E lcitricity on Vegetables,

342
24. E xtra s o f letter from M r  Cooke 

to M r Coll ní*jí . concerninf the Pro
perty of New Flan.)cl fparkling in the
dark. 343

25. Part o f tvDo Itntrs from the fame  ̂con
cerning the fparkHng of Flannel, and 
the Hair o f  Animals in the dark  ̂ ibid,

26. Defeription and Ft^ures of an Electri
cal Machn-(*, h  P rof W  nkler, 345

27. A  coHe6lion of the FJedtriral b.xpcri-
ments communicated to the R . Soc. by 
M r  \V.ufon, 347

28. Some farther Inquiries into the Nature
and Properties o f  EJeCtricity, ly the 
fame, 368

29. Part of a letter from the Abhi Nollet 
to M r  Folkcs, concerning Elcutricicy,

582
30. 31. An tov;ards difcGveringthe 

Law s 0 /E le ilric ity , by M r  Ellicocr,
386

32. A  Continuation o f the foregoing E ííay,

394
j i  new difcovery o f the ufefulnefs of 

Eledlriciry in M edicine, by P r o f  
W in k ler, 399

34. A  letter from M r  Baker, to the Prcf.
concerning feveral Medical Experiments 
of E leitricity, 404

35. A lelter from M r  R ochc to the Prcf.

T E N  T  S. xia

of a Fuftian Frock being fet on fire by 
E le fln citv , 405

36 Extract of a letter from D r  Hales to 
M r  Mall, concerning fame Elcftrical 
Experiments^ ibid,

37. Á  account o f the Experiments made
by fome Gentlemen of the R. S. tn order 
to tneafure the atfoiute Velocity o f  E lec
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X X V III . An account of a W m .

Brownrigg, M . D. F- R in i^uled. 
T h e  A rt of making common Salr, as 
now praflifed in moft parts o f the 
W orld  ; with feveraj Improvemt^nts 
propofcd in that Art, for thr ufc of 
the Britifh Dominions, ahflra^ed by 
M r  W ation, 657

X X I X . O f  the Salt-mines near Cracau,
B r  M ounfcy, 668

X X X . Fomis i?/Bohemia, hy the
fame, 670

X X X I .  O f fome found in Ireland,
^ yA fr Simon, ibid,

X X X I L  Concerning and melting
Iron •with PU-Coal, hy M r  Mafon,

671
X X X i l l .  I. Concerning a new Semi- 

metal called Platina, by M r  W atfon,
ibid,

, O f  the famCy ibid.
3. O f  the fame, 674
4 . ----------by M r  Eman. M endez da

Cofta, 675
5. — ------ hy B r  Brownrigg, ibid.
X X X I V .  Concerning the Everiafting

Fire in Perfia, hy B r  M ounfcy, 677

C H A P .  IV . 

M a g n e t i c k s ,

1. ]V yT Agnetical Experiments fhewn
_ V x  before the R . S. ty B r  
Knight, 673

II. 1. A  Col!e£fion of the magnf*t. Exp. 
communicated to the R. S. hy B r  Knight,

68 X
2. An account of fome new Exp. lately

made with artificial Magnets, by the 
faine  ̂ 684

Sonu further Exp. relating to thegene- 
ral P tenom ena of M agnctifm , by the 

fame. Page 685
III. A  letter from the fame to the Prcf.

concerning the Poles of M agnets being 
varioufly placed, 688

IV . Adefcrjption of a Mariner’s Compafs
contriveahy the fame, 689

V . An account of fome improvements of the
Mariner’s Compafs, in order to render 
the Card and Nerdlc propofeJ by Dr  
Knight, of general ufe, by M r  Smca- 
ton, 693

V I. A  letter from Capt W addfl!, to M r
Franks, concerning L ig h t
ning, in deflroying the Polarity of a 
Mariner’s Compafs \ to 'ivhich are fub- 

joined fome Remarks thereon, hy B r  
Knight, 695

V II. Obfcrvations made during the k fi  3
years, of the quantify of the variation of 
the magnetic horizontal Needle to the 
\V. hy M r  Gco. Graham, 698

C H A P .  V .

B o t a n y , A g r i c u l t u r e .

I. ^  ' H E  efiabliflment o f a new Genus
i  of Plants called Salvavíora, 
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fliire, by the fame  ̂ 1264

V . I. An Explication o f a Roman Infcrip- 
tion found not long fince on a Stone at 
Silchefter in Ham piliire, by the fame^

ibid.
2. HÍ Defcriplion of the Town is/'Silch' Htr, 

in /VV prefnt State  ̂ by the Jamê  1 7.67
V I . An ancient Roman If Icription at 

Rocheftcr Nortbunibeiland, and 2 
others at Rifingham  ; by Air. Hunter,

1272
V I I .  The Infcription upon a Roman

A\i^r found near Si7iw\\QY>̂  in the Eifljo- 
prick o f  Durham, by the Rev, M r  
B irch, ibid.

V I I I .  A  Roman Infcription found at
Bath, (cmmunicated by the Rez\ D r  
Scukcly, ibid.

IX . Remarks upon an ancient Rom an In
fcription, found in that Part o f  Italy, 
v>hichformer^belonged to the Sabines; 
and now in the Pojjcjfion o f D r  R aw lin- 
fon, P ro f  W ard, 127:;

X . An A  tcmpt to explain an ancient Greek
Infcription ingraven upon a curious 
Bronze Cup with 2 Handles  ̂ and pub- 
lifhed u ith  a Draught of the Cup, by 
D r  Pücoke, in his Dcfcripticn o f the 
Eaft, by the fame, 1278

X L  An Explanation of an ancient Infcrip
tion difcGvered at Rutchefter, the lajl 
Station in England, upon the Roman 
W a ll, by D r  T aylo r, 1284

X II . Concerning 2 ancient Cam ps in
H am pihire, in a letter from M r  
W rig h t to M r  Theobald, 1294

X III . An Account o f the prefent Condition 
o f the Ronjan Cam p at Caftor in 
N orfo lk , with a Plan o f  /V, in a

letter from M r  Arderon to M r  Baker,
Page 1295

X I V . An attempt by Prof, W ard, /5 ex
plain feme Remains o f Amiqui'y lately 
found in H ertforclhire, and communi- 
caied to the R. S. by W ill. Freeman,

1298
X V . Concerning the ancient Bridewell at 

Norwich, iy M r  Arderon, 1304
X V I  I Ex/rf.élof a let/ir daiedatRoiv.c^ 

from M ' H oare, a young Statuary  ̂to his 
Bro'hcr M r  Moare, an eminent Painter 
at B.ith, giving a foort Account o f feme 
o f the principal antique Piftures jound 
in the /í«/«/<?/Hcrculaneuü), communi
cated by the R ev. M r  Birch, j 305

2. Remarks on the principal Paintings 
found in the fubterranco. s City of H er
culaneum, aud at prefcnt >n the Pojfef

fton of the King of Naples, by ----------
Blondeau, EJq\ communicated by D r  
Stack, 1 307

X V I i  Account o f a Eas R elief of 
found at Y o rk  *, explained by the Rev» 
D r  Stukely, and communicated by M r  
D rake, 1 3 1 1

X V I I I .  An Accountof an ancient Shrine,
formerly belonging to the Abbey o f  Croy- 
land ; by D r Stukely, 1313

X I X .  An Abfira£l o f a Difcourfe intitled 
R eflexions on the Medals o f  Pefcen~ 
nius Niger^ and upon fom t Circum- 
ilanccs in the Hijlory e fh  'is L ife  *, writ
ten in French by M r  Claude Gros de 
Boze, andfcnt by him to D r  M ead, 13 14

X X . A  Defcriplion o f fome clay Moulds or 
Concavescf ancient Roman Co\ns^ found 
in Shrcpihire, by M r  Baker, 1320

X X I . A  brief Account o f a Roman T ef-
fcra, by P r o f  W ard, 13 2 1

X X I I . A  letter from  A/r G . Stovin, to
his Son, concerning the Body o f a 
W'oman, and an antique Shoe found 
in a Morafs in the Iflc o f  Axholm e in 
Lincolnihire, 1326

C  H  A  JL̂
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C H A P .  II.

V o y a g e s  and T r a v e l s .

I. f^ O c e r n b ig  the Ifland of Zetland, in
a ktier from M r  Prcfton to M r  

A m es, Page 1328
II. A  letter from  Robert M ore, Efq\ lo 

the Prcf. containing fevcrai curious R e
marks in bis "Travels through Italy,

133'
H i, Obfervations and Experiments made 

in Sibiria, extracted from the Preface 
to the Mora Sibirica, H ill. Plant. 
Sibirize cum tabulis ncri incifis Auñ» 
D . Gm elin, hy D r  Fothergill, 1333

C H A P .  III.

M i s c e l l a n e o u s  P a p e r s .

L  ^  JV eafy Method o f procuring the 
true Imprejfion or Figure o f  

Medals, Coins, &£*. hy M r  Baker,

1 3 3 9
II. 1. Concerning the Bologna Bottles % 

in a letter from D r  Bruni to M r  Baker,

* 3 4 3
2. An Account of fome Experiments^ 

lately made in Holland, upon the Fra- 
gility of unnealed Giafs VeiTels; com
municated to the Prcf. ibid.

III. I. An Account of Glafies a new
Contrivanccy for preferving pieces of 
Anatom y or Nat. H ift. in Spirituous 
Liquors^ ^  M . le Cat, 1349

2. Addition to th€ preceding Paper^ hy the 
fame, ibid.

IV . A  letter from D r  L ining to Dr Jurin,
ferving to accompany fome Additions to 
his Statical Experiments, 1350

V . A  State o f the Engliíh W eights and 
Meafures o f  Capacity, as they appear

TENTS.
from tbs La'ws^ as 'xell Ancteni as 
Modern^ *:vith fome Confidcraiions there
on ; being an Attempt to prove, that the 
prefent Avcrdepots IVetght is the legal 
and ancicnt Standard f o r  the Weights 
and Meafures of this Kingdom, hy M r  
Reynardfon, Page 1356

V I .  An Account o f two Chincie Paper 
Money Bills, by F. A nth. Gaubil,

13^4
V II .  I. Some Experiments on Suhftances 

rejijling Putrefaction, hy D r  Pringle,
1365

2. The fame continued, ' 3̂9
3, The fame continued, *373
V I I I .  A  Remark on F . HardouinV 

Amendment o f a Paffage in Pliny,
*378

I X . I. The Elements o f a Short Hand,
by M r  Jeake, 1380

2. A  letter from M r  Byrom to the Pref.
containing fome Remarks on M r  JeakcV 
Plan for  Short-Hand, 13ÍÍ4.

3, A  letter from the fame to the Pref. con
taining fome Remarks on M r  Lodw ick ’s 
Alphabet, 1386

X . A  Propofalfor warming Rooms hy the
Steam of boiling Water conveyed in 
Pipes along the JValls ; And a Method 
o f preventing S h i p s l e a k i n g ,  %vbofe 
bottoms are eaten by the Worms \ by 
Colonel Cook, 3̂ 9 ^

X I. I.  A  Propofal for checking in fome
Degree, the Progrefs o f  F ires; hy D r  
Hales, ibid.

2. An Addition to the former, hy D r  
Mortimer, *392

X I I .  The great Benefit ¿/Ventilators, hy
D r  Hales, ibid,

X III . ExtraSl of a letter from M r  A rdc-
ron to M r  Baker, giving an Account o f  
the Weavers A larm , ibid.
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T H E

Philofophical Tranfackions
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  P . I.

A L G E B R A ,  A R i r H M E r i C K ,  F L U X I O N S ,  and 
G E O  M E T  R T .

I. L  T  H  O* the Application o f  infinite Series, and the í7ím .v
Quadrature (>i the conic Seition':, to the invcríé Method 
ot Fluxions has exercifed the Pens o f  the m oil able ¡VIa- 
thematicians, and produced many curious and ufeful D if-J iS f  Signs*̂ '̂ 
covcries; yet nothing has been hitherto given, tlwt I fivhub do mt 

know of, whereby the Fluents ot radical Multinomials and Scries, which to con- 
do not begin to converge till after the fecond T erm , can be determined, 
fo as to be o f U ic in the Solution ot Problem s: the common M ethod, f 
by expanding the given ExprclFion, being altogether impraclicabie in Litter from 
this Cafe. T . Simpion

I h is  little Eiiay is not merely an abftraáted ufeleís Speculation, 
may be apply’d to good purpofe in many difficult and important Inquiries 

V O L .  X . P arci. B  íntoj?.



2 O f the Fluents c/* M ultinom ials, Gfr.
/>r/A«//</May into-Nature; whereof I have put down one or two Inilanccs, and fiiall
26. 1748. further obferve here, that moft o f the lunar Equations, given by Sir L

are only fuch Approximations as may be exhibited by the firll 
" í7¡8. Term  o f a Series derired by the Method here delivered.

r, op̂ fuhn X ¿  P" -  * ¿  being given (either in algebraic I'ermSy
or from the Quadrature o f the Conic Seilionŝ  & c.) it  is propofed  ̂ by 
means thereof^ to approximate the Fluent o f a cx^ - j-  dx̂ '̂  -J- ex ’̂* 
-j-/v« " ¿Í7.) X X P" — * .V; fuppojing the Series not to converge till af
ter the fccond Term.

M a k e ^ "  =  r.v" - j-  - f-  exz^ and let i^ b c the given Fhjcnt
o f  a - j-  Í 2«') X 2 P" — * K, anfv/ering to any propofed Value o f

1

M oreover let_y =  .v?", or_y p* =  and let this Value o f at" be fubftituted
-I i  i

in the firft Equation, and it will becomc cz^ =■ cy f ~]r dy  ̂ ey  ̂ ^ c .* J

whereof the Root y  being extracted, we íhall (by m aking R — ------- J

_  P P  -j-  3 ^ < ! l_ P _ I ,  q- -  —  i ~ 4 ?’ +  5 ,
2 £2 c 6

X ^  Í í f f . )  l ia v e  y  (.VP“)  =  S z f "  - f -  “  (d c .

I- t L Z  
‘ Í-3  >

■  »

whence we alfo obtain í̂p*»— > x  =  z p ® — * z  ‘ j- X / i 2 P " + “

'  Z  4

L e t this Value, with that o f cx^ dx^  ̂ - j -  exv  ̂ i^c. (above given) 
be now fubilituted in the propofed Fluxion, and it will become

pn
a  ’ \-cz^ ^ X z  

x i z P " + Z ^ C .

pn 4" —  *

M oreover, let v  denote the Place, or Diilance, o f any T erm , o f  this 
Expreifion, from the firil (exclufive) then the T erm  itfelf (drawn into

the common M ultiplicator) w ill be denoted by a -¡— 2̂̂ ’ 

pn +  Yn —.

m X i— 1-- X

yi z

p  “h  I

z ;  and the Fluent thereof will be truly exprefied by 

. ; ’ +  2 „  p
p-t m —T—  X

a 
X

u n i D



I

OfiheMi££nts of'Wl\úúnom\ú%y

V A  a - p  cz^]
m +  I

X _ « _
X 2

pn —  n

p  —  I

p  "j- V  —  I

a z

p  m V X nc 

vn —  n p ~ \ - v —  i . p - \ - V
+ r = L  5 + - ^ .

• .  ''ainto z  —

vn —  2n
continued to as many T erm s as tlicre are U nits in

o. Wherein let v  be expounded by i ,  2, 3 Í£?r. fuccenively, and 
Sy íT, eí'í-. by ^  refpediveJy: B y which means the Fluent o f  the whole 
Exprcinon will be obtained.

Becaufc the Fluent, o f the general T erm , when the M ultiplicator C»m.

— \ m -f* * 1 • \ \ - P ” P   ̂ P ' \ ^a ‘ t-  cz\ l^ecomes =  o> is barely =   ̂ i -  -------

P ^ m r  3
X _____

- V a
X AS> the Fluent o f the

whole KxprefTion w ill, therefore, in ihis Cafe be truly defined by

. ^ x  I —
I.  R a

m I. C + ^ • p i .  / ► H - 2 . ^ t a

?;7 “- p  I . p  ^  m - r 2. C ‘

“p - p  1. ^ “p  w - p  2.  p

m X 2 pji — Í 2, when z^ --------
c

iL ry W here .9  denotes the
V  6' ^

a
Fluent o f  a

But, i i  m~*r I and p  be, each o f  them, the H a lf  o f  an odd aíHr-Grtf¿. 
mative N um ber, and P  be taken to denote the Periphery o f  a Circle 
whofe Diameter is U nity, and —  c be put =  then the Value o f . ^

^ o r  the Fluent o f  a —  f ^ ’\”* x 2 p" — * s ,  when 2:" =

n b ?
X

I* 3- 5 ' 7 (^^P —  i  Fadors) x  i .  3. 5. 7 Csfc. to (w - f-  4. Fadtors)

2» 4. 6. 8. 10. 12 ^ c . ( t o p  m Faótors)__________
Therefore úxtWhoky required, Fluent, o f  <2 —  hx^ ^  â*3" £s?7 .)

x x P " “ ‘ ^ is, in this Cafe, equal to the Product o f  that ExpreíTion

into the following Scries, i
I. R a I. p  ^  7.. Sa^

■ P-P +  4 -P +  5  „  ^  . i .  

6 ^  ¿5 '

^'hat is above fpecified.
T h e



O ftb eF lu e n h o fM .\x \ú tio rc\ú s,

T h e U fe o f what has been deliver’d above will, in feme meafiire, ap
pear from the Solution o f the two following Problems, which I (liall 
iubjoin as Examples thereof. T he lirft is ;

To find the Time o f Ofdllation in the Arch o f a Cycloid  ̂ iji a Medium reftfiing 
according to the duplicate ratio o f the Velocity.

L et denote the whole A rch o f the Sem i-Cycloid, or the Length 
o f  the Pendulum, a the A rch  defcribed in the whole Defcenr, and any 
variable Part tliercof delcribcd from the Beginning ot the Dcfccnt 
and let the Denfity o f the M edium be, every-where, as %: Then the 
1‘ luxion o f the 'l  ime will be iound =

a
2 d  X 2
_  X -------------- -

fJ 2 2. 3-Ü

4 x̂

2. 3. ^h^ 2. 3. 4. 5 hi
& c.

X 2 y/l' X :/ X * ; which being compared with a — hx^-\~dx^^-Yexi^0 T}. 

•vide Carol, 2 . X .V®"“ ' .V wc fhall, in this Cafe, have« =  j , w =  —  =  =

^c. Whence
, 2 a  d 2 e I /  _

I5¿3

l i _ 3̂ 7 0» j -  i )  ^  p  , 
8. 10. ip  - p  »0 ^1.

45-63 ŵ P 2 . 4 . 6 .
I. R a

/ > t m I.  b T

2. Sâ - a

2 bh  * 12 b̂  ĥ

P  i I»

p  ~r

18 bi hi

2 a
o f one Vibration o f  the Pendulum ; which, by fubftituting i -¡------ x  ^

for its Equal & c ,  becomes P  A  x 1 *
â 2 ai

6 “  J b i

which it appears, that the Effect o f  the Refiftance on the T im e o f  Vibra
tion, in fn^all Arches, is nearly in the duplícate Ratio o f  thofe Arches. 

Prittiip. Prop. Sir I. Newton has, indeed, given a very different Solution to this
27. B. 2. Problem. But as the Conclufion here brought out exaétly agrees with 

^yhat I have elfewhere given, by a different M ethod, I have great Rea- 
fon to believe I luve no where fallen into an Error.

T h e

*  T h e  Invciligation o f  this, and the Fluxion in the following Example, are both eiven 
in my Ellkys. 9  f  » b

U1ÍLEDL



O f the Fluents cfM\i\úr\orr¡\úsy &c.
T h e  fecond Exam ple I ihall g ive as an Uluftration o f  the foregoing 

M ethod is,

^0 determine the Apfide Angle (cr the Angle o f the two Apfes at the Center) 
in an Orbit defcribed by means o f a centripetal Forccy which varies 
¿iixording to any Pciver of the Diftance,

111 oriier to which, let the V elocity o f  the Body at the higher A pfe 
be to thiit whereby it might defcribe a Circle at the fame Diftance 
from the Center, in the given Ratio o f  p  to U n ity ; alfo let that D i
ftance be denoted by U nity v and, fiippofing z  to denote any other
Dittance, let the centripetal Force be univcrfally exprefied by
Then the Fluxion o f  the A n gle  at the Center will be expreíTed by

n  1 n •I

^ ' I **  ̂̂
— ^  and X =  I —  X *, and it w ill become =

2 I X X a X

I —  V X —  I —  , . . v x  . v , v  —  2
—  =  r  I —  a i  into a ----------- H — :— :—  x  x  ̂ —

2V

V. V 2. -y —  3

2 . 3* 4

N o w , to find the Fluent o f the firft T erm  hereof (drawn into the
2 ^
-  X X̂  (¿C.

V X V V
general M ultiplicator) or a------ --  “ p 2. 3,

i  - I
X A?

• f. V d  V — ' 2
pf, wc have (as before) » =  i ,  w =  —  ^ =  i ,   ̂=  — , - j-  = -------- :

2 cf 3

e V —  2. V —  3 A ir r»
-^  =  — ------------------- -, (sjC, A lfo  R  =
i 3-4

2 —  2 . 4 V-
- ,  O — ---

 ̂ 3* 4 ’  ............. . "  6 ' 72
and confequently the Fluent itfclf (when the Body arrives at the lower

Apfe) =  - 7 ^  X 1
V —  2 

2 V
X a -j-

2. 4 —  5
48 V- X -4

y  V

6 . 4 ^ ^3

22
(dc. A fter the fame manner the Fluent

p  ^
o f  the fecond Term  w ill come out =  -  — x —

V
5 -

X a -



il'
'A  Methodfor calculating Annuities upon Lives

+
-y --- 2 . I V  — , r L V- j  ^  3 i

------ - X a> ^ c ,  that o f  the third =  - . = i  x —  -4-
48 Vi y/ 2 v^

I t J "  ' Z J
12 Vy

X a'i [Jc, ^ c . ÜC. W hence, by collefting thcfe fcvcral

Fiucnts together, v.*e have r
2 0  —  i; V

4S v^

\ I Z  V> —  6 2  V '  4.2 V  —

6. 4S"^n X ai for the Fluent

a
o f  the whole ExprefTion: And this, drawn into v  x —  i —  -----

a-
g ^ c .  ( =  i  X I —  a i )  v. ill be =

V —  2, 2 V

4 8

a- , V 
X ---  “j-----

2. 2 V —  l\^ a"i . .  P
--------- ’ X — =  --»=■

v'i
X I

72

n —  I. n~T I

2 4

K  T

«  T  3

n

18 n -r i^c. wliich, in Degrees,

180
gives X I *  “1-

24

2
-  X r = —

n  —  I . h 'Y~ 2) *

18.

X •===-■, for the true Meafurc o f  the A ngle required. 
« T s l s  ^ '1

^  IttUr from  
M r  Abr. D c 
M oivrc, f . R .

to William 
Jones, Efq\
F. R. S. con-
cerning the 
eajieji method 

f o r  calculat- 
ing the value 
o f  annuities 
upon liues^ 

from  tables 
t)f ohfer*oa  ̂
tions. 
Prefented 
June 7 ,  1744. 
No. 473- P- 
6 j .  May. 
(Sfc, 1744.

II. A ltho’ it has been an eftabliilied cuftom, in the payment o f 
annuities on lives, that the laft rent is loft to the heirs o f the late 
fwiTeffor o f  an annuity, i f  the perfon happens to die before the expira
tion o f  the term agreed on for payment, whether yearly, half-yearly, 
or quarterly: neverthelefs, in this treatife I have fuppos’d, that fuch a 
part o f  the rent ihould be paid to the heirs o f  the late pofleiTor, as may 
be exadly proportion’d to the time elaps’d between that o f  the laft pay
ment, and the very moment o f the life’s expiring; and this by a proper, 
accurate, and geometrical calculation,

I have been induced to take this method, for the following reafons ; 
firft, by this fupjx>fition, the value o f  lives would receive but an incon- 
fiderable increafe ; fecondly, by this means, the feveral intervals o f  life, 
which, in the tables o f  obfervations, are found to have uniform decre
ments, may be the better connected together. It is with this view that 
I liave framed the two following problems, with their folutions.

T o

lui£ll



T 0 find the value o f an annuityj fo  drcmnfiantlated^ that it ¡hall he on prob. I. 
a life o f a given age \ and thai^ upon the failing o f  that life  ̂ fuch a part 
o f the rent flm ll he paid to the heirs o f the late poffeffor o f an annuity  ̂
as may he exactly proportioned to the time intercepted between that 
o f the laft payment  ̂ arid the very moment o f the life's failing.

L et n rcprcfent the complement o f  life, that is, the interval o f  time Solution, 
between the given age, and the extreniicy o f old-age, fuppos’d 
at 86.

r  the amount o f  i /. for one year, 
a tlie logarithm o f  r.
P  the prefent vahie o f  an annuity o f  iL  for the given’ time, 

the vahie o f  the life fought.

Then — -— ------—  =
r  —  I an  ^

F’or, let z  reprefent any indeterminate portion o f  n. N o w  the pro- Demonilra- 
bability o f  the life’s attaining the end o f  the interval z, and then failhig,

m
z

is to be exprefíed by (as ihewn in page 77, edit. i .  and in page 115,

edit. 2. o f m y book o f  annuities upon lives) upon the fuppofition o f  a 
perpetual and uniform decrement o f life.

But it is well known, that i f  an annuity certain, o f  i /. be paid du

A  Method fo r  calculating Annuities upon Lives. \

ring the time z ,  its prefent value will be P  =: or

I X r*
A n d , by the laws o f the dodtrine o f  chances, the expectation o f  fuch

a life, upon the precife intei*val 2 , w ill be exprelTed by -----  -  —
 ̂ '  n x r —  I

“  *, which may be taken for the ordinate o f a curve, whofcX r -
area is as the value o f the 7ife required.

In order to find the area o f  this curve, let ^  « x r  — ' i ; and
* ^

then the ordinate will b ecom e-------- — , a much more commodious-
p  pr^

exprcíTion.

N ow  it is plain, that the fiuent o f  the firft part is —  ; but as the

fiuent o f  the fecond part is not fo readily difcover’d, it wiU not be 
improper, in this place, to ihew by what artifice I found i t ; for I do 
not know, whether the fame metliod has been made ufe o f  by others :■

aü̂



im£a

A  M ethodfor calculating Am idties upon Lives. 
all that I  can fay, is, that I never had occafion for it, but in the 
particular circumftance o f  this problem.

L e t, therefore, r* =  x ; hence z  log. r  — log. x  *, therefore z  log. r

=  (fluxion o f the log. x  = )  — , or a s  =  —  i confequently z  —  —
'  °  X X  «  ^

and —  =  : but tlic fluent o f ----- is (--------- = )  — • — ~t 3nd therc-
r‘ a. XX  a X X  a X  ccT^

2  I
fore the fluent o f ---------will be *-r

p r ^  p a t *
j

T h e fum o f  the two fluents will b e ------ 1--------- j but, v ;h c n z = o ,
p  ̂ pxr^

the whole fluent fiiould be =  o, let therefore the whole fluent be —

1  ̂ t —-]--------- - r  j  =  o.
* p a  ^

N ow , when z  =  o, then —  == q* and — —  becomes —  ffo rr* =  i
P  o i p r ^  a p ^  ^

confequently —  y =  o ; and q = -------- : therefore the area o f
ap cep

a curve, whofc ordinate is — ------^  will be f  ----  — I------  —
P \ p  up Apr- /

Z  I I
X

p  (x.p

But P  = ----------------------- =----- ; therefore i -------- r _i x P
r  —  I r  —  j x r ^

z  p
and the exprelTion for the area becom es------------- ---------- : A nd put-

n X r —  I an ^
ting n inftead o f  z ,  that area, or the value o f  the life, will be exprefled

I P
b y --------  —  — . ^  E . D»

'  r  —  I a  «

Thofe who are well verfed in the nature o f  logarithms, I mean thofe 
that can deduce them from the dodtrine o f  fluxions and infinite feries 
will eafily apprehend, that the quantity here called a, is that which 
ibme call the hyperbolic logarithm j others, the natural logarithm : it 
is what M r Cotes calls, the logarithm whofe modulus is i : laftly, it 
is by fome called Neper's logarithm. A n d, to fave the reader fome 
trouble in the pradice o f  this lafl: tlieorem, the mofl: necefiary natural 
logarithms, to be made ufe o f  in the prefcnt difquifition about lives, 
are the fo llo w in g:

If



I f  ; •  = =  I .  0 4 ,  t h e n  w i l l  a  =  o .  0 ^ 9 2 2 0 7 .

r = i .  0 5 ,  -  -  -  « ™  o .  0 4 S 7 9 0 Í .  •

r =  I .  0 6 5  -  -  -  «  =  0 .  0 5 8 2 5 8 9 .

It is to be obfcived, that the theorem here found, makes the vahics 
o f  lives a little bigger, than what the theorem found in. the fii'ft prob
lem o f  m y book o f annuities on lives, does-, for, in the prcfent cafr, 
there is one payment more to be made, tlian in the other; however, 
the difference is very inconfiderable.

But, altho’ it be indifferent which o f  them is ufed, on the fuppofitioa 
o f  an equal decrement o f  life to the extremity o f  old-age ; yet, i f  it 
ever happens, that we fliould have fables o f  obfervations, concerning 
the mortality o f  mankind, intircly to be depended upon, then it woiild 
be convenient to divide the whole interval ot life into fuch fmallcr inter
vals, as, during which, the decrements o f  life have been obferved.to 
be uniform, notwithftanding the decrements in lom é’ ot thofe intervals 
Ihould be quicker, or flower, than others j for then the theorem hert 
ibund would be preferable to the other ; as will be Ihewn hereaiter. . :

I'iiat there are fuch intervals. D r H allefs tables o f  obfervations 
fufñciently Ihew; for inftance ; out o f 302 perfons o f  54 years o f  age, 
there remain, after 16 years (that is,, o f  the age o f  70) t u t  142 ; tlie 
decrements from year to year having been conftantly lo*, and the 
fame thing happens in other intervals; and it  is to be prefumed, th^  
the like would happen in any other good xables o f  obfervations.

But, in order to fhew, in fome meafure, the ufe o f  the preceding 
theorem, it is neceíüiry to add another problem ; which, tho* its folu- 
tion is to be met with in the íirít edition o f  m y book o f  annuities on 
lives, yet it is convenient to have it inferted here, on account o f  the 
connexion that the application o f the preceding problem has with it.

. In the mean time, it will be proper to know , fVhat part o f the yearly 
rent Jhould be paid to the heirs o f the late pojfejfor o f an a>wuity, as 
may he exaSfly proportioned to the time elapfed between that o f the lafi pay- 
ment  ̂ and the very moment o f the life’s expiring. T o  determine this,

put A  for the yearly rent *, —  for the part o f the year intercepted be-

tween the time o f  the lail payment, and the inflant o f  the life’s
X

r " '  —  I
failing •, r  the amount o f  x /. at the year’s end : then -Nvill --------- Ay

n -—  1
be the fum to be paid.

To find the value o f an annuity for a limited interval o f life, during which Prob. II. 
the decrements o f life may be conjidered as equal.

L e t a and b reprefeht the number o f  people living in the begirtning Solution, 
and end o f  the given interval o f  years.

V O L .  X . Fart i. C  s reprefcnt

A  Methodfor cakulaiing Anmiitici upon Z./HrV. ‘ 9̂

JHUD
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Dcmonftra-
tion.

A  M ethod f o r  calculating Annuities upon L iv es , 

s reprefcnt that interval.
P  the value o f an annuity certain for that interval.
^  th e  value o f an annuity for a life fuppofed to be necefiari-

ly  extini^ in the time s i or (wliich is the fame thing) the 
value o f  an annuity for a life, o f which the complement 
is

Tlien -  X P  —  <^will cxprefs the value required.

For, let the whole interval between Í? and  ̂ be fill’d up with arith
metical mean projxjrtionals *, therefore the number o f people living in 
the beginning and end o f each year o f the given interval s w ill be re- 
prefented by the following feries ; c7z.

sa  —  <7- f - ¿ sa —  2 í J - [ - 2 ¿  sa —  sa —
— .  ______________ ______________  ̂ ^a.

s s s s

i^c. xoh.  . . ' .
Confequently, the probabilities o f  the life’s continuing during i ,  2, 

3» 4i 5> years will be cxprefled by the feries,
sa  —  a - \ - h  sa —  2/? +  2 ¿ sa —  +  3^ sa  —
..... ■ i.ii a « ■■ ■ ■ ' ■ — *

sa sa sa sa

^ c ,  t o —. 'Wherefore, the Value o f  an annuity o f  i /. granted for the 
a

time Í, w ill be exprefled by the feries 

Sa —  a h ^  sa —  o. a

sar sar^

13c. to ------- i this feries is divifible into t^vo other feries’s, viz,
* ar^

j —  I S — 2  J —  5  J — 4  _  . Í
— t:.— r  "s r sr^ s r3 sr*

&c. to
jr*

,  h I 2
2 rf. —  X -------------------

a s r  sr^ t s r i - i-
4  ro  ̂, err, to

sr^ sr*

1!>

;r

N ow , fince the firft o f thefe feries’s begins with a term whofe nume
rator is j  and the llibfequent numerators each decrcafe by unity; 
it follows, that the lail term will be =  o ; and, confcquently, that feries 
exprefies the value o f  a life necefifarily to be extin<5t in the time s. T h e  
fum o f  this feries may be efteem’d as a given quantity ; and is what I 
have exprefled by the fymbol ^ i n  problem i.

T h e  fecond feries is the diflference between the two following fcrics’s>

3 I , I , I , I
— X ------- 1-  —  “ T— 7  —
a ?* * r* * r  * r*

to — ; 
r* '

a

4U1ED



A  Method for calculating Annuities upon L/rw. j i

h s —  I , S ---  2 S —  2
r  X — ------ 1-a sr  ST’ Si'i

to
s rjr-r

b
W here, ncglefting the coinmom m uhiplicr the fíríl feries is the

value o f  an annuity certain to continue s years ; which every mathema
tician knows how to calculate, or is had from tables already compofed 
I'or that purpofc : this value is what I have called P  j and the fcCond 
feries is ^

Therefore —  x —  >::^will be the value o f  an annuity on 9

life for the limited time. ^  E , D .
It is obvious, that the feries denoted by mufl: o f  neceíTity liavc

one term lefs than is the number o f  equal intervals contain’d in s ; and 
therefore, i f  the whole extent o f  life, beginning from an age given, be 
divided into feveral intervals, each having it’s own particular uniforna 
decrements, there will be, in each o f  thefe intervals, the defe¿t o f  one pay
m ent; which to remedy, the feries ¿^m uft be calculated by problem j .

To find the value o f an annuity fo r  an age o f  54, to continue 16 years and Example.
no longer.

It is found, in D r Hallef% tables o f  obfervations, tliat a is 302, and 
b now « =  j  =  16 ; and, by the tables o f  the values o f annuities

certain, 

P

P  =  10.8377 ; alfo (by problem i .)  ^  ^ —

P  \
—  =  1 6 .116 8 . H en ce  it follows (by this problem), tliat the value

o f  an annuity for an age o f  54, to continue during the limited time o f  
1 6 years, fuppofing intereit at 5 per cent, per annum  ̂ w ill be worth

A  X p  —  8.3365 years purchafe.

From  D r H allefs tables of obfervations, we find, that from the 
age o f 49 to 54 inclufive, the number o f perfons, exifting at thofe 
feveral ages, are, 357, 346, 335, 324, 3 13 , 302, which comprehends 
afpace o f five years; and, following the precepts before laid down, we ihall 
find, that an annuity for a life o f  49, to continue for the limited time o f  5 
years, micvft^htm^.^t^per cent.per annum  ̂ is worth 4 .0 374years purchafe.

A n d , in the fame manner, we fliall find, tliat tlie value o f  an 
annuity on life, for the lim ited time comprehended between the ages 
o f  42 and 49, is worth 5.3492 years purchafe.

N o w , i f  it were required to determine the value o f  nn annuity on 
life, to continue from the age o f  42 to 70, we m uft proceed th u s;

It has been proved, that an annuity on life, reacliing from the age 
o f  54 to 70, is worth 8.3365 years purchafe; but this value, being 
eftimated from the age o f  49, ought to be diminiihed on tw o accounts:

C  2 Firft
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becanfc o f the probability o f the life’s reaching from 49 to 54, which 
probability is to be deduced from the table o f oblcrvations, and is pro
portional to the number o f people living at the end and beginning ot that 
interval, which, in this cafe, will be found 302 and 357 :  T h e  fecond 
diminution proceeds from a difcount that ought to be made, becaufe the 
annuity, which reaches from 54 to 70, is eftimated 5 years fooner, viz.. 
from the age o f  49, and therefore that diminution ought to be exprened

by -L ; fo that the total diminution o f tlie annuity o f 16 years w ill be

.12 A  Method Jor calculat mg Anmiities upon Lives.

cxpreiTed by the fradion , which will reduce it from 8.3365 years
357

purchafe to 5.5259 j this being added to the value o f  the annuity to con
tinue from 49 to 54, 'Viz. 4-0374» will give 9.5633, the value o f  an 
annuity to continue from the age o f 49 to 70. For the fame reafon, 
the value 9.5633, eftimated from the age o f 42, ought to be reduced, 
both upon account o f the probability o f living from 42 to 49, and o f  
the difcount o f money for 7 years, at 5 per cent, per amounting
together to 3.8554, which will bring it down to s-yoyg *, to this adding 
the value o f  an annuity on a life to continue from the age o f  42 to 49, 
found before to be 5.3492, the fum will be 11. 0571 years purch¿e, 
the value o f an annuity to continue from the age o f  42 to 70.

In the fame manner, for the laft 16 years o f life, reaching from 70 to 
,86, when properly difcounted, and alfo diminiihed upon the account 
o f  the probability o f  living from 42 to 70, the value o f  thofe laft 16 
years w ill be reduced to 0.8 ; this being added to 1 1 . 0571 value o f  
an annuity to continue from the age o f 42 to 70, found before), the fum 
will be 11.8 571 years purchafe, the value o f an annuity to continue 
from the age o f 42 to 8 6; that is, the value o f  an annuity on a life, 
o f  42 ; w'hich, in my tables, is but 11 .5 7 , upon the fuppofition o f  an 
-uniform decrement o f life, from an age given to the extremity o f  old- 
age, fuppofed at 86.

It is to be obferved,- that the two diminutions, above-mention’d, 
are conformable to what I have ikid in the corollary to the fecond 
problem o f the firft edition, printed in the year 1724.

' Thofe who have fufHcient leifure and ikill to calculate the value o f 
'joint lives, whether taken two and two, or three and three, in the fame 
manner as I have done the firft problem o f  this trad, will be greatly 
aflifted by means o f  the D.vo following theorem s:

I f  the ordinate o f  a curve be •— ; it’s area w ill be --------- ---------
a-

'Z

ar'*- *

I f  the ordinate o f  a curve be —  •, it’s area will b e ------------- —
r*

’22 2»

I beg



I beg leave, in this place, to take notice, that in the theorem in line
12, page 63. o f the lecond edition oí' m y book o f  annuities on lives,

inilead o f  P , it ought to be P  •, where n and p  reprefent t!ie com 

plements o f  the age, in the beginning and end o f  a given interval o f time.
A n d  I dcfirc the reader o f that edition to adapt the fourth article 

o f  the rule put in words at length, in p ige  64, to the theorem fo cor
rected: then the folution there given, and that in page 2 i. o f  the firfc 
edition, will perfectly agree •, provided that the decrements o f life be 
iuppofed, in boch cafes, uniform, from an age given, to the extrem i
ty  o f old-age.

I muft aifo take notice o f an accidental error, that has crept into 
the 2 5th propofition o f the iccond edition *, which I chufe to correét 
as follows i

1. L e t the firft line o f  the propofition, and pare o f  the fecond 
line, as far as /1 exclufive, be erafed.

2. L e t  the folution proceed thus: fmce the life o f  yi is fuppofed 
to be worth 14 years purcliafe, when intereft is at 4. per cení, per annunty 
i: follows, from our tables, that A  m uft be 35 years o f  age *, therefore 
find, by the twenty-third propofition, the value o f  an annuity oí a life 
for 35 to continue for a limited time o f  3 1 years: let that value be fub- 
du6:ed from the value o f  an annuity certain, to continue 31 years \ and 
the remainder will be the value o f  the rcveriion.

The ShWan-pan, or Chinefe Accompt-Tahlc. ^3

III. T he Chinefe have for many ages picqued themfelres on being the 
m oil wife o f  any nation in the w o rld ; but late experience and clofer 
convcrfe with them liath found this pride to be ill-grounded. One-par
ticular, in which they think they excel all mankind, is, their manner o f 
accompting, which they do w'ith an inftrument compofed o f  a number 
ot' wires with beads upon them, which they m ove backwards and for
wards. T h is inftrument they call a Sbwan-pnn.

N ow  I trufi: I have formed one on the pLin o f  our 9 digits, that in 
no cafe falls ihort o f  the Cbinefe Shwan-pan^ but in many excels theirs.

T h e Chinefcj according to the accounts o f  travellers, are fo happy as 
to have their parts o f  an integer in their coins, decimated, fo can 
multiply or divide their integers and parts as i f  they were only integers. 
'I'his gives them the advantage over Europeans in reckoning their 
money, ^ c .  But then, as they have no particular place fet apart for 
the leiTcr denominations o f  coins, weights, meafures, their inftru
ment can’t be ufcd in Europe^ nor can it be fo univerfally applied to 
arithmetick as mine, for I have provided for the different divifions oí 
an integer into parts.

T his inftrument hath the advantage o f  our digits in a great many 
Cafes. Firft, the figures can be felt, fo may be ufed by a blind man. 
I f  it had no other, this alone w ould be fufHcien: to gain it the attention 
o f  mankind.

Another

account o f  
a nrw invent ~ 
td  arithmeti
ca l infirumtnt 
called a 
Shwan*pan, 
or Chinefe 
Accom pt- 
T a b le  ; by 
GamrJiel 
Smctharft. 
Read Jan. 29, 
1748. N».
491. p 22 
Jan.

*749-



3 4 A  commodious Difpoftnon o f Goniometrical Lines.
Another advantage from it is, that, when attain’d, this method is 

much iv,'ifter than by our digits, and lefs liable to m iftakes; it is like- 
wife not To burdenfome to the memory in w orking the rules o f  arithme- 
tick, as by our digits, we being oblig’d to carry the tens in the mind
{'rom one place to another, which are fet down by the Sbwan-pan.-------
One may work a whole night, without confufmg the head, or aflefting 
the eyes in the leaft.

It may be o f  great ufe to teach people the power o f numbers, like- 
wife to examine accompts by *, for, as the perfon w ill, by the Shwan-
pan  ̂ w o rk |t  quite a difterent w ay, it will ferve as i f  another perlón
had gone riio* the accom pc; i f  it proves right with the written one, 
they may reft aflured the w ork is true.

It may be a very pretty lure to lead young people to apply their
minds to numbers *.

T H E O R E M .
Ar, ixtraci of  ̂ wbofs radius is r, let there be two arcs  ̂ A  the greater^

e^eh in the firft quadrant •, put t, f, and fo r  the fine^ tan-
Iones, Efq ; fecanty and verfed fine o f an arc; s\ t\ the fine  ̂ tangent  ̂ fecant
F R. S. to o f the complementa and v ', the verfed fine o f the fupplement o f that arc; let
Martin Folks,  ̂  ̂ A  t "  a, x  —  A  —  a j  Or i f  z  and X  be put for the arcSy it 'ivilli'io\ Prtfident ‘  - r y  »
of the Royal be —  Z X , a —  Z X.

Society; con- ^hcn Will the terms in any column of the following tahle  ̂he proportional
tainingatom-¡heir coTrefponding ones in ar  ̂ other column.
rr.idhus dtjpo-
Jition of equa
tions for ex
hibiting the 
relations of 
Goniometrical 
Lints, Pre- 

fented 4 July 
1747. N®. 
483. p. 560. 
March, ISc.
»753-

t//e Jte/a&€f>n$ 
• * • 

o f  Goftfome/rica/J^fncs.

S.2Z

* A +  a

v,^% 
r ,  A  a t j A - n a

x a —¿ A *C4 X 
J I A — a

V. 7 X
K A —  a

itz »  
« í A + a a

j j A + i ' a ;

\
¿S.X /¿2  X  

»

\

r
>

'f. • i x
]

s. X
1

, / • - /•

I

/•

1

¿ X . / w v

•  T h e  inventor produced one o f  theíé inilruments before the Sotietyy and worked feveral 
queftions in arichmccick upon it. It much rcfcmbles the abacus o f  tne ancients. C  ñf.

From
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From hence, almoft an infinite number o f  theorems may eaftly be 
derived; feme o f  which are the following, given here as examples o f 
the ufe o f the tabic.

I. j , z  X SyX =  -*r X / , a  —  s\A =  x s\z —  x  —  s\z -}- x
SyZ s,x
——  rr =  - —  rr.
/ , x  f \ z

s\z X s\x =  ir  X s\z - f-  A  =  -Jr x  s\z —  x  -|- j\ z  +  x
A z  ' s\x  

rr =  rr. 
/>x />z

II. I f  B, C , be any three angles; Z  =  A - 4- B ,  X  =  A  —  B»
H  =  i A  -|- B - j-  C.

Then ^r X'üjC —  ^ ,X  =  j , i C  - j - X  x  —  X  =  ^ » i-A -^ C  —  B

X í , i B  - j-  C  —  A  =  —  B X —  A .

A n d 4 r x < Z ~ — V , C  =  ^ ^ Z  +  C x  s . i Z ^ C  =  j , f A - j - B - t - C  

x j , J . A - p B  —  C  =  SyH X j , H  —  C .

III.
jV , z

r r

r r n \ z
ty\Z

7^ ^

V ^ l Z

/ ,z  i^ ,iz

r r

IV . i r  =  

/ ' , i z

J/.Z

Vy2Z

jV , z

v\iz

s's\^z

v\z / ,fz .

V. i l l
x ,̂z / , t z

/ \ j z  _  -yVz 

r  s^z'

^̂ I “ * ___ ^>x
/>A •

A a  -f-  / , A  ^  /\z X /',x 

/ ,a  / , A  r r

rr

f y Z  X / ,x /,x / ,z

VII. SyZ

j ,a i i f  z  and x are two arcs, then

V III.



A  cmmodkus Dijjofitim  o f Gomometrical Likes,

J,Z X ./ ,X  +  j ',z  X J,X / ,z  +  /,x  

'  r  / , z x / , x '

______ j \ z  X A x - i - / , z  X j . x  r r  + / , z  X / , x
IX . A'Z ±  X =  -----------------------------  =  -------------------

/ , z  x / , x

tyZ +  /,X rr -e / , z  X /,x

X .  / , z  +  X =  — ' ' . ' —  rr i  and / ',z  +  x  =  — -— — —
—  rr +  t,zy.t,x  . t , x  +  /,x

X I. / ,z  +  X =
/ ,z  x / ,x  

r r  / , z  x  / ,x
r\ ziiáfyz  +  z  =

/>Z X /.X 

/ ,z

“  X II. In three equidifFcrent arcs y/, z ,  where =

the mean arc, and a: ( =  —  a) their common difference; put /> f=̂
_ s ^

r " r

Then s , A ^ P  —  s,tf =  í^-t-'s,íz j And $̂ a ^  P  s^ A =  s^J— ^

X llL  Let d =  v ,y f —  ̂ v,iz =  s'jiJ — s 'j^ j then ss,yf —; ss,¿z 

=  2 s \ ^  -[- ¿/ X ii =  2S',íí —  d x d : *

X IV . L e t Ay By Cj i^c. be the fines, hy r, the co-fmes, a\ h''y 
£■', l£c. the tangents, o f  the arcs, «, (3, yy ^c> whofe number is n% the 
radius being r  ; put S  for the produd o f  the ;/ co-fines, 5^ S^\ ^ c .
for the fum o f  the-produfts made o f  every fine, every two, three, ^ c .  
fines, by the other { n —  i ,  » —  2, —  3, ^ c .)  co-fines, where the
co-finc noted by n —  n is unity.

—  1

A nd the co-fine o f « “j"  /3 - f-  - j-  î '' —  ¿Xr.
I

X ----- .
,n  —  I

*  Note, W hen an arc is terminated in the fecoud, third, or fourth quadrapt, fome o f  the 
fign$ (-h  and — ) o f  the terms in the preceding theoremi, will, by the knov^n rules, be- 

‘ come contrary to what they now are.

X Y .



A  commodious D ifp^tion o f Goniometrical Lines, .
X V . A lfo  putting for the fum o f the tangents o f the arcs, «, p, 

& c. T''", 7^", 7' '̂', for the fum o f the produéls o f  every two, three, 
four, tangents and A'==- T

B  =  A T '  —  r "
C - B T ' T r  

D  -  C T '  —  B T 'i
E = B T' — cry -t’  r\
Put R  =  — .

rr

Then the tangent o f a -j- /3 -f~ ^ á; ^c , ^  A~\~ B R  *[- CR*- D  
R i  H- E R ^  i

X V I. Hence, the fine, tangent, and fecant, o f  any arc ¿7, being re- 
prefcntcd by j , / ,/ ,  theco-fm e, co-tangent, and co-fecant, b y / ,  
thofe o f the arc na  are expreíTed as in the following theorems.

Putting n '= n .   n"zzr/, Ü _ J .  ^— Í .
^ 3 4 5 /

Sine o f  na-= :nA — A P~\-n''^  B P  —  «>' C P i ) P ,  x
I ss

; where A ^ S ’. B = A P C = B P ; D = C P ^  ^ c .
r®—* ss

O r
» — 3 » — 4

5 P —
» —  5 n

I

C P  X ------ ; where A  ̂ 5 , C, ftand for the rcfpeóüve preceding

terms.

Or=?;j-
■n I — «

O

3 + »  3—» p 6> 5 + «  5 — ”

C^-i-

before.

7± « '  7 - «  n 6 {s?r. where \ A  ̂ By C, ftand as
9 r r

X V II. Co-fine o f wí? =  i *—  rC P-j-;;'"' P^ —  ny P i  -j-‘ P+, ‘x

)------ , where P.=i
y'»—* ji

\

O r = r - j -
1 2

/> V O L .  X . P a rti.

■”  ^ — ” « 0  4-— «
;  • ii #

4 5 °
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£ l! l?  _ É— -  j ) ^  ^ e. where ; and A, B, C, i^c. ftand
7 8  ^

for the refpeftive preceding terms.

Or put iW =
2J rr

x r ;  N -  J - U  B -A h h  C -B N ^ D -C N ,
^55

p ^ n \  X *, 2, Í5?f. A nd tf' =/> *, b '= p .  i / ' ' ;

a / v .  d '- p .  ¿rV.

The co-fine of ~\-Cb^— Dc^-^-Edfy "X-M.

n

Wí€D

XVIII. L c t > f = — w'' 
B =
C =
D  = ^ B n "'+ A n ^

»

5 ' =
n

a -  y y ^ - { - a r '— ;̂ y

I — riy=  —. t¿'c w A '—
*

T h e tangent o f  ? ¿ t f= » / ^ ^ / V “ * -¡-5 / V - * - p C V V - * - t f i .

O r i^c. X/,, where — .
r r

O r -\‘ C d ^ iiff. where a '~ t\  ¿ '= A V .

U r ------------rrrrr--- ------------- ----------- ----  X/*,

Co-tangcnt o f n a -r^ -f-J 'i^ N -f' N* x

— i where N== ~ .  
nt rr.

7

where JV=
rr

? 7 *
r*-

Í •>'*

Or
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Cyr . - . . - - . . . ^  ̂ Wnpr^

r r

X IX . L e c ^ = : «'

1/"
t «

«'

A =  - .  r i ' —
n •

1 .  -r¿ î T -r¿i
./,'■ "  _  y.-.. ■ . -

e =  - .
w ‘

Z y =  - .  iic .

Secant o f  n a ^  i-\'AN-\-Bir-[-CN'-^DN*-^EN\ (ác. x  M .

r n

Co-fecant o f  «¿2=  ¿£ff. x  '

M ; where A^= — , M = ^ .
r r  » / r »

r r ’
i>r —  2jV f=

//« —  2

X X . Let c be the chord o f an arc (a) o f the circumfcrcnce o f a circlc.

whofe diameter is d. Put iV =
cc
I d '

The chord of =  L Í Í  , 1__Í  AN~^  ̂  ̂ ^ j?iV  [
^ 3  4 5

'* ^ 2  5 - f .»

lupa.
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C iV -f-  — ~ D N^  where Jy B , C , (dc, ftand
6 7  ‘ 8 9

for the refpcdive preceding terms.

As the preceding theorems are eafily deduced from the firft, fo the following are mofl 
readily fcen to be the immediate confequences o f  thefe j and all depending upon no other 
principles than what are generally made ufc o f  in common computations.

X X L  P u ttin g s, A /, A / , / \  for the fine, co-fine, tangent, co-tan
gent, fecant, co-iecant, o f  an arc (iz), and v  ic*s veded fin cj l e t j ^ = t ;

aa

r r '

Then i  & c. X a.

= a — r — ^ c .

= a ----- —  B N — wher e
2.3 4.5 6.7 8.9

jiy By C, ^ c .  Hand for the re i^ itiv e  preceding terms.

A nd /  = r —

= 7 - /  N * - f  N * N %  X r.
I

= r ' a  r
1,2

—  A N ------- C N ,  (¿C . A ,
3-4 . 5-6 7.8

5 ,  C , & c .  a s  b efo re .

X X I I .  A lf o  1; = / i i V —'*— ¿ í * r “ 3 - } - ^ y ' rt®r—5— ^ c ,

I
=  —  a V - ' —  —  A N —  \  B N —  - -  C N —

1.2 3.4 - 5 . 6  . 7 . 8
•-U'VD N y ( ^ c .

9.10

r = ~ N — — A N — - ^ B N — —  C N ,  ( j f c . x r .
1.2 3.4 5.6 7.8

5 , Cy &c . as before.

X X III. L e t ^ = - } - ^  —

And A '— —  A

B ' -  —  B — J J '

jy=^ — -D—  C A '‘^ B B '- - 'A C \  ^ c .
‘ t T a n g e n t

i n E D
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Tangent / — i¿c.

O r = i- i - ^ A ^ - i - 5 /V "-i-C A ^ *i-Z )A '*-i-£ /V .S£ íff. y.a. 

Co-tangent a t̂— i^c.

O r

X X IV . A l f o l e t i .=  + /

y = - ^ q y

— 6f r .  

A n d « ' = - j - ^ '

Secant/ =r-j'a<»=r— ^-[-j3íi*r— 7̂

O r y c .  x n

Co-fecant/ ‘ =/z“ ’ r - - } - a " « - l- ( 3 'r t V - '- í - y ¿ i 'r - 4 - } - < r íz V - ^  Cífr.

O r  C5?í-, x

— . w herei V = — . 
a r r

X X V . P u t t in g /  =  i ;  =  / ' '= = 4 / ' ;  / ' '  =  -íK*>
ss

^ c ,  N -
r r

Then arc « =  i — 4 /  N - > r W ' N \  t íc .  x/.
O r = s - \ - \ f  A N -\-^ p> ' B N - \ - ^ ,f "  D N , Cs’c.

7-7O r C iV
2-3 4-5 6.7 8.9

D i V ,  6 ? f .

where ^> 5 , C, £sf¿', ftand for the relpeilive preceding termSi

X X V I . I f  V is the verftd fine o f  an arc diameter being íí, A ^ =  

R ^ y /d v , ^

Then arc I ^  AÍ-I- 2:1 a M -^  ^  ^  CM , x
^•5 4*5  0 .72*3 4-5

R  \ /ly By Cy y C ,  are as before.
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S i t i

X X V II. And putting C ^ B N y  D ^ C N ,  Gft.

j T h e n a r c ^ : = í - i ^ i \ r - | - ; 57 \ r - í C . V - | - t ¿ > . V - } - - £ i V ,  ^ c .

\ _____________________________________________________

i O r  ( ĉ. xi.
I

X X V IÍI. A lfo , i f  € is the chord o f an arc (a) ; and N =

1.1 5-5 « . r  , 7-7T h e n a r c « = :f - h — ^ iV -{ - ¡ i-2- S A r - 4- ^ C W - | - ^  D  iV,
' 2-3 4-5 <J-7 8-9

I

where y/, 5 , C, £;?£■. iland for tlie refpedlive preceding terms.

M  EJfas an V . SincQ mathematical' demonilratlon is thought to carry a peculiar
Quantity; oc- evidence along with it, which leaves no room for further difpute \ it may 
cafiorttd by entertainment at leaft, to inquire to what fubie^ls this
reaam^ < * i * T c r  u i f i
Treatife, in kmd or prooi may be applied.
•whieb Simple Mathematics contain properly the doftrine o f  meafure \ and the ob- 

Com-  ̂ jcét o f  this fcience is commonly faid to, be quantity; therefore quantity 
ari ^  defined, what may be meafurcd. Thofe who have defined
vTrtue W   ̂quantity to be whatever is capable o f  more or lefs, have given too wide a 
Merit, by the notion o f it, which I apprehend has led fome perfons to apply mathe- 
Rey. Mr matical rcafoning to fubjeéts that do not admit o f  it.
^kateJ^TT plcafure admit o f  various degrees, but who can pretend to
ITttlrfrol meafure them ? Had this been poiTible, it is not to be doubted but wc 
the Re .̂ Ihould have had ;is diílindl names for tlieir various degrees, as we lu vc  
Henry Miles for meafures of length or capacity-, and a patient iliould have been able 

s ¿Mar- ^^f^ribe die quantity o f  his pain, as well as die time it began, or the
t:n Folkcs, P^ t̂ it affecled. T o  talk intelligibly o f  the quantity o f  pain, we ihould 
£/j; Pr. R.S. have fome íbmdard to meafure it b y ; ibme known degree o f  it fo well 
.RirtrfNov. 3 afcercained, that all men, when they talked o f  it, ihould mean the fame 
' thing ; we ihould alfo be able to compare odier degrees o f  pain with this,

h oaohtrié'c. ^  perceive diftindly, not only whether they exceed or fall ihort ot
: 1748. it, but how far, or in what proportion ; whether by an half, a fii'th, or
j S e c t . i . a tenth.
i W hatever lias quantity, or is meafurable, muft be made up o f  parts,

I  which bear proportion, to one another, and to the whoie fo that it may
be increaicd by addition o f  like parts, and diminiihed by fubtra<flion, 

be multiplied and divided; and, in a word, may bear any proportion 
t| another quantity ot the fame kind, tliat one line or number can b<;ar

to another. 1 hat this is cilential to all mathematical quantity, is evi
dent
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dent from die firft elements o f  a lg eb a , which treats o f quantity in ge
neral, or o f thofe relations and properties which are common to all kinds 
o f  quantity. E very algebraical quantity is ilippofed capable not only o f 
being increafed and diminifhed, but o f being exactly doubled, tripled, 
haiftd, or o f bearing ajiy afiignabie proportion to another quantity of 
the fame kind. T h is then is the charaóteriílick o f  quantity ; wliatever 
has this property may be adopted into mathen^ticks ; and it’s quantity 
and relations may be meafured v/ith mathematical accuracy and certainty.

Tiierc arc fome quantities which may be c a l l e d a n d  others/;«- 5^^ .̂ z. 
proper. T his diílinótion is taken notice o f  by > but it deferves
f o m e  e x p l i c a t i o n .  a n d  I m p r ^ p t r

I call tliat quantity which is meafured by it’s own k in d i or '̂^^ '̂O'*
wiiich o f it’s own nature is capable o f being doubled or tripled, without 
taking in any quantity o f a different kind as a mcafure o f  it. I'hus a 
line is meafured by known lines, as inches, feet, or miles j and the length 
o f  a foot being known, there can be no quetlion about the length o f two 
feet, or o f  any part or multiple o f  a ibot. A nd this known length, by 
beiiig multiplied or divided, is fufficient to g ive us a diiUnc't idea o f any 
length whatfoever.

iviproper quantity is that which cannot be meafured by it’s own k in d ; 
but to which we alfign am eafureby tlie means o f fome proper quantity 
tlu t is related to it. I 'h u s velocity o f motion, when we confider it by 
itielf, cannot be meafured. W e  may perceive one body, to move lafter, 
another flower ; but we can have no diftinct idea o f  a proportion or ratio 
between their velocities, without taking in fome quantity o f another kind 
to mcafure them by. H aving therefore obferved, that by a greater ve
locity a greater fpace is paiTcd over in die fame time, by a lefs velocity a 
lefs fpace, and by an equal velocity an equal fpace; we hence learn to 
meafure velocity by the ipace paííéd over in a given time, and to reckon 
it  to be in exa¿t proportion to that fpace : and having once aíTigned this 
meafure to it, we can then, and not till then, conceivc one velocity to be 
€xa¿dy double, or haJf, or in any other proportion to another; we may 
then introduce it into niathematic«ól reafoning without danger o f  conlufion, 
or ciTor» and may alfo ufc it as a meafure o f  other improper quantities.

A ll  the kinds o f proper quantity we know , m ay, 1 diink, be reduccd 
to thele four, extenlion, duration, number, and proportion. T h ou gh  
propordon be meafurable in it’s own nature, and therefore lu d i proper 
quantity ; yet as tilings cannot have proportion which have not quantity 
o f  fome other kind, it follows, diat whatever has quantity m uit have it 
in one or other oí dicfe three kinds, extenfion, duration, or number.
Thele are the meafures oí themielves, and o f  all things elfc that ai*e 
meafurable.

Num ber is applicable to fome tilings, to which.it is not commonly 
applied by die vulgar. T h u s, by attentive confideration, lots and chan
ces a f  vacious kinds..appear co be made up o f a determinate number, o f 
cliances that a ir  allowed to be ec^ai*, and by numbering diefe, the va-

lueSk
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hics ar.d proportions o f tliofe which are compounded o f them may be 
demoiiftrated.

Velocity, the c]u;iiitiiy o f  motion, dcnfity, elailicity, the vis ivfua  ̂
and mprejj'a, the \'arioiis kinds o f  ccntrii^ctal forces, and different orders 
ot fluxions, are all improper quantities; which therefore ought not to be 
admitted into mathematics, without having a meafure o f them afligned. 

j I'he meafure o f an improjXT quantity ought always to he included in the
j' deHnitionof it ;  for it is the giving it a meafure tlut makes it a proper

íubje¿l o f mathematical reafoning. it all mathematicians had confidered 
this as carefully as Sir /. Nrj;tofi appears to have done, fome labour ha<l 
been laved both to themfelves and to their readers. T. hat great man, 
whole clear and comprohenfive underftanding appears, even in his defi
nitions, having frequent occafion to treat ot fuch improper quantities, ne
ver I'ails to define them, lb as to give a meafure o f them, either in proper 
quantities, or in inch as lud a known meafure. T his may be feen in the 
itcKnitions prefixed to his Princip. Phil. Nat. Math.

It is not eafy to fay how many kinds o f improper quantity may in time, 
be introtiuced into mathematics, or to what new fubjcfts meallircs may 
l>e applied : but this I think we may conclude, that there is no foundation 
in nature for, nor can any valuable end be fei'ved by, applying meafure to 
anything but what has thefe two properties. Firft, it muft admit o f  de
grees ot greater and lefs. Secondly, it muft be aíTociated with, or rela
ted to, fomething that has proper quantity, fo as that when one is increaf- 
ed, the other is increafed, when one isdiminiflied, the other is diminiíhed 
aifo ; and every degree o f the one, muft have a determinate magnitude or 
tjuantity o f the other, correfj>onding to it.

It fometimes happens, that we have occafion to apply different meafures 
to tlie fame thing. Centripetal torce, as defined by Newton^ may be 
meafured various ways, lie himfelf gives difi:crcnt meafures o f it, and di- 
iHnguiihes them by difiierent names, as may be ícen in tlie above-mention
ed definitions.

In reality, I conceive that the applying o f  meafures to things that pro
perly have not quantity, is only a fidion or artifice o f the mind, for ena
bling us to conceive more eafily, and more diftin£tly to exprefs and de- 
monftrate, the properties and relations o f tiiofc things that have real quan
tity. 'i'he propofitions contained in the two firft books o f Newtonh prin
cipia might perhaps be expreifed and demonftrated, without thofe various 
meafures o f motion, and o f centripetal and impreífed forces which he u fcs: 
but this would occaiion fuch intricate and perplexed circumlocutions, and 
luch a tedious length o f demonilrations as would fright any fober perfoii 
trom attempting to read them.

I SscT 3. From the nature o f quantity we may fee what it is tliat gives mathe-
O>rol I. matics fuch advantage over other I'cienoes, in  clearnefs and certainty;

namely, that quantity admits o f a much greater variety o f  relations than 
n any other fubjedtot human reaibning; and at the fame time, every rela

tion or .proportion o f quantities may^ by the help o f  lines and numbers,
be
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be fo diíH nílly defined, as to be eafity diftinguifhed from all others, with
out any danger o f miftake. Hence it is, that we arc able to trace it’s 
r-elations through a long proccfs o f  reafoning, and with a perfpicuity 
and accuracy which tve in vain expedt in fulyefts not capable oí men- 
furation.

Extended quantities, fuch as lines, furfaces, and folids, bcfides what 
they have in common with all other quantities, have this peculiar, That 
their parts have a particular place and difpofition among themfelves : a line 
may not only bear any aíTignable proportion to anotl\er, in length or m ag
nitude, but lines o f the fame length may vary in the dif}X)fition o f tiicir 
p a r t s o n e  may be flreight, another may be part o f  a curve o f  any kind or 
dimenfion, o f which there is an endlefs variety, T iie  like may be i'aid o f 
furfaces and folids. So that extended quantities, admit t>f no Icfs variety 
w'ith regard to their form, than with regard to tLeir magnitude: and as 
their various forms may be exactly defined and nu'afured, no Ids tlian 
their magnitudes, hence it is that geom etry, which treats o f  extended 
quantity, leads us into a much greater compafs arki variety ot reaibning 
than any other branch of methematicks. l^ong deductions in algebra tor 
the m oll part aré made, not fo much by a train o f  re^jfoning in the minci, 
as by an artificial kind o f o|x*ration, wliich is built on a feu very (imple 
principles: But in geom etry, we may build one propofition upon ar«o- 
ther, a third ujKm that, an d fo o n , without ever com ing to a limit which 
we cannot exceed. I 'h e  projx-rties o f  the more iimple figures can liarviiv 
be exhaufted, much lefs thole oí the more complex onef.

It may I think be deduced Ironi what hath been above faid, that ma- t 4.
thematical evidence is an evidence >'iii gemris^ not comix-tcnt ro anv pro- Onoil z.
pofition which docs not exprefs a relation o f  things mcaUirable bv lines 
or numl>ers. A ll proper quantity may be mcafured by thcle, and im 
proper quantities m uil be mcafured by thofe, that arc proper.

'I'here are many things capable ot more and lefs, which perhaps are 
not capable o f menfuration. ']'aih s, fmells, the lenfations o f heat and 
cold, beauty, pleafure, all the aHc«itions and appetUes o f the mind, wil- 
dom , folly, and moit kinds o f probability, with many other things t<x» 
tedious to enumerate, admit o f degrees, but have not yet been reducei! 
to meafure, nor, as I ap )rehend, ever can be. I fay, m oil kinds o f 
probability, becaufe one kind o f  it, v iz. the probability o f  chances is 
properly meafurable by number, as is above obl'ervcti.

A lthough attempts have been made to apply mathematical reafoning 
to fome ot thefe things, and the quantity ot virtue and merit in aélions 
has been mcafured by fimple and compound ratio's *, yet I do not think 
that any real knowledge has been ftruck out this w a y : it may perhaps, 
it difcretely ufed, be a help to difcourfe on thefe fubjefts, by pleafing the 
imagination, and illuftrating what is already know n; but until our af- 
feélions and apj>etites fliall themfelves be reduced to quantity, and ex- 
aft meafures ot their various degrees be aíTigned, in vain iliall we efiay 
to meafure virtue and merit by them. T h is  is onlv to ring changes upon

V O L .  X . P a r ti. L  words.
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words, and to niake a ihcw o f  mathematical reafoning, vithouc advan
cing one ilep in real knowledge.

S e c t . I apprehend the account that hath been given o f  the nature o f  proper
Cirsil. 3. and improper quantity may alfo dirow fome light upon the controverfy a- 

bout the force o f m oving bodies, which long exercifcd the pens o f many 
mathematicians, and for what I know is rather dropped tiian ended; to 
the no fmall fcandal o f matliematics, which hath always boriled o f a de
gree o f evidence, inconfiftent with debates that can be brought to no iíTue. 

7'hough philofophers on both fides agree with one another, and with 
I the vulgar in this, that the force o f a m oving body is the fame, while it’s
; velocity is the fame, is increafed, when it’s velocity is increaied, and di-
! miniihed, when that is diminiihed. But this vague notion o f force, in
' which both fides agree, though perhaps fufficient tor common difcourfc,

yet is not fufficient co make it a fubjeót o f mathematical reafoning: In or
der to that, it muft be more accurately defined, and lb defined, as to give 

I us a meafure o f  it, that we may underiland what is meant by a double or
a triple force. I 'h e  7‘atio o f one force to anotlier cannot be perceived but 
by a meafure; and that meafure muft be fettled not by mathematical 
reafoning, but by a definition. L e t any one confider force without re- 

t lation to any other quantity, and fee whether he can conceive one force
I exactly double to another; I am fure I cannot, nor fhali, till I fhall be

endowed with fome new faculty *, for I know nothing o f forcc but by it’s 
efix'Cts, and therefore can meafure it only by it̂ s eíFects. T ill force 
then is defined, and by that definition a meafure o f it afllgned, we fight 
in the dark about a vague idea, which is not fufficiently determined to 
be admitted into any mathematical propofition. And when fuch a defi
nition is given, the controverfy will prelently be ended.

S e c t . 6. Y ou  fay, the force o f a body in motion is as it’s velocity: either you 
O f the A/if- mean to lay'this down as a definition as Nê u>ton himfelf has done; or you
tomanjnea- to affirm it as a propofition capablc o f  proof I f  you mean to lay it

Jure o f  farce, , j  r  • • • • i - r   ̂ n  1 j t  n 1 ^
down as a definition, it is no more than i f  you mould lay, I call that a
double force which gives a double velocity to the fame body, a triple 
force which gives a triple velocity, and fo on in proportion. I 'h is  I in- 
tirely agree to-, no mathematical definition o f force can be given that is 

l, more clear and fimple, none tliat is more agreeable to the common ufe of
the word in language. For, fince all men agree, that the forcc o f the 
body being the fame, the velocity muft alio be the fame ; the forcc being 

j| increafed or diminillied, the velocity muft be fo alfo, what can be more
natural or proper, than to take the velocity for the meafure o f  the force ?

Several other things might be advanced to ihew that this definition a- 
grees beft with the common popular notion o f  the v/ord Force. I f  two 
bodies meet direflly with a (hock, which mutually deftroys their motion 
without producing any other fenfible efiTeél, the vulgar would pronouncc, 
without hefitation, that they met with equal force *, and fo they do, ac
cording to the meafure o f force above laid d o w n : for we find by ex
perience, that in this cafe their velocities are reciprocally as their quan

tities
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titics o f  matter. In Mechanics, where by a machine tw o powers or 
■weights are kept in equilibrio  ̂ tlic vulgar would reckon that theic powers 
a<fl with equal force, and lb by tiiis definition tiiey do. 'I'he power o f 
gravity being contlant and uniíorm, any one would expert tliat it fhoiütl 
g ive equal tiegrces o f  force to a body in equal rijncs, and ib by tills dcE- 
nition it does. So that this definition is not only clear and fim plf, but it  
agrees boíl with the ufe o f the word Force in common Linguagc, and this 1 
think is all that can be defired in a definition.

But if you arc not fatisfied with laying it down as a definition, t!ut tlie 
force o f a body is as it’s velocity, but will needs prove it by demonilration 
or experiment •, I muft beg o f  you, bctbre you take one ílep in the proot, 
to let me know what you mean by force, and what by a double or a triple 
force. I 'h is  you muft do by a definition which contains a meafure ot 
force. Some primary meafure o f force m uil be taken for granted, or 
laid down by way o f  definition; othcrwife we can never reafon aboiTt it's 
quantity. And why then may you not take the velocity for the primar)' 
meafure as well as any other  ̂ you will find none that is more ñmpk*, 
more diftinct, or more agreeable to the common ufe o f  the word Forcc : 
and he that rejeils one definition that has thefc properties, lias equal right 
to rcieit any other. Í lay then, that it is impoíTible, by matlicmatical 
reafoning o r  ex]x'riment, to prove tiiat tiie forcc o f  a boiiy is as it’s ve
locity, wirliout taking lor granted the thing you -would prove, or fome- 
thing elfe that is no more evident than the thing to be proved.

L e t us next hear the Leihnitxian^ who fays, tliat the force o f a body Sect. 
is as the Iquare o f  it’s velocity. I f  he lays this down as a definition, Í®/ 
ihall rather agree to it, than quarrel alx)ut words, and for the future ihuU ^rurTo/rlr'' 
underftand him, by a quadruple force to mean that which gives a double**^ 
velocity, by nine times the force tliat which gives three times the 
velocity, and fo on in duplicate proportion W hile he keeps by 
his definition, it will not necefiarily lead him into any error in M athe
matics or Mechanics. For, however paradoxical his conclulions may 
appear, however different in words from theirs who meafure forcc by thr 
fimple ratio o f the velocity *, they will in their meaning be the lam e: 
jull as he who would call a foot twenty-iour inches, .without changing 
other meafures o f length, when he fays a yard contains a foot and a halt, 
means the very fame as you do, when you fay a yard contains three feet.

But tho’ I allow this meafure o f  force to be diilinct, and cannot charge 
it with falfliood, for no definition can be falfe, yet I lay in thefirll place, 
it is lefs fimple than the other; for why ihould a duplicate r¿itio be ufed 
where the fimple ratio w ill do as well ? In the next place, this mealiirc 
ot force is lefs agreeable to the common ufe o f  the word F o rce ,; as.hath 
been fliewn above *, and this indeed is all that the many laboured argu
ments and experiments, brought to overturn it, do prove. T h is alfo is 
evident, from the paradoxes into which it has led it’s : defenders,.

W e are next to confider the pretences o f  die Leibmtzian^ who AviH un
dertake to prove by dcmonltration, or .experiment.»;.chat'force is as the

K  2 fquare

¿tflED



I I

/'
• I

iquare o f the velocity. I aik him firft, what he lays down for the ñrft 
meafiire o f  force ? the only meafure I remember to have been given by 

•the philofophcrs o f that fuie, and which feems firft o f all to have led 
Leibnitz into his notion o f  force, is th is: the height to which a body is 
im peird by any imprefied force, is, lays he, the whole efFeft o f that 
force, and therefore muft be proportional to the caufe: but this height 
is found to be as the fquare ot tlie velocity which the body had at the 
beginning o f  it’s motion.

in this argument I apprehend that great man has been extremely un
fortunate. For, 1/ , whereas all proof iliould be taken from principles 
that are common to both fides, in order to prove a thing we deny, he 
aifumcs a principle which we think farther from the truth; namely, that 
the height to which tl'.e body rifes is the whole effcd of the impulfc, 
and ought to be the whole meafure o f it. idly., l  lis reafoning fcrves
as well againft him as for h i m ; for may I not plead with as goo.Í
reafon at ieaft thus? tlie velocity given by an imprciled torce is the 
whole cifeft o f that imprefled force; and therefore the force mult be 
as the velocity, Suppofing the height to wliich t!ie body is
railed to be the meafure ot the force, this principle overturns the con-
i lufion he would eftabliih by it, as well as that which he oppofes.
J-’or, fuppofing the firil velocity o f tlie body to be itill the fame; 
t!ie height to which it rifes will be increafed, it the power o f  gravity 
is diminifhed; and diminifhed, if  the power o f gravity is increafed. 
Bodies defcend flower at the equator, and falter towards the poles, as 
is found by experiments made on pendulums. I f  then a body is dri
ven upwards at the equator with a given velocity, and the fame body is 
afterwards driven upwards at Leipftck with the fame velocity, tlie height 
to which it rifts in the former cafe will be greater than in the latter; and 
therefore according to his reafoning, it’s force was greater in the former 
cafe; but tiie velocity in both was the fam e; confequently the force is not 
as tiie Iquare o f  the velocity any more than as the velocity,

.‘‘ ►cT. s. Upon the whole, I cannot but think the controvertifts on both fides
 ̂ the one to prove, by mathematical reafon-

experiment, what ought to be taken for grantetl; the other by 
the fame means to prove what might be granted, making fome alJow- 

, ancc tor impropriety o f  expreflion, but can never be proved.
-If fome mathematician fhould take it in his head to a.^Hrm, that the 

velocity o f a body is not as the fpace it pafies over in a given time, 
m but as the fquare o f  tliat fpace; you m ight bring mathematical argu

ments and experiments to confute him ; but you would never by t£ fe  
lofce him to yield, it he was ingenuous in his w a y ; becauíé you have 
no common principles ieft you to argue from, and you differ from one ano- 

not in a mat.hematical proportion, but in a mathematical definition. 
Suppoie a philofopher has confider’d only that meafure o f centrip®- 

I tal force which is proportional to the velocity generateti by it in a g i
ven time, and from this meafure deduces icveral propofitions. A n o 

28 Quantity.
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ther philolbphcr in a diftant country, who has the fame ge:ieral no* 
tioii o f  centripetal force, takes the velocity gf-nerateci by it, and tl>e 
quantity o f matter together, as the meafure o f it. .- rom this he dedu
ces feveral conclufions, that fecm dircd ly contrary to tnofc o f the ocher. 
Thereupon a fcrious controverfy is begun, whether centripetal ibrce be 
as the velocity, or as the velocity and quantity o f matter taken together.
M uch mathematical and experimental duft is railed; and yet neither party 
can ever be brought to y ie ld ; for they are both in the right, only they 
lu ve  been unlucky in givin g  the fame name to different mathematical 
conceptions. H ad they diitinguifhed thefe meal'ures o f centripetal force 
as Newton has done, calling the one Vis centripet<e quantitatis accekratr^  
the other quantitas motrix \ all appearance o f  contradiction had ceafcd, 
and their propofitions, wliich íeem ib contrary, lud  exacyy tallied.

C H A P .  f l.

0  p  <r I  c  K  s,

I. T have obferved, mWix Baker's Microfcope made eafŷ  edit. 174;?, p.Oftbe AppVt- 
1  4 7 , that M r Martin has invented a Micrometer, to be applied co cation of a 

any Microfcope whatfoever. 1 have for fome years made ufe o f another 
fort oi Micrometer, which I have applied to one ot M r Scarlet^s f . Ct>ri- 
Microfcopes, and placed it in the foeus o f the firft eye-glals. It aian Holl
is a very fmall piece o f  the thinneft black filk, divided into very mi- man. Fro/^. 
nute fquarcs, and is extended on a little ring o f wooti or paper, in fuch 
a manner, that it may conveniently be placed in the/i?ftfJof the firll eye-^^  ̂
glafs. Thefe fquares indeed are not all o f  the fame magnitude. But, as tingen. N'*. 
this conduces greatly to the more eafy and convenient enumeration o f  475-P 239» 
them, which would be impofiible if they were all o f the lame magnitude, 
fo it is little or no hindrance in deducing the conclufions. F or as often ’ ' 
as I have counted 20, 30, or 40 o f  thei'e fquares^ according to one line 
ot the Micrometer, or fine filk. I have proceeded in counting the whole 
line, and let me l>egin to count from which end I w ill, 1 have always 
compared it exaclly with fome certain object placed under the M icro 
fcope*, and thus I have found the number o f little fquares to anfwer to 
the dianrveter o f  the object fo juftly, that there is very feldom half a 
fquar* too much or too little, which may very fafely be flighted in fuch 
an incomprehenfible fubtility o f  objedts.

W hen by repeated experiments I had found, that the diameter o f  an 
objeót was inlarged at leaft 27 tim es, I allowed the augmentation to be 
only 25 times, that I might be certain that the augmentations o f  the 
following glaffes, found by m y M icrom eter, were not greater, but lefs 
than the truth, when I had them found, that N°. i o f the fame M icro- 
Icope magnified 250 times, and that the animaUula. feminalia humana^

without

JIflED



í

an

I

i

O / fallacious 
V i f .o n  t h r o *  

compound M i
crofcopet} by 
Philip Fre
drick Gme- 
lin, Med. L i  
cent. If'ur- 
terbergenjis. 
N®. 476. p. 
386, April 

1-45. 
Pre/inted 
M ay 9. 1745

O f fnUaciousVifiGn through compound
without their tails, appeared hardly fo big as a large checfc-r'i^iv ■ ' to 
the n.-.lvcd eye, it became evidént, that i5,(>25,goo of thefe  ̂ iUi.alcu- 
ics were contained in the fpace of a cheelc-iliitO. And yet i  liavc ob- 
lorved much ihialler animalciiícs ciian thefe, in an iniufion of common 
pepper, or even ot common hay, after it had flood tor íome days. By 
the lile ot the lame Micrometer, I alio toiind two ways of determining 
the quantity o f  feminal animalcules in the iiiilt o f  a fifh, more accii- 
racely than had been dohe by Leuwfnbi^ecL I í îall only add at prefent, 
that one cubical decimal Hhe o f  a Rheniili foot, in the m ik ot a carp, 
contained alx>ve 24^4,140,625 feminal animalcules; and that the whole 
milt o f  a carp, weighing not quite 2 Norrinberg pounds, which liad 
1084 grains, made about 20.S0 cubical decimal lines, as I found by a 
hydroltatical experiment. That whole milt therefore contained above 
507,812,500,000 feminal animalcules. But it' we fuppofe the half o f  
this milt only to confift o f animalcules, and the other half to be a tiuid 
in wliich they live, which will eafily be allowed to exceed the truth, by 
all thole v.'ho have obferved how fmall a proportion o f  lluid there is in 
the feed o f this filli, before it has been diluted by water; there will, 
even upon this fuppofition, be more than 253,906,250,000 Jiving ani
malcules in the iced o f a carp, weighing lefs than 2 Norrinberg pounds; 
wjiich tho* it is beyond the'reach o f  our imagination, does not exceeiJ 
the power o f the iiilinite creator.

QoH'mgau O ct. 15, 1744.

II. Being informed by a friend, that i f  a common feal was applied 
to the focus of a compound M icrofcope, or optical tube, wliich has 2 or
3 convex, or plano-convex glafies, that part which is cut the deepeft in, 
would appear very convex, and lb on the contrary; and that fometimes, 
but very ieldom, it would appear in the fame ftate, as to the naked eye, 

- 1 was defirous to make the obiyvation m yfelf*, and found it conftantly 
to happen, as m y friend told me. I thought the experiment worthy o f 
being farther profecuted: and accordingly, on the 16th o f lalt 
the morning not being very clear, but in a pretty light chamber, I view 
ed a watch hanging againft a plain wall, thro’ the left part o f  an op
tical tu b e; die whole of it appeared concave, and fixed into the wajl.

■ J aifo obferved fome flies, tliat were running about the wall, and tliey 
appeared in like manner. I alfo viewed a fmall globe o f  a I'herm om ettr 
filled with red fp irit: and this alfo feemed hollow, and fixed within the 
trame. I found the fame to happen with the raifal parts o f  garments o f 
all colours, and with the brazen protuberances o f a fmall cabinet; all 
which appeared concave, and deeply funk into the cloth and wood. I 
alfo viewed a fmall ftags head, cut in wood, and hanging horizontally 
on the w a ll; this alfo appeared concave, and fixed into the wall.

A fter this I obferved a ball o f  one o f  Fahrenheit’s Thermometors* íiíll 
o f  quickfilrer: but it did not change it’s natural.convcxity; nor did,the 
em pty glafs ball o f .the inverted Thermometer, hanging againit the wall,

tho’



tho’ the lower ball o f the iame filled with red fpirit, and that alfo o f  F a
hrenheit’s filled with fpirit lo il their convexity. H ence I prcfently con
cluded» tliat white or fliining uncolourcd bodies appeared under the fo 
cus o f  this tube in the fame manner as they appear to the naked eye  ̂ at 
the fanie time I muft fairly acknowledge, that an ^ îfiiting friend has. 
fometimes made obfcrvations direótly oppojfite to mine in the fame cir-. 
cum ftances: nay, in a darker day I myfclt have found m y obfervations 
quite contrary to thoie which I had made the day before. H ence, 
tho* die obfervation with the feal held conftandy the fame, I imagined 
there muft be fome particular circumitances hitherto unobferved, in 
which thefe objects appeared thus perverted. I therefore endeavoured 
to difcover fome certain laws, according to which thefe perverted ob- 
jctfh always appeared when expofed to thefe fo d , and fome others, ac
cording to which they conftantly appeared as when they were expoled 
to the naked eye. A fter various experiments I partly obtained m y 
end.

A s often as I viewed any obje£t, rifmg upon a plane, o f  what colour 
foever, provided it was neither white nor íhining, with the eye and op
tical tube directly oppofite to it, the elated parts appeared depreiled, 
and the deprclTed parts elated, as it happened in the feal, as often as 
I held the tube perpendicularly, and brought it in fuch a manner, that 
it’s whole furface almoft covered the laft glafs orb o f  the tu b e; and in 
like manner it happened under the compound Microfcope. But as often 
as I viewed any o f the other obje¿ls depending perpendicularly from a 
perpendicular plane, in fuch a manner, that the tube was fupported in 
a horizontal fituation direftly oppofite to it, the fame always happened, 
and the appearance was not altered, when the obje¿t hung obliquely or 
even horizontally. I was m ightily delighted with the obfervation o f  a 
tobacco pipe, which had a porcellane bowl o f  a fnowy whitenefs, and a 
tube o f  horn almoil: black, and hung ol^iquely from a horn j the bowl 
preferved it's natural convexity, and the tube was deeply funk, and 
feemed to be almoft immcrfed in the wall. I alfo obferved, that when 
I placed the watch horizontally on a horizontal plane, and then looked 
on it perpendicularly, near the window, it no longer appeared fo depref- 
fetl, and furrounded with a iliady r in g ; whence I began to fufpect, that 
all thefe fallacies were ow ing to ihade, ju fi as Painters can elevate or 
deprefs a figure by m aking the ground ligiiter or deeper. T hu s when 
the raifed object was fo placed between the windows, that it m ight be 
illuminated on all fides, it did not cliange it*s convexity. But at laft I 
difcovered a method ot m aking obje£ts always appear with their natu
ral convexity. I f  any object hung againft a wall, or was contiguous to  
it in any fituation whatfoever, I viewed fidewife in fuch a manoier as not 
to oppofe the tube direólly againft it, but below the eminence near the 
plain at fome diftance. B y thefe means the protuberances o f  the cabi
net, and other objeds, always appeared to me with ^ eir true natural 
convexity. W ith  regard to the íeal, I held it in fuch a nianner, th.u

the
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the whole circumference -was perpendicular, or rather a little inclined. 
Then I applied the lower rim o f the tube exadly to the upper margin o f 
the difk of the feal, fo that the tube formed an obtufe angle with the 
feal then carefully preferving the fame fitiiation, I very gently moved 
the tube from the rim o f the leal upon it’s face •, and thus I always iiiw the 
feal with it’s true natural face. But why all rhefe things happen exadlly 
after this manner, I do not pretend to determine, nor why white, or 
uncoloured tranfparent fliining bodies, rii:ng in any manner above any 
plane, afford an exception from this rule ot Vifion, and do not appear 
UeprelTed when viewed after the method above mentioned.

C H A  P. III.

A S T R O N O M Y .

letter to !. I I F. great exadnefs, with wliich inftrumcnts are now conftruc- 
George E art J  hüch enabled the Aftronomers ot the prefent age to difcovcr
f  eld* «flírn changcs in the pofitions o f tlie heavenly bociies; which, by rcaibn
/ « f r t ^ a p p a -  o f theiry ;/ J í? / 7 w íy > ,  had efcaped the notice o f their predecefibrs. And ai-
rcnt M o t i o n  tho’ the caufcs o f fuch motions have always fubfiiled, yet philofophers
obfer-edin had not fo fully ConfidcrVI, what the efieéls o f thoie known cauics
jome oftht î?ould l)c, as to dcmonftratc/77>r;m t l i c t l i c v  mjtjht producc;
t i x e a  5 > i i i r s ;  6 j r  j -  ,  , • • 1 n  ^  ,  T  ,
the Rt'v theory itlcit is here, as well as in many other cales, indebted
James Brad- to pradlice, for the diicovery o f fome o f it’s moil elegant dedudions.
icv, D.D. This points out to us the great advantage o f cultivating thiŝ  as well as

every other branch o f natural knowledge, by a regular feries o f obfenM- 
48- p. I. ' tions and experiments. *
J a n .  1747-8. The progrefs o f Aftronomy indeed has always been found, to have 
Rtad J u n .  7, fo great a dependence upon accurate obfervations, that, till fiich were
*747- made, it advanced but flov/ly: for the Hrll confiderable improvements

that it received, in point o f theory, were owing to the renowned 
Tycho Brahh  ̂ far exceeding thofe that had gone before him, in 
the exadnefs o f his obfervations, enabled the fagacious Kepler to find 
out fome o f the principal laws, relating to the motion o f the heavenly 

^ bodies. The invention o f telefcopes and pendulum-clocks affordino-
proper means o f  (till farther improving the ;>rí7x/V o f Allronom y *, and 
theie being alfo foon fucceeded by the wonderful difcoveries made by 
our great Newton, as to it’s theory ; the fcience, in both refpeds, had 

|i acquired fuch extraordinary advancement, that future ages feemed to
have little room left, for making any great improvements. But, in 

É, fa d , we find the cafeto be very different; for, as we advance in the
means o f  making more nice inquiries, new points generally offer thcm- 
íélves, that demand our attention. T he fubjeél of m y prcfcnt letter

to



to  your Lordihip, is a proof o f  the truth o f  this remark : for, as foon as 
I huci difcoverctl the cauic, and Ictclcd tlic laws o f  the aberrations o f 
the i'lxcd liars, arifing iVoin the motion o f  lighr, * m y actcncioa 
was again excited by anotlier new phenomenons v iz . an annual change o f 
decHnation in fome o f  the fixed ilars i which appeared to be fenfibly 
greater about that time, than a precefiion o f the equino6lial points o f 
50 '̂' in a year woukl liavc occafioned. T h e  quantity o f  the diñerencc, 
tho* fniail in itlcli, was rt-ndered perceptible, thro’ the exa^tnel's o f  niy 
inilrument, even in rhe firil year o f  m y obfervations j but being then at 
a I0ÍS to guefs, from what caufe that greater change o f  declination pro
ceeded, I endeavoured to ailow for it in m y computations, by making 
life o f the obferved annual ditVerence, as n'.entioned in the fanie Fa- 
¡X T.

From  that time to the prefent, I have continued to make obfer '̂•ations 
at fVayifted  ̂ as opportunity ottered, witli a view o f difcovering the laws 
iuid caufe o f  this phaenomenon: for, by the favour o f  M atthew Jiytuonde- 
fold̂  Kfq; m y ijillrument has remained, where it was firíl erected; i'o 
that I lu ve been able, witliout any interruption, whicli the removal ot 
it to another place would have occafioned, to proceed on with m y intend
ed feries o f obfervations, for the fpace o f twenty years: a term fomewhat 
exceeding the whole period o f the changes, that hajjpen in this phd.“,:o- 
vjenon.

"W'hen I ihall mention the (mail quantity o f  the deviation, which 
the ibirs are fubject to, from the caufe that 1 have been fo long fearcli- 
ing after; I am apprehenfive, that 1 may incur the cenfure ot íomo 
jierfons, for having fpent fo much time in the purluit ot fuch a leeniing 
trilie : but the candid lovers ot fcience will, I hope, make due allow
ance ff)r that natural ardour, with which the mind is urgeU on t(jwarti.s 
the difcovery o f truths, in themielves j>erhaps o\ jm all moment, were it 
not that they tend to illuilrate others o f greater ufe.

'I'he apparent motions ot the heavenly bodies are fo complicated, and 
affeéted by fuch a variety o f caufes; that in many cafes it is extremely 
difficult to afllgn to each it’s due fliare o f influence; or diilin(5tly to point 
out, wl^at part o f  the motion is the efieci: o f one caule, and what 01 
anotlier: and w hilil the joint eííeéls o f  all are only attended to, great 
irregularities and feeming inconfillencies frequently o ccu r; where;is, wheii 
we are able to allot to each particular caufe it’s proper eíTeéí:, harmony 
and uniformity ufually enfue.

Such feeming irregularities being alfo blended with the unavoidable 
errors, to which aftronomical obfervations m uil be always liable, as well 
from the imperfeólion o f  our fenfes, as o f the inftruments that wc life, 
have often very much perplex’d thofe, who have attempted to Iblve tJie. 
pha-nomena: and till means are difcovered, whereby we can feparate and 
dillinguiili the particular part o f  the whole motion, tĥ at is owing to each

•  See V o l.  vi. Part I. Chap. üi, Scil. 5 ,

V O L .  X . Part 1, F  rcrjieclive

An  Apparent Motion in foms o f the fixed Stan, 3̂
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refpedlive cauic, ic wiil be impoíTible, to be well aíTureci of the truth o f 
any folutioii. For ihcfe icaroni, wc generally find, t!iat the more exad  
tlie itiflruments are, that we ule, and the more regular the feries o f  ob- 
fcrvations is, that we take  ̂ the looner wc are enabled to difcover the 
cauie ot any new fh^enomefwn. For when we can be well aiTiired o f  the 
limits, wherein the errors o f the obfervatioiis are contain'd; and have 
rt-diiced tiiem within as narrow bounds as poiiible, by the pertectionof our 
inftruiiients; wc need not hcfitace to afcribe fucli apparent changes, as 
inanii'citly exceed thofe limits, to fome other cauics. Upon thefe ac
counts it is incumbent upon the prañkal Aftronomer, to let out at firft 
v ith  the examination o f the correclneis ot his inftruments-, and to be alfured 
that they are iiifficientiy exact for the ufe he intends to make ol them ; 
or at icall he Ihoiild know, within w lut limits their errors are con
fined.

T h is prafíice lias, in an eminent manner, been lately recommended 
by your I.onlfhip’s noble exam ple; who having, out ot a fingulur re
gard for the fcience oí A llrononiy, ereded an obil-rvatory, nixi turniil'xd 
it with as complete an ¿íppurains o f inltruments, as our befl: artiils could 
contrivc; would not fully rely on their exadlnefs, till their diviiions h:id 
itndergone the íb iétefi: re-examination : wiiereby they arc probably now 
render'd as perfect in their kind, as any extant, or as human ikill can at 
prcfent produce.

I'h e  lovers o f tb/s fcicnce in general, cannót but acknowledge their 
obligations to your Lordfliip on this account j but I hnd m yfelf more 
particularly bound to do it j fincc, by means o f your moR accurate ob- 
krvations, I have been enabled to fettle fome principal tlments \ which I 
*.ould not at j^refent otherwife have done, for v/ant o f an inftrument at 
the Royal Obfervatory, prcpo‘ for that purjx)fe: for the large mi(ral qua
drant  ̂ which is there fixed to obfcrve objeibs lying fouthward o f the ze
nith, iiowever an inftrument it may be in itfelf, is not alone fuf-
iicient to determine, with proper exacbiefs, either the latitude o f the O b- 
íérvatory, or the quantity o f  refraftion correfponding to different altitu- , 
d es: for it being too heavy to be conveniently removed ; and the room 
wherein it is placed, being too fmall to admit o f it's being turned to the 
oppofite fide o f the wall, whereon it now hangs; I cannot, by añttal ob- 
lervations o f  the circumpolar ftars, fettle thofe necefíary points ; and 
therefore have endeavoured to do it, by comparing my own with your 
Lordihip’s obfervations: and until this d efed  in the apparatus belonging 
10 the Royal Obfervatory be removed, wcti^uft be indebted to you rL o rd - 
Ihip, for the knowledge o f it’s true fituation.

A  mind intent upon the purfuit o f  any kind 6 f knowledge, w ill al
ways be agrepbly entertained, \vith what can fupply the moft proper 
means o f attaining i t : fuch, to the praiHcal Aftronomer, arc exaél and 
weii-contriv*d inftruments; and I refieft with pleafure on the opportuni
ties I have enjoyed,^ of cultivating an acquaintance and friendihip with 
tiie perfon, that, ot all others^ has moft contfibutcd to theif iniprove-
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mcnt. For I am fenfible, tliat if  m y own endeavours hcive, in any ref- 
pccr, been effeétual to the advancement of A llronom y ; it has pri^icipaily 
been owing to the advice and ailiftancc given me by M r Gecrgc Graham; 
whofe great iklil and judgm cnc in mechanicks, join’d with a complete 
and praétical knowlenge o f  the ufes o f  allronomicai inftruments, enable 
him to contrive and execute them in the m od perfect manner.

T h e  Gentlemen o f  the R<jyal Academy o f  Sciences  ̂ to whom e are To 
highly obliged for their exact admcafurement o f the quantity o f  a de
gree under the ar£lic circle, have already given the world very con
vincing proofs o f  his care and abillities in thofe refpcciis *, and tlie par
ticular delineation, which they have lately publiihed, o f  the feveral 
parts o f  the feáíor^ which he made for them, hath now rendered it need- 
lefs, to enter upon any minute defcription o f  mfte at IVanfted j both be
ing conftructed upon the fame principles, and differing in their com po
nent parts, chiefly on account o f  the difterent purpofes, for which tiiey 
were intended.

A s  mine was originally defigned to take only the differences o f  the ' 
zenith diftances o f ftars, in the various lealbns o f  the year, without 
any view o f  diicovering their true places  ̂ I had no occanon to know 
cxactly, what point on the lim b correfponded to the true zenith r 
and tlierefore no provifion was made in m y fe6tor, for the changing 
OÍ it’s fituation for that purjx)fe. Neither was it neceíTary that th ed i- 
vifions or points on the arc iliould be fet off, with the utmoft accuracy, 
cquidiilant from each other •, becaufe, when I oblerve any particular ftar, 
the fame fpot or point being firll bifectcd by the plumb-line, and then 
the Icrew o f  the iVIicromcter turn’d until the ílar appears upon the 
middle o f  the wire, that is fixed in the common focus o f  the gl.ijfes 
of the IV ieicope; I can thereby collect, how tar the ftar is from tiiat 
given point at the time o f  obfervation: and aiterwards, by co^nparing 
together the feveral obfer^^ations that arc matie o f  it, I am able to dilcu- 
ver what apparent change has happen’d. 'D ie quantity o f tli¿ viiibK* 
alteration, in the pofition ot the liars, being expreli'ed by revoU;- 
tions and parts of a revolution, o f  the fcrcw o f  the M icrom eter; 1 1:¡- 
deavoured to determine, with great care, the true angle aniwerin^ 
thereto: and after various trials, I thoroughly fatisficd m yfclf, both 
o f  the equaUty o f  the threads ot the fcrew, and o f  the precife number o f 
feconds correfponding to them.

But altho’ thele points could be fettled with great certainty, I was ne- 
vcrtlieiefs obliged to m ake one fuppofition; which perhaps to fome per- 
fons may feem o f  too great moment in the prel'ent inquiry, to be adm it
ted without an evident proof from fadb and experiments. For I fuppofe^ 
that the Jinc o f  collimation o f m y Tdefcoj>e has invariably preferved the 
fame direction, with refpedt to the divifions upon the arc, during the 
whole courfe o f  m y obfervations. A n d  indeed it was on account o f  the 
objeélions, which m ight have been raifed aga'mft fuch a pofiulate^ that 
I thought it necellary, to continue m y feries o f  obfer\*ations for fo many
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vcar-s bclorc 1 publiflu\i the conclufions, which I ihall at prefcnt endea
vour to draw írom thorn.

\Mioever compares the rcfulc o f the fcvcr.il trials, that have been made 
by the gcntk men o f the Academy o f Sciences  ̂ tor determining tlic zenith 
point o f their t ó o r ,  iincc their return from the north; will, I preiiimc, 
allow that mine is not an iinrcalbnable or precarious /«/>/><?/?//£?;;; iince it is 
evident, from their obfcrvations, that the line o f  collimarion o f  chat in- 
itrument underwent no fenfiblc change in it*s diredion, during the 
Ipace ot more than a whole year alcho’ it was feveral times taken down, 
and fee up again in different and remote placcs; whereas mine hath al
ways remained fufpended in the lame place.

But befides fuch a ilrong argume’u  for the probabillity o f  the trutfi 
o f  my fappofition^ I have tJie iatisfadion o f fintjing it atlually verihctl 
by the oblervations tiienilcives •, which plainly prove, that at the end o f 
tiie full period o f  ti'.o deviatioas which I am going to mention, the ihvs 
..re lound to have the fame pofitions by the inib'umcnr, as they ought 
xo ¡Mve, iuppoiing the line ot collimarion to iiave continued unaltered 
ironi tile tin*c wiieii Í iirfl be^an to obfervc.

I have already taken notice, in wliar manner this ph.cnomenon difco- 
r’d itfeif to me at tfie end o f  m y tíríl year*s obfervations, v iz , by a 

^rerJcr apparent change o f declination in the ilars near the cquinodtial 
coiure, than could arifo from a preceftion o f  in a y e a r; the mean 
t|\iantity now ufually allowed by Aihonom ers. But th.ere apj^earing at 
the fame time, an ellcft of a quite contrary nnture, in fomc ftars near 
liie folititial colure, which feem’d to alter their declination kjs than a precei- 
iion o f required ; I was thereby convinced, that all the ph.aiomcna^ 
in the dirtcrent ilars, could not be accoi!nted for, merely by fuppofing, 
that I ]\ad aluimed a wrong quantity lor the precelllon o f the cijuinoc- 
iial points.

A r Hril, I liad a fufpicion, that fome ot tliefe fmall apparent alterations 
in tiie places ol the liars, might poHibly be occaiioned by a cliange, in 
the materials, or in the pofitiou o f the parts ot m y feitor : but, upon 
confidering how Hrmly the arc, on whicli the divilions or jwints are made, 
IS tailened to the plate, wherein the wire is fixetl ihat lies in the focus 
of the object-glafs*, I faw no reafon to apprehend, that anyclunge couKl 
have hapjx'ned in the pofition o f that wire and thoie points. 'J'hc fuf- 
penfion therefore o f the plummet being the m oil likely caule, from 
whence I conceived any uncertainty coukl arile and the wire o f whicli 
iiad been broken three or iour times in the firil year o f m y obferva- 
tion s: Í attempted to examine, whether parr o f the ’foremcntion’d ap
parent motions m ight not liave been owing, to the diflerent plumb-lines 
that had been made uie of. In order to determine this, 1 adjufted a 
particular point o f the arc to the plumb-line, with all the exiflnels I 
could ■, and then taking oft the old wire, I immediately hung on another, 
with which the fame fpot was again compared. I repeated the experi
ment three or four times, and thereby fully fatisfied m yfelf, tliac no fen-
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fibls error coiikl arife from the ufc ofd iflcren t plumb lines; fince the 
various adjuilmcnts of' tlic I'aiiic point agrctxi with cach other, within 
lei's than halt a fccomi.

H aving then, from fuch trials, ftiílicicnt rcaion to conclude, that 
thcle feccmi uncx].x.*ctc<.i deviations o f the ftars, were not owing to any 
inipertection ol m y inftrument i after I had Icitled the laws of the aber
rations ariling from the motion o f  light, I judged it proper to con
tinue my obfervationsof the fame liars-, hoping t!wt, by a regular and longer 
fi:rics of them, carricd on thro* icveral fiiccccding years, I might, at length, 
b;; enabled to difcovsr the real caufe ot iuch apparent incóníiílencies.

As I rcfuled chiefly a t a f t e r  m y iLctor was crcvted there in 
[^¿7, til! the beginning d i May 1732, when I removed from thence to 
Oxford: I had, during m y abode at Wanjled^ frequent opportunities o f 
repeating m y oblervations; and thereby (.iilcovcred fo many particulars 
relating to thefe pbu'umena^ that Í beg.m to gueis whr.t was the real 
c aufe o f  them.

it appeared from m y obfervations, th it, during this interval o f  time, 
fome ot the ib rs  near the folftitial colurc, had changed their declinations 
9^''or than a preceiTion o f 50̂  ̂ v/oold have produced; and, at
the iiime time, that, others near the equÍno<5lial cólure, had altered theirs 
about the fame quantity than a like prtícefiion wouki have occa- 
fioned: the north jiolc o f the equator feeniing to have approached the 
ftars, which come to the meridian with the fun, about the vernal eaui- 
nox and the winter folitice *, and to have receded from tiiofe, which 
come to the meridian with the fun, about the autumnal equinox and the 
fummer folftice.

W hen I conüder’d thefe circumftanccs, and the fituation o f  the afcend- 
ing node o f the moon’s orbit, at the time when 1 firil began m y obferva
tions; I fufpeóted, that the moon’s action up>on the equatorial parts o f 
the earth might produce thefe eñeéts: for, if  the precelílon o f  the equi
nox be, according to Sir I. Nev:ton\ principles, caufed by the actions 
o f  the fun anti moon ujion thole parts; the plane o f  the moon’s orbit 
being at one time, above ten degrees more inclined to the plane o f  the 
equator, than at another; it was reafonablc to conclude, that the part o f 
the whole annual prcceHion, which arifes from her action, would in dif
ferent years be varied in it*s quantity; whereas the plane o f  the ecliptic, 
wherein the fun appears, keeping always nearly the fame inclination to the 
equator; that part of the preceíTion, which is ow ing to the fun’s action, 
may be the fame every year: and from hence it would follow, that, al- 
tho’ the mean annual preceíTion, proceeding from the joint actions o f the 
I'un and. moon, were 50 "; yttxho^ apparent ?i\\nuú preceíTion might fome- 
tim.es excccd, and fometimes fall íhort, o f  that mean quantity, accord
ing to the various fituations o f the nodes o f  the moon’s orbit.

In 172 7, when m y inílrumcnt was firil fct up, the moon’s afcendlng 
node ŵ as near the beginning o f  aries\ and confequently, her orbit was as 
much inclined to the equator, as it can at any time b e ; and then the ap
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parent anniuii prccciT.on was found, by m y Hrft year’s ohfervations, to 
be greater than the ; which proved, that the liars near the equi- 
no6iial colure, whofe declinations are moit o f all affectcd by the pre- 
ceflion, had changed thevrŝ  above niore than a preceiiion o f  50" 
would have caufed. T iic  iucceeding years obfervations proved the fame 
tiling ; and in 3 or 4 years time the diíTercnce became lb confiderablc, 
as to leave no room to fufped, that it was owing to any imperíe¿tion» 
cither o f  the inilrumcnt or obfervations.

But fon'je ot tUe liars, which I had obferved, that were near the fol- 
Aitial coiurc, having appeared to move, during the fame time, in a 
manner contrary to w\\&t they ought to have done, by an increafc 
in the precefiion *, and the deviations in them being as remarkable as 
in the otiicrs, I perceived that fomething more, than a meer changc 
in the quantity o f  the precelTion, would be requifite to folve tliis part 
o f  ú it phanomawii. U|X)n comparing m y oblervations o f  itars near the 
lolilitial colure, that were alm oll oppofite to each other in right afcen- 
fion, I found, that they were equally afteóled by tliis caufe; tor wliilfl 
y  draconis appeared to have moved northward, die fmall ilar, which is 
the 35th Camlopardali Heve!, in the Britijh catalogue, feemM to  have 
gone as much towards the fouth : which fliew*d, that this apparent m o
tion, in both thofe ftars, m ight proceed from a nutation in the earth's 
axis; whereas the coinparifon o f  my obfervations o f the fame ftars, 
formerly enabled me to draw a diiíerent conclufion, with rd'peit to the 
caufe o f  the annual aberrations arifing from the motion o f  ligiit. For 
the apparent alteration in y  draconis  ̂ Trom ibat caule, Jbeing as great a- 
gain as in the other fmall (lar, proved, that that phanommon did not 
proceed from a nutation o f  the earth*s axis; as, on the contrary, this may. 
Upon making the like comparifon between the obfen^ations o f other itars, 
that lie nearly oppofite in right afcenfion, wiiatcver their fituations were 
-with reípeét to the cardinal points o f the equator, it appeared, tliat their 
cliange oí declination was nearly equal, but contrary and fuch as a nu
tation or motion o f the earth’s axis would eñeél.

T h e moon’s afcending node being got back towards the beginning o f  
capricorn in 1732, the itars near the equinoctial coiurc appeared, about 
that time, to cliange their declinations no more, than a preceifion oí 50'''' 
required ■, w hilil fome ot tiioie near the folftitiai colure altered tbeirs abo\'c 
2 "  in a year lels, than they ought. Soon after, I perceived the annual 
change o f  declination oi the former to be diminiíhed, fo as to become 
h/s than 50̂ *̂  ot preceiiion would caufe; and it continued to diminiih 
till 1736, when the moon’s afcending node was about the beginning o f 
lihra  ̂ and her orbit liad the leaft inclination to tlie equator. But b y  tiiis 
tim^, ibme ot the ftars near the íblftitial colure had altered their decli
nations 1 8 ' ' fince 1727, than they ought to iu v e  done from  a pre- 
c ^ o n  o f  50' .̂ t o r  5̂  draconis  ̂ which in thofe 9 years Ihould have gone 
about 8'*' more foutberly^ was obíérvcd in 1736, to appear ic/'' aaorc 
northerly  ̂ tlian it did in 1727.
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A s tKis apjx*arance in y dracoms  ̂ indicated a diniinutionof the inclini-, 
tion ot the earth's axis to the plane of the ecliptic *, and as fcveral A ili ' r 
nomcrs have fiippofed rb¿rí inclination to diminiíli regularly : i f  this 
phtenmtnon dcptndeti upon fuch a caiile, and amounted to I'S'' in 9 years, 
che obli’iuity o f the ecliptic would, nt that rate, alter a whole minute in 
30 years; which is mucli iafter than any obferwntions, hefore mwdc, would 
allow. I. had realon therefore to think, t h a t o f  this motion at 
che lead, if  not the *:vlde, was owing to the moon’s action upon the 
cquacoriai pnrti o f  the earth which 1 conceivtd, mi^ht raufe a libratory 
inotioii o f  the earth*s axis. Rut as I was iinuhle to judge, from only 9 
years obfervations, wliethcr the axis v/ould entirely recover the fame po- 
fition, that it had in 1727. I found it neceffary to continué m y obler- 
vatioTiS tino’ a whole period o f the moon’s node^*, at the end o f  v;hich 
1 had tiic Jktisfn¿tion to fee, that the ftars rcturnetl into the fame pofiticns 
again-, as if there had been no alteration at all in the incHnation o f the 
tMrch’s axis: xiHiich fully convinced me, that 1 had g ;̂eí^cd riglitly as to- 
the caufe o f  the^/’¿f;?OTm;í2. T his circumilance proves likev. ife, that i f  
there Ix; a gradual diminution o f  the oblic]uity o f the ecliptic ; it does 
liot arife only from an alteration in tiie poiition o f the earth’s axis, but 
ratlier from Ibme change in the plane of the eclij^tic itfclf; becaufe the 
Ihrs, at tlte end o f the p r io d  oí tiie moon’s nodes, appeared in the iim c 
places, with refpeft to die equator, as they ought to havt done, i f  die t
earth’s axis had retained the fame inclination to an invariable plane. |(

D uring the courfe o f m y obfervations, as M r Machín v m  employed in 
confidering the theory of gravity, and it’s confequences, with regard to 
the celeftial m otions; I acquainted him witii the -phaenomena that I Jiad 
obferved: and at the fame time mentioned, *v¿hat 1 fufpe6lcd to be t lx  
caufe o f  them. H e foon after fent me a table, cont.aining the quantity 
o f  the annual prcceiTion in the various pofitions o f  the moon’s nodes, as 
alfo the correfponding nutations o f  the earth’s ax is; wliich was com put
ed upon the fuppofnicn^ that the wean annual preceíTion is 50 '', and 
that the whole is governed by the pole o f  the moon's orbit o n ly : and. 
therefore he imagined, that the numbers in tlie table would be too largc\ 
as in fa d  they were found to be. But it appeared, that the changes 
■which I had obferved, both in the annual preceifion and nutation» kept 
the fame law, as to increafmg and detrcafir^, with the numbers o f  his 
table. Thofe were calculated upt>n the fuppofition, that the pole o f  the 
equator, during a period o f the m ôon*s nodes, moved round in the pe
riphery o f  a little circle, whofe center was 2 3° 29' diftant frrm the pole 
o t the ecliptic; having itfdí' alfo an angular motion o f  50’" 'in a year,, 
about the fame p o le : the north pole Gf the equator was conceived to be 
in 4hc.t part o f  the fmall circle, w h id i is fartbeft from  the N . pole o f  the 
t-cliptic, at the tim e when the moon*S afcending node is in the begin
ning Ot arres: and in the oppofice point tif it, wixtn the fame -node is in 
'liifra.
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Such an hypothefis will account for an acceleration anti retardation o f 
t h e  annual preceíTion*, as allb tor a. nutation ot the earths axis: and it 
die diameter o f  the little circlc be fuppolcd equal to which is the 
whole q u a n t i t y  o f  the nutation, as collec1;cd irom m y obfervations o f  y  
dfacofiis: then all ú it ph^iwacna in the levcnil ilars which I oblerved, 
will be very nearly folved by it.

I x t  P  reprcfent the mean place o f the pole o f  the equator, about 
which point, as a ccntcr, i'upuofc the true pole to move in the circ!e 
A B  C D , whofe diameter is i i " .  I x t  E  be the pole o f the ecliptic, and 
E  P  be equal to the mean diftance between the poles oí the equator and 
cclip tic; and fuppofe the true jx)lc ot the equator to be at A , when the 
moon’s afcending node is ii\ the beginning oi a rk s; and at i?, when the 
node gets back to capricorn *, and at C, when the ianie node is in libra: 
at which time tlie N . pole o f the equator being nearer the N . pole ot 
the ccliptic, by the whole diameter ot the little circle y/C equal to i8 '';  
the obliquity o f  the ecliptic will then be fo much lefs than it was, 
when the moon’s afcending node was in aries. T he point P  is fuppoied 
to move round with an equal retrograde motion, anfwerable to the 
mean preceíllon arifing from the joint actions ot the lun and m oon: while 
the true pole o f the equator moves round P , in the circumference A B C  
Dy with a retrograde motion likewifc, in a period ot the moon’s nodes, 
or o f eighteen years, and feven months. By this means, when the moon’s 
afcending node is in arieSy and the true pole o f  the equator at //, is m ov
ing from A  towards B : it w'ill approach the Ilars, that come to the m e
ridian with the fun about the vernal equinox and recede from thole 
that come with the fun near tiic autumnvd equinox, fnftcr than die viem  
]X)le P  does. So that, while the moon”s node goes back from aries to 
caprkoi'ny the apparent preccfRon will feem lb much greater than the 
mean \ as to caule the ilars, that lie in the equinoctial colure, to have 
altered their declination 9 ", in about 4 years and 8 months, more than 
the mean precefilon would d o : and in die fame time, the N . pole o f the 
equator will lecm to have approached the ilars, tiiat come to the meridi
an with the fun at our winter folfticc, about \ and to have receded as 
much from thofc, that come with the fun at the íummer-folílice.

I'Jiiis th¿ phicnomena before recited arc in general cont'ormable to this 
hypothefis. But to be more particular; let S be the place o f  a (lar, P S  
the circle o f  declinadon pafiing thro’ it, reprefenting it’s diftance from 
the mean pole, and y P  S  it’s mean right afcenfion. Then if  O and R  
be the points, where the circle o f  dcclination cuts the little circle A B C D y  
the true pole will be neareft tlu t ftar at 0 , and fartheft irom it at R  \ 
the whole diíTerence amounting to 18 '', or to the diameter o f  the little 
circle. A s  die true pole o f  die equator is f^ppofed to be at Ay when 
the moon’s afcending node is in aries; and at By when that node gets 
beck to capricorn'̂  and the angular modon o f  the true pole about P ,  is 
likewife fupjwfed equal to that o f  the moon’s node about or die 
pole o f  die ecliptic: fince, in thcfe cafes, the true pole o f  die equator

. is
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is 90 degrees before the moon’s afcending node, it muft be fo in all 
others.

W hen tlie true pole is at it will be at the fame diftancc from the 
ilars that lie in tlie cquinoótiai coliire, as the mean pole P  is, lor I neg
lect at prcfcnt the call* o f fuch ftars as are very near the pole o f the equa
tor ; and as tlie true jx>le recedes back from A  towards it will approach 
the itars, that lie in tiiat part o f  the colure reprefented by P  ‘V' j and 
recede Irom thofc, that lie in F  ^  ; not indeed with an equable m otion; 
but in the ratio o f  the fine o f  the diílance o f the moon’s node from ti)c 
beginning o f aries. For if  tlie node be fuppofed to have gone backwards 
from tfr/ej 30°, or to the beginning o f  fi¡ces\  the point, which repre- 
fents the place o f  the true pole, will in the mean tinie, liave moved in 
the little circle, thro’ an arc, as y^O, o f  30® likew ife: and would there
fore in efrecl iiave approached the ftars that lie in the equinoctial coIurc 
P  ‘Y’ , and have receded from thofc that lie in P  4." f  which is the

fifie 0 Í to t\\t radius A  P . For i f  a perpendicular lall from O upon 
Pyiy it may be conceived as part o f  a great circle, paiTing t!u*o’ the true 
pole and any ftar lying in the equino6lial colure. N ow  the lame pro
portion, that holds in thefe ftars, will obtain likewife in all others; and 
from hence we may collect a general rule, for finding liow much nearer 
or iarther, any particular ftar is, to or from, the mean pole, in any g i
ven pofition o f  the moon’s node.

For, it from the R . afcenfton o f the Jiar, we fubftraB the difiattce o f the 
moon's afcending node from aries •, then the radius 'will be to the fine o f the 
remainder  ̂ as is to the number of feconds  ̂ that the ftar is nearer tOy or 
farther from the true  ̂ than the mean f  ole. W hen that remainder is lefs 
than 180°, the ftar is nearer to the true, than to die mean pole •, and 
the contrary, when it \% greater than 180®.

T h is motion o f  the true pole, about the mean at P^ w ill alfo produce 
a change in the R. afcenfions o f the ftars, and in the places o f  the equi- 
no(5tial points ; as well as in the obliquity o f  tlie eclip tic; and the quan
tity ot the equations, in either o f  thefe cafes, may be eafily computed 
for any given pofition o f  the moon’s nodes. But as it may be need lefs, 
to dwell longer on the explication o f  the hypothefis \ I lliall now pro
ceed to ihew it’s correfpondency with the phanomeita^ relating to die 
alterations oí the polar diftances o f  fomc o f  the ftars which 1 have ob- 
ferved ; by laying before your Lordftiip the obfei-vations themfclves, to
gether with the computations tl\at arc necefiary; in order to form a right 
judgm ent about the caufe o f  thefe appearances.

I have endeavoured to find the exa£l quantity o f  the mean preceiilon 
o f  the equinoótial points, by comparing m y own obfervations made at 
Greenwich^ with thofe o f  Tycho Brahe and others, w'hich I judged to be 
moft proper tor that purpole. But as many o f tlie ftars, which 1 com 
pared, gave a different quantity; I ihall afíume the mean rcfu lt; which 
gives a precefiion ot one degree in feventy-one years and an h alt: this 
agreeing very well likewife with m y obfervations that were taken at

V O L .  X . P a rti. G  JFanfted.
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Wanfted. T h e  numbers in the following tables, which expreis the cliangc 
o f  declination in each ftar, are computed upon the fuppofition, that the 
mean obWqmty o f  the ecliptic was 23°. 28'. 30", and tliat it continued 
the fa m , during the wiiole courfe o f  m y obfervations. A n d  as the 
moon’s afcending node was in the beginning o f aries about March 27th 
1727, I have rcduced the place o f each ftar to tbat tim e; by allowing 
the proper change o f declination from that day, to the day o f  each rc- 
ípc¿live obfcrvation.

It being ahb neceflary to make an allowance for the abenations o f 
lig h t; I have again examined my obfervations, tliat were moft proper to 
determine the tranfverfc axis o f the ellipfis, which each ftar íéems to 
defcribe *, and have found it to be nearcft to 40" i which number I there
fore make ufe o f  in the following computations.

T h e divifions or points upon the limb o f  my feflor are placed five 
minutes o f a degree from each other \ and are numbered fo, as to ihew 
the polar diftances nearly; the true polar diftance exceeding that, which 
is fhewn by the inftrument, about \\ 35^  ̂ W hen I firft began to ob- 
fcrve, I generally made ufe o f  that point on the limb, which was neareft 
to the ftar’s polar diftance, without regarding whether ic was more nor
therly, or more foutherly than the ftar: but as it fometimes happened, 
that the original point, with which I at firft compared the ftar, be
came, in procefs o f  time, pretty remote from it *, I afterwards brought 
the plummet to another point, that was nearer to it *, and carefully ex
amined, what number o f revolutions o f the fcrew o f the Micrometer, 
^"í:. correfj>onded to the diftance between the different points, that I had 
made uib o f: by which means I was able to reduce all the obfervations 
o f  the fame ftar to the fame point, witliout fuppofing the feveral divifions 
to be accurately 5' afunder.

I have expreifed the diftance o f each ftar from the point o f the arc, 
with which it was compared, in feconds o f a degree and tenth parts o f a 
fecond, exadlly as it was colle¿ted from the obfervations; altho’ I am 
(enlible, that the obfervations themfelves are liable to an error o f  more 
tiian a •iijhole fecond ; becaufe I meet with fomc, that have been made 
within two or three days o f each otlier, that differ 2'’̂ , even when they 
aro not marked as defective in any refped.

It would be too tedious, to fet down the whole number o f  the obfer
vations that 1 have made ■, and therefore I iliall give only enough o f 
them, to ihew their correfpondency with the ’ iorementioned hypothefis 
in the feveral years, wherein any were made o f the ftars here recited. 
When/en-vrtf/ obfervations have been taken o f the fame ftar, within a few 
days ot each other *, I have either fet down the mean refult, or that 
obfervation which beft agreed with it. I liave likewife commonly 
chofen thofe, that were made near the fame feafon o f  the year, in fuch 
ftars as gave me the opportunity o f  making that choice; particularly 
in y draconis  ̂ which was generally obferved about the end o f  Auguft or 
lijc beginning o f Septmher^ that being the ufual time, wher> I went to

Wanfted
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IVanfted on purpofe to obferve botii that  ̂ and alfo fome o f  the ftars in die 
great Bear. But the weather proving cloudy at that fcafoh in 1 744, 
prevented my making a fingle obfervation, either o f  y draconis  ̂ or any 
other ftar, while I was there *, which is the fcaufe o f one vacancy in a feries 
o f  20 fiicceeding years, whei*ein that particuhir ftar had been obferved. 
Such ftars, as were either not vifible in the day-time, towards the begin
ning o f  Septembery or came at fuch hours in the night, as would have in
commoded the family o f  the houfe wherein the inílrument is fixed, were 
but feldom obfei-ved, after I went to refide at O xford: which is the rea 
fon, why the feries o f  obfervations o f  tbofe is fo imperfect, as fomctimcs 
to leave a chafm for fevcral years together. But notwithflanding this  ̂
I doubt not, but upon the whole they will be found fufiicient, to latisiy 
your Lordfliip o f  the general correfpondency between the hypothefts and 
the ph ênomenay in the feveral ftars *, however different their fituations 
are, with refpeót to the cardinal jKjints o f the equator.

A s I made more obíervations o f y draconts than o f  any other ftar *, and 
it being likewife very near the zenith o f IVanfted; 1 will begin with the 
recital o f  fome o f  them. T h e point upon the lim b, with which this 
Itar was compared, was 3 8 ° 25' from the N . pole o f  the equator, ac
cording to the numbers ot the arc o f  my fe¿tor. T h e  firft column, in 
the following table, fliews the year and the day o f the month, when the 
obfervations were m ade; the next gives the number o f feconds, that the 
ftar was found to be S. o f  3 8 °. 2 5 ': the third contains the alterations o f  
the polar diftance, which the wean preceíTion, at the rate o f one degree 
in 71 f  years, would caufe in this ftar, from March 27th 1727, to the 
day on which the obfervation was taken : the fourth fliews the aberra
tions o f lig h t: the fifth, the equations arifing from the *forementÍoned 
hypothefis: anti the fixth gives the mean diftance o f the ftar ironi the 
püuu with which it was compared, found, by collecling the fevcral num
bers, according to their figns, in the 3d, 4th, and 5th columns, and 
applying them to the obferved dtftances contain’d in the lecond.

If the obfervations had been j>erfe<5tly exact, and the feveral equations 
ot their due quantity; then all the numbers in the laft column would 
have been eq u al; but iincc they differ a little from one another*, i f  the 
mean ot all be taken, and the extremes are compared with it, we fl âll 
find no greater difference, than what may be fuppofed to arife from the 
uncertainty ot the obíervations them íélves; it no where amounting to 
more than /^4 . I'he hypothefis therefore feems, in this ftar, to agree 
extremely well with the obfervations here fet down j but as I had made 
above 300 ot i t ; I took the trouble o f  comparing each o f them with 
the hypothefis: and altho* it m ight have been expected, that, in fo 
large a number, fome great errors would have occurred ; yet there 
are very few, only 1 1, that differ from the mean o f  thefe fo much as 
and not one that differs io much as 3 '̂. 'i'his furprifing agreement, 
therefore, in lb long a 1‘cries o f obíervations, taken in all the various 
fcafons ot the year, as well as in the different pofitions o f  the moon^s

G  2 nodes.

j^n Apparent Motion in fome o f the fixed Stars,
43

Ij I H I



44
nodes, feenis to be a fufiücienc proof o f  the truth, both o f this hypothcfis, 
and alfo o f that which I formerly advanced, relating to the aberrations 
o f  li^ h t; fince the polar diftance in this ftar may differ, in certain cir- 
cumftances, almofl: a minute, v iz . 5 6 " i ,  if  the correilions refulting 
from both thefe hypothefes are n eg le fted w h ereas, when thofe equa
tions are rightly applied, the mean place ot the ítar comes out the fame, 
as nearly, as can be reafonably expeded.

An  Apparent Motion in feme of the fixed Stars.

y  Draioais
South o f  

0 /

38. 2 j

PreceC
fton.

Aberra
tion.

N uta
tion.

Mean
Dift.

II It II II 11

1727 September 3 70.5 — 0 4 + 19.2 -  1-9 80.4
1728 March 18 108.7 — 0.8 — 19.0 —  8.6 80.3

September 6 70.2 — 1.2 +  ' 9-3 —  8.1 80.2
1729 March 6 108.3 — 1 .6 »9*3 —  7 .4 80.0

September 8 69.4 — 2.1 +  »9*3 —  6.4 80.2
1730 September 8 68 0 — 2.9 + 19.3 —  3-9 80.5
1731 September 8 66.0 — 3.8 + 19 3 —  1.0 80.5
1732 September 6 64.3 — 4.6 + 19.3 -|- 2.0 81.0

1733 Auguil 29 60.8 — 5-4 - f 19.0 4 “ 4-8 79.2
1734 Auguft 1 ] 62.3 — 6.2 + 16 9 +  6.9 79-9
1735 September 10 60.0 — 7 ' + 19.3 +  7 9 80.1
1736 September 9 59-3 — 8.0 + 19.3 +  9-0 79.6

1737 September 6 60 8 — 8.8 -h *9-3 H- 8.5 79.8
1738 September 13 62.0 — 9.6 -h 19-3 +  7.0 78.7
1739 September 2 66.6 — 10.5 +• 19.2 +  4 7 80.0
1740 September 5 70 8 I I . 3 + 19 3 +  1.9 80.7
17 4 1 September 2 7>-4 — I 2.1 -h 19.2 —  i . i 81.4

1742 September 5 76.7 — 12.9 H- Í9-3 —  4.0 79.1
1743 September 2 8 1.6 — 13.7 *+■ 19.1 —  6 4 80.6
1745 September 3 8 6 3 — 1^4 + 19.2 —  8.9 81.2
1746 September «7 86.5 — i6.2 19 2 "  8.7 80.8
1747 September 2 86.1 17.0 + 19.2 —  7.6 80.7

I made about 250 obfervations o f  (3 draconis \ which I find correfpond 
as well witli the hypothefis, as thofe o f  but fince the pofitions o f  
both thefe ilars, in refpeót to the folftitial colure, differ but little from 
each other; it will be ncedlefs to fet down the obfervations o f /3. I 
fliall therefore proceed to lay before your Lordfliip, fome obfervations 
o f  a fmall ftar, tliat is almoft oppofite to y draconis in R . afcenfion, be
ing the 35th Camelopardali Hevel. in the Britiflj catalogue. M r Flam- 
fteed  ̂ indeed, has not given the R . afcenfion o f this ftar \ but that being 
necefiary to be known, in order to compute the change o f it’s declina
tion arifing from the preceíTion o f the equinox; I compared the time o f 
it’s tranfit over the meridian, with that o f  fome other ftars near the

fame
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fame parallel; whereby I found, that it’s R . afcenfion was 85®. 54.'.f  
at the beginning o f  the year 1737.

T h is fmall ftar was compared witli the fame point o f  the limb o f 
m y ledor, as y draconis *, and the fccond column, in the following table, 
fnews how many feconds it was found to be S. o f  that point, at the 
time o f  each refpeítive obfervation. T h e other columns contain, as in 
the foregoing table, the equations that are neceíTary to find, what it’s 
mean diftance from the fame point would have been on March 27th
1727, which is exhibited in the lafl: column. T h e whole number o f  
m y obfervations o f  this ftar did not much exceed 4 0 ; the greateft 
part o f  which were made before 1 7 3 0 ; in fome o f  the following years 
none were taken *, and only a fingle one in any other, except in 
1739. H owever, their correfpondcncy fcems fufficient to evince the 
truth o f the hypothefis: for if  the mean o f thefe, conuin’d in the ta
ble, be taken, not one, among the reft o f  the obfervations,, will differ 
from it more than

An  Apparent Motion tn fome o f the Jixed Stars, 45

35*** Camelopard. 
H ivelii.

Souch oF 
0 /

58. 2 ;

Precef-
lion.

Aberra
tion. Nucation

Mean
D id
Soath.

II » 11 //
1727 O£lobcr 20 7 3 6 +  0.9 —  6.7 +  8 9 76.7
1728 January 12 60.8 1.2 -h 6 I 8.8 76.9

March I 57.8 . * 4 +  9.4  ̂ 7 77-3
September 26 />•2 2-3 —  8.8 8 1 76.8

1729 February 26 $6.4 2.8 +  9-4 7.6 76 2
1730 March 3 57.8 4.4 9.4 5-4 77 0
1731 February 59 ' 5 6 +  3-0 76.2
1753 January 64.1 8.7 8.2 —  2 9 78 I

1738 December 30 61 8 17.2 ■ +-3 6 5 76.8
1739 February 4 56.9 17-3 8.5 6.3 7 6 4
1740 January 20 56.0 18.6 7.0 —  4.0 77  6
1747 February 27 ^ 2  ^ 28 ; 9  4 4“ 8 4- 78 6

T he obfervations o f the foregoing ftars are the moft proper, to prove 
the change o f the inclination oF the earth’s axis to the plane o f  the eclip
tic •, thole which follow, will iliew in what manner the ftars, that lie 
near the equinodial colure, are affeded, as well as others, that are 
diftlrently fituated, with rcfpeél to the cardinal points o f the equator. 
Some ot thefe ftars are indeed more remote from the zenith, than I 
would have cholen, i f  there had been others, o f  equal luftre, in more 
proper pofitions; Ixicaufe experience lias long fince taught m e, that 
the obfervations o f i'uch ftars, as lie near the zenith, do generally a- 
grce bcft with one another, and arc therefore the fittcft to prove tho 
truth o f  any hypothefis. I iliall begin with thofe near the vernal.

equinox.



4 6 ^  Apparent M otion in feme o f  the fixed Stars.
equinox. aCaffioptéSW^ compared with the point marked 3 4 °. 5 5 ';  
and at firft was found to be more foutbetly^ but afterwards bccame more 

than that point, as in the following table; the laft cohimn o f  
which iliews it*s mean diftance -S. o f  that on March 27, 1727. 
r h e  obfervation o f  Bee. 23, 1738, differs 3" from the mean o f  the others; 

as does alfo another, that was taken 5 days after this*, neither o f  which 
being marked as uncertain , I judged it proper to infert one o f  them ; 
altho* they give the mean place o f the ftar near 2 '̂ more northerly than 
any other, in a feries o f  above lOOi all o f ’ which correfpond, with the 
mean o f thefe here recited, witliin lefs than 2 " ;  excepting/wí?, tliat give 
the ftars mean diftance almoft f  more foutberly *, but thefe laft mentioned 
are marked as dubious ; and indeed they appear to have been bad, by 
comparing them with feveral others, tliat were made near the fame time, 
trom which they differ almoft 2".

A  Cajjiopta.
South o f  

9 /

34- “IC

Preccf-
fion.

Aberra
tion.

N ata
tion.

Mean
Dirt

South

/ / u / / / / H

1727 September 9 55.0 +  9.0 + 2.2 + 2.4 68.6

1728 September >7 30.8 2 9 4 4.6 5.2 70 0

1729 June 8 43 8 16.3 6.8 70.0
December 3

V -N . 9 4 53-5 16.5
7 - 7

68.3

1730 June 11 S. 1 3 8 64.0 — 16 2 8 4 70.0
December 9 N . 30 8 73.8 + 16.3 8.8 68.1

1732 January 8 N .  4 9  2 95-4 12.9 8.9 68.0
*733 January 21 64 8 116.0 4 - 10 0 7-9 69.1

1734 June '3 62.8 *43-8 — 16.1 9.0 6 9 9
December 11 105 4 *;37 16.2 H-

3 7
68.2

1738 Dccemticr
2 3

176.3 234.0 + I Í - 2
— 7.2

6 v 7

1740 June 2 169.1 262 8 — i6.$ — 8.9 68.3
<747 February 27 3 3 2 - 3 3 9 7 0 4 - 0.2 + 4 7 69 6

Althd’ 1 have taken no obfervation o f  r Perfei ^xnc^Jan. 2 2 ,  1 7 4 0 ;  

yet, as this ftar is very near the zenith, and a fufficient number were 
made about the times when the equation, refulting from the hypothefis, 
was at it’s maximum; I judged it proper to infert fome o f them in the 
next table *, tiie laft column o f which íliews, how much the ftar’s jnean 
diftance was i S .  o f  3 8 ® .  2 0 ' ' .  on March 2 7 ,  1 7 2 7 .  A m ong near 6 0  ob- 
fervations I meet with 2  only, that differ from the mean o f thefe fo much 
as 2'"; and thofe differ almoft as much from the mean o f others, that 
were taken near the fame tim e: fo that the hypothefis feems to corre
fpond, in general, with the obfervations o f  this ftar as well, as with ci
ther o f  the foregoing.

T Ferfei.



A n  Apparent M otion in Jome o f  the fixed Stars, 4?
South o f Precef- Aberra^ Nuta* Mean

T PerfeL 0 / fíon tion. tion* Dift.
38. 20 South

u u u It //
1727 September 1Ó 60.1 +  7-4 —  3 2 +  6.7 7 1 .0

December 29 397 11 .9 +  1 2 9 7 2 71 .7
1728 December 21 22.5 27.2 12 8 8 7 7 1 .2
1729 December * S. 9.2 42.0 M -5 9-0 7 1 .7

1731 January 3 N . 8.2 59.0 12.8 8.3 71.9
1732 January 8 22.0 74.8 12 7 6.7 72.2
1733 January 21 34-6 91 0 I I .7 +  4*3 72.4
1738 December 23 1 17 0 183 4 12.8 —  9 0 70.2
1740 January 22 *32 5 200.2 11 .7 8.6 70.8

A fter the lail recited obfervations, it may pcrliaps feem needlefs to 
add tliofe o f » Perfei^ which is farther from the zenith ; but however, as 
this ilar Ues very nearly at an equal diilance from the equinoitial and 
folftitial colures, and the feries o f obfervations o f  it is fomewhat more 
complete, than that o f t  F erfei; I ihall infert one at leail, for each year 
wherein it has been obferved *, whereby it may appear, that the hypothe- 
fis folves t\\t pb<enomena oí ilars in this fituation, as exactly as in others: 
for it a mean be taken o f rhe numbers in the lail column o f the follow
ing table, which expreíTes the mean diftance o f the ftar 5. o f 41*^. 5''. on 
Miircb 27, 1727, it will agree within with every one o f  80 obferva
tions, thai have been made o f  this ftar.

(6 Pirfei
South oi‘ 
• 0 /

41. 1;

Preccl
Hon.

Aocrra-
tion.

ISota-
tion.

Mean
Dift.

South.

II // u n u

1727 December 29 79-4 -1- 10.5 + it-4 “f* 7-9 1C9.2
1728 April 7 «7.5 14.3 — 0.8 8.2 109.2

July 9 94.6 »7-7 — (1.4 ÍÍ ^ 109.4
December 19 65.7 23.8 H- 10.6 8 8 108.9

1729 December 3 53-4 37-2 9-7 8.9 109.2
1731 January % 38.6 52.3 11.4 7.8 1 1 0 .1
1732 January 8 26.8 66.2 + 11.4 ?-9 110.3
‘734  July 11 S. 21.3 lOI.O — 11.4 — I . I 1C9.8

1738 December 24 N. 56.3 162.6 + 11.2 0.0 108.5
1740 January 21 71.8 >77-4 10.0 — 8.2 108.3
1747 February 27 18 ?.; 27?*4 6.6 + 8.S 108.0

I laving already given examples o f  ftars, lying near both the folfticc5 
and the vernal equinox; I (hall now add the obfervations o f  one, that is 
not far troni the autumnal equinox, v iz . » urftc majoris, the brighteft 
ftar in that part o f  the heavens, which approaches the zenith o f  Wanfted 
within a degree 5 and which, by rcafon o f  it’s luftre and pofition, gave

m e
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me tl̂ e oppornmicy o f  making m y feries o f  obfervations o f  /V, more 
complete than o f many others. .T his ftar was compared with the point 
marked 39* .̂ 15'. and was 0\ o f  it as in the following table i wherein 
you rL ord ih ip  will fee, that the obfervations ol the years 1740 and 
17 4 1 give the polar. diftances 3''̂  gncater, than the o f  the other 
years. Had there been only a fingle obfervation taken in cither o f 
thofe years, part o f  this apparent diifcrence might have been fuppofcd to 
arife from their u n ce rta in ty b u t as there were 8 obfervations taken w'ith- 
in a week, either before or after June 3, 1740, which agree well witli 
each other-, and three wxre made witlún 20 days in 17 4 1, which 
likewife correfponded with each ocher ; I am inclined to think, that the 
’ forementionM diiierences muft be owing to fomething elíe, befidcs the 
error o f  tlie obfervations. This fh.enomenon therefore may deferve the 
confideration o f thofe gentlemen, who have employed their time in 
making computations relating to the quantity ot the effc6ls, which the 
power o f  gravity may, on various occafions, produce. For I fufpedt, 
that the poiition o f  the moon’s apogee, as well as o f her nodes, has ibmc 
relation to the apparent motions o f the liars that I am now fpeaking o f  

M y  feries o f  obfervations o f feveral ílars abound, o f  late years, with 
fo many and long interruptions; that I cannot pretend to determine this 
point; but probably the differences before taken notice o f in the obferva
tions o f « CaJJiope<ê  and fome others that I have found likewife among 
the obiei-vations o f other ftars, that are not here recited, may be owing 
to fuch a caufe •, which, altho’ it fhould not have any large Hiare o f in
fluence, may yet, in certain circumftances, difcover a defedi: in a hypo
thecs, that pays no regard at all to it. Éut whether thefe differences 
do arife from the caufe already hinted at; or whether they proceed from 
any defedt o f the hypothefis itfelf in any other refpeót; it will not be 
very material in point o f  pradtice; fince that hypothefis, as it \vas be
fore laid down, appears to be i'ufficient to folve all the ph¿cnomena  ̂ to 
as great a degree o f  exadtnefs, as we. can in general hofe or expeéf to 
make obfervations. For if  I take the mean o f all the numbers in the lall 
column o f the following table for « urf^ majoris  ̂ and compare it with 
any one o f  164 obfervations that were taken o f  it, the difference will 
not exceed 3̂ '.

48 j 4n Apparent Motion in forne o f the fixed Stars.
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South o f Precef- Aberra* N uta Mean
« Urftg Majsris 0 t ¿on. non. tion. Dili.

39 - *5 South.
n 11 // n //

' ’j z ’j  O ilobcr *7 ' 53-3 —  10.2 I.O —  5.2 138.9
1728 January 24 176.4 15.2 17-6 5.8 137.8

M y *7 I f;o.8 23.9 + 17.8 6.9 137.8
October 11 170.6 28.2 2.6 7-3 *37.7

1729 January 1Ó 196.6 33-1 — 17.8 7.8 >37-9
July 21 170.4 42.4 + 17.8 S.+ ’ I7 .4

1730 lu!y *9 189.6 60.6 -H 17.8 0.0 *37-8
Dcccmbcr zB 232.4 68.7 16.7 8.9 138.1

1731 September iS 218.1 81.9 9-4 8.4 *37-2
1732 January 10 250.7 87.7 — >77 8.0 <37-3

April >3 238.7 9 2 3 — 0.8 7-7 ‘ 37-9
1734 luly 11 2 ? i -7 133.3 + 17.6 —  2-3 ‘ 37-7
17 3 ;  September 10 280.8 I >4-6 I Í .4 +  1.2 1 38.8
1736 September 8 294.7 172.8 1 1 .6 4.1 137.6
!7 3 7  July 3 303.0 187.8 1 -.2 6.1 158.5
1738 June 29 319.0 205.8 16.3 7.9 >37-9
1739 A pnl 25 348.0 220.8 8.8 138.(C

1740 June 3 360.3 2 4 t .I 12.8 S .9 140.9
174.1 September 23 3 9 0 9 265.0 7-9 +  7-4 141.2
174.Í September 5 466.7 337.1 12.4 —  3*3 3̂^-7
1746 September 20 492.0 356.2 8.8 5 9 '38-7
1747 September 2 507.2 373-5 13.2 7.8 139.:

Y o u  may perccive, by infpeéting the tables which contain the obfer- 
vations o f ¿t Cajftope^ and % urfa maj9ris\ that the greateft differences tliat 
occur therein may be diminilhed, by fuppoíing che true pole o f  the equa 
tor to move round the point P ,  in an ellipfts  ̂ inilead of a circle. For i f  
the tranlverfe axis, lying in the direftion AC^ be i8 " , and the conjúgate, 
as be about the equations, reluking from I'ucli an hypothecs, 
•will make the numbers in the laft columns agree with eacli other, nearer 
than as they now ftand. But fmce this would not entirely remove 
the inequalities, in all the pofitions o f  the moon’s nodes 1 Hull refer 
the more accurate determination o f  the locus o f  tlie true pole to theory *, 
and at prefent only g ive the equations for the preceíTion o f  the equinoc
tial points, and the obliquity o f  the ecliptic, as allb die real quantity 
o f  the annual precefTion, to every 5th degree o f  the place o f  the moon’s 
afcending node, in the following tables j ju ft as they refult from die 
hypothefis, as at firft laid d o w n ; it appearing, from what lias already 
been remark’d, that thcfe w ill be fufficiently exadt for pradice in all 
cafes.
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T h e  Equation ot‘ the 
£quíao¿t. Poirits.

D ’s S S ig .O I II Siibft

from V ^ig. V I V l f V l l l Add

0 // // u

0 0.0 '■3 ig .6

5 2.0 «3.0 20.;
10 3-9 H-S 21.2 20

I!; 5.8 16.0 2I.S *>

20 7 7 17.^ 22.2 10

25 9.6 18.Í 22.C 5
11.3 19.6 22.6 0

Subil. Sig. V IV J l l 'i)’s a

Add S : g .X X IX* from Y

T h e  Equation o f  the 
Obliquity o f  the 

Ecliptick

})’s a Sir. 0 I II Add

from nr Sig. V I v u V l l [ Subft
0 H // // 0

0 Q.O 7.8 4.^ 30

S 9.0 7.4. 3.8 25
10 8.9 6.9 3 » 20

Í? 8.7 6.4 2.;

20 8 .; 5.8 1.6 10

2> 8.2 5.2 0.8 5

30 7 .« 4.Ñ 0.0 0

Add Sig. V I V ^ III D 's  Q

Subli. Sig. XI X I X from

'I'hc Annunl PrccclTion o f  the 
Equinoccial Poinff.

D ’s Q
from T* Sig. 0 I II III I V V

a // // // H 0

0 58.0 Í 7-0 54.2 50*3 46.5 4 3 7 30

s 57-9 56.6 53-6 497 46.0 • 434 25
to 57-9 56.2 53.0 49.0 4^-5 43.2 20

?7-7 5>-7 52-3 48.4 45.0 43-0
20 57*5 55-2 5*7 477 44-5 42.8 10
25 S7-3 > 4 7 5>.o 47.1 44 I 4Z.8 5
30 57.0 94.2 50-3 46.7 43 7 42.7 0

Sig* X I X iX V i l l V JI V I ])■» S
from <y

Sir I. Newton^ in determining the quantity o f  the annual prccefilon 
from the theory o f  gravity, upon fiippofition that the equatorial is to 
the polar diameter o f  the earth as 230 is to 229, finds the fun’s adlion 
fufficient to produce a preceíTion o f  o n ly ; and, colledting i'rom the 
tides the proportion between the fun’s force and the moon’s to be as 1 t o . 
4.;, he fettles the mean preceiTion, refulting from dicir joint aitions, at 
50''. But fince the difference between the poiar and equatorial diameter 
is found, bv the late obfervations o f  the gentlemen o f the Academy o f 
Science^ to be greater than what Sir Jfaae had computed it to be i the 
precellion, arifing from the fun’s aóHon, m uft likewifc be greater than 
what he has Hated it at, nearly in the iame proportion. From  whencc 
it will follow, that the moon’s torce m uil bear a leis proj>ortion to the 
fun’s than 4 Í  to i a n d  perhaps phanomsnay wJiich I have now been 
g iv in g  an account of, w ill fupply the bcil data for fettling this matter.

»
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' A s I apprehend, that the obfervations already let down will be iudged 
lufficient, to prove in genera) the tnuh o f  the hypothefis before advanc
ed i 1 ihali not trouble your I.ordihip with the recital o f  more, that I 
made o f ftars lying at greater dillances from the zen ith ; thole not being 
lb proper, for the reafon before-mentioned, to cftablifli the point that I 
had chiefly in view. But as ic may perhaps be o f  fonie u!e to iuture 
Aftronomers, to know what were the mean difterences o f declination, at a 
given time, between Tome rtars, that lie nearly oppofite to one another iu 
right alceniion, and not far from either o f  the Colures I fiiall let down 
the refult o f  the comparifon o f  a few, that differ fo little in declination, 
that I could determine the quantity o f that dilference with great cer
tainty.

By the fneafi o f  64 oblervations, that were made o f  a Cafftopc¿e before 
the end ot 1728, I colleét, after allowing for the preceflion, aberration 
and nutation as in the foregoing tables; that the m an  diilance o f  this 
ftar was 68".7 S. o f  34^. 55 ', on March 27, 1727. By a Hke compa
nion o f  40 obfervations, taken o f  y urf^ majorts during the lame in
terval ot time, I find this ilar was, at the fame time, S. o f  34®.
45'. I carefully meafured, with the ikrew o f  the micrometer, the di- 
ftance between the points, with which thefe ilars were compared *, and 
found them to be 9'. 59 " from each other, or one fecond lefs than they 
ought to have been. H ence it follows, that the mean diííerence o f  de
clination between thefe two ftars, was lo^ 28''''.!, on March 27,
1727.

By the mean o f  65 obfervations, that were taken o f  (3 Ca£lope<ŝ  before 
the end o f  the year 1728, this ftar was 2 5 " 8 N . o f  32^. 20^ on the 
27th day of March 1727 : and by the mean ot 52 obfervations, c urfct 
majoris was 87^.6 o f  32*̂ . 30' at the fame time. I 'h e  diftance be
tween thefe points was found to be 9'. 59^.3 *, from whence it follows, 
that the mean difterence o f  declination between thefe two ftars was ¡ 
52''*7 on March 27, 1727.

By the mean o f  100 obfervations, taken before the end o f  tiie year
1728, the mean diftance o f  y draconis was 79^.8 S. o f  38*̂ . 23' on 
M arch'I'jy  17 2 7 ; and by the mean o í  35 obfervations, the 35th fizwc'' 
lopard. He-vel. was 5 . o f  the fame fpot 76"-4. So that the mean polar 
diftance o í  y  draconis was only 3''''.4 greater, than that o f 35th 
lopard. Hevel. But as the equation for the nutation, in both thefe ftars, 
was then near the maximum  ̂ and to be applied with contrary figns; the 
apparent polar diftance o f  y draconis ŵ as 21^.4 greater, on March 27, 
1727.

T h e  differences o f  the polar diftances o f  the ftars, as here fet down, 
may be prefumed, both on account o f  the radius o f the inftrument and 
the number o f  obfervations, to be very exad ly  determined, to the time 
when the moon’s afcending node was at the beginning o f Aries \ and if 
a like comparifon be hereatter made, o f  obfervations taken ot the fame 
ftars, near the fame pofition o f  the moon’s nodes i future Aftronomers

H  2 may
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may be enabled, to fettle the quantity o f the mean precelTion o f the 
equinox, fo far as it aflects the declination o f  thefe ftars, with great cer
tainty : and they may likewife difcover, by means o f  the ftars, near the 
foUlitial colure, from what caufe the apparent change in the obliquity o f 
the ecliptic realiy proceeds, i f  the mean obliquity be ibund to diminiHi 
gradually.

I'he iorcmencioncd points indeed can be fettled only on the fuppofi- 
tion, that the angular dillances o f  tliefe ftars do continue always the 
lame, or that they have no real motion in them felves; but are at reft ia 
abfolute fpace. A  fuppolition, which thougli ufually made by Aftrono- 
mers, ncvcrthclcfs Icems to be founded on too uncertain ])riiKÍples, to 
be admitted in all calcs. For i f  a judgm ent may be ibrmed, with re
gard to this matter, from the rel'ult o f  the comparilbn ot our beft m o
dern obfervations, with fuch as were formerly made with any tolerable 
degree o f  exaclnefs *, tiiere appears to have been a real change in the po- 
fition o f fome o f  the fixed ftars, with refpect to each other; and fuch, 
as feems independent o f any motion in our own fyftem, and can only be 
referred to fome motion in the ftars tiiemfelves. ArSfurus aftords a 
ftrong proof o f  th is: for i f  it’s prefent declination be compared with 
it̂ s place, as determined either by Tycho or Flamfteed\ the difference w ill 
be found to be much greater, than what can be fufpeded to arife ii-om 
the uncercainty o f  their obfei^vations.

It is reafonable to expedt, that other inftances o f  the like kind mufts 
alfo occur among the great number o f  the vifible ftars; becaufe their re
lative pofitions may be altered by vai'ious means. For if  our own folar 
lyftem be conceived to change it’s place, with refpe¿b to abfolure fpace ; 
this m ight, in procei's o f  tim e, occafion an apparent change in the an
gular diftances o f  the fixed ftars *, and in fuch a cafe, the places o f the 
iieareft ftars being more añeóled, than o f thofe that are very rem ote; 
rheir relative pofitions m ight feem to alter j tho’ the ftars themfelves 
were really immoveable. A nd on the other hand, i f  our own fyftem be 
at reft, and any o f the ftars really in motion, this might likewife vary 
their apparent pofitions; and the more fo, the nearer they are to us, or 
the iwifter their motions are, or tlie more proper the direction oí' the 
motion is, to be rendered perceptible by us. Since then the relative 
places of the ilars may be changed from fuch a variety o f  caufes, confi- 
dering that amazing diftance at which it is certain fome o f them are 
placed, it may require the obfervations o f  many ages, to determine the 
laws o f  the apparent changes, even o f a ftngle fta r: much more difficult 
therefore m uft it be, to lettle the laws relating to all tlie moft remarka
ble ftars.

|| WJaen the caufes, which affeft the places o f  all the ftiirs in general ai«
k n o w n ; fuch as the preceiTion, aberration, and nutation; it may be o f 
iingular ui'e, to examine nicely the relative fituations o f  particular ftars : 
and efpecialiy o f  thole ot the greateft luftrc, which, it may be prefumed 
lie nearcft to us, and may therefore be fubje<5Í: to more lenfible changes;

either



D eclin a tíom  o f  forne Southern Stars o f  (be ^ ftand 2 d  M agnitude, 53
cither from their own motion, or from that o f  our fyilem . A nd if  at 
the fame time tlu t the brighter ilars are compared with each other, we 
likcwife determine the relative pofitions o f  fome o f  the fmalleft that ap
pear near them, whofe places can be afcertained with fufficient exa¿lneís *, 
we may perhaps be able to judge to what caufc the change, i f  any be 
obfcrvable, is owing. T h e uncertainty that we arc at prefent under, 
with refpeét to the degree o f  accuracy wherewith former Aftronomers 
could obferve, makes us unable to determine fcvcral things, relating to  
the fubjedt that I am now fpeaking o f ;  but the improvements, which 
have o f  late years been made in the methods o f  taking the places o f the 
hc*avenly bodies, are fo great, that a few years may hereafter be fuffici- 
:.nr, to fettle fome points; which cannot now be fettled, by comparing 
even the earlieit obíérvations with thofe o f  the prefent age.

ft were to be wifhed therefore, that fuch perfons as are provided with 
proper inftruments, would attempt to determine, with great care, the. 
pretent relative pofitions o f feveral ot the principal itars, in various, 
parts o f the heavens; efpecially o f  thofe, that are leail r.iicfted by re
traction : that Caufe having many times ib uncertain an infiuence on the 
places o f objedts,. that are very remote i'rom the zenith ; that wherevec 
It Ls concerned, the conclufions, deduced from obfervations that arc 
much afiTccted by it, will always remaia doubtful, and too precarious,, in 
many cafes, to be relied upon.

T h e  advantages, arifing from different perfons attempting to fettle tlic 
fame points o f Aftronom y near the fim e time, are fo much the greater *, 
as a concurrence in the rel'ult, would remove all fufpicion o f incorredt- 
nefs in the inftruments made ufe oK For which reafon, I cfteem the 
curious apparatus at Shirburn Cafile  ̂ and tlie obfervations there taken» 
as a moft valuable criterion  ̂ whereby I may ju d ge o f the accuracy o f 
thoie, that are made at the Royal Obfervatcry : and as a lover o f fcience 
I cannot but w iih, that our nation abounded w'ith more frequent ex
amples, o f  perfons o f  like rank and ability with your Lordlhip, equally 
deiirous o f prom oting as well as every other branch o f  natural
knowledge, that tends to the honour and benefit o f  our country.

Greovwich, Dec. 313 1747.

II. Thefe declinations are taken from various obfervations, made with Didhatienr 
a quadrant o f  3 feet, m j u n e  173 7 , 1738, at ^ i t o  in Amcrka^ 0 / Sou- 

13 ' 16 " 6'. Lat. in a place 1 1 "  more to the and the place o f obfcr- ¿̂̂ 7/  
vation o f  the folftices, I>tc. 1736 and ^une lyyj-, tlie latitude o f w h i c h in 
I had already determined in m y difcourfc concerning the diftance o f  the J»»nc 175s» 
tropicks. In calculating thefe declinations, I made ufe o f
table o f  refradlions for the height o f infcrted in the Menwirts ¡¡m at
i'Aead. /ea h  the

O  t  f t  n i g h t ,  h

In the ihip Jrgo a. Canopus  ̂ a ftar o f  the i ft magnitude, and ‘
the greateit o f  the lixed ftars, excepting 52 34 ^  ̂ Crofs,"vM.

One dc la Conda*̂
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'Dci'Jhjathm offome Southern Stars o f the \fi and 2d M agnitude.
n'.iiif, R a. O f  //
1.01'i y  preceding or occidental arm o f  the fouthcm crofs
Rtn (5 í?;rríJ >•) o f  a middle magnitude between the 2d and gd. 57 17 32
40; p. 139. C  ̂ neareft to the pole o f

the 4 ftars which conftituie the crofs  ̂ being viewed by a
1-40. Reed telefcopc, appears double, but to the naked eye fingle,

*” * and'oi the i l l  magnitude. 61 38 57
*  •

t die jnoil northern in the top o f  tlic a'ofs  ̂ o f  the 2d m ag
nitude, g hi the following arm o f the 2d magnitude. 58 15 5

In the preceding or occidental foot o f the centaur y o f the 
I ift  magnitude. 59 5 35

In the following foot o f  the cfntciir a o f the ift  magnitude. 59 44 56

AVhen we obferved at Panama^ in Jen. 17,^6, we found by repeated 
triáis, that about 2' are to be added to the declination ot the liar canopus 
in tiie Briiijh Catahgu€y to make the latitude o f  the place taken by the 
obfcrvations o f  that ibar to agree with that taken from the altitudes : and 
this remark was confirmed by all the following obiervations, and parti- 
rulariy hy thofe on wiiich the above declination o f  canopus depends; 
wiiencc it appears to be greater by 2̂  2'̂  tlian in the Britijh Catalogue, 
A ll  the'ilars above-mentioned are very bright, and the m oil v ifible o f 
any in the S. hemifphere, that are not fcen in Europe.

In m oil planifpheres the fouthern crofs is varioufiy reprefented : in 
fomc it*s fituation is from N . to S. in others from N , E . to S. IV. Par- 
diê s celeftial chart o f  the Ibuthern part o f  the heavens, gives two 
Ichemes o f the fouthern crofs, one in the former, the other in the latter 
direilion, the firil ot which is the true one. T h e  fouthern crofs there- 
ibre, when it is in the meridian, appears upright, that is, perpendicular 
to the horizon, and therefore may ferve mariners to find out the hour 
without any fenfible error, the difference o f  time being known between 
it and the fun’s paffing the meridian, may be eafily accommodated to 
pra<flice by the following method.

From  repeated obfcrvations reduced to the prefent year 1 749 , 1 gather, 
that there are about 4̂  30'  ̂ between the mediation o f  the ilars ^ and í 
in the foot and head ot the fouthern crofs, and that the firil reaches the 
meridian about 13  ̂ after it has culminated the firíl point o f  Arles in the 
northern hemifphere. Therefore I'rom the table o f  mediation o f  the firft 
point o f  Aries in the Connoijfance des Terns, the true hour at night by fea 
will be eafily obtained by viewing the fouthern crofs, and obibrving at 
what hour it fhall appear upright and perpendicular to the horizon, or 
rather when the time will permit, by obferving with a plumb line held in 
the hand the very moment when the ilars ^ in the foot, and *  in the head 
o f  th t  fouthern crofsy ihall appear equally diilant from the perpendicular; 
the latter on the eall fide, and the former on the wefl. F or at the point 
o f  time when this pofition o f  the line lhall happen, there w ill fcarce be 
an error o f  \* tlie true hour, i f  you add 15 ' to the hour o f  mediation o f

th«



the firft point o f  Aries^ which will be determined by the abovementloncd ' 
table, the difference o f  the meridians o f  the calculator and obferver being 
amended.

I ’he ftar ^ therefore in the foot o f  the crofs appears tlie greateft o f  the
4, becaufe when feen by the naked eye ic unites with another fmall one, 
which comes to the meridian 4 '̂ or 5 '̂ after it, and when obferved by a 
tclefcope. is 3 1 '' more to the S j  the diftance being meafured by a 
micrometer.

T h e following or eailern foot o f the centaur a, a ftar alfo o f the firfi: mag* 
nitude, wliich feems to equal or perhaps exceed capella in brightncfsand m ag
nitude, is alfo double, and confifts o f  two ftars, the fmailer o f  which is 
Icarce difcovercd to emerge from the greater by a good telcfcope o f  ¿ feet. 
I'Jie latter is alfo more northern, and the other a little more ibuthern.

Feuillee-y who obferved them both with a tclefcope o f 16 feet, deter
mines the greater to be o f  ti\e third and the Icfs o f  tlie fourth magnitude i 
which I have not been able to confirm by my own obfcrvations. But the 
fame author erroneoudy calls the foot o f centaur  ̂ in which thcfe united 
ftars appear, the northern. 'I'he declination o f  the fame ftar was obferved 
by Feuillec  ̂Feb, 26. ly  10. in the city oíConception in Chili^ and was deters 
mined by him  to be greater tiian the declination o f  the other foot by

\/! Nenv Method o f calculating Eclip/es o f the Siin, 55

III, T h e  chief thing required in the prefent calculation, is to meafure 
arches o f parallel circles in a fpherc, by degrees and minutes o f  a great 
circle. It is paft all controverfy, that the circumferences o f ciu les are in 
a ratio o f  their diameters and femidiameters. L e t the femidiametcr o f a 
great circle be the whole fine, and the femidiametcr o f  a parallel circle the 
cofine o f declination : it will be eafy to determine how many feconds o f 
the great circle are contained in a degree o f the parallel cifcle, its decli
nation being determined. F or as radius to the number oí ioconds o f 
one degree in die great circle, fo 360c, or the cofme o f declination, to 
the number o f feconds contained in one degree o f the parallel circle. On 
repeating the calculation, we have found, that the arcs o f one degree o f 
parallel circles, proceeding from one degree o f declination to 29, lux 
equal to the follow ing numbers :

Deg.. cl 
0«!. Arrs of psr. Circ. Peg. or 

IVcl A m  of pir. Cfrt. . r.Vg. of
IVcl.»

Arc$ of far. Ore.

t tU
1

11

/ // /// 1 / // iié
1 >9 - 5 9 - • 55- >3 - >'• Z I 0

59 - 57 - 48. 1 2 58. 41. 1 22
# M *

AD 59- 5>- ■ ‘ 3 1 5 8 . 27. 43 23 55 ' *3 - 49 -
4 59 5 *- *3- 58. 13. 1 24 48. 4 ^
5 59« 40. 18 •5 57* 57 - »9 - i >4 - 22. 42.
6 59* 40. 16. i 5 57 - 40. 32. 2() 5J-- S>- 39 *
7 S9 ' 33 - 9 - »7 57- 22. 41. 53- 27. :>/ •
8 S9 - £4. F7 18 57. 3- 48. , 28 5»- 36-
9 >9 - «5* +0. 19 ! 0 . 43 - 5 ‘ - 29 52. 28. 37*

10 . ■ Í- 18. 20 56, 22- i k
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From  thefe, by fimple addition, and cutting off che fourths, we com- 
pofed a table o f the reduction o f  parallel arcs to minutes, feconds, & c. 
o f  a great circle, to every degree o f declination irom i to 29: by the 
help o f  which, we may reduce any arcs in parallel circles lefs than one 
degree, to minutes and feconds o f a great circle, the intermediate decli
nation o f which, and their values allb are found without much difficulty 
by the help o f  an additional table. W e. have retained t!ie thirds in the 
table, that when they amount to above 50, a fecond may be put in their 
room. By way o f  example we iliall give a part o f  the table, namely o f  
a parallel circle, the declination o f which is 18 degrees.

^  AT̂ a; Method o f calculating Eclipfes of tljt Sun*

; (

II’

ii

Example.

2.

Arcs oi 
par. Cir* Parts of a great Circle.

Arcs of 
far. Cir. Parts oí*agrciicCiicle. Arc» of 

p*r. Cir. Part*ofagrcai Circlc.

9 / // /// / / // /// / / // /;/

// 11 /;/ /III it // y// //'/ II // /// ////'

I 0 57 3 21 '9 58 *9 4 * 33 59 35
z I S4 7 22 20 55 23 42 39 5 t> 39

2 5 Í I ! 23 21 52 27 43 40 5 Í 43

4 3 24 22 49 3 « 44 4 * 50 47

s 4 45 '9 25 23 46 35 45 42 47 5 »

6 5 4 ¿ 22 26 24 43 38 46 43 44 54
7 6 39 26 27 2> 40 42 47 44 4 * 58
8 7 36 30 28 26 37 46 48 45 39 2

9 8 33 34 29 27 34 5<5 49 46 3 Í» 6
10 9 30 3« 30 28 3 < 54 50 47 33 !0

11 10 27 4 * 3 * 29 23 57 5 ‘ 48 30 *3
12 j I 24 45 3 ® 3<5 26 I 52 42 27 *7

*3 1 2 24 49 33 3 « 23 5 53 50 24 21

*4 n 1» 53 34 32 20 9 54 5 * 21 25
'S ‘4 *5 57 35 33 *7 *3 55 52 18 29

16 >5 *3 0 36 34 H 16 56 53 *5 32
»7 16 10 4 37 35 I t 20 57 54 1 2 36
18 *7 7 8 38 3i> H 24 58 >> 9 40
>9 18 4 12 39 37 5 28 59 5 >̂ 6 44
20 >9 1 16 40 3« 2 32 60 57 3 48

L e t  53 ' 4 7 "  o f  this parallel circle be converted into parts of a great 
c irc le ; -  -  5 3 ' =  50 ' 24 '̂ 2 1 '"

45̂  ̂ =  42 4 7

T h e Sum  51 7 will be the value fought.
Small portions o f  circles parallel to the equator, when they may be 

fafely taken for right ones, are cut by circles o f  declinations at right an
gles. Wherefore a fmall fpherical triangle, one fide o f which is a por
tion o f  a circle o f  declination, another a portion o f  a p^allel circle, may

be
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be taken for a plain reitangiilar triangle, and its hyporhenufe may be 
fafcly determined by the Pythagorie theorem, or other rules o f  plain T r i
gonometry. But when this hypothenufe is the diagonal o f any fpherical 
quadrilineal, which is efFedted by the fedtion o f two circles o f cteclination, 
by two parallel to the equator, the greater o f  the parallel arcs, and more 
remote from the ix)le, is to be chofen for the bafe o f  the rectangular tri
angle, when the queftion is to find the hypothenufe.

'Í ables o f  the parallaxes o f  the altitude o f the moon are conílruíted two 
w ays; according to 5/r^i/i’s i2thpreccpt, prefixed to the Caroline tables, 
and by his 13th precept alfo. For the diftance o f  the moon from the 
earth, the ratio o f this diftance to the femidianieter o f the earth, which 
is immediately known by the horizontal parallax, is fuílicicnt. I 'h c  firit 
way determines the parallaxes to the altitudes feen above the fenfible ho
rizon. For the eclipfes o f  the fun, and appulfes o f  the moon to the 
ftars, the firft way is to be chofen, and not the latter, which would in
troduce very great errors into our calculation. A s  I judged an accuratr 
table o f  the altitude o f  parallaxes to be a thing o f  the greateft moment, 
1 conftruiled a new one for m y own ufe to the altitude o f  70*̂ . with 
which iiowever I afterwards found the Lanibergian table, p, 48, csf feq. 
to agree well enough. But that which is extant in the Ludovician ta
bles, N ° . X X V , regards the altitudes feen, but not the true, and there
fore is not fit for thefe ufes w^ithout reduftion. I.et it be obferved, that 
the parallaxes o f  the í;ime true altitude, but o f  different diftances o f  the 
moon from the earth, are proportional to the diftances themfelvcs, and 
confequently to the horizontal parallaxes.

T h e following tables exhibit the parallaxes o f  altitude, both according 
to our table, and that o f Lanfiergius \ and the numbers being cither aug
mented or diminiihed in proportion to the other horizontal parallaxes are 
llifficient for any cafes whatloever.
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True
Ale.

Paratl. Alt. our 
Tabic.

l>ara]|. ( 
Laniberg;.

True
Alt.

Parjll. All. nur 
'I'ablc. Lanthcrg.

1 'louc 
Ail.

t'aioil. Air. out 
‘Jablf.

J’juU.
I^nibcrg.

I 00 0 59 59 *7 57 4 * 57 4 ' 33 50 48 SO 48
2 59 59 59 59 18 57 23 57 23 34 50 H >0 *4
3 59 5^ 59 57 . *9 57 4 3 35 49 39 49 40

4 59 56 59 54 ' 20 56 44 >6 43 36 49 :> 49 4
5 59 52 59 50, 21 56 ‘ 3 56 22 37 48 26 48 27
6 59 47 59 46. 22 56 0 56 0 38 4" 48 47 49
7 59 4 » 59 40 23 55 37 55 36 39 47 9 47 10
8 59 59 33 i 24 55 1 2 55 t 1 40 46 3® 46 3>
9 59 26 59 24; 54 47 54 46 4 ‘ 45 49 45 5 ‘

10 59 *7 59 *4 26 54 21 54 20 42 45 7 4; 9
11 59 6 59 4! 27 53 94 53 53 ! 43 44 25 44 26
12 58 5> 58 53 28 53 53  ̂/• 

*) 4+ 43 42 45 42
*3 58 42 >8 4 * 29 5 ¿ 56 52 5Ó 45 Á.Í 58 42 58
»4 58 28 58 28 30 52 26 52 46 42 42 1 A

¡ r>
58 *4 58 »4

•
5 * 54 5 « 53 47 4 ‘ 2Í 4 *

16 57 58 57 58 32 22 5 * 21 4
40 4 « 40 37

V O L .X .  P arti. I True
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1 T:uc Ait. our Poilll. Tr«e Panll. Alt. our P*raU. . T^ue Alt. Our ParalL
a ::. ¡ ribic. Lliilbcit;. Alt. Tabic. LAriber;. Ah Tabic,

^9 V)  54 39 54 57 33 iO 33 10 Ó4 26 44- 26 44

39 6 39 7 5« 3 - 17 33 ib - s 47 25 47

3« »7 55 iS >9 3 * 23 3 > 22 66 24 49 24 49
37 28 37 3S 60 $0 28 zB 6“ 23 •yO 23 50

3Ó 58 3Ó 37 6i 29 33 29 35 6S 22 5 » 22 5!

>+ -17 3 > 46 62 2á 37 iS 37 69 21 52 z i  52

5Í 31- 55 34 SS 4 ' 4 » 70 20 52 20 5£

56. 34 3 34
11É

The longitude and latitude o f a ilar being givxr*, its rigiu afa-nfioa 
and declination is given by trigonometrical rules. But as that requires ;i 
circfoiric analyTis ot triangles, it is better to make ufo o f  tables conRruitcd 
on purpofe. W e have in Flamfied's Hiji\ Ca-kftiSy two o f  Ahrahayri 

by which there is a converfion made not only from rigiit afcenfion 
and decÜnarion into longitude and latitude, but alió from longitude and 
latitude into right afcenfion and declination, 'riiofe which are lalt in 
order lead the iliorteft way o f  all, aiid tlicrcfore we Jiave hitherto mace 
ulo o f  them in this our calculation.

I. W lien it is known by the ufual methods that there will be an eclipfe 
o f the fun, let the time o f  conjuflion, the longitude and la t i t iK Í e  oí' t l i e  

moon, the true horary motion thereof, the parallax, and the horizontal 
diameter, and the horary motion o f die fun aud its diameter, be found by 
theoretical tables.

■1. B y the help o f  tables, from die given longitude and latitude, let 
the right alcenfion and declination o f the fun moon be determined.

3. T h e mean time being converted into apparent, i f  the point o f con- 
ju(5tion liappens before noon; then an hour beforehand find out by the 
iiorary motion reduced to the ecliptic, the longitudes o f  the fun and 
moon, the latitude o f  the moon, ai>d the right afcenfions and dcclinadons 
ot each o f the points. I f  it happens after noon, dien the fame m uft be 
done an hour after die conjuAion.

4. L e t  the time o f  conjundion, and that aifo one hour diminiihcd be 
fubtraded from 24 hours, when tliat happens, that there may be an in
terval o f ume from the moment o f  conjundion, or from an hour before 
the conjundtion to noon. In the afternoon liours the time itfelf gives the 
interval.

5. L e t  the diicovered intervals o f  time be converted into deorees and 
minutes o f  the equator •, and thus we have the angles o f  the circle o f  de
clination palTmg through the center o f  the fun with die meridian o f  the 
place.

6. T h e right afcenfion o f  the moon may at any time be cither greater 
or lefs than the r^ h t afcenfion o f  the fun. In the morning hours,, i f  it is- 
leis, then the difrcrence beDveen the right afcenfions o f  the fun and moon, 
is to be fubtraéled from the angle o f  the circlc o f  dcclinatioii found in 'the

pre-
Í  34 and 74, T o m . I l l ,



A  N<nv Method o f  calculating Eclip/es o f  tbe San.
preceding num ber: i f  it is greater, then the difference muft be added to 
the fame angle, and then we have the angle o f  the circle o f  declination 
paiTing through the centre o f the moon with the meridian o f  the place. 
In the afternoon hours the contrary is to be done.

7. From the angles found by the preceding number, the declinations 
o f  the fun and moon by the fecond number, and the latitude o f  the place 
by the rules o f  fpherical I'rigonom etry, the true altitudes o f  the fun and 
moon in both cafes may be computed ; and then alfo,

l>. T h e angles o f the circles o f  declination, paiTing through the rentrc 
o f  the moon in both cafes Avith the vertical circlcs. 'J’he fecor.ds a: t* 
Qightcd in this and the preceding number.

9. T h e true altitudes o f  the moon being found by number 7, it's ho
rizontal parallax by number i ,  the parallaxes o f  tlie altitude o f  the moon 
are found by the tables o f  parallaxes o f  altitude. A s  we may with h'iam- 
fted  allot to the fun a horizontal parallax o f 10 ", the horizontal parallax 
o f  the moon nnift iirft be diminifhed by this quantity.

10. A s  radius to number o f  feconds contained in parallax o f altitude 
found by the preceding number, fo fine o f  the angle found in num. 8. 
to the fourth proportional number, fliewn by the calculus, I call it the 
parallax o f the right afccnjion in a parallel circle.

11 . T o  proceed, as radius to the fame number o f  feconds contained in 
the parallax o f  altitude; fo the co-fine o f  the angle found in num. 8. 
<0 the fourth proportional, which is tiie parallax 0/ the declination o f thf. 
moon. In both cafes, that is, at the very time o f  conjunction, and an 
hour before or after this computation is to be made.

12. L e t  the right afcenfions o f  the fun and moon In both cafes be 
difpofed according to the natural order o f  the numbers. L e t  the d if
ference between the right afcenfions o f  the fun be added to the firft right 
afcenfion o f  the moon, and we íhall have the firft right afcenfion o f the 
fu n ; there will tlien remain two right afcenfions o f  the moon, and one 
o f  the fun.

13. T h e  declinations o f  the fun either increafe or decreafe. In the 
firft cafe, let the difl'crence o f  them be added to that declination o f the 
moon, which agrees with the leaft right afcenfion. In the other, let it 
be fubtrafted, and the mutual diftance o f  the luminaries w ill be as i f  the 
fun without m oving, looked upon the progreiTive moon for the entire 
fpace o f  an hour.

14. L e t each right afcenfion be fubtra£i:ed, the leaft from the biggcH* 
and let the differences be carefully noted.

15. L e t  the parallaxes o f  declination be fubtra<5led from the declina
tions o f  the moon, i f  they are northern *, but added if  they are fouthern. 
T hus are found the vifiblc declinations o f  the n^oon.

16. L e t the differences found in num. 14. which arc now conceived 
to be in a parallel circle, be reduced by the tabic o f  reduction to mi-

I 2 ñute.--

•  Introd. 5. I.
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A  Method o f calculating Eclipfes o f the Sun,

nvitcs and leconds o f a great circle. T h e declination o f the parallel is the 
ikinc with tile vifiblc declination o f  the moon or fun. T h is it quite to 
Ix' iibllracled from the number and dillance o í  tlie points ot right :iiccu- 
i':oM from the beginning oi yJries: for that js  not the concern at prefent, 
but only tJie pofition and diibnce o f  the luii^inaries Irom cach other.

17. If the moon comes on beibrc noon, then let the parallaxes o f  right 
afceniion i'ound in the parallel circle, num. 10. be adtied to the com pe
tent places o f  the inoon. iiut if  it happens after noon, fubtraél inilead 
o f adding. W hen tliis is done, die pofitions o f the luminaries arc cetcr- 
mined, and their vifible places, at the time o f the true conjun<Si;ion, and 
an hour before and after it, whcncc what follow may be niacc out v/ith 
little or no uiiKculty. For,

18. In every caie from what has been found arifes a reétangular 
triangle, the b.ife o f  which is the diftaaces o f  the apparent places o f 
the m.oon in tlie [)arallel circle *, the cathetus the difference oí it*s vifi- 
ble declinations; the hypothenofe gives the orbit leen and the
tion o f  the fun, whether it falls within or without the triangle, w ill be 
alfo Ajfficicntly determined. I'h e  triangle itfelf never arifes to fuch a 
magnitude, as to hinder it's being taken for a plain and reclihneal one. 
j ience by a m oil cafy and fimple conftrucuion, with the help o f  a pair o f 
compafies and a fcale, may be determined the lead diftance o f  the centres 
and points in the orbit, the greateft darkiiefs and the end fo exacffcly, il a 
jjro[xr fcale is made ufe of, as liardly to err above a I'econd. But this, 
and all the rell may be performed by the rules o f  plain Trigonom etry.

19. W hen the funi o f die apparent femidiameters o f  the fun and moon 
falls without tlie bounds o f  the hypothenufe o f  this triangle, then it m uil 
be continued till it m eets; and the reft m ull be performed after the iifuai 
manner, to obtain the time o f  the beginning and end o f  the eclipfe. But 
then, when the points o f meeting are too tar diftant from the points o f  
ihe triangle already determined, tlie calculus will want correction, i f  the 
rime o f  the beginning and end is exaélly required. F or the apparent 
path of the moon in a right line, and alfo the equable motion iecn, o f 
which neither is ftriótly true, tho’ the way fccn for the fpace o f  an hour 
generally diverges fo little from rectitude in eclipfes, that it may be taken 
for a riglu line without any confpicuous error. But the fame cannot be 
faid o f  the equality of fwiftncfs. There m uit therefore be made a calcu
lus o f  corredtion, which will be explained better by an example than by 
rules.

7 vamp!e. May 1706. there happened aneclipfe o f  the fun. T h e quantity,.
beginning, greateft darknef';, and end, arc fought to the longitude and 
latitude o f the obfervatory o f  Paris. According to the Ludovkian tables, 
a conjunétion o f  the fun and moon happened May 1 1 , 21^. 49,  ̂
time. T o  this time, according to the fame tables.

mean

I .  The
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I .  T h e true place o f  O and I> in the ccliptick 
Longitude o f  in the orbit —  - —
Place o f  Q —  —
Argum ent o f latitude —  — ■
N . Latitude o f  D •—  —
H orary niotion o f  O —  —
Scmidiaxneter o f  O —  ?r: ^
H orary motion o f  3) —  ' —
Horary motion o f  T> reduccd to the ccliptick 
H orizontal lemidiamctcr o f U — - —

.H orizontal parallax o f U —  — :
According to ^v?r^’s-tablc.

. R igh t afcenfioa o f © - •— • •—
. - X . declination o f  O •—  —

R ight afcenfion o f  5 — , — .
N . ctcclination o f I> —  -

5-1
5 *
4̂ 46

6 ,  48 , 
. -8 J t? 2 ,
• 1 4 :^5 9 ,.
5 .?
36. 7

. 2  *5
| Í 5 U;.54' 
37 
37

6o-r!:2^

4S
18

^7
18

v3 7 .

53
25

.5 7
32

.¿.71

5 «

6<

T h e  equation o f  time, according to the Ludovidan tables, is 8' 18̂ '.̂
It m uil be added to the mean, to make it apparent. 'I'hereiore the tfriie
time o f  conju£tion is 21^ 57  ̂ 31'''.

2. A t  before conjundtion longit. O =  51^ 4 ' 23'^ Longit.  ̂ =
50® 29' 4 3 " N , L at. )) =  32' 53 '', confequently the increafe o f Latitude 
in the fpace o f  one hour =  3' 15 ". R igh t afcenfion o f  O by Shiirp*s ta
bles =  4 8 °4 0 ' 24''. Declination o f  © =  i8*̂  4 ' i& ' .  R igh t afcenfion 
o f  D =  48° 30' 21'^. Declination o f  =  18® 38' 59

3. T h e  interval from the moment o f conjunction 21'' 5 7 ' 3 1 "  to noon
is =  2̂  2 ' 29", "which being converted into arcs o f  the equator is =  30 
3 7 ' 15 ''. From  I** before 6 to noon there arc s ’* 2 ' 29''' to which the arc 
o f  the equator 45̂  ̂Zl* ^0* anfwers. Therefore, according to rule 5, we 
have the angles o f  the circles o f  declination pafllng thro’ the centre o f  O , 
with the meridian o f  the place in both cafes.

4. T h e  R . afc. o f  O precedes the R . afc. o f  1» in theie tw o cafes:
therefore by prec. 6. the differences are to be fubftraéled from the angles 
found; namely, in 6 the difference ot the R . afc. o f  D from the R . 
afc. o f  G is  10^3". One hour before 6 the difference is =  43'^ 8'^  
'i'herefore when thefe arcs are fubduded, there remains for the angle o f  
the circle o f ’declination palTmg thro’ the centre of > in <5 , 30^ 2 7 ' 1 2 '̂, 
and before 6 ,  4 4 ° 53' 37'^. •

5. From  thefe angles, the elevation o f  the pole o f  the obfervatory at
P a r i s h  48° 50 ,̂ and the declinations o f  follow the aliicudes ot D. 
Particularly in <5 , alt. ^ = 5 1 ^ 5 ' .  i** before 6 alt. X»—  42® 52^ T h e
angles alfo o f the circles o f  declination with the vertical ooes at 6 , 32° 4 ' 
at before <5 , 39° 19''. '

6> A ccording to our table to the horizontal parallax 60' 2 9 ", jiarálC
•  Introd. 5. y . .
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alt. D m 0 =  38^ 31''' not being fubtraaed from the horizontal parall. 
o f  ©, which in this example we have purpofely omitted. T h e  parall. of/ 
R . afc. in the parallel circle =  20  ̂ 27 . T h e  parall. o f  declination i s =  

3 8 ''b y  prec. 10 and 11. But at i** before 6  ̂ the parali. of altitude 
—  44  ̂ 53^  ̂ parall. R . afc. in parali. circ. = 2 8 ^  26^^ parall. declin. ==

7. N ow  follows, byprcc. 12, the difpofition and fubtradtion o f  R . af- 
<'eiiiioiis and declinations competent to R. afcenfions.

R . A fc.
O f  tf

Com p. Dccl.
O ^

' [ A t  I *' before <5 — D 47 53 35 — ' —  •— —  18 26 0
r  • / A t  the very 6 -— ■ 3) 48 30 21 —  —  — —  18 38 59.1

A t  ih before 6 — 0 48 37 i;y —  — ■ — ■ —  18 3 32
A t  the very 6 — 0 48 40 24 — —  18 4 10

D iff. between R . A fc. O

A t  ih before 6 —
In tlie very 6 —
O f  O unmoved

fc. 0 2 27. Between declin. G 38

R.  A fc. Declin.
0 / // 0 / //

D 47 56 2 —  —  —  —  18 26  38
3) 48 30 21 —  —  “  —  ,g 38 59

48 4 0  24 —  —  —  —  18 4 10

Diff. a 34  19 Parall. r 34  43
D iff. b 4 4  22 D c c lin .' .3 2  38

D eclin . ftcn

8. A ccording to prec. 16, die difference a reduced to parts o f  a great 
circle, is =  32 ' 3 9 " ;  the difference b =  4 2 ' 1 3'''. T h e  firft is the diftance 
o f  the places o f  the moon in both cafes, the latter the diftance o f  the fun 
unmoved, from the firft place o f the moon in a parallel circle, the decli
nation o f  which is 1 7 °  5^  ̂55 *̂ h or, which is not very different, 17® 52'.

9. T h e  parallax o f  R . afc. in a parallel circle in ó =  2c/ 2 7 '' (numb.
6.) being added, by prec. 17. to tlie fecond place o f the moon, 32^39'' 
makes 53'' 6". Therefore the firft place o f  the moon =  parall. R . afc. 
at I** before Therefore, in the parallel circle, the placcs o f  the lum i
naries ieen are the following.

/ //

//

A t  I** before 6 5 28 26 =  A  
G unmoved 42 13 =  B  

In die very ó > 53 6 =: C

Diff* between A  and 6 = 1 3  47 
A  and C  =  24 40

If
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i f  the laft declination is fubtraibcd from the deciiiutions Icen, in tíiTi 

cafe I> ! 7*̂  5 1 '5 5 "  remains for O 1 2 '  15^''; for J> in 14'26'''.
10. N ow  let  ̂ c be a portion o f a circle parallel to the declination Fig 5.

*7^ 55^', and therein tlu: point c the centre o f  D at i'' before ó , i  tha
place o f  O , b the place o f  1> in 6 •, th en ¿/r— 13'47^^; b c ^ % ^  40'''.
From the points d  aiKÍ cre<fl the perpendiculars d f  and a b \ oi which
the form ei*= 12'' the difference o f  the laft declination^ the latter,
=  14' 26" o f the greateft, /  will be the centre'of the fun unmoved, a the 
centre o f the moon in the very <5 , the right line a c the vifible path o f the 
moon at the diftance oí one hour. -

11 . From  the point /  to a perpendicular ¿ / b e in g  let fall deter- 
tnines the quantity o f  the eclipfc, and the pointy- t!ie grcatcil darknefs. 
M oreover, if  we take with a pair o f  compaifes, the fpace n f  and / w  — 
to che I’uETi o f  the apparent fcmidiamctcrs o f  O and P, and if  from the 
fame point /  be cut the hypothenule produced m'/t ot riic triangle abc, 
we ihall liave the determination o f  the points n and w, in which the be
ginning-and end ot theecliplb happens.

12. By the trigonometrical calculation we have =  18 '4 ^ '; —
3' 37'^ 9 3^̂ '̂ N o w  if  \vc fay as ac to ^ r, the time by ac
=  to the time by there refuits 37' 3 7 '''; this time being added to 
20  ̂ 57*'31 (1̂ * before 6) makes the jxjint o f  greateft obfcuration 2i*‘

26
13. T h e horizontal femidiamcter o f  5 is =  10'31^^ (num. i.)-, but 

corredled by tie la HirCy tab. 24. is =  1 6 '4 3 " . T h e femidiameter o f
O is =  15 ' 54 '̂. T h e  fum o f  the femidiameters o f  O and D =  32'
37''*, g f  being fubtradted from this fum, there remains the deficient 
part =  29' Q>\ this being reduced to ecliptical digits gives the quantity 
o f  the eclipfe 10° 56'.

14. T o  determine the beginning and the end, from^-/, /? ;an d /;;;, 
are to be fought g 7t and gm. I make f n  equal to the fum  o f  the  appa
rent femidiameters (num. 13.) diminiihed by one or two feconds, but 
fm  equal to the fame augmented by one or two feconds ; and ío f n  =
32' 3 5 "  j / '«  == 32' 39 '̂- "Wherefore =  3 1 ' 2 2 " ;  gm  =  32  ̂ 2 5 " j 
the time b y ^ '» ^  i** 7̂  58"*, which being fubtraded from the point 
o f  greateft darknefs, íhews the beginning o f  the eclipfe, 20** 2 7 ' 28^^: 
the time by gm  — 1^8'' 5̂ *̂, which being added to the greateft obfcura
tion gives the end 22’’ 43 '

J5. One hour before 6 =  20»’ 5 7 ' 3 1 "  \ die time o f the beginning 
=  20*" 27  ̂ 28"*, thereibre the beginning differs from i** before ó 30^thcbegin- 
3''. T o  this difference o f  time anfwers the motioin o f   ̂ in long. xS' ning. 
5 4 " ;  increm. lat. G i '  motion o f  O in long, 12'''; thefe being 
fubduéled from long, and iac. at before 6,  there is left at the tiaae o f 
tl»c beginning, Jor^. O =: 5 ,0  3 ' 1 1'^; long, i  j i '  j  o,/

R . afc. O 48O 3^/ ^ / / .  decJ. © ^  i f i  R . afc. > 4^0
i o " i  declift. } 19 ' d iff  between R. afc. O and >► =  a® i '

34 >
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3 4 " ;  the interval o f time between the moment o f beginning and noon 
”  3'' 3̂  ̂ 3̂ ^̂ » ■'̂ hich being converted into arches fif the equator gives 
53® 8 ' o "  N ow  becaufe R . afc. is lefs than R . afc. ©, the differ
ence o f  the R. afc. o f  G and i  to be fubtradled from this arc, remains 
5 2 ° 6' 26", namely the angle o f the circle o f declination paiTmg thro’ 
the centre o f I> with the meridian ot the place. 1 he altitude ot li =  
38® 20'. T he angle o f the circle o f declination widi tiie vertical =  4 1 °  
28'. Parallax o f  altitude =  47  ̂ 58" Farall. R . afc. in parallel circ. 
=  31'' 45̂ .̂ Parall. dcclin. =  35̂  56' *̂

16. T h e  difpofition and reduiftion o f die R . afcenfions according to 
prec. 12. now becomes thus:

R . A fc. C om p. Declin.

j í  New Method o f calculating Eclipfes o f the Sun.

0 / // 0 / if

A t 20** 2 7 ' 28" 5 47 35 lO —  —  —  — 18 Í9 28
I before 6 5 47 53 35 —  —  —  — 18 26 0

20 27 28 0 48 36 44 —  — . —  — iS /%

I before 6 G 48 37  57 » >■ >■ - “ ■ 1 * 18 /y6 32

Diff. o f  R . afc. 0 I Í 3 Diff. o f  Dec. 0 '9

D 47  3^ 23 —  —  —  — 18 J9  47
D 47 53 35 — • — . —  — 18 26 0

O f  the unmoved G 48 37 57 ^ 18 3 32

D iff.^ 17 12 Parall. o fc 35  56
• D iif.^ I 1 34 Declin. t 3 4  43

/ :
Diff. a reduced 16 24 C ^ 17 43 5 *
Diff.  ̂ reduced 58 39 Declin. feen < d 17 5 Í Í 7

 ̂ D 18 32
Parall. o f :a t before <5 . 28 26

K .  A fc. I at 20  ̂ 2 7 ' 28'' 31 45 D if f  f 7 26
. /

D iff  i 1 9  41
D 31 45
D 54 50
0 58 39

D if f . f ^3 5
D if f ./  26 54 

’ 17. From  the differences / , is conftrudcd the type and cor- 
reftion afterthe following method  ̂ let thediF. e —  13 ' 5 "  b t =  a c ; afid 
difF. / = 2 6 '  54''= iJ£/; let the perpendicular ¿ í  be =  diff. c or f  2 6 '';  
let the perpendicular/ i  be =  19  ̂ 4 1 '' =  diff. d ; and 20** 27' 28̂  ̂ w ill be 
the centre o f  in a-, but 4'’ before <5 In ^ t h e  centre o f  the fun un
m oved in / . T h e  feen orbit o f  the moon is determined by the points a 
and ¿ i bccaufe it pafles thro* them. '• But i f/ m is equal to the fum o f  

 ̂ the
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A  New Method o f calculating Eclipfes o f the Sun*
the apparent diam eters=  3 ^ '3 5 " , it cuts the part ma from the hypo- 
thcnufc hay which being converted into time, gives the quantity o f cor
rection.

18. If the thing is to be performed by calculation, let ha  be continu
ed, and from / le t  fall the perpendicular/^. In the prefent cafe ab —
ir j  55^  lÔ *̂ therciore^-^=33^ g f - 3/

//;?=: 3 2 '3 5 ' ';  therefore ^ ^ = 3 2 "  2 j g a ~ -g m — ma= w h i c h
quantity being converted into tim e, i s =  1' But when )> is moved,
from a towards^, and the centre oí the moon is placcd in a 20 ' 2 ^  
it is plain that this time muft be added to tiie time o f tlic beginning 
found above, that the beginning o f the ecliple may be iound true anU 
corrcft; 20** 28'55^'.

19 T o  fliev/the exaftnefs o f  this calculation, let us iavefligate the Proof of the 
diftance o f the centres o f  O and D to tiiis corredted time o f  die beginning, coircction. 
For i f  thefe are equal to the fum o f  the apparent femidiameters, it is ne- 
ceiTarily the true point o f  the beginning; i f  otherwife, it is faife. I'h e  
time that palfes between tiiis j>oint o f  the corrected beginning and tiie 
time o f  <5 is =  I*' 4.8̂  36". W ith tl\is agrees tlic motion ot D in the 
ecliptick 54 ' 4 6 " increment, lat,. P 4 ' 4Íí '̂; motion o f  O in longitude 
3 ^ 3 4 "; therefore at the time o f  correfted beginning, Jong. D 50 °
12 ", N . lat. I> 3 1 ' 1 9 " ;  long. G 51O 3 ' 14'^; R. afc. O = 4 3 0  «¿z 
4 7 " ;  declin. G = :  i8 °  3 ' 14'''; R . afc. i  47^ 36' 4 '';  declin. 3) 18^
1 9 '4 6 " ;  difF. between R . afc. © and I> 1^0^43^^; diff. between time 
o f  corrected beginning and noon s'* 3 i '  6 ''; arc o f  the ecjuator agreeing with 
this tim e =  52° 46' 3 o" =  ang. circ. declin. paiTmgthro* the centre o f O 
with the meridian ot the place. T h e difference between R. afc. O and 
V being fubtraCled from this, there remains ior ang. circ. declin. palling 

thro’ the centre o f  3> with the meridian =  51^ 4 5 ' 47'^. Correfponding 
alt. » =  38' 3 3": ang. circ. declin. with the vertical — 4.1' 1 1*"; parali. 
alt. = 4 7 '  50 '', parall. declin. =  36  ̂ parall. R . afc. in parali. circle 
=  3 1 ' 29^'i feen declin. D := 17^ 4 3 ' 46^'i diit' between feen declin. 
and declin. G =: 19^ 2 8 '/ ; diff. between R . afc. O and R . afc. 1), re
duced to parts o f  a great circle, allowing the declin. o f  the parall. 17^
44! =  24^/; parallax R . a fc .—  3 1 '  29 '̂': therefore the dilbince 01
the places o f  O and D in this parallel circle =  26' 5". I f  therefore from 
26^ 5 "  asa  bafe, and from 19 ' 28^' as a cathftus  ̂ a reétangular triangle 
be conftruCted, the hypothenufe o f  this triangle w ill be the dillance o f  
the centres o f  G and D •, but 26' 5̂  ̂ =  1565 the fquare o f  which 
is 2449225: and 19  ̂ 2 8 ' ! =  ii6 8 ^ \  the fquare o f  which is 1364224; 
and the fum o f  the fquares =  3813449, the fquare root o f  which is 
=  1953^', 2 " only lefs than the fum o f the apparent femidiameters.

20. T h e  point o f  this, as determined above, numb. 14, is 22^ 43'
3 1 ''. T im e o f  <5 2 1̂  5 7 ' 3 1 " ;  difference, 4 6 'o ". T o  this difforencc, *
the motion o f  P in longit. is 28' 25^'; increment o f lat. = 2 ^  19'''; m o
tion o f  O in longit. =  wherefore to  22** 4 3 ' 3 1 "  longit. » =
51^ 35^  1 3 ^ 'i la t it .  D =  3 8 '3 6 ^ / i longit. O = 51®  8 ' ^ 9 ' ' i R .  afc.

V O L . X . P arti. K  '' O :n'
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Ó==4 8 ^ 4 2 '  1 7 " ;  d e c l ih .  e i= i  18 ^  4 ' 3 9 ' ^  ^  ^

dccUn. 3> = 18̂ 4« ' 49" *  ,  . ,. .  V
21. T he difF. o f  time between the'encl o f  tae eoipfe and noon, is

16 ' '>n^f' which being converted intó an arc o f  the equator, is—  19° 7 ' 
i c t f  Dilf. between R . afc. O and V == 16 / i i ' ' ;  R . aic. D precedes 
R . aib. ó  ; therefore this diff. is tó be added, to make 19° 23/ 3 6 '',  
fhe anille o f the circle o f declination paffing thro’ the centre ot D with 
the meridian. T his angle with lat. o f the Obfervatory ot Paris and de- 
din. D protUiccs alt. I> =  56® 8 ' *, and the angle oi the circlc ot dcclin. 
with the vertical 23° 4^ Hence follows parallax of alt. 34.̂  12^''; 
parall. dcclin. 31^ andparall. R.» ale. in a parallel circlc —  13  ̂ 24 .

22. T he reduftion therefore and difpofition ot R.. afccnHons and de
clinations is as follows.

R. A fc. Com p. Decl.

66 ^  Method o f  c4¡cutáfÍifi Eclipfes o f  the Sun,

0 t /; 0 / n

Jn 6 V 4S 30 21 .— ^  —  — i 3 38 59
h f If In ó G 48 40 24 — — 18 4 JO

A t 22 43 31 G 48 42 17 — — - — 18
. V 4 39

A t 22 43  31 3) 48 58 38 — —  —  — 18 48 49

D iff between R . afc. O I 53 Diff. between decl. O 29

In ó J> 48 32 14 — —  —  — 18 39 28
Unm oved G 4 3 4^ 14 — ■—  —  ^ 18 4 39

h f it
A t  22 4  ̂ 3 ' D 48 58 39 . —  ,—  — 18 48 39

Diff. a 10 3 Parail. <; 32 38
D if f ¿ 26 24 declin. 3 * 27

D iff. a reduced 9 33 r 18 6 50 K
Diff. h reduced 25 5 Decl. fecn. i }8 4 39 G

I 18 ^7 12

23. DifF. a is the diftance o f  O unmoved from the firíl place o f  5 , 
and difif. b the diftance o f  the 2d place o f  3) from the 1 ft in the parallel 
circle, the decl. o f which is 18^ 7 '.  B y  the parallaxes o f  R . afc. the 
two places o f  J> are now changed into the following, and fo by ad
ding the parallaxes, the diftances w ill be o f  the

/ ti

G unmoved =  9 33 
}) in <5 =  20 27
Í  in the end =  38 29 

N ow  if  from thefe numbers we fubtradt the leaft, 9  ̂ 33^/, there is left 
forthediftance o f  the place o f  D in ó from G unmoved, 10  ̂ 5 4 '^  for 
the diftance o f  H> in the entl o f  the eclipfe from O 28' 5 6 ' '  j the diffe
rences o f  the declinations feen, from the leaft fecn, are 2/ and 12 '
33

24. Lee
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S4 L e t be the portion o f  a circle parallel to the declination 7^; Fig- 5/ 
therein let /  be the centre oí O unm oveci; r  the place o f  D in <4 ; j  the 
place o f  Í) in the end o f the eclipfe: wherefore r / =  10^54^^; q f  =;
28^ 56^^ A t  die points r  and  ̂raife die perpendiculars/7 r  and ^ a;9 fo 
that a r  may be =  2̂  11 and q v ~  12^ 33̂ *̂ T h e right line m v  a g  
being drawn chro* the points v  and w ill iliew the orbit o f  1) feen.
But if  the aperture o f the circle is equal to the fu n io f the apparent fenii- 
diameters, in this cafe =  32/ 39^ ,̂ this will cut o if  ironi/ a portion or 
the orbit m v , which being converted into time, and added to the tin'.c 
o f  the end found above, gives the end correiled.

25. It this is to be done by numbers alone, firít, let the pcrpcndicula:* 
a r b c  fubtradled from the perpendicular va,  to obtain ‘v z .  L et tlie or
b i t b e  produced, a n d tro m / le t  fall the ¡ x í r p e n d i c u l a r hcncca- 
cilc 3 fmiilar triangles \ a ¿ir «, and/?; g. O n m aking the calcu
lation, there comes out for v  20' 48 ^ /-, for a  n  2 2 ^ '- ,  for it g  6 '

A  Nero Method o f cakulating Eclrpfes e f  the San, 67

cad o f  the eclipfe corrcctcd 22^ 45^ 59^ *̂
I made choice o f this example, bccaufe it is the iiime with tl:at by jv,o:c. 

wliich de la Hire illuftrated the precepts o f his calculation : it will there
fore not be amifs to Ihew it’s agreement with the prefcnt. In de la Iiire\  
calculation, the point o f  conjuutlion is fuppofed to be according to tn:e 
time 21^ 57/ 15 '^ ; which however is not exadt: for according to ti e 
Ludovician it happens at 2 1''5 7*  31^^-, as w’e fettled above. A l 
ter this fmall error is corrected, the point o f  greateit obicuration, accord- 
ijig  to de la ///ri’scalcidation, agrees with ours even in feconds, 2 1 ■ 35*

; but there is fome little difference in the beginning, end, and quan
tity, o f  die eclipfe *. In that calculation, the perpendicular L  T  produces 
at the true time o f  conjunólion 2 11-, and fo die quantity o f  the eclipfe is 
=  lo  dig, 49'. T h e  beginning happens at 2o‘  27' 2 9 '',  the end, 22*'
4 3  ̂ ^3^^ By de la Hire's precept, that beginning needs no correi^on ; 
which however is tnie, i f  an error o f  i '  or i t  may be flighted. But ii' 
not, as the thing requires, and the proof o f  m y correftion fafficicndy 
ihcws, the labour o f  corredting is alfo to be undertaken in de la Hirers cal
culation. In mine, the beginning found at ñ tíl w'Quld agree exacdy e- 
nough ; but bccaufe o f  different altitudes o f  the moon in the end and be
ginning, I have affumed diverfe apparent femidiameters, which de la Hire 
did not do *, and thereibre to make all things equal, let the apparent femi- 
diameter o f  D be fet at 16  ̂ 43^' in the beginning and en d ; in which cafe 
the beginning o f  m y calculation not corrcdted will be brought back to 201*
27^ 23^', the end, to 22** 43^ 2 ^ ' ' j therefore m y beginning is 6̂  ̂ be
fore de la H ire's’, and die end follows it at the fame diftance; and the 
quantity o f  the eclipfe, as w'c havedeferminad above, exceeds de la Hirers y'*

*  VU . T a b .  Ludovic. Edit. P,arif. 17 2 7 . p. 48, in.vfu Tabularum.
K  2 When
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W hen-the apparent orbits o O ,  or rather the feigned ones in the 

prcfcnt calculation, anti in that o f  dr la Hire  ̂ arc not right but cundes, 
i.i this difference that the convexity in de k  Hirers may be objeékd 
to the point Z. *, and in the prcfenr the concavity to the p o i n t / f ,  it 
is tvi.lent that the perpendicular L  Ty on the length ot which the 
quantity o f the cclipfc depends, is greater than it ought to be in de 
la Hirers calculation; as in mine the fame perjx-ndicular which is dc- 
Jigned by f g  is lefs than it ought to be : therefore if  die grcatcft cx- 
aSncfs was to be ufed, the quantity o f  the eclipfe ought to be rcc 
koned between them both.

Apparent I'im e. 
d r .  f II

7 ‘he Sun’j Eclipfe o f July 14, 1748.

* ih  SunV 
Eclipfe o f  Ju* 
ly  14. 1748. 
o b f t r < v t á  a t  

Marlborough 
Houfc, nvitb 
the I 2 foot re
f r e í  tag TV/i* 
/copcy f ix 'd  Qi 
a finder to tie  
tube o f  the 
great i z foot 
refieQor \ by 
John Bcvis 
M. D, No- 
489. p. 521.
oa
I 748. Read 
N ov. 10. 
1748.

by M r

IV . I. July 14. 9. 3. 50.

14.. 9. 39. 42. 

52, 00.

M ark Day, 
dafed Luff- 
w ick  near 
ThrapHon, 
Northamp- 
tonlhire, 0£l.

-------J t  the
Obfervatory 
Royal at Ber
lin, b j Au- 
guhine N a -  
tnanaei Gref* 
ch 'M^Memb. 
« f  the /?. 
Acad. ofiSe. 
0 / Berlin, ^ c .  
ibid. p . 526.

T h e  beginning, v/hich perhaps might be 
2̂  ̂ or 3^' fooner.

T h e firil little fpot in the weílcrn cluflcr, 
quite covered.

T he biggeft o f  chat cluftcr quite cover’d, 
yet fomewhat doubtful for tlyingclouds. 

JO. 12. 08. 7 'he middle one ot thrccconfiderable fpots
towards the eallern iimb hall cover’d. 

I 'h e  end could not be precifely obfervcd 
for flying clouds; at i¿ . 09. 15. it 
was not quire over; but at 12. 09. 
35. the fun was dear, and nothing 
o f  the ecliple left.

N . li. 'ihe w'md'’J)d5 JO hcijhrous^ that no phafes could be meafured w ith a
Micrometcr.

2( T he beginmng 9*' a, tji. T h e en d o. 5. 2 5 ./ .  m, at lo'' 3 2 ' 
a. m. 10® 18/ were dark, which I take to be the greatcft with us. 

I'hefe are apparent times, from a well adjuftcd clock (by a meridian 
drawn June 10, on a plate o f metal), and correded to the time o f  ob- 
fervation. O ur latitude is 52® 27' 30".
21. 1748. Ibid. p. 523.

174S. 7 «^ 25. S, T h e beginning o f  the eclipfe was not ob-
íér\’’cd, the fun having been covcrcd 
with clouds.

h / n
T h e  cmulus was completed at 11 52 51 ante merid,
-----  -------  ----- broken 11 54 13
T lie  end o f  the eclipfe 1 2 5  9 poft. mer'id.
T h e  diameter o f  the fun was 3 1 '  43^^

•  Vide Allcg. p. 48. in T ab . Ludw , ■}■ Fig. 3,

This
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T h is eclipfe was likewife obferved annular at Francfort upon the Oder, 
but not ib exactly as at Berlin, \

4. I'hefc obfervations were made at Aherdour caftie, belonging to t h e ___chfê .̂
faid Earl, whole lat. is 5 6 °  4 ' N. M f le Monnkr having come over 
from France to go  to Scotland  ̂ to obfcrve the annular ecliple o f  tlie ibn,
"July 14. 1748. I was dcfiroLis to contribute all that lay in m y power 
to aíTiíl him, and theretoro refolvcd to go  to Scotland with the Karl o f  niJr 
Moríofíy who was lb good as to permit us the honour o f accompany- /f̂ ro» an̂  
ing him. W e arrived at Edinburgh July 4 .  and immediately went to o f the

tiie College, to enquire what preparations were made there, in confequencc ? ' p*
o f  letters we had writ before we London % when Alex. Mojtroy 
Prof. Anat. informed us, that, upon receipt o f ours, he had writ c ir - Short. V/V- 
cular letters to all his triends in dilFerent parts o f  the country, to p r e - e///hi
pare, in the beft manner they could, for tiie mofc tx a d  obfervation 
this cclipfe. i - ’s

W e found that the meridian mark, which had been fettled from ob- £.
fcrvations, by the late worthy M r Mac Laurin^ was loft, by the taking 1748. 
down o f  a chimney, upon which it was fixed *, and M r Mattheis^
Hiewurt  ̂ the prefent Proieifor, having no proper inftrumcnts, had not as 
yet re-eftablilhed it *, which v/e Iioped to do by an inftrument, which w'e 
every day expedled from London *, and M r Siewari having promifcd to 
make the bell obfervation he could, we refolved to fct out tor Al^erdour, 
a kut of the E . o f  Morton's, which he readily offered to us, anU did us 
the honour to accompany us thither himfclf, having the fame defire and 
curiofity to do whatever lay in his power to contribute to an exadt ob
fervation.

Aberdour is about 8 miles almoft N . W . o f  EdirMirgb. W e chofc 
this place, as being, by the computations o f  this cciiple, at or very 
near the louthern lim it o f  the anmdus.

In the caftle o f Aberdour^ 1 5'' o f  time weft o f  the college o f  Edtn- 
burgb  ̂ we let up a clock, July 9. and the weatlier being cloudy, and 
our equal-altitude inftniment and tranfit not being yet arrived, we on 
the 11 th made ufe o f  an equatorial telefcope o f  L ord  Morton's, to find 
correfponding altitudes o f the fun, and at the fame time put up a 
gnomon o f 15 ieet high.

Being .uneafy that our inftruments were not come to hand, and 
refolving to have a communication with the college o f  Edinbttr.gh^
■where they had a tranfit inftrument \ Lord Morton propofed tliat two 
cannon íhovild be fired from the caftle o f Edinburgh, one precifcly at
12, and the other at 5 atter 12 on the day o f the eclipfe; and the 
diííercnt obfervers in different parts o f the country to be advertifcd o f 
this, and to m ark down the precifc time o f feeing the ñaíh, or hearing 
the found o f the cannon; fo that, aiter having made a geographical: 
map ot thefe different parts o f  the country, and having found the cxait 
meridian o f  one place, we ftiould be enabled to fettle the times o f aM the 
reft by the difference o í  meridians found by this miip. T his was íéttled

aod

The Sun’i  Eclipfc o f July 14, 1748/ 6^
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and agreed to on the 12th, and aii exprefs feut over to Edinhnrgh with 
a letter trom Lord Morton to the L ord  Juftice C lerk, to defire tiiis fa
vour o f  General Bland  ̂ who very readily granted it.

T h e 13th being a clear day, we took equal altitudes with the equato
rial telefcoj>e, and found our clock gained i '  46'^ in two days, and that 
the fun palfed the meridian at 12** 7'' 6'̂  by the clock.

July 14th was an exceeding bad morning both for wind and rain; 
but about S*" in the morning, the clouds dilperfed, and we had a very 
clear fun.

In order to obferve tlie eclipfe. Lord Morton made ufe o f  a reíleíling 
telefcope, 12 inches focal lengdi, magnifying about 40 times. I made 
ule o f  a refleóling telefcope 4  feet focus^ magall'ying about 120 times *, 
both belonging to Lord Morton. M r k  Monnier made ufe ol a refrac
ting telefcope, about 9 feet focus^ which he brought with him i'rom 
France^ armed with a micrometcr, made after the method ot M r G. 
Grabeim  ̂ by the late M r Sijjon at 2ÍJ)udon. M r le Monnier took his fta- 
tion in the garden, under the window o f  the room where the clock was 
placed i Lord Morton was in the room next that where die clock ftood; 
and I was at the window next the clock.

Sun’í Eclipfe o f  July 14, 1748.

ii

I

C lock, 
b /

8 55 

8 59

\i
o

9 o  42

10 6 10 9 58 12

10 45 o 10 37 o

52 43

I I  56 21

True Time.
h ! II

8 47 5 The eclipfe not yet begun. Clouds come on.
8 5 1  18 Beginning o f the eclipfe, found by the follow

ing chord.
8 52 47 Firft view o f the eclipfe, then confiderably 

advanced.
8 54 35 Meafured the chord o f the part eclipfed; which 

was found equal to the field o f the great 
refleélor.

The illuminated part of the fun, meafured by 
the micrometer, and found =  7 ' 37̂ ^

Again meafured, and found =  7̂  37̂ ^
L . M&rton jwdged the middle of the eclipfe, or 

neareft approach to an annulus, at lo*' 17 ' 
54 '̂ apparent time.

II 44 40 The fame phafe or chord obfervcd as at the be
ginning, and meafured both in the telefcope, 
as at firit, and by the micrometer, and found 
=  8' 25^/ o f a great circle, as reritied by a 
bafe after the eclipfe was over, which gives 
the end as exaól as the beginning, 

n  48 18 End o f  the eclipfe by the preceding chord.

M r ie Monnier meafur’d with the micrometer the apparent equatorial 
diamcCcr o f the.moont when flic was upon the fu n j which he found

=  2 9 '

U
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Thf SunV Eclipfe o f  July T4, 174Í. 7 1
:==29'47'^4. H e  meafurcid alfo tlic apparent vertical diameter o f  ttie 
fun at noon; wliich he found =  31  ̂ 40''̂ . I 'h e  micrometer, with which 
he meafured thefe diameters, was afterwards verified, by a bafe o f ^ 5̂70 
feet, and two in.irks, placed at right angles to it’s extrem ity, at the 
diftance o f  22 feet from one anothe r.

T h e  flafh o f  the firft cannon iircd from the caílle was fecn at 12^3^ 
4'  ̂by the clock j and the ílaíh o f  the fecond cannon alto by the clock ac 
12** 8'4''''. U'he eclipfe was fo nearly annular, thiit, at the nearcft p.p- 
proach, the cufps icemed to want about 4 the moon’s circinnferencc 
to be jo in ed ; yet a brown light was plainly obfervod,- both by L . M or
ton and myfcU, to procced or ilrctch r.iong the circumference o f the 
moon, from each o f the cufps, about o f the whole diftance o f  the cdfps 
from each cufp-, and there remained about ' o f  the v,'hole diilance 
o f  the cufps not enligJitncd by this brown ligh t; fo that we were for 
fomc time in fufpcnfe whether or not we were to have íík; eclipfe annu
lar with us. 1 obfervctl, at the extremity o f this brown liglu, which 
came from the weftern cufp, a larger quantity o f  light, than in any 0- 
thcT place, which at firil i'urprizcd m e; but afterwards I imagined it 
m uil have proceedex.1 from fomc cavity or valley mace by two adjoining 
mountains on the edge or Jimb o f the moon. I had often i'ornwrly 
obferved moimtains on tJie circumference o f  the moon, more or lels 
every-where round it, but never faw them fo plain as during the time 
o f  this eclipfe •, for we had the air exceeding clear, and tree o f all 
tation, notwithftanding it blew a perlc£l: hurricanc o f  wind, which be
gan about the middle o f  the eclipfe •, and I remember, in the annular 
cclipfe o f  the fun in the ycat 17^7, it did the fame. T h e mountain
ous inequalities on the fouthern limb o f  the moon were particularly re
markable ; in fonic parts mountains and valleys alternately *, others ex
tended a confiderable way along the circumierence, and ended almoft 
perpendicularly like a precipice. L . Morton was able to fee them very 
cafily thro’ his fmall refledor.

A  little after the middle o f  the eclipfe, fom c ciouds, that feemed -fta- 
tionary below the fun, appeared tinged on their upper extremities with 
all the colours o f  the rainbow.

D uring the greateft darknefs, fome people, who were in the gar
den adjoining to the caille, faw a ftar to the caft o f  the fu n ; which, 
when they afterwards told us, and pointed to the place where they had 
fcen it, we found muft have been the planet Venus. I'liis  ftar, we 
were afterwards told, was feen alfo at Edinburgh^ and other places, by 
a great nun^ber o f p eop le; but I did not hear o f any other ftars 
being iben. I 'h e  darknefs was not great, but tlie íky  appeared o f  a 
faint languid colour. W hat is pretty remarkable, is, M r le Monnier 
aifured us, that when he looked at the fun with his naked eyes du
ring the middle o f  the cclipfe, lie could obfcrve nothing upon thc*fon, 
but faw the fun full, tho’ faint in his light. T h is, I am apt to ima
gine, m ay be owing to his being Ihortifightcd. 1 ©tferved aHb, about

the
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the middle o f the cclipfe, a remarkable large fpot o f  light, o f  an irregular 
figure, and o f  a confiderablc brighcneis, about f  or 8' within the lim b o f  
the  moon next the weftern cufp. I thought I I0ÍI this light fevcral tim es; 
but whether cliis was owing to m y iliutting m y eyes, in order to relieve 
them, or not, I cannot tell. 1 am told, that the rev. M r Irwin at E kin  
obferved the fame. W hen I firil perceivcd it, I callcd to Lord M onioji, 
who was in the next room, but he could not ice it.

Beiore the eclipfe began, and during the whole time o f  theedipfe, the 
air, as I faid before, being exceeding clear, I faw thro’ tlie 4 foot reflec
tor the furtace o f  the fun cover’d with fomctiiing which I had never ob- 
fcrved before *, it feemed to be all irregularly ot^erjpread with light, and 
a faint iliade, efpecially towards his ecjiiatorial diameter. I'h is appear
ance was fo odd, that it is difficult to defcribe it, fo as to give an ade
quate idea o f what I faw •, but i f  I may bo allowed the exprelljon, it fecm- 
cd as it were, curdled with a bright and more duíky light or colour. 
T h is  appearance was permanent, and regularly the fam e; and i f  in any 
degree ieen beiore, may have given rife 10 facula  having been fcen in tlie 
fun but to me the whole fun’s body feemed to be more or lefs covered 
with it. I looked with all the attention pOiTibic, to fee i f  I could oblerve 
the body or Jimb o f  the moon bet'orc ilie touched the fun, and alfo after 
ihe left it, and was intirely o ff the fun, but could fee nothing at all o f  any 
fuch appearancc. I mention it to fatisfy M r ¿ie Lijle^ who publickly de- 
fired this m ight be attended to.

T h e  barometer had been falling for feveral days before the ech'pfe, and 
even that morning, when it was at 29.2 inches. But during the eclipfe
it began to rife. ^

Divifions.
at  ̂ in the morning the thermometer ftood at 

h /

at 12 
at 4 

July  12. at II 
at 12 
at 8 
ac I

July  14. at 8

July 13.

o  or noon at 
o p. m. at
o  a. m. it ftood at 
o  or noon at 

30 a. m, it ftood at 
o  />. m. at 
o a. m. at

at 8 53 at 
at 9 7 at
at 9 20 at 
at 10 8 at 
ac 10 26 at

54

56 
60
57
5S
55l
s n

57 
57- 
57 i  

'  57 
5^1

A ll  thefe obfervations o f  the thermometer were taken when it ftood in 
the ihadc ; and the times are by the clock. Immediately after the m id
d le  o f  the eclipfe, the thermometer, when expofed to  tJic fun ibr the fpace 
o f  i d  o f  time, rofe only t  a  divifion.

Thermometer

RED
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'I'hcrniomctcr ilill cx|x)fc(.í to the Sun, 
at 1 o'* 46'' oo'^ ilood at -
at 10 51 30 at 
at 10 -57 30 iic 
at 1 1 4 00 at -
at 11 10 00 ac - - - • _
at 11 34 00 at

Thermometer replaced in the lliade attcr tiiis laft obiervation, 
at 12“ 54' flood at - - -
at I 2 S'' ac
at 5 50 at - 1 -
at 7  30 at - -

"'juiy 15. 'rhermomcter at 8 a. m. Hood at
at 9 at
at 10 at - -

nivifions

- 62
- 63;
-  66
- 70
- 75\-

- 60;
- 61-i-

- 59
- 5 ÍÍÍ 
* 56
- 57
- 60

7 ?

Thefc oblervations were made witii a thermometer o f  Fahreuheit^s Icalc* 
the divifions ot' which were very I'enfiblc. W e did not ac all perceive or 
feel any greater degree o f  cold, during the cclipfe, than we felt before it 
began.

T h e  weather being very bad at Edinburgh^ M r M . Stewart^ Prof. Math, 
could make no obfervations oí theEclipfe ; he only faw the end at 11̂ * 50' 
3 4 '' true tim e; and even then the ílin was fomewhat c lo u d y : he took 
however the i'un’s tranfit over the meridian (as then fuppofed) ac 12'' 4' 
4 2 '' by his clock, and heard the fecond cannon fired from the caille at 12^ 
7 ' 48'^ by the clock. \Vc afterwards, in a few days, examined his me
ridian mark with a very exafl equal altitude inllrument by 3 leveral corre- 
fpondent obfervations •, and found his mark 3̂  22'  ̂ o f  time to the W . o f 
the true meridian. T h e college is about 2500 feet diftant from the caftlc 
Kaftward.

T h e  R ev. M r Br;̂ cê  at /Udijton, about 6 miles to the W . o f Edinburgh^ 
lat. 55® 55'^  N , obferved with a refleóling telefcope, 9 inches

I'h e  beginning o f the eclipie at 
U pper horn or ciifp vertical, at - -
H itherto the wefcern cufp lower than the eailern.
T h e  two cufps horizontal at - 
'I'he weftern cufp afcends very faft at 
T h e  weftern cufp vertical at - -
I 'h e  culp which was jiift now vertical, now becomes Haft, 

and about 30° from the zenitii to the Eaft ac 
I'he middle o f  tlie eclipfe as near as he could ju d ge at 
'J'he lower cufp ac the nadir, and very ragged and uneven ^

at
V O L .  X . P a r ti. L

h / 11

8 52 30
9 5 0

10 13 10
10 14 10
10 16 >5

10 »7 10

10 40

10 24 45

1 'he
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//

T h e fame cufp ftill in the fame pofition at - - - - 1 0 3 2 5
T h e  fame cufp fecms to begin to move towards the \V. at 10 43 35
T h e  motion o f this cufp fcarcc fcnfible a t ..........................55 45
T h e  other cufp middle between the zeniib and the nadjr )  ̂  ̂ o  2 r

towards the E , at - 
End o f the eclipfe, the fun being quite clear at - - - 11 48 40

I ihall fet down the following obfervations o f this cclipfe ju ft as
they came to my hand when in Scotland  ̂ without making any other re
m ark, than that, from the difagreement among themfelves, they do 
not all o f  them feem to have been made with due accuracy and at- 
tention for want, I fuppofe, o f  fufRcient praálicc in this kind ot ob- 
fervations.

¡Villiam Crovj  ̂ E fqj at his houfe of Neiherbyres near Haymouth  ̂ lat. 55° 
5 1 ' N . fays,

T h e cclipfe began a t ................................................................... 8 5 5 0
H a lf  o f the fun eciipfed a t .........................................................9 60 o
M iddle o f  the eclipfe, o f  the fun’s limb cover’d by the moon at 10 25 o 
End o f  the eclipfc a t ................................................................... n  55 ^

M r John M ah j at yi/'r, lat. 5 5 ° 30' N . fays, the eclipfe began 8** 4 5 ';  
but that, by reafon o f  clouds, he could make no other panicular ob- 
fcrvation ; only that, by a view he had o f  the fun fomc little time be
fore the end, he thinks the end o f  the eclipfe might be about 1 1*̂  4^ .̂ 

M r Mark^ teacher o f  Math, at DuJidee  ̂ h t. 56'̂  25' N . obfcrved,
«

h / //

T h e beginning o f  the annular appearance at - - - - 10 16 44
End o f the annular appearance at - - - - -  - - X 0 2 3 8

H e  fays, the beil obfervations make the annuha a fmall matter nar
rower on the upper than lower fid e ; by which it appears the centre o f  
the eclipfc was to the N . o f  Dmidee.

M r John Stewart^ Prof. Matii. at Aberdeen  ̂ writcSj. th at by an obfer-
f( vation made at Monrofs  ̂ lat. 5 6 °  4 1 ',
*! h / //

( T h e  annular appearance began at - - - 10 20 o
ended at - - - - - JO  24 30

End o f  the eclipfe at - - - - - 1 1 52 45

A nd that, by an obfcrvation made at a place about iS  miles S. W . o f  
T Aberdeen*

T h e
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T he cciipfc began at 
M idüle at - - -
End at - - - -

And that at Aberdeen  ̂ Lit. 5 7 ° i /  N .
T h e cclipfc began at - - -  - -  - -  - - -
Nliddlc o f the cclipfc, and annular appearance, as ne-ir as ) 

he could judge, at )
End o f  the annular appearance at - - - - - -

h /
- 8 52 0

21 0
52 0

h / //

- 8 55  ̂'y 60

10 23 3

- i O 24 4S

H e writes alfo, that he received an account from M r Reid^ M iniilcr 
at Nerij Mucckar, about 7 M iles N . W . o f Aberdeeny who obfei ved

T lie  beginning o f  the annular appcarancc at 
A nd tlie end o f  the eclipfe at - - -

h t f>

- - 10 iS  28

- 49 3

M r ^mvart fays, that, by coniparing his obfcrvation at Aberdeen with 
tliis o f  M r Reid\y he apprehends lie is in a niillake as to his ju d gin g o f 
the middle o f tlie eclipfe, and annular appearance \ and reckons, that 
tiie annular appearance began at Aberdeen at lo^ »9̂ , and ended, as above. 
B y wliich the total duration o f the anmdus was 5' 48^ :̂ ai d̂ the end o f 
the eclipfe at Aberdeen was at 1 49'  3 3 .;

T h e  R ev. M r Ir̂ JDin̂  at Eighiy lat. 57® 34^ fays, the eailern limb o f 
the moon touclieu or entered on the weitern limb o f the fun at 8** 5 7 ';  
tlio’ he fufpedls it began a little fooner (anotlier having taken the tele- 
Icope out o f  his hand)*, for when he looked, the moon was a little ad
vanced on the difc o f  the fun about 30° from the zemth o f the fun to
wards the W .

T h e eaftcrn cufp in the zenith o f  the fun at - - - -
Eaftern lim b o f the moon reached the centre o f  the fun at 
T h e mnulus began about 30® from die zenith o f  the fun

weftward a t ............................................................ - -
T h e annuhis appeared m oil perfe¿l at - - - -

h /

9 <5 
9 39

//

10
o

10 20 o 

10 22 45

T h o ’ , as nearly as he could difcern, he thought it a little narrower 
on the S. \V. limb o f  the fun, than it was on tlie oppofite fide. From  
hejice it fhould appear, that the centre o f  the eclipfe was to the fouthward
of Elgin,

T h e anmdus was obferved to break on the S. E . lim b o f the fun, 
about 30^ from thi* nadir  ̂ at lo ’’ 25' 30''-

Before the joining o f the cufps o f  the fun, as alfo at the breaking o f 
the annuluSy he fays, he obferved a quick tremulous motion, and ieveral

L  2 irregular

1



11

f
I

ll

i

irregular briMit fpocs between the ciifps, wliich ciinipjKnrctl in a few m o
ments; and?ic thouglu the moon’s body pafied quicker about tiie time 
ot the Icfpccially as it was Ibrm ing., than at any otiicr time du-
ing che cclipfe.

Before the weilcrn limb o f  the moon reached the ecntre o f  t!ie fun’s 
difc, the. fun was hid undtr a cloud, and cop.tinued fo, till within feme 
little time o f the end o f the eclipfe, which happened at i i>' 50'

Tliere was no cloud all tlic time o f  the formation o f the ammlus  ̂ or 
the duration o f  i t ;  and he thinks he is pretry right, as to the time o f  its 
continuance ; for both the formation and breaking were veiy  fenfibly to 
bcobferved, and paifed in a m om ent; affording a very plcafmt fight, by 
the irregular tremulous fpots ot the iun.

H e fays, the darknefs, during the ammhn  ̂ was nor fo great as a little 
before and after; and, when greateil, was only fomewhat dufkifh, but 
obfervable. Some faw a ib r  to the eail o f  the fu n ; but h.e faw it not, 
iK)r any prefent with him. H e was told o f  it after his obfervation was 
over.

l i e  fays, that by an obfervation taken o f the fun that day at noon, he 
found that his clock was ibmewhat lefs than 1 ' faller than the fun. t i c  
iays alfo, that he obfervt*d this cclipfe with a telefcope 3 feet long, and 
tliat he had a very good burning-glafs; but that it had little force, du
ring the nmndus  ̂ and Ibme fliort time before and after.

M r Dunciiyt Frazer writes to M r Monro  ̂ Prof. Anar. ¥Jtn. that he 
went to the houfe o f  Ctdloden  ̂ lat, 57® 29  ̂ N . on purix)le to obferve tiu* 
cclipfe; it having been faid, that the centre o f  the eclipfe would pafs 
there ; and after having adjufted his clock by the regulator-clock ot a 
watch-maker at Invernefs  ̂ lie obferved the eclipfe with a telefcope 5 feet 
long, and found

h f ff

The beginning preciíély at • - ”  ̂ 37 3 ^
Beginning o f the <7?;;;«/«/at - - - 10 o  10
Knd o f  the annulus at - - - 1 0 5 1 0
Knd o f the eclipfe at - - - - 11 29 30

Hy comparing his obfervation with that fent him by M r at 7i7- 
he imagines his clock was not fet to true time, lince there is lb great 

a difference, and more than the difference o f  longitude between the two 
places will allow ; it being no more than 2Ó computed miles, and nearly 
in the fame parallel o f  latitude.

M r Murdock Mackenzie ,̂who has for fome years paff: been m aking a 
furvey o f the iflands o f  Orkneyy and whofe abilities for fuch an undertaking 
g ive us hojK'S he will for the future, free navigators o f  a great many m e
lancholy difafters, which formerly happened in thofe feas, thro’ tlie want 
O Í  true charts) made the following obl'ervation at Kh-h.vali in the iOand ot 
Pomona in Orkney the latitude o f  which is 58® 58  ̂ N .

Beginning

76 The Sun’i Ecllpfe of July 14, 1748.
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77

8 40Beginning o f the cclipfc about - - -
lind  o f the cchpfc about - - -  ̂* 37

H e  fays, that by realbn o f  clouds, he could not be perfc(ftly cxadt, as 
to cIk* prccifc time o f  beginning or ending; but adds, that the beginning 
cannot be more tlian 4 ' wrong, nor tiie end more that 1'* l  ie fays, lie 
is iure he did not fee it annular, but tiiat there remained about or |  o f 
the fun’s circumference intercepted at the middle ot the eclipfe.
P . S, It having been an opinion pretty generally received, that the darker 

jjarts o f the moon’s iuríáce are water, I take this opportunity to remark, 
that thougii tiiofe lefs lucid fpaccs ar«j for the m oil part, to appearance, 
evenly extended llirfaces, when telefcojxis o f  i'mall magnifying powers 
are matie ule of, yet, wlien they are examined with larger magnifiers, 
it is eaiy. to dil'cern on then̂ i many protuberances in a longitudinal 
direction; and that thcíc riiings are really elevated above the common 
j l̂ane I'urtacc, is paíl all queftion, from their projefting iliadows, al
ways oppofite to tlie fun : M oreover, they are o f the very fame colour 
as the plane they ariíe from, o f  the like fmooth liirfaces, without any 
fenfible afpcrities •, and invariably the fame, under the like pofitions ot 
the fun to the moon, at lead as far as I have been able to dilcover in 
12 or 15 years frequent obfervations o f them.
5 Being prepared for the obfervation o f tliis eclipfe with a refledling-----at Ma«

telefcope about 2 feet long, and being fufHciently acquainted with thedrid, ^Don 
motion o f an ailronomical pendulum, which I had ufed in my voyage to ^
Peruy in making feveral obfervations. I obfervcd the beginning ot the ' p]

N-ivf* li iiM-ííMi/'í! in r r iw  rimi* r^bnnr -  “ ^^*49^ *■'“lo ,  Jan. SiC, 
17+ 9 . P r t -  

2 6 ,

10 23 44!- 1- 4S9.
Fig- :•

eclipfe to have happened in true time about
'i'he fpot a h in the diík o f the fun between it’s ea- 

ilern and fouthern parts, which could then be eafily dif- 
cerned, becaufe there was no other near it, began to be 
immeryred

T h e total immerfioii o f  this f|X)t - - 24 40V
I was not able to obferve either t!ic cmerfion o f this fpot, or tiie end ot 

the wiiole eclipfe j for the fun> being in it’s greater altitude above the iu>- 
rizon, made the ufe o f the telefcoj>e inconvenient. N or could the parti
cular number o f  the digits be coivveniently determined for feveral realons.

A bout tlie beginning ot the eclipfe, part o f the lunar din< had a colour 
inclining to red, which afterwards increafed with the increafe ot the eclipie. 
I 'h e  day v.as clear, and the atmofphere free from clouds, and fo it conti
nued till evening. \\'hen the eclipfe was in the middle, there wasfom c 
diminution o f  l ig lit ; and it’s reflexion was obfei*ved to be fomething weak
e r; and the air was obferved to have lo il fomething ot. it’s ulr.al heat*, 
whicii alteration continued from an hour after the beginning oí the e- 
tlipfe to the end.

F ig. 6. ^Vthe fun, L  the m oon, a the lim b o f the fun at which the im- 
merfion began, b the lim b o f  the moon perceived betore the i>eginning o f 
tile ecliplc.

Fig. 7 -
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^ 3  Sillar Eclipfc, Jan. 8, 1750 . N . S.

F ig. 7. A ' 0  5 /. th cfo la rd iik i Z-thceail, OthcwcO:, A" the northern
P'.M't 0I' rlie diP*c, S the fouthcrn pare, a h tin; Ipot ol)icrved in the diik o f 
the iun € another between the N , and tlic W . to which the edipfe did not 
n\ich i ¿  ochct" numerous fpcts in the middle o f the iblar diik.  ̂ /■ //

SoíarP.clipfí'. V . I. Beginning by a refledor o f M r ó'/iíírr, Jafu y. 20 34 35
Jan s. 17J O .  T h e  firilfpot covercd - - - 20 49 50

 ̂ R¿mc h  A lie reit could not be obferveti for the clouds
'¡iir ChriUü-* i^vianticy oi the eciipfc 7 dig. 48 min. - - 2 1 49 4
plurrMairü. A gain morc cxaftly - 7 - 4 3  - - 21 51 2Ü
N  ̂ v u  p; I 'h e  fun appears for a m om en t; horns nearly horizontal - 21 56 15 

. ’ " T l ^ w o  digits remain cclipfcd -  - " 22 55 37
!' - '̂3 ?y ^2
j End of the ccÜpfe - - - 23 11 32

T h e  obfervation was made with a 7 foot tube, 2610 parts o f  the m i
crometer juil clafping the fun*s diameter. T h e  place o f obfervation was
in lat. 41*  ̂ ¿ y  o '\  and 4''̂  o f  time E. o f  Peteras.

h / //

----- rt///.Í 2. T h e Ix^ginning was at 8 59 195 true time.
O.-'/V-iw/a-y T he end o f  the eclipfe at 1 1 20 5J:

% Ar'iTrV whole duration 2 20 46
chow. he obfervations Â ere made with the greateft exadmefs, the weather
nn<i a;.' Kki. being as favourable as could be wiihed, the whole time.

T̂ranjintfH M . E hUy obfcrved in his own hoiiit*, which ftands a little to t!ie \V. 
■f’rcLÍ^ib’d Obfervatory, at the dillance o f  ly o  lihinland yards
p. 339 .' R e a d  Í» a llrait line, that
l*cb- i^. h / //

1749-50. T h e  beginning was at 8 58 30 true time.
A nd the end at - 1 1 19 50
I 'h e  whole duration 2 2 1  o

'I'hat is, 3 4 " more than at the Obfervatory.
T h e  diameter o f the unibni was 6¡ Rhtnland inchcs.

i
U:tcr frr:m V I. In the preface to my lunar tables, I hinted, that one life o f  pub- 

Richarii HHúng thofe tables woiild be, the aíTiíling of perfons defirous tarther to 
/0/¿r Rov* A flronom y, by enabling them more readily to compare
A / r  C hurlc- s Nt'j:ton\nn theory with obfervations. Since the publiihing thofe ta- 
Mafon, bles, I have fpcnt fome time niyfclf in that comparifon ; and Jiere fend 
K  R. S. and you the refult, that you may communicate it to the R . Soc. i f  you think 

'I V p^r/r deferves to be made publick.
m  dinn P r o f r J /o r  a l  • r  i- i ^

I r e/^Nat. i m .  motion o f  every fccondary planer mu(t partake o f  the errors in
c:am- tile theory o f  its primary, I thought proper, before I undertook the exa- 

bridge, «?/- mination o f  the lunar numbers, to compare thofe o f  the fun with obfer- 
M oohVaL  ̂ compared feveral fers o f M r Fkmftead'% obfervations, after the
Am*. N'>4«2. »it,‘thod he him felf teaches*, which, for many reafons, I think the beíl 
p. 412. Jan. niethod hitherto u ied ; and, with the concurrence o f a gentleman well
kc. 1747. Ikilled in thefe matters, determined the mean motion o f  the fun at Green- 
iialed C am - • »
blidgC, Nov. ,  p , ,T*n r- \ n.
4. . 746. W  Prolcoom. Hift. Coelcft. p 133, ü ’ /.y.

Kcb. 5. 174'̂ .



v)ich tlie lail day o f  Dec. at noon, 1700, O. S, 20^ 43 ' 40 " o f ite 
apogee, 2s 7^ 30̂  o " , and the greateit equation o f  the fun's centre 
55^40''^’, which, I am fully i>erfwaded, are very near the truth.

'l i ie  theory ot the lun being thus ictcicd, I proceeded to examine the 
elements o f the lunar Aftronom y. I began with obfervations o f lunar e- 
clipfes about the equinoxes, when the apogee o f  the moon was in the 
fuii’s quadratures ; bccaufe at thofe times I could conceive the moon’s m o
tion aííe¿ted with no inequality; but the annual one, called by Nexvton 
the firil equation, and the elliptic one, called profthapbarefts: From a 
comparifon o f  fuch obfcr̂ ^■.tiô $ I obtained the moon’s mean longitude, 
which came out at leaC, greater than in the tables, and very nearly as 
N rjjtcn  has it in the laft edition o f his Principia.

I went on to examine the place and motion o f  the apogee, and theory 
o f  the increafe and dccreafe o f the ccccntricity, as well as the greateft and 
Icait eccentricities themfelves (from tlie bell obfcrvacvom, and beil fituated 
that I could procure^ all which agreed fo well with the tables, about the 
fun*s mean diftances, that I dare venture to make no alteration therein: 
indeed 1 think the 6th equation docs not fo well account for the variation 
o f  the motion o f  the upogee, and change o f  the eccentricity, according to 
the greater or lefier diitance o f the fun from die earth *, and therefore 1 fet 
m yfcif to compute what change tiiis difference o f the fun’s aótion upon tlie 
lunar orbit would introduce in tlie moon’s place in every fituation o f the 
fun and lunar orbit j and found, after many tedious computations, that 
the fun being in apogee, tliis change, where greateft, would amount toa- 
bout 4 ,̂ and to 4̂  when the fun is in perigee. In other diftances o f 
the fun from tlie earth, this greateft change is projx)rtional to the difference 
o f  the cube's o f  the mean and prefcnt diitances > and in every Situation o f 
the moon, and o f  her orbit, the prefent is to the greateft equation nearly 
as the fine o f  the cxcefs o f tiie moon’s mean anomaly above twice the an
nual argument to radius. It increafes the moon’s longitude, when tiie 
fun is in his

S -^ogeon 2 Scmicirclc, and that cxcefs i  I
c Pengecn S I griater 5

than 180*^; and dlminiihes it when otlicrwife *.
In fine, I compared the theory o f  the moon, as to her longitude, with 

feveral obfervations, as well in the oclaiits and fcmi-ocrants, as in tiic fy- 
zjgies and quadratures, and found fuch an agreement when tjic above 
correétions were made, as feemed ratiicr to be wifhed than hoped for, 
confidering the many inequalities wherewith the fun’s action difturbs the 
motion ot the moon, and t.-ie defedls to which the bcft obkrvutions I 
have liitherto met withal are liable.

I have compared 100 obferval longitudes o f  the moon with the tables; 
v iz . 25 eclipfcs o f the moon, all, except thefirft, takcnfrom  tiümj\eaá'%

H^oria.

*  I f  this equation be incrcaicd ami dtminiihed »n a dircvl rutio o f  the mooi: s horizon- 
Í il parallax, it will become more cxa il.  And 1 think, i f  it were ahs ays üiníinijíícd by * 
or I'crhaps ^ j>art, it would agree better with obfervations.

Concerning the Moon*j Motion^ 79
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Ilrjici'ia Ctrhfiis^ x\i'̂  Philof. Trnttj. and the Ai**?;, o t .t lii  R- Acr.d. oF Sc, 
riic 2 great ccliplcs o f the Tun in 1706 ¡ukI 1 7 1 5 ’ ^5 piaces ot the 
moon \vovci Fla?njlg¿rd*?> liiftoria Qclcfiis^ «iikI 480! thole longitudes oí the 
moon computed tVom }*'íai:jften£s obicrvations (by l ) v  / a s  L luppolc) 
printed in the firit edition ot the Ilifioria Cu'kftis. Ih ey  are aslo:low :
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8^ O f the Acceleration o f the M oon.
Í?, the time o f  the. middle o f  this eclipfe here fet down is from the be

ginning and end *, but Hevdius fays he could not obferve the beginning 
cxaftly. Several intermediate ^hnfes compared together fhew the 
middle to Iiave been about 4 ' fooner ; to wliich tl;e moon’s place com 
puted is 0’ 6°  14.' 3" and diff. 34 "̂.

tlie moon’s places, obferved on Feb. 2. ylpril 7. and M¿iy 22. arc 
computed by m ylelf, from the obfervations; tliere being manifcftiy
errors, either o f  the computation or prefs, ia  thofc printed in the
Hift. Ca'kftis,

Several obfcrved latitucies o f the moon, which I have compared with 
the tables, fiitw them to be very near the truth, both in the motion o£
the nodes, and alfo in the quantity and variation o í  tlic inclinación.

OftheAccc- VIT. A fter I had compared a good number o f  modern obfervations 
leration o f  the made in different fituations o f  the moon and o f her orbit in refpeél oí' tlie 
iVIooa, ¿jf thf Newtonian theor)s I proceeded to examine the mean mo-

moon, of her apogee, and nodes, to fee whether they  ̂were 
Aprilfííc. reprefented by the tables for any confiderable number o f  years, and
1749. ,/auJ whether 1 fhould be able to make out cliat acceleration o f  the moon’s 
Cambridge, motion which D r HalLy fufpe<5ted.
Feb. 28, j  compared feveral eclipfes o f  the moon obferved by Ty-
J^w/uiic I, Brabe^ as they are fet down in his Progymnafmata  ̂ p. 114 , with the
1749, * tables * , and found them agree full as well as could be expected con-

fidering the imperfection o f  his clocks, and the difficulty tlierc nnift 
commonly have been in determining the middle o f  the ecliijfe from* the 
iad s obferved, as publiihed in his Uift, Ccvleji. Luleed the fmall diilance 
o f time between tycho Brahe and Flawfteady rendered Tycho's obfervations 
but o f little ufe in this enquiry.

'I'he next obfervations that occurred to me were thofc o f  Benmrd IVal- 
ihcr and Regiomontanus  ̂ which being at double tlie diibince o f time from 
I'lamfiead that Tycho^ were, feemed to promife fome aíTiílance in this 
m atter: upon comparing fuch o f  their eclipfes o f  the moon whofe cir- 
cumilances are beft related with the rabies, 1 foui>d the computed places 
o f  the moon were moftly 5̂  too i'orward, and in fome confiderably more, 
which I could hardly perfwade m yfelf to throw upon the cuTors o f  obfer- 
vation ; but concluded, that the moon’s mean motion fmce that time, 
mult have been fomething fwifter tlian the tables reprelent i t ; though the 
difagreement o f  the obfervations between thcmfelves is too great to infer 
any thing from them with certainty in fo nice an affair.

'Inen 1 conifj)ared the four well-known eclipfes obfen^ed hy Albattgnius 
with the tables, and found the computed places o f  the moon in three o f 
them confiderably too forward : this, i f  I could have depended upon the

longitude

♦ M y  tables correftea as in m y former Ic t lc r ; whicli is al\v.i}-s to be undcrflood o f  the 
tables nicncioncd inthis,

i|[nED



O f  the A cceleration  o f  the M o o n ,

longitude o l AraSla^ wouid very much have confirmed me in the opinion, 
that the moon's mean motion niuft iiavc been fwifter in fome o f the laft 
ccnturies than the tables make i t ; though the differences between thefe 
obier\^ations, and the tables, arc not uniform enough to be taken for a 
certain proof thereof.

I could meet with no obfervations o f  eclipfes to be at all depended 
upon between thol'c o f  Regiomontanus and Albategn'ius  ̂ except two o f  the 
fun and one o f the moon made at Cairo in related in the Prolego-
m m  to Tycho Braheh llift. Cicicfi, p. 34 ; nor any between ihofe o f  At- 
bctcgnius ajid Ptolemy  ̂ befidcs the ecliple o f die fun obferved by Theon at 
jÜexandria notwithilanding I caretully fearched all the remains o f  anti
quity I could find with that view. Thcfe eclipfes o f  the fun are die 
more valuable, becaufe they were obferved in places the longitudes and 
latitudes whereof are determined by Monfieur Chazdles o f  the R . Acad- 
Sc. who was fent by the French K ing in the year 1693, with proper in- 
liruments for that purpole. ^

I'h e  folar ecüpfc obfer\^ed by Thecn was in the 1112 th  year o f  Naho- 
mjfar tiic 24th day o f  Thoth^ according to the Egyptians^ but the 2 2d 
day o f  Pauni^ according to the Alexandrians: he carefully obferved the 
beginning o f 2 temporal hours and 50  ̂ afternoon,, and the end at 4̂ . 
hours nearly afternoon at Alexandria. Theonis Conment, in Ptol. mag. 
Ccnfiruti^ p. 3¿2. T h is eclipfe was June 16, in the year o f Chrift 364 : 
and die temporal hour at Alexandria being at that time to the equinoctial 
hour as 7 to 6,. makes the beginning at 3 equinodtial hours and 18' af
ternoon, and tlie end at 5 equinodlial hours 15 ' nearly,

'I'he eclipfes obferved at Grand Cairo were as follow.
“  Anno H egira; 367, die J.ovis  ̂ qui erat 2S, rabie pofterioris (is ell 
ordine menfis quartus, incipit ille annus Saracenicus die 19 Auguftiy 
anno Chriftiano 977^ obferratum fuit Cahine in yEgypti metropoli ini
tium eclipfis folaris, cum altitudo folis eílet 15 °  43". quantitas obfcu- 
rationis 8 digit. Ea finita fol elevabatur 3 3 ; gr. E x  Schicknrdo in

---- T h is eclipfe was 13, in the year of Chriíl 9 77, the
beginning at 8̂ - 25 ,̂ and the end at io> 45^, apparent time in the morn-
ing-

“  A»no eodem die Sabbathi, videlicit 29 menfis Syzvitl [mmcYo decimi, 
qui Pal'chalis e il eorum) eclipfis folis occupavit digitos y[.  In piin* 

“  cipio fol altus fere 56^. In fine fol occiduus elevabatur gradibus 26.
“  E x  Schickardo in MS."*'----T his eclipfe was Jwie 8, in the year or Chriil
978. T h e beginning at. 2̂  31^. and die end at 4** ¿0 ' appurcut time af
ternoon.

“  Anno riegirai 36S (qui inccepit die 9 Aimiftiy anno Chrijltano 97S)

8 j

i C

die Jovis^ 14 Syrs;al̂  luna fuit orta cum delcciu, qui at 5!- digitos ac* 
“  crevit i cum extaret fupra liorizontem gradibus etiam 26 fubaudio íi - 

nem tunc accidiíTe). Schickardits'^---- 'i'his ecli|)fe was 14, in th r

I.

Du Hamcl, iliji. p . 30 9 . 5.9J.
year
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year o f  C h n íl 9 7 9 ; but 2s the middle cannot be known from what was 
ohierved o f  it, I made no ufe thereof in this enquiry. T h e  account con
cludes with the following paragraph: . . ^

« tres obfervationes habitic funt ab Ibn-JtwiSy qui lufTu rcgis Abu 
Hak Almanzor^ iapicntis, Mgypto tunc imperantis, rebus vacabat coe- 
Icfl'ibus. H ujus authoris tabulas habet Jac. Golins profefíor Lugdun. 
(qiii mini indc communicavit iíbi) in quibus plurcs a lix , fui &  fuperioris 

“  ŝ v'i obfervationes extant. Locus obiervMtionis propinquus urbi Cahiro, 
Schnckardus.̂ *
T h at the before-mentioned folar cclipfes might be applied to the e p -  

mination o f  the lunar morions, I contrived the tollowing method ; which 
'I think renders eclipfes o f  the fun as ufcful at leail as thofe o f the moon are 
in that bufmcfs.

L e t A B C  reprefent half the earth’s enlighcned difk, A E C  a portion o f 
the ecliptick projected thereon, / 'G / i fi'.c path ot the moon’s ihadow 
over the diik, E l  the univerfal meridian, a the fituation o f  the place at 
rhe beginning o f  the eclipfe, (3 it’s fituation at the end thereof, S the cen
tre o f  the fhade at the beginning, and t its centre at the end o f  the eclipfe. 
3')raw £ G , a f ,  and |3«, perpendicular to the path o f  the íhadow, 
parallel thereto; join  a J and j3 c, and through «draw  0«i perpendicular 
to A C .

Then (com puting die true placcs o f  the fun and moon at the obiervcd 
times o f  the beginning and end o f  the eclipfe) we /hall have given i t  the 
riotion o f  the moon trom the fun in her orbit during the time o f  the e- 
clipfe, and«o =  |3f the femidiameter o f the^f?7«/;í¿írí2; which are to be re
duced into fuch parts as the femidiameter ot" the difK contains 10000: 
T h e angles and being found by methods commonly known,
G E I  their fum or difference will be likewife given. A lfo  £ a  and £(3 
will be fines o f the fun’s altitude at the beginning and end o f  the eclipfc 
refpedively ; / £ «  and /£/3, are the angles at the fun betweeen the vertex 
o f  the place and the pole o f  thofe times ; which being found, the angle 
ft £/3, their difference will be known, from whence the line «(3 and the 
angle £«(3  may be computed.

T he angle G '£ a is the fum or difference o f  the known angles G E I  and 
/ £ « :  In the figure before us, the complement o f this to a femicircle is 
E a y \  which being fubtraftecl from £  a /3 leaves the angle 5̂  »¡3, from 
whence and the line «|3, and may be found.

L e t í í^ íT f— c~a.yj  and

T h e n v '^ ^ — x x — r.iy znás^bb— c c — z c x — hy Etui. 1 .4 7 .

Confequcntly a —  s’ bb-— x x ~ ^ / b b — c c — z c x ^ x x  which being re-

1 1 -  i , . , — 2 a ‘̂  c “
duccu, gives us the quadratic equation ---------

T h is  equation folved, gives us the value o f  x  ̂ from which and r.t will 
be likewife had. In the triangle ciCO we h a v e isfa n d  the angle

C E B
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given, whence «0 and 0  may be found: coi^fcquently eí^wHíbc 
Known i  and from chc obfcrved time o f tht bcginaing o f the cclipfe, snd 
hourly motion o f the moon from the km, the time when the centre oí the 
íliacie is at 6 will be had. L aftiy , in the triangle £tx^ we have given the 
iide ii& i and the angle E x t  := B £ a  (the fum or diifcrtnce o f the angles 
B E l  and IKa.) \ therefore the fides E i  and a» may be found. Hut Et  is 
the diihince o f  tiie moon irom the fun in the ecliptic, and a* tiic 
moon’s latitude at the lime v/hen tlie centre o f the fhade is at $ j winch 
may be compared with the computation from tlie tables for that time.

B y this means I compared the aiorefaid folar eclipfes with the tab 
and i'ound the diffcrencc in longitude and latitude, as follows.

O f the Acceleration o f the Moon .

ibles.

87

A .D . Apptircnc time at JDilK J) a © 
CjrLcnwich . from £  .

Lat. D I a 0 ’ i)
from . ‘b v ' l 'a b ; by l  ab.

iJitt.tromOMlcr. 

inLong. in La:.
in I.:t 

ffi jn Diglis 
i>bferved.•

564

9 : :
9T?

.  ̂ If .
|unc «6. 2 4 20.39 41 m conicq.

iX c .  12. 19 »2 3043 39 ia  aistec.
[une I lo ' i i )  3 in confcq

i U f H I  /1 
34 N- 3> 2>’37 2 6 N .  
30 23 M. 36 3'3! 50 N.
9. 24 S. 37 4^; 3 21 S.

/ //i' / // 
- 4  » 6 + 2  49 
-H7 36^+» 27
4-8 4 ; — 5 3

i i // 
—  2 36 
_i_ - - 0
* Í  i*

T h e  agreement there is between the two laft o f  thefc cliffercnccs in lon
gitude, iliews that the tables reprcfent tiie mc.m iTiOtion o f  che moon’s 
apogee very well lor above 700 years, the moon ix in g  very near her per 
rigee at the time o f  one o f thofc eclipfes, and near her apogee at the timg 
ot the other.

B y the fame method I alfo compared the fun’s cclipfe» 29, 1478, 
(which appears, from what is related o f  it, to have been carefuiiy obicrv’ - 
ed by Bernard JValther at Nuremberg^ with tlie tables, and found the dif* 
ference in long, to be p  j o '  29'^ and in lat. 9 ' T his wide dif
ference in lac. from the tables, tliat agree fo well with the fbnner ancient 
obfervarions, confirmed me in the opinion, that the Nuremberg obfcrvations 
are too inaccurate to determine any thing from them in this affair.

T h e  eclipfes recorded by Ptolemy in his Almagefi^ are m oil o f  tlicm fo 
loofely defcribed, that, i f  they Ihew us the moon’s mean motion has been 
accelerated in the long interval o f time fince they liappened, they are 
wholly incapablc o f ihewing us, how much that acceleration has been. 
There arc indeed two or three o f  them attended with fuch lucky circum- 
ftances as not only plainly prove, that there has been fuch an acceleration, 
but alfo help us to guefs at its quantity. One o f thefe is the eclipfe» faid 
by Hipparchus to have been obferved at Babylon  ̂ in the 366th year oí 
NabonaJJar  ̂ the night between the 26th and 27th days oíThoih^  when a 
fmall part o f the moon’s diík was eclipfed trom th e N . E . half aa  hour 
before the end o f xhc night, and the moon fct eclipfed. T h is was in the 
year before Chriil 3S3, Decemb. 22. T h e  middle o f this eclipfe at Ba
bylon (fuppofing with Ptolemy the meridian o f that pbce to be 50'' i» time 
É . o f the meridian o f  Alexandria)y by my tables was Dec. 22, 2 4 ' ap
parent time i the duration was 1  ̂ 37^ Ptohny  makes i: 3 0 ''nearly;

whence



í 88 O f the Acceleration o f the M oon.

whence the beginning ihould have been about 8*’ 15 ' after m idniglit: 
according to Ptolemy  ̂ the night at Babylon was at that time 14^ 24.' 
Jong, and therefore i'm  rife at 7** 12' after m idnight; and as the moc-n 
lud  then S. lat. and v/as not quite come to the fun’s oppofition, her 
apparent ictcing muft have been fomething fooner, /. e. more than an 
Iiour before the beginning o f the cclipfe, according to the tables; 
wliereas tiic moon was feen eclipfed fome time before her fetting which,
I tliink, dcmonftrates, that the moon’s place mull: have been ibrwardcr, 
and confequently her n^otion fince that time lels than the tables make 
it by about 40' or 50'. But the computed place o f the moon in each 
o f  the before-mentioned folar eclipfes obferved at Grand Cairo  ̂ being 
about 8'' before her place, from obfcrvation íhews us, that the mean 
jnotion o f this luminary has been fomethir^ greater in the lail 700 
years than the tables llippofe it, and therefore muft have been acce- 
Icrated.

'I'his acceleration is further confirmed by the eclipfe, which Hipar- 
chus i'ays was obferved at Akxandriii^ in the 54th year o f the fecond 

|x,‘riod, the 16th day o f  when (he -fays) the moon be
gan to be eclipfed half an Jiour before her rifing, and was wholly clear 
again in tlie middle o f  the third hour o f  the night. T h is was in tlic 
year before ChriiV 2 0 1. Sep. 22. T h e middle o f this cclipfe at A kx- 
/.Wr/i? by the tables was 22. 7^ 4 4 ' apparent time ; and the dura
tion '3'' 4 ', which makes the beginning at 6" \ 'i* apparent time, that is, 
about 1 0 'alter the rifing o f  the moon tíx. Alexandria^ or 40' later than 
the beginning trom obfervation. T his difilrence in time makes a diire- 
rcnce p f near 20" in the moon’s placc.

I 'h e  nioft andent cclipfe o f which we have any account remaining, 
namely t!ut related by P:ol€)î  ̂ to have l êen obferved at Babylon the 
Kril year o f  Mardokem^pad  ̂ in the night baw ecn tiie 29th and 30th 
clays o f  'Tboth  ̂ in which the moon began to be eclipicd when one hour

1̂* 1- • C* C f\ *4* % ̂  ̂  ̂  M

-March 19. T he middle whereol at by the tables, \\?i% March
19. 10  ̂ 26  ̂ apparent time-, and the beginning at S’* 3 2 ' the apparent 
rifing o f  the moon at that place was about ^6' afternoon i lb that tlie 
obferved beginning o f the eclipfe was at Iciiil 6** 46' afternoon, i. e. not 
above 1 before the beginning, by the tables: wherefore the moon^s 
true placc could precede her placc by computation but little more than 
50 ' at that time.

I f  Ave take this acceleration to be uniform, as the obfervations where
upon it is grounded arc liot fuíFicient to prove the contrary, the aggre
gate o f it wiil be as the fquarc o f  the tim e: and i f  wc fuppoje i? to 
be 10"' in 100 years, and tiiat the tables truly rcprefcnt the m oon’s place 
about A , D . 700. it will beil agree with the bcíore^mentioned obfer-

•  •  •
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■ratlons; and the difference between the moon’s place by the tables 
and her place in tlie heavens, will be as follows.

Moon’j Eclipfe o/' July 28, 1748. 89

Years
before
Chrift

Eircr of 
Tab.

j Years 
! before 
Ciirift.

Error of 
Tab.

Years
of

Chrift.

Error of 
Tab.

Ycifs
of

Chrjft.

Error of
Tib.

Vear̂
of

Chrift.

Error of 
Tab.

700
600
500
400
300

/ n 

— . 5 6 0

—  49 50
—  44 0
—  38 30
—  33 20

200
100

A.n.o

100
200

t It
—  28 30
—  24 0
—  19 50
—  1 6 0
—  I 2 30

300
400
500
600
700

/ //
—  9 20
—  6 30
—  4 0
—  1 50 

0 0

800 
900 

1000 
i 1 100 

(200

/ It 
+  I 30 
4 - 2 40 
+  3 30 
+  4 0  
+  4 10

1300 
1400 
15 0 c  
1000 
170 0

/ n

4 “ 4  ®
+  3 30 
-h 2 40 
+  I 30

0 0

//

VIII. I .  July 2^. 10. 13. 28.
06. 20.

11.

1 8 .

2 6 .

2 7 .  

2 4 .  

2 9 .

30*
3 4 *
2 4 .

27.

38*
2 4 .

5 >*

09.
53*

25.
1 4 .

30-
4 0 .

T he penumbra difcernlble.
T h e  beginning, as moft o f  the com 

pany judged.
Mare humorum touch’d.
Began to touch Tycho.
Tycho bifcóted.
Tycho cover’d.
T ouch ’d Grimaldi.
M are humorum cover’d.
Grimaldi cover’d.
T h e  End.
T h e penumbra quite gone.

Moon’s 
Eclipfc ^ J u 
ly  28, 1748. 
ob/h-^vd at 
Marlborough 
houfe, iy  J. 
Bevis, M . D. 
N» 489. p. 
C22. Oft. 
<S?c. 1748. 
Read N ov. 
10, 1748.

at Ma-

//

A bout the middle o f  the eclipfe, the moon’s diameter, perpendicu
lar to the equator, mcafur’d in a 5 foot telefcope was 33'' 50 '̂'; perhaps 
1 5 "  or 20̂  ̂ greater than it would have been found to be with a 12 foot 
tube.

2. I made uíé o f  the fame telefcope, with which I obferved the eclipfe 
o f the fun mentioned above. T h e phafes in this eclipfe being reduced to dñd, D 
true time are as follows.

T h e penumbra began to be perceived at - - - - -  -
'I'he beginning ot the eclipfe, not without fome doubt 
Immerfion ot Capuanus - - - - -  - -  - -  -
Beginning o f the immcrfion o f  Mare humrum  - - - -
Tycho begins to enter the fliadow - - -  - -  - -  -
T otal immerfion o f  - - - -  -
Beginning o f the inmierfion o f  Grtmoaldus - - - - -
Total immcrfion o f  M are humorum - - - - - -
Total immcrfion o f  Grirnoaldus - - -  - -  -
Rcinoldus enters the ihadow - - - -  - -  - -  -
Snellius and Furnerius touch i t ...................................................

V O L .  X . P a r ti. N

Ant. de 
Ulloa. No. 
491. p. 12.

9 45 4  - J a n .  y e .  

5 0  O  1 749-

10 O
4 10

54
14 14
15 15 
15
20 51 
28 40
44 4 0  

Snellius

26,

, o ' 748-9-

j y E D



90 The EcYipk o f  the M oon, December 12, 1749,

S îellius and Furnerius under the ihadow - -
Fracaftorius begins to be immerged - - - ■
GrimoalJus begins to e m e r g e .................................
Mare neStaris begins to be immerged - - -
CrimoaUus totally emerged : - " ‘
Beginning ot' the immerfion o f  Mare fiecunditatis 
Mare humorum begins to emerge - - - -

totally emerged - -
Tox.Acmtx(\on 0Í Mare nub'mn - - - -
T otal emerfion o f Mare nectaris - - - -
^ycho begins to emerge - - - - - - ■
T otal ^merfion o f ^ycho - .  - _ - -
End o f the ihadow on the lunar diik - - -
End o f  the ftronger penumbra - - - - *
End o f any penumh a whatfoever - - - .

II

12

47
49
5 »
52
56
13
' 9
30
4 0

.4 5
47
49
10

»7
22

//

40
o

i6
20
32 
58 
1 1 
18
24
16

35
54
22

25
1 2

T h e beginning o f  the eclipfe was doubtful, becaufe the iliadow and 
the penumbra were not well difcerned i and tlierefore they could not well 
have been determined, cho’ the atmofphere had remained clear, and free 
from all impediments.

An Eclipfe o f  
the Moon, 
D ec. 12. 
1749.

edat MrQx'A- 
hamV/wFIect- 
flrecc, /^'John 
Bevis, M . D . 
and M r James 
Short, /2. S.
N» 493 - P- 
247. ¿ce. 
1749. Read 
Dec. 14.1749.

IX . I

1749.
"Dec. 1 1 . 

1 2 .

By the Clock. App. T im e.
_zr _ - 1 h / //

2366
7
7
7
8
8
8

9
9

1 2

56
43
47

I

4
33
34
36

9
13

5

I 5 Í
o

20
26
12
38
37
50

9
5

30
5 :  i

12 20

1 3 .2 3  56 46

T lie  fun paiTcd the meridian.
6 46 36 A  fenfible
6 50 56 Kciiple begins.
7 5 1 Shadow touches I'ycbo.
7 6 47 Tycho half covered.
7 8 13 Tycho QowcKod.
8 37 11 begins to be uncovered.
8 38 24 Tycho half uncovered.

39  43  Tycho quite uncovered.
12 38 Kclipl'e ends.

Penumbra gone.
M oon’s centre pafíed the me

ridian.
Sirius pañed, his mean right 

afccnfion being 98® 31  ̂ 38 '̂. 
T h e  fun paficd the meridian.

8

9
9 17

T h e appulfes o f  the fliadow to the fpot Tycho were obfcrved witli a re- 
fleifling telefcope, whicii magnified about 40 times, and may be fervice- 
able for geographical purpofcs. T h e beginning and end o f  the eclipfe 
were eftimated by the bare eye, and a refraéting telefcope o f  a fmall 
magnifying pow er; larger powers being apt to dilate the fliadow too 
much, and thereby render thefe phafcs more uncertain.

A  com-

iUil£D



Eclipfc M oon, December 12, 1749. 9 1 '

A  computation by D r tables g.ive the beginning
end - '

Apparent Tim e, 
h / //

- 6 52 o
- 9  H  58

2.
Ea-

O T h e umbra came on the lower limb o f  the moon, almoft St
direifcly \mdcr the f|50t  called Tychoy in Keil*s map o f  the [¡¡f

T h e penumbra overfpread Tycho. Emobb, jur.
T h e umbra approached the lower part o f  Mare bumormn  ̂  ̂ fo 

and Tycho immerged into the umbra.
M are humorum totally immerged into the umbra. p®
T h e lower part o f Mare neSlaris immerged into die um- \m. p. 280.

bra. RfadDcc.21.
T h e  N . E . limb began to evolve itfelf; and that part o f  *749- 

the lim b below the fpot called Grimaldus, began to ap
pear brighter than when tlie penumbra covered it.

T h e  upper part o f  Mare humorum emerged from die umbra.
Mare huworum totally emerged.
Tycho emerged from the umbra.
I 'h e  j)enumbra left Tycho,
M are neSlaris emerged from the umbra.
T h e penumbra lett Mare ne^aris.
Mare fa'cunditatis emerged from the umbra.
T h e umbra left the moon a little below Mare fa'cunditatis. '
T h e  penumbra went oiF, and the eclipfe ended.

A t  the time o f  the greatefl: obfcuration, the edge o f  the umbra pafled 
below Grlmaldus \ approached the lower part o f  Peninfula fulgurum ; 
pafi'ed over the upper part o f  Mare neclaris  ̂ and croíTed about the mid-, 
die 0Í M are fa'cuiiditat is. T h e edge o f the umbra did not feeni to make 
one regular curve, but looked like two cui-ves, meeting in a very ob- 
tufe angle near Peninfula fulgurum. A nd that part o f  the moon, im - 
merfed in the umbra, was not vifible.

3. It was fo boiilerous a day, that I defpair’d o f  being able to fee th is___
cclipfe, and for that reafon negleded to put m y micromcter in order. Rome, hy M f 
M y  clock had likewife been altered without m y knowledge, on whicli Chrirtor'her

account I betook m ylelf too late to the obfervation, as will apjiear by
the following detail. T h e  placc o f obfervation is in lat. 41^ 54 ' o '̂. and 
4̂ " o f time Cuftward o'f ¿V Peter'*s. For 1 take it for granted that the , -.̂ g g. ' 
T heir,B toclefiam c  arc, according to Bianchini's determination, in lat. of

2
6

21

41

57

9
21
45
5*1'
54 Í

o
4 i

16
i8

4 *® 54 ' ¿ 7

Chord o f the part eclipfed 13  ̂ as was deduc’d from the;>
map o f  the moon - .....................................................S

Hence beginning o f the e c l i p f e ..............................................
f  • N  2

7 47

//

iS

40 53 
T he

ri
f

ñ

li’
i|-'i\1«j

=l!

IJ 
I :
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9 2 Eclipfe of the Moon June 8, 1750,

T h e  ihade lo  Tycho and Capuanus - - -  - -  - -  7
Tycho entirely covcred - - -  - -  - -  - -  - ̂
Shade to F ra ca fto riu s .................................................................... f
Fracajioritis quite h i d ...........................................................- -  - g
Tycho entirely d i fe n g a g e d ............................................................9
End o f the eclipfe, as far as could be perceivM thro* a thin cloud 1 o 

I judg*d the eclipfe to be fomewhat Icfs than 5 digits.

54
55 
28
30
30

o

//

3
56
43
24
24
16

Eclipfc o f the 
Moon> June 
8, 1750. ob‘  

ftr*ved in Sur 
ry-ilreet in 
the Strand; 
i j  M r  John 
C'atlin and 
il/r James 
Short, F . R . 
S . N o . 4q6. 
p. 523. Nov. 
Off. 1750. 
Read "Nov. I. 
1750.

X . T. W e  expected to have fcen the moon rife eclipfed before the fet- 
ting o f the fu n ; but were prevented by clouds. About half an iu)ur af
ter 9, we faw the moon then totally eclipfed; tho’ confiderably brighter 
on the E . than on the W . fide j by which we found that ihe was then 
paft the middle o f  the eclipfe.

Emerfion, or end of total darknefs, at 
End o f  the eclipfe at - - - - -

9  45 
10 51

//

Here follows a computation o f  the fame eclipfe by M r John Catlin 
from D r Halley\ tables, which he fays was done in a h u rry; however he 
knows o f  no error in the calculation.

Beginning at 
Immerfion at 
True oppofition at 
Emerfion at 
End at - - -

h / //

7 H  25
8 21 20
9 o  24. 
9  45  52

10 52 53
a/W it* 2 .

tcmbcrg, hy 
G .  M . Bofc, 
Prof. 
ficks. No. 
496. p. 570. 
N ov.
1750. Read 
N ov. 22, 
1750.

alt. 0
h ' // 0 / h ' ft h / // h / //
8 11 4 38 34 3 47 40 23 S8 44 11 59 22

12 30 38 44 46 9 5« 39 59 >9?
18 *7 39 40 40 3» 58 48 59 24
20 23 40 0 38 39 59 2 59 3*
23 30 40 25 3S »7 58 47 59 23Í
27 36 4 * 0 3* 23 58 59 59 29-!
29 4 4 * *5 30 2 59 6 59 33

• • h / //?

hencc noon , 1 1 59 26
corr. for dec.O* 3
noon correft. ' j  i 59 23
and corre¿lion
o f  the clock. + 37

1 he eailern part o f  the fky continued covered with clouds, at

length



Eclipfe o f the Moon, June 8, 1750.

I can hardly believe that the difference o f  meridians can be fafely de
termined b y  lunar eclipfes.

T im e by
the cloclc 
h f

II 40
40

n

O
40

tt

I I 40 37 end o f  the ihadow according to me,
45 17 end according to a friend.
40 30 end by the proje¿Hon o f  a friend.
39 38 end by the correfted Kalendar o f  Leipfick. 
39 II  end by the connoiffance des temps,
39 46. end by the ephemerides o f  Manfredt,

M aking ufe o f  the difference o f  meridians which I determined in 1743*. 
by a tranfit o f  g over O , which is alfo ufed by the Acad, in their 
Connoijfance,

rev. o '  "
Diam. o f  D by am icrom . =  11 142 that is 30 57 
Hence femidiam. o f  5 =  - - “ - 1 5  28^
T h e  fame according to Nicaf. Grammat. =  15 25 ( See R o ll’s 7 T ab . 12*

J. Gauppius 15 2 f i  Aftron. Í  T ab. 13.
Kalend. Leipf. 15 32

XL.

93

Length Moon vifible. Emerfion a good while paft. ; :

c-ime by true time Ariftarchus already difcovered. 1

the clock '111
h / " h / ti lucid parts rev. " that Is f  // «

1 0  5 0  0 1 0  5 0  3 7 3  2 2 0 9 49
5 4  0 54 37 4  75 1 1  2 6  ■=

5 8 1 3 5 8  5 0 4  1 9 2 1 2  1 9  [ i

I I  0  2 2 I I  0  59 5 37 »3  52
3 3 6 4  *3 5 2 4 5 1 5  2 6  Í Í

6  3 6  4 0 5 349 1 6  1 3  ;

9 53 1 0  3 0 6  1 5 2 1 7  2 7  ' :i

J 2 I 1 2  3 8 6 3 2 1 18 43 ! i

1 4  8 - 1 4  45 7  1 2 ^ •9  56 1 J
16 9 1 6  4 6 7  2 6 5 2 t  I  1
1 8  3 2 1 9  9 7 3*9 2 1  2 5

2 0  4 0 2 1  1 7 8  55 2 2  9 Í

2 3  7 2 3  44
2 5  1 6 2 5  53 1



9 4

7 dfal lu'Iipfe 
o f  the Mooni 
ohfer'i'td Dec. 
2, 1750. in 
the 7Horn. in 
the Strand, 
London, a- 
bout 5̂  ̂ o f  
titne li '.  t f S i  
PaulV, ond 
27̂  ̂ o f the 
R .  Obferv. at 
Grtícnw ich; 
/y D r  Bevis 
and M r ]%mc% 
Short, F. R. 
S. ibid. p. 
575. Read 
D ec. I 5, 
1750.

Total Eclipfe of the Moon, Dcc. 2, 1750,

X I. A  penumbra {Dec. i ,)  at
T h e  eclipfe judged to begin at 
Gfm aldi covered 
Shadow toiichcs Mare htm m m  

at tlie middle o f  KtpUr 
at the middle o f  Arifiarchis 
touches Copernicus 
Copernicus half-cover’d
------------- quite covercd
Tintocharis half-covered 

Shadow touches Tycho
at the middle o f  Tycho 

: covers Tycho 
at the middle o f  Menelaus 
toiiches Goclenius 
coVcrs Goclenius 
at tiie middle o f  Proclus 
toiiches Mare Cri/tmn 
at the middle o f  Mare Crijtum 
covers Mare Crtfittm 

Total immerfion at 
T h e moon begins to emerge 
Grimaldi begins to emerge 

quite uncovered

-  I

h / n

1 6  32 0
3̂ 5 50
40 20

45 26
48 40
50 7
55 24
56 5 '̂
5^ 5
59 0
59 20

ly  0 0
X 6

14 4 ¿
24 29
25 17
27 20
28 44
3 Í 15
33 30
3^ 5

19 14 33
16 4
18 10

d, that no
more phafes could be obferved with any degree o f  certainty.

Thefe obfcn^ations were made with a reliecting tclefcopc, that magni
fied 40 times, and a refraéting tclefcope, which magnified 12 tim es; and 
the times were the fame through tliefe two tclefcopes ; for the air was ex
ceeding dear, and the ihadow well defined, the penumbra being fcarcc 
fenfible.

Here follows a computation, made from D r Halley\ fables, by Mi- 
John Gatlin  ̂ o f  Guy\ hofpital; and fent to M r Short the day before the 
ccIipfc, .

Bee. I .  in the morning 1 7 5 0 .  ^

Beginning o f tlte moon’s eclipfc - - 16 44
Immerfion at - - - -
Em erfionat •» ^7 42  45ft , on at -  .  - • 19 20 27

 ̂ -  -  2 0  1 8  5 i

c 'From hentrc it appears, that the eclipfe began about ?/ fooner than the 
computation from D r Hallef% tables gave i t ;  but the computation 
which M r Brent made and publiilicd fome time before the eclipfe ha])j>en-

ed.

//

''I

HJREO



The Phanomena o f  Venus, reprefented in'an Orrerey,
ed, was within o f  the time obferved *, and this exadlncfs he imputes to 
liis leaving out 3 o f  the 7 equations o f  the moon, publiíhed by Sir I.
Ne-wion in his theory o f  the moon.

X II. Occultaticn of
t t ff B y  the clock Jupiter

1744 June 6 II  13 5S Immerfion o f  the centre o f  Tupiter certainly

35 14. a Serpentaria culminates. i t  D. No*
43 1 5 Emcrfion o f the centre. 473, p. 65.

W ith  a tube o f  i z feet.
N . B, T h e  clock was too flow 1 ' 25 '' June;, 1744.

X III. In all the Orreries tlu t I have feen, Venus is reprefented as having <rhe Pĥ mme-
her axis perpendicular to the plane o f  the ecliptic, and her diurnal motion na ^Venus, 
thereon equal to 2 3 hours o f  our terrellrial time. Hence, as her annual 
motion is performed in about 225 of our days, it will contain 234 o f her’s 5 |
confequently, to an eye placed in Venus  ̂ the fun will always appear to go  james'Fergu- 
througii a fign o f  the zodiac in 197 o f Iier days *, and as her axis has no fon, agreeable 
inclination, flie m uft Iiave a continual equality o f  her days and nights, 
without any variation o f  fcafons, and fo her annual motion can be oí no 
other ufe tlian to keep her from falling down to the fun. p  ' ,  '

'̂ \\\. Biafichini gives a very different account o f her; which is, that March, ^c. 
her axis inclines 75^ from a line fuppofed to be drawn perpendicular to '746- 
the plane o f  the ecliptic (by which 1 fuppofe he means her own ecliptic, 
and not the earth*s}; and that her diurnal motioji is performed in 24 
days and 8 hours o f  our tim e; and this will caufe her year, which is aherathm. 
alnioil equal to 225 o f  our days, to contain only 9 o f her d ays; and 
this odd quarter o f  a day in Venus will make every fourth year a leap 
year to lier, as happens to us on earth, by the 6 hours that our year 
contiiins above 365 days: and to her the fun will appear always to go 
thro’ a fign o f the zodiac in little more than ’ o f  her day, which is equal 
to 18 t  o f  our days; and in going round the fun, her N . pole conilant- 
ly leans towards the 20th degree o f  aquarius.

Thus,, with regard to the abfolute length o f  Venus*% year, Bianchini 
agrees with Cajfini and other Aftronom ers: but differs widely in other 
very remarkable particulars, from which arife fo many advantages, as to 
make that planet incomparably more fit for it’s inhabitants, than we 
could poffibly conceive it to be by a quick rotation on an axis perpendi
cular to it’s annual path. For Venus is fo much nearer the fun than our 
earth is, that it is well known ilie m ull have twice as much light and 
heat as our earth has *, and then, -was the fun always perpendicularly 
above her equator, we cannot imagine but that her equatorial parts muít 
be burnt up with heat, and her polar parts uninhabitable, by rcafon oí 
the greatnefs o f cold,, occafioned by the fun-beams being parallel to» 
or m aking fo very acute angles with, the horizon.

But»

I * éil
I



9 6 T*he Phenomena ^  Venus, reprefented in an Orrery,
But, by fuch a motion as B'tanchm defcribes, and whicli I have ex

actly reprefented in m y O n cry, tliefe inconveniences are avoided ; lor 
there is no place in but what w ill have the four feafons every
year, and the heated places will have time to cool; becaufe, to any 
place over which the i'un pafies vertically on any given day, he will» 
on the next day, be 26° from the vertex thereof, even tho’ the place 
be on the tropic; and i f  it be on the cqaator, one day’s declination 
will remove liim 37-',° from it.

I having confidered iin general wliat the efFc6ts o f  the fun*s quick 
and great declination would be in î etiuSy as occafioned by the great 
inclination o f  her axis  ̂ with her Qow diurnal and quick annual m o
tion i and finding that her globe in the Orrery, by being not quite an 
inch in diameter, was infufficient for folving her pkenomem  to any de
gree o f  cxaftnefs *, I took the following method, by which I could do 
it mechanically, to ferve my purpole.

A lo n g  the middle o f a ftrait narrow flip o f  parchment I drew a black 
line, and then meafuring m y parchment round a common globe o f 9 
inches diameter, cutting it fo as when the ends were a little overlapp’d. 
It would become a girdle, and ftick *faft on any great circlc o f the 
globe. H aving thus fitted it, I took it o f f ; and laying ic fiat on a 
table, I divided one Tide o f the black line into 9^ equal parts for the 
9^ days in Venus's year, and then I fubdivided each day into 24  ̂ or equal 
parts, o f which the odd quarter contained 6, and fet the proper figures 
to them. T h e  other fide o f the line I divided into 12 equal parts or 
figns, and each fign into 30°: by this means I could eafily fee, at every 
day and hour in Venus  ̂ in what place o f  the ecliptic the fun w a s; and 
putting this girdle round the globe, at an angle o f  75^ to the equator, 
crolTing it in two oppofite iX)int?, it would, by reprefenting Vemtsh eclip
tic drawn on her globe, ferve for the folution o f  problems concerning 
her, as the ecliptic on our terreftrial globe does ibr thofe relating to our 
earth ; for, by bringing tlie fun’s place, at any day or hour, to the bra- 
fen meridian, I Jud thereby his declination lor tliat time which o-avc 
me both an eafy and furc way for drawing the ipiral o f  the fun’s ni(Ttion 
over the body o f Venus on this globe-, and then, by elevating it to dif
ferent latitudes, I could immediately fee where the fpirals cut the hori
zon in any lat. and at what height or declination they crofs’d the m e
ridian; as by the hour-circle I could eafily perceive the times o f  the 
fun’s rifing and fetting, ::nd his amplitudes on the horizon; and I called 
that the firil meridian, which pailed thro’ the northern tropic, in the 
place where the fun touch’d it at his greateil N . declination; reckon
ing the K. or W . longitudes on the equator from that meridian. But 
this meridian will only ferve for one y e a r; becaufe, as the odd quarter 
or a day in Venus, caufes the fun to crofs her equator 90° weilward 
ÜÍ the termer place evei7 year, the place o f tlK: fun’s greatelt decli
nation at the J'i. tropic will be in a meridian 90^ weftward o l the for
mer alfo. Ihings being thus premifed in general: I now j>rocced to

give



give as good a defer iption as I can o f the particular fhmomzna in 
Venta  ̂ connning nnyfelf chicfiy to what happens in her northern hemi- 
fphcrc j knowing that the fame muft happen, ir.utatis mutandrSy in tlie 
iouthcrn.

1. H er Í7A7J is inclined 51-!° more than the a>:is o f  our earth, and 
therefore the variation o f her feafons will be much greater than o f  ours.

2. Becaufe her N . pole inclines toward aquarius  ̂ and ours to cancer \ 
h.er northern parts will have iuminer in the figns whore thofe o f our earth 
have \vinter; and 'vke verfa.

3 .  I 'h e  a r t i f i c i a l  d a y  at each o f  her poles (containing 4* apparent di
urnal revolutions o f the fun) will be equal to 1 1 2 ;  n;itural days on our 
■cartli.

4. I'h e  fun’s greateft declination, on each fide o f her equator, amounts 
to 7 5 ° :  therefore iKr tropics are only 15'  ̂ from her poles, and her polar 
circles at the fame diftance from her equator. Confequcntly, her tropics 
are between her polar circles and poles, contrary to what thofe on our 
earth are.

5. T h e fun, in one apparent diurnal revolution from the equator, 
and any meridian where he croíTes it, to the i'ame meridian again, changes 
Jiis declination at leait 14° more on VenuSy than on our earth from the 
equinox to the folftice.

6. I^it us now fuppofe an inhabitant {landing on her N . pole, where 
the fun’s declination is always the fame with his altitude, and looking 
toward that point o f  the horizon where the firft meridian (above men
tioned) cuts i t ; and let him call that point the S. fo fhall he have a me- 
ridhin fixt, whicli will determine the other cardinal points on the hori
zon tiio’ ftriólly fpeaking, every point o f  the horizon to him is S . : 
yet, for once, let us fup[X>fe him to have an horizontal plane, fixed with 
it ’s S. point in this meridian, and thencc divided and numbered like the 
horizon o f  a g lo b e: put a moveable ruler with fights to turn round the 
centre o f this plane, for obferving the fun’s amplitude at rifing and fet- 
tin g ; and a graduated quadrant to be fixed in the N , and S. line, with a 
moveable index, for taking the fun’s altitude, in pafilng over the me
ridian. T iie  fame degree or part o f  a degree, that gives him the fun’s 
.altitude, will alfo give him it’s declinations and he w ill have the follow
ing phicnomena.

T h e fun will rife 2 2 N.  o f  the E . and g o in g « n  i as meafured 
on the horizontal plane, he will crofs the meridian at an altitude o f 

then, m aking an entire revolution without fetting, he will crofs 
it  again at an altitude o f at the next revolution he will crofs it as
-he culminates, at the height o f  75̂ ,̂ being only from the zenith \ 
and thence he will defcend in the like fpii*ai manner, croiling the me
ridian íiríl at an altitude o f  4 8 5  then, at an altitude ot 12;^ , and g o 
ing on thence j 12^® he will fet 2 2 f°  N . o f  the \V. having been 4 re
volutions and -! parts o f  one above the horizon.

V O L .  X . P a r t i,  O  7* I f

7he Phanomena o f  Venus, reprefented in an Orrery. gy
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^he Pbanomena o f  Venus, reprefented in an Orrery,
7. I f  the fpedbtor turns his inftrument z i\ p  toward the E . and then 

fuppofes his quadrant in the plane a new meridian to him ; the fun 
will then rife due E . and fet in the N , W . j ;md his declination in 
the meridian will not be the fame as before; for he will firft crofs it 
at an altitude o f 10®; next o f 4 6 ; then, o f  7 4 * ; and, at i-^  after, he 
will come to his greateil declination; from which, in liis defcenc, he 
will not crofs the meridian in the fame degrees o f  altitude, as in af- 
cending he did.

8. N ow , let the fpectator turn his inftrument 90̂  ̂ ftill more to
ward the E . and the fun will rife due S . ; and from thence m;iking 
a complete revolution, he will crofs the meridian at an altitude o f 
m aking another revolution, he will crofs it at an altitude o f  70*-®; 
and, going on 7 *̂̂  (or 112 °) he comes to his greateft declination in 
the W , N . W . : thence defcending, at the end o f the third revolution 
he crofles the meridian 58-5-° h igh j at the end o f  the 4th he croiTes 
it  in 23-!° o f  alt. and, going on thence 225°, or 4  oí a revolution, 
he fets in the N . E .

9. I f  the fpedator will now turn his inftrument ju ft half round, iliif- 
ting his meridian 180°, the fun will rile in the N . ; and, going on 
180°, or t  a  revolution, he will crofs the meridian at an alt. o f  19®; 
then, making a complete revolution, he will crofs it at an alt. o f  5 5 ° ; 
and going on thence 292^° he comes to his greateft declination in the 
E . S. E . from which place he defcends, eroding the meridian in 73 
o f  alt. i and, in the next rev. he crofles the meridian at an alt. o f  4 i t °  : 
at the fourth rev. he crofles it at an alt. o f  5* ;̂ and going on thence. 
4 5 °, or ¿ o f a rev. he fcts in the S. W .

10. T h e fun being thus for half a year together above each pole o f 
Venus in it’s turn, will caufe the whole year at her poles, as well as at 
the poles o f our earth, to contain only one tlay and one n ig h t: but 
there, tlic difference between die heat in fummer and cold in winter 
(or o f mid-day and mid-night) is greater than betwixt the iiime on any 
two places o f  our earth *, becaufe, in Venus  ̂ the fun is for hail a year to
gether above the horizon o f one or odier o f the p o les; and for at leali

o f a rev. (or about 16 o f our days) within 20° o f the zenith \ and 
during the other halt o f die year, always below the horizon *, aaid for a 
confiderable part o f that time, at leaft 70® from i t : whereas at the 
poles 0Í our earth, dio’ the iim is for Iialf a year together above the ho
rizon, yet his alt. is never more dian 23 above it in iummer, nor his 
deprefiion greater than that quantity below it in winter. W hen the fun 
is in the equator, he is feen in the horizon of both poks,; i o f  liis difc 
above, and the other below : and defen d in g quite below the liorizon oí 
one pole, he afccnds in a vifible Ipiral abovic diat oí the other,.until he 
comes within 16° o f  the zeniiby where he keeps the fame alt. nearly for

defcends in the like fpiral manner, till he gets below 
^ e  horizon, where he cpntiaues mvifible for the other half o f the year. 
T h is will occafion to each pole one fpring, one harv'cft, a fummer as

long



lo n gas them both, and one winter,'equal in length to die other 3 fea- 
fons.

T h e fun’s great diftance below the horizon o f  Venus's poles, will 
make her winters much more uncomfortable than at the poles o f  our 
earth, where they have twilight more than half the winter-tiine ; unlefs 
ilie be ffjrrounded with an atmofphere capable o f occaTioning a twilight, 
at Iraft as long in proportion to her winter, as our twilight is to ours. 
But this can liardly be fuppofed ; bccaufe always, when we fee VenuSy 
ilie appears with the fame conftant ferenity i and therefore I am apt to 
believe íhe has a fatellitc, to fupply, in fome meafure, the abfence o f 
the fu n ; as our moon does to our earth’s poles, for one half o f  the win
ter conflantly, without fetting, from the iirft to the third quarter. 
’T is true, that v/e are inconveniently {X>fited, with regard to Vtnus for 
feeing her fatcllite ( if  ilie has one); bccaufe, when her moon or fetel- 
lite lias it’s enlighten’d fide toward us, it may be too far diftant to 
be fcen, becaufe Venns is then beyond the fun, and, confequcntly, 
furthcil from us •, and when flic is betwixt us and the fun, or there 
abouts, her full moon would have it’s dark lide to us : and tho’ Vems 
be then neareft tlie earth, yet her fatellite could no more be feen by us, 
tlian w'e can fee our own moon at her conjunftion. W hen Venus 
is at her grcaceil elongation, we fliould have only one half o f the en
lighten’d fide o f her full moon turn’d towards u s; and even then, 
perhaps, on account o f  it*s iiiiallnefs, it may be too far diftant to be 
feen by our tclefcopes. But o f  this only by-die-bye.

IN  A t  the tropics, the fun in fummer will continue for about 15 
o f  our weeks together above the horizon without fetting, and as long 
below it in winter without rifing. W hile he is more than 15® from the 
equator, he neither fets to the inhabitants o f  the neareft tropic, nor fcts 
to tliofe o f  the other; whereas, at our terreftrial tropics, he rifes and fets 
every day in the year. But to let us know more particularly the pheno
mena OÍ Venus*s tropics, we will fuppofe the inhabitant, who has feen the 
abovemetion’d appearances at the N . pole to have travell’d thencc along 
the firft meridian 15 ° to the northern tropic, carrying his engine or in- 
ftrument along with iiim ; and to have fet it due N . and S. in the place 
where the ííiid meridian interleds the tropic; and as the meridian o f every 
place is in a gre;it circle paiTing thro’ the zenith o f  the place and both 
poles, he can now be at no loís how to fettle his meridian, and obferve 
as well the amplitude and azimuth, as the alt. o f  the fun *, who will rife 
to him 10° N . o f  the E . with about o f N . declination ; and going on 
200*̂  (to be meafured on the horizontal plane) he will crofs the meridian 
with 1 2 o f  K . declination, and 27'- o f  alt.*, then, making an intire 
rev. without fetting, he will crofs the meridian at 48i® of decl. and 63 i- 
o f  alt. : at the end o f  the next rev. he w'ill crofs the meridian in the 
mlh at the grcatcit d e c l.; namely, 75^5 and thence he defcends in the 
like fpiral, crofiing the meridian at the fame alt. as above, till, in his 
fifth rev. he fets lo'^ N . o f the W .
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12. L e t our traveller now remove weftward on the fame tropic, to a 
meridian 97 ; °  diilant from the fir il; and there he will have very great 
differences o f the rifing, fetting, and meridian alt. o f the fun ; which 
will now rife to him the firft time, in the S. point o f his horizon, at 12^; 
at 1  ̂ he will be about half a degree above the horizon, and will fet at 2^: 
fo this ihort artificial day i n ( w h i c h  is fomewhat longer than, two 
natural days on our earth) wilJ have no forenoon at all. T h e  fun, after 
continuing almoft 14 o f Venus's horns below the horizon, fuj>pofing eacli 
diurnal rotation to be divided into 24^, will rife a little before 4** next 
morning, near the N . E . *, and, going on 1:^0°, he will then crofs the 
meridian with 22^ o f  N . decl. and 37 o f a lt.: then going on without 
fetting, he again crofles the meridian at 57° o f decl. and 72 ot alt. j and 
advancing forward thence 17!^, or 262%^, he comes to his greatefl decl.

to the N . o f  the E . : from thence, completing his rev. to the meridi
an, he now crofTes it in 7 o f decl. being only 3- °̂ from the xtnith : 
at the next rev. he croiTes the meridian with 384̂ ® decl. and 53:- o f alt. : 
at the next, which is the fourth rev. he croficsthe meridian with i o f 
decl. and 16^-° o f alt. *, and then goes on 65°, and fets near the VV. S, W ..
, J3. Suppofe now tliat our traveller removes ftill further ^Yeílward, on 

the iame tropic, to a meridian 105° diilant from this his fecond ílation 
and then the fun will firft rife to him in the S. E . about and going 
on thence 45® he will crofs the meridian with 6° o f  S. decl. and 9 o f 
alt. at 12*': about 2  ̂ he will be higher; and, thence defccnding, he 
will fet near the N . W . a little before : fo the afternoon o f this day 
is almoft 6** (about 6 natural days with us) longer than the forenoon  ̂
and it’s night is but little more than 3  ̂ long ; for the fun, after going 
a little below the horizon, rifes in the K . point thereof j and, m aking 
half a rev. he crofies the meridian with 33® o f decl. and 48 o f  alt. theacc> 
m akinga whole rev. he crofTes the meridian at o f decl. and 81 o f  a it .: 
at the next rev. his decl. is 63*̂  (having palTed the greateft i4 ‘* before); at 
the next, it is 28® o f d ecl.; and, going on thence about 146°, he fets 
N . W . by N . about half an hour after 9 and continues invifible till 3 
quarters paft 5 in tliLC next morning, when he rifes about 4P N . o f  the E . ; 
and, going thence forward 94°, he croil'es the meridian about 5 ° alt. 
and 10 of S. decl. having kept the fame alt. very nearly for 3^; then 
delcending, he fets in the S. S. W . about half an hour paft i ; which 
makes tlie afternoon 5  ̂ and about 12 'ih orter than the forenoon o f  the 
fame day. T h e fun now fets for about 15 o f  our weeks to Fenus*s nor
thern tropic,and rifes to the fouthern; in which ú\tph¿cnomcm are thefam e; 
each tropic having the 4 feafons once every year; the winters being longer 
than the fummers, tho* not quite fo long, in proportion, as at the poles.

14. H aving faid fo much concerning the N . pole and tropic, procecd 
we now to ftation our inliabitant in a place o f  4 5 ° o f  N . lat. where the 
firft meridian cuts the parallel, and he will have the following pbtcnGtncna.

T he iun wÜI rife 43® E . o f the S. a little before 9*̂ ; and, afcending 
Ycry q u ick ly , he w ill, in iirtlc m ore than 3*̂ , crofs the meridian at an

alt.
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alt. o f 19°, with 26*̂  o f S. clecl. *, then going on 62^, he will fet near 
the W . S. W . about 5  ̂ in the afternoon > by which means it is almoft 
2  ̂ longer than the forenoon; each hour \xi Vcnus being equal in length 
to 24^ i d  o f  our terreftrial time. T he next day the fun will rife 3® N. 
o f  the E . ‘about half an hour pad 5 in the morning, and will crofs the 
meridian with 12-^° o f N . decl. and 57^ o f  a lt .; and will fet in the N. 
\V. by W . about half an hour paft 7 : fo, that the afternoon w ill be 2*̂  
longer than the forenoon. T h e next day the fun-rifes 53° N . o f  the E . 
about 3** *, and will crofs the meridian 3 -̂° N . o f  the xm ih  \ or with 

o f N . ale. and 4.8y o f  d e c l.: then he goes round without fetting; 
and crolles the meridiali 30° N . o f  the zenith^ where he comes to his 
grcateft: d ec l.; fronj which he returns in the like fpiral toward the 
equator, and beyond it ;  but will not rife and fet at tlie fame hours 
as before: for, having made a rev. without fetting, in the next he 
fcft 53^ N . o f  the W . about 9*̂  : next morning he rifes in the N . E. 
by K. about half an hour paft 4 ;  crofíés the meridian with 12^° o f 
decl. and fets 3® N . o f  the \V. about half an hour paft 6 *, and now the 
forenoon is 2*' longer than the afternoon. T h e next day the fun rifes 
about 62® E . o f  tiie S. ; pafíes over die meridian at an alt. o f  19°, 
with 26^ o f  S. decl. and fets a little after 3 ; which makes the fore
noon to be about 2  ̂ at leaft longer than tlie afternoon: and now the 
fun.will continué below the horizon at leaft i z  o f our weeks without 
rifing to this inhabitant o f Fenus.

15. In this place o f  Venus the hour and amplitude, o f the: fun’s nfing*. 
for one half of the year, are the fame with thofe o f  his fetting in the 
other half-, which w ill alfo happen in all places under the firft meridian, 
where he rifes and fets : but, i f  our Spedator pleafes to remove along 
the parallel o f  45^ lat. eaftward 142®, the phenomena o f things will 
then be very different to him •, for the fun from once rifing in the 
N . E . by E . will pafs over the meridian with 3-̂  ̂ o f N . decl. and fet 
due N . v which will make the afternoon fomewhat above 4  ̂ longer than 
the forenoon and the next morning the fun wñll rife at 2 it® E . o f 
the N . or about the N . N . E . A s to what would happen on the other 
days concerning the fun*s rifing, and letting, I fliall not take any further no
tice o f  i t ; but, if  the inlxabitant will travel eaftward 3 7 i ftill upon the 
fame paralld o f lat. he will fee the fun, at m aking his ñrft appear
ance Irom the fouthern tropic, rife due S. at 12^ ; and, getting about 
halt a degree above the horizon, when he has gone forward about 9°, 
he will then defcend» and fet about a quarter after 1 ; lb there is only 

and a quarter in the firft day o f the fun’s appearance; and the 2d 
day will be 1 l o n g ;  but the 3d day w ill be about 87** lo n g; for the 
fun will make 3 rev-, and fomewhat more than an halt without fetting : 
the fourth day will be 1 l o n g ; and the fifth will only contain and 
a quarter; for the fun w ill rife about 18^ E . oí the S. and fet in the S. 
point ox the horizon.

l̂ he Phenomena o f  Venus, reprefe?tted in an Orrery, lOI
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x6. \Ve •will new fuppofe that the fpcótator has travelled fi oni 45^ o f 
N . to the equator, and has a mind to take a COür round tlie iamcy 
becauic the pifM m na-wW l be very different hi different parts chcrreof; 
though the fun wiU rile and fee to every part o f it, in every apparent re
volution Í but we ihall only confidcr in general what happens at two 
places thereof^: thé firil place ihall be that, wiiere the firil meridian crof- 
les the equator *, and the fecond, a place 112 W . o f  the firil. T o  each 
o f  thefe places'the fun will always rife at 6, and fct at 6, though fome- 
times his mertdian alt. -may be 1 1° more or iefs than Iiis midnight de- 
preifion; and in other places the difTerence will amount to 15 or 
ib that, if  the diurnal and noólurnal fpirals o f the fun*s motion on the bo
d y  .ot this planet were meafured, the one would very much exceed the o- 
ther. T o  zhc firft o f  thefe two places the fun will rife 74*̂  S. o f  the E . 
in com ing from the fouthern tropic, and fet 61-*- S. o f  the W . having 
been 22° high at mid-day, and will be 3 2 Í deprcíTed below the horizon 
ar midnight. T h e  next day he will rife 44*̂  S. o f  the E . and fet 26° S. 
o f  the \V; having been 55^ high at noon, and will be 74-  ̂ deprefifed at 
midnight. T h e  third day he w ill rife 7-^° S. o f  the E . and croifing the 
equator at half an hour after 10, he w ill, in 7̂ ** after, fct 12° N . o f  the 
W . and ib proceed, changing his rifing and fetting amplitude every day, 
in advancing toward the nortlicrn tropic, till he reaches it *, and then liis 
fetting amplitude, in going from it, will be the fame as his rifing am pli
tude in com ing toward it. In the fccond placc, all I iliall take notice of, 
is, that the fun, in coming from the fouthern to the northern tropic, 
will crofs the equator at 9 at night *, and, in going from the northern to 
the fouthern tropic, he will crofs the equator at mid-day.

17. A t  the equator tlie fun*s rays will be as oblique, when his decli
nation is greateil, as they are at LcndoTty when he touches the tropic o f  
Capricorn in December \ becaufc the tropics o f  Venus are as far from cach 
lide o f  her equator, as the tropic o f  Capricorn is from tiie parallel o f  hon-

on our earth , therefore, at K(?w//s equator, there w ill be tw o winters, 
two fprings, two fummers, and two autumns, every y e a r: and becaufe 
the fun ftays lor fome time near the tropics, and pafles fo quickly over 
the equator, every winter there will be about twice as long as fummer : 
but, becaufe o f the quick return o f  fummers, and the general heat on the 
body ot Venus  ̂ the winters there will be very mild •, and fo will make the 
equator, and all places thereabouts, very tem|x:ratc, and fit for habitation.

1 8. I'hofe parts ot Ferns which lie between the poles and tropics, and 
between tlie tropics and polar circles, and alfo between the polar circles 
and equator, will more or Iefs participate o f  the phanomna o f  thefe circles, 
os they are more or Iefs diftant from them.

ig . T h e  places o f  the equinoxes and folfticcs on the body o f Venus go  
-backward, or from E . toward the W . 90® every year. I 'h is  is not oc- 
cafioned by any mutation lier axis from its parallelifm *, but by the 
fun’s being 4- ot a day later in croifing the equator every year, than on 
the. year before j .and therefore he v/ill crofs it in a place 90° weftward

o f

rc2 n e  Planomena reprefcnted in an Orrery.

unED



The Phaenomena ^  Venus, rcpnfented in an Orrery. J03
o f  the former every year : fo chat to any place where he croíTes the equa
tor at noon, he will, on the return o f  that day at noon in the next year 
be aimoft 10° S. o f  the equator, and will croís it at 6 in the evening; 
lupjx)ring the year to begin when the fun is on the equator, in paíTing 
from the fouthcrn tropic to the northern. Hence, though the fpiral, in 
which the fun*s apparent motion is performed, be o f  the fame fort every 
year, yet it will not be the very fame ; becaufe the fun will pafs verti
cally over all the lame places but once in every 4 years ; and, in the a- 
bove defcription, I have only ihewn what will happen in general, for i 
year, having only drawn tlie fpiral o f  the fun’s motion for that time : 
and i f  a fpecbtor, on any parallel o f latitude, ihould want to fee the fame 
appearances o f the fun’s rifing and fetting every year, and, confequcntly 
to have the particular days thereof to be ftill o f the fame length with 
thofe of the year, he muft travel weftward every ye;ir 90° on the fame 
parallel.

20. T h e inhabitants o f  will bp very careful in adding a day to 
fome particular part o f every 4th year, to keep ftill die fame feafons to 
the fame times-, bccaiife, as the great annual change o f the equinoxes 
and folftices will íliift the feafons forward 4 o f  a day every year, they 
would, in 36 years, ihift the feafons forward through all the days o f  the 
year: Bur, by this intercalary day, every 4th year will be a leap-year j 
which w ill bring her time to an even reckoning, and keep her Kjalcndar 
right.

21. T h e  great change o f  the fun’s declination every day, which caufes 
his altitude, at noon, or any other hour, and his amplitude at rifing and 
fetting, to be fo very different in places lying under the fame parallels o f 
lat. will be oí one fingular ufe in VeHuSy the like whereof we íhall never 
enjoy on tlK earth ; and that is no lefs than the giving a fure and eafy me- 
tiiod o f finding the longitude. For, fuppofe to one place, at noon, the 
fun’s declination is 30®, and to another place, it is only 20® 35'' at noon, 
in the fame revolutional fpiral, going from the equator toward the nor
thern tropic ; the difference o f  thefe two declinations is 9 ° 25' :̂ in the 
fame fpiral from die equator, where any meridian crofTes it, to the fame 
meridian again, the declination changes from o  to 3 7° 2 1 ';  and th afpn  
liüs gone 38° 5 s '  in the ecliptic. Thefe things being known, the pro
portion w ill be thus-, A s  75* ,̂ die greatcíl declination, is to to the luji’s 
m ptionin tliat time,, which is 3 figns, equal to 2-jV ^cvolujions roupd 
Venus \ fo is 9̂  ̂ 2 5 '(the difference ot declination at two given places) 10 9°
44', which is part o f arevolution *, and therefore the one place is i  part 
Qt a.ciricle, o r .90® o f l,Qng. diftant from die other: and, as the ded. was 
advancing irom die equator toward the northern tropic, the place, in wtoíÉ: 
ii>cjriilian it wap 20^ 33  ̂ is eaJlward froxn the plac?  ̂ in whofc meridian if 
was 30V, fvippofir^ them both to be in the norchern-iiemifphere:.
,. I.ftiQuUl be y^y.glftd to.f<ie this defcniption c;x;;imifve4 into, and put io 

a better form, by fpAie whofe abilifies; are m;ich/gicatqr,):ha;i mine : A nd 
although it fcei?is_¿roiige,^ at die firil view, diat the gceüt inclination oT

"  Venuf*̂
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Vems^s asts  ̂ with her flow diunial, and quick annual motion, íltould 
■make hc\\ m ighty oifiercnces o f  her ph^emmem irom the cartii’s yet 
t  verily believe, tliat, was die fpiral ot the lun’s motion tor ibur year^, 
which would contain 37 revolutions, nicely drawn on a large globe, and 
the rimes mentioned in wliich the iun would rife and fet, with his ditFcrent 
amplitudes, altitudes, and declinations, whore the effeds thereof would 
diííeí* cónfiderably in many particular parts o f  each fpiral 1 and fo occaiion 
remarkable differences o f the lengths o f day and night, in the fame revo- 
iucions, to places under the fame parallels o f  latitude; a wjiole volume 
might be vaittca in tiie deicription, if  die audior would defcend to par
ticulars.

^  ktier fr:m  
|ohn Ucvis, 
'M. D . to 
Martin 
Kolkcs, F.Cq\ 
P . R. S. b 'c. 
eontaimfig feme 
ObfcTvations 
concerning 
M ercury.
N o . 473. p. 
48. M ay C5V. 
I 744. Pre~ 

fcnted  M ay 4. 

7̂44-

X IV . T h e obfervations to which the inclofed computations are made 
h y  M r Morn/s from fomewhat more corrcÓt elements than thofe in Í3r 
Hailey's tables, were carefully taken by myfelf, with an excellent aitro- 
nomical k á o r  o f  5 feet rdáms. Y ou  will perceive how tar 1 am 
limited, by m y friend’s requeil; fo xmift intreat you, if  you think 
it worth while, to inform the R . Soc. that Mercury's motion has not 
been at all diílurb’d [by the late Comet],

1744, M¿iy 17. T he apparent right afccnfion o f iG m 'm o- 7 
rum  ̂ according to D r Bradley^ obfervations - - - 5 ^7

Declination - - -  - -  - -  - -  - -  - -  -

//

25 21 30

• -May. Apr lime. Long. 5 . Lnttiude. Comp. Rt. Afc.
h t // 0 / // 0 f  // 0 / //

15 8 3 » n  28 56 51 I 57 5S N. 88 50 7
^7 8 26 6 So 1 I 16 1 44 45 91 7 41
18 9 4 40 I 59 30 1 36 40 92 53
19 S 4 » 00 2 51 38 1 28 7 93 9 12

Error Comput.
M ay. Comp .  Dcclin. Obfd .  Rt. Afc. Cbfd Dcclin. Rt. Afc. Dcclin.

0 / ft 0 / // 0 / // I t (/

’ 5 25 26 12 88 49 20 25 26 20 h  47 —  8
*7 25 I c 00 Q i 7 4 25 12 56 37 “+" 4
18 25 4 '5 92 11 10 25 4 27

-  43 —  12

■19 24 54 43 93 8 20 54 56 i h  52 —  13

Tretttjtt o f  X V . In the obfcrvation o f  this tranfit, I chiefly made ufe o f  3 inftru-
Sun  ̂ which was a good telefcope o f  10 feet, to which I fitted

N o v .^-"/1743. excellent micromcter made at London. T h e  fecond was an ofcillatory
at thioh/cr- aílronomical clock, made by M r Ellicot^ which the experience o f  many 
n;atory at years gave me reafon to depend upon. T h e third was o f my own in- 
ChriSan^  ̂ vcntion, and ferved to difcover the true time o f  noon, inftead o f  an 
Lcwis'ccr- a^oi^omical quadrant, with which I was not provided, 
ften. M a t h . R‘ S. No.-482. p. 376, Jan. 1747. 22, 1746-7.

A  little
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A  little after in the morning, the clouds^ which had totally ob- 
fcurcd the heavens, began to break unexpededly ; and in a íhort fpace o f 
time the fun began to fliine clear through the opening. I applied m y tele- 
I'copc immediately •, but not being able to fee any thing of Mercury or o f 
any fpot whatfoever, I endeavoured to take the horizontal diameter o f  the 
fun by repeated obfervations, and though the rapidity o f  the motion made it 
not eafy to do this, yet I thought I lud pretty juftly found the femidiamef 
ter to be 2 1 rev. o f  the micrometer. I aftenvards found the vertical 
femidiameter at about 11*’ 20' exaftly 21 rev. H ow  much thcfc 
numbers make in die parts o f a great circle will be fhewn below.

W lien I had taken the horizontal femidiameter o f  the fun, it was hid a* 
gain by very tliick clouds; but at 9  ̂ 6' 25 '' on a fudden I faw Mercwy on 
it’s diik, being wholly entered, if  I rightly remember, but yet adhering 
to the edge. But going to look at tlie clock, in the abfence o f m y aífî  
ilant, on m y return, I tound the fun covered with clouds j fo that 1 dare 
not affirm what was the exa6t time o f the contact.

I 'h e  following obfervations were made in the intervals o f  the cloudy 
I was favoured by the calm ftate o f  the air, and by the abfence o f many 
fpeftators. T he body o f  2 appeared round and black with a determinate 
edge, and without any figns o f an atmofphere, but fo minute, as to ap
pear to the naked eye not above twice as thick as the hair o f  a micrometer.
A bout I** lo ' p, m. till the egrelTion, the clouds were very diílinél-, but 
by tliat time the fun caufed fuch an undulation o f the limb as 1 could not 
by any means remove.

T h e  if t  col. o f  the following table iliews the time by the clock. T he 
2d, the true correded time. T h e 3d, the fpaces o f time from the appulfe 
o f  the limbs o f  the llm to the appulfe o f  5 to the horary thread, reduced, 
into feconds o f a great circle tor the declination o f  the fun 15® 39' 18̂ .̂
T h e  4th, the obfervations. T h e 5th, the diftances o f  5 from the lower 
lim b o f O in parts o f  the micrometer. I 'h e  6th, the parts o f  the micro
meter reduced to feconds o f  a great circle. T h e  bafis o f the reduftion 
is; 23 entire rev. give i f  33 '̂.'- which I found to be fuch by the tranfit 
o f  O and fome o f  the fixed ftars.

V O L .  X . P a rti.



i o 6 7ranfit ^ M ercury over the San*

T im e  by 
the clock 

before 
noon.

T ru e  time 
corre^led.

Dift. 
$ in

R .A .

h I It ii / //

9 6 25 9  S 55 CO

9  44  7 
0 0 55

9  43 37 
0 44 25 694

9  49  5 
0 0 55

9  48 35 
0 49 25

' 722

9  56 30 
0 57  23

9 56 0 
0 0 53

m

■ 766

10 2 43 
0 3 38

t o  2 1 3
0 3  8 ' 794

10 44 35 
0 45 44

10 44 s 
0 45 14 • 996

10 48 1 4

0 49 25
10 47 44 

0 48 55
’ 1028

10 53 26 

0 54  39

10 52 55 
0 54 9

1054

II  53 52 
0 35 20

11 33 22 

0 34 50
1272

11 40 54
0 42 35

11 40 24
0 41 55

1310

>1 43 52 
0 44  35 
0 46 7
A . M .

I t  43 22
0 44 5

0 45 37
P. M .

• 621

1329

II 57 42 
0 58 20

0 59 57 
P . M .

I !  5 7  1 2  

0  5 7  5 0  

0  5 9  2 7

549

1401

1 2  3 2 7  

0 4 3  
0  5  4 2

12 2 5 7 '

0 3 33 
0 5 1 2

■ 5 2 0  

1430

1 2  4 6  5 6  

0  4 7  1 6  

0  1 1

1 2  4 6  2 6  

0  4 6  4 6  

0  4 8  4 1

■ 2 8 9  

1661

Obfervations.

I faw 5  wholly entered or ccrtainly 
the grcatell part.

2 .
5 to the horary. 

Following limb o f  O  to the horary.

3 -
^ to the horary. 

Following limb o f  G  to the horary.

4 -
5  to t]»e horary. 

Following limb o f  O  to the horary 
obfervcd thro' a thin cloud.

5 to the horary. 
Following limb o f  O  to the horar)'.

6.
^ to the horary. 

Following limb o f  G  to the horary.
7 -

y  to the horary. 
Following limb o f  G  to the horary.

8.
5  to the horary. 

Following limb o f  Q  to the horary. 

9 -
5 to the horary. 

Following limb o f  G  to the horary.
10.

5 to the horary. 
Following limb o f  G  to the horary

1 1.
Preceding limb o f  G  to the horary 

5  to the horary. 
Following limb o f  G  to the horary 

] 2.
Preceding limb o f  G  to the horary 

5 to the horary. 
Following limb o f  G  to the horary 

13-
Preceding limb o f  G  to the horary 

§  to the horary. 
Following limb o f  G  to the horary 

*4 -
rreceding limb o f  G  to the horary 

^ to the horary. 
Following limb o f  G  to the horar)'

Rev.
Micr.

Dift. 
5  in 

Decl.

11

5)1 237

S K 2 5 '

5 f i 271

A** 2S8

393

ú6 t 
® :•£ 404

9 j’ i 41S

522

538

* 2 ,\ 553

12*!- 580

»3 ;V 600

>5^ 7*5

T im e
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T im e  by 
the clock 

iifter 
noon.

T ru e time 
corrcctcd.

DIll. 
S in 

R .A .
Obfervations.

Rev.
Micr.

Dift.. 
9 in 

Dccl.

h / //
1 16 56 
0 1 7  8

h / // . 
I  16 28 i 
0 0 38 1• '44

Preceding limb o f  O  to the horary.
5  to the horary.

T h e  limb o f  G  began to  tremble. 
16.

Preceding limb o f  O  to the horary.
$ to the horary.

Following limb o f  O  to the horary, 
t  ^

■7^i-

//

788

1 19 27 
0 0 35 
0 2! 4t

1 18 57 
0 19 5 
0 2 1 1 1

793  ■

I 36 15 
0 0 20 
0 38 19

» 35 4 > 
0 3 ;  50

0 37 49

® é •
It Teemed to touch the inner edge, 

it ccrtainly cither touched it or went 
a little beyond it. the great undu
lation and trembling o f  the limb 
quite went off.

Obf. 16.
O n account o f  the trepidation o f  

the folar limb, 1 think it Ihould be 
thus corrciled according to the ana
logy o f  the reft.

1

*

I 19 2ÓÍ 
0 0 35 
0 21 414.

1 18 56;- 
0 19 5
0 2 1 1 1 2-

122
1828

Preceding limb o f  O  to the horary.
g  to the horary. 

Following limb o f  G  to the horar>'.
t 7-H

(

793 ;

I now proceed to the corollaries to be drawn from thefe obfervations. 
In the firfl: place, the diameter o f O  is to be determined : in order to 
this, we m ull have it’s decl. and alt. at the time when the vertical diame
ter was meafured. T h e decl. o f O is eafily computed from it’s longi
tude. I found it’s long, by t\vi Ludovidan at 11** 20''39^^ true
time (near the middle ot it’s tranfit) for merid. 25  ̂ 10'  ̂ o f time E . o f 
Paris to be 12^ 37  ̂ 37'^ I 'o  this long, anfwers S. decl. 15® 39'' iS ''. 
T h e  diftance o f  time from die appulfe o f the preceding limb o f  O to the 
appulfe o f the following, by obf. 1 1 ,  12, 1 3  and 1 4 ,  is 2' 15''', which 
time being converted into arcs o f the equator, gives 33' 45''. There
fore, i f  this arc for the decl. be reduced according to the rules o f  the 
fpherical doctrine into parts o f  a great circle, the diameter o f the fun 
will be 32' 30̂ .̂

B y the aftron. obf. o f Philip  o f  Butijbach^ Landgrave o f the la
titude o f  the city o f  Éutifiacb^ which is not above 4  hours journey di- 
ftant from Gi f̂e/t, is 50° 28 .̂ Wherefore I take 50° 30' for the latitude 
oi Giefen. H ence the ajt. o f O when it’s vertical diameter was meafured, 
is between the 23d and 24th degree more or lefs. I'h e  fenudiameter ot
O in parts ot the micromcter w;is 2 1 rev. which according to my ta-

P  2 ble,



T ran fit o f  M ercu ry  over the Sun.

ble, i s =  16 ' 13'  ̂ o f  a great circle. Hence, the vertical diameter at that 
time 32' 26 '̂. But becaufe o f the refmftion it ought to appear Icfs th;in 
the truth, and by de la Hire  ̂ tab. v. that defeib is 4̂ .̂ T his being added, 
we have again 3 1 ' 30". But i f  we make ufe o f  a newer table o f refraélioiis 
conftruífled from T¿̂ !or*% Ilypothefes^ wiiich IJalley * publii'hcd, and pre
ferred before the reft, the defeft will be lefs only by fome tliirds.
: I found the horizontal fcmidiamcter, as I faid above, to be in parts o f 
the microm. i i  rev. the duple o f this quantity gives according to my 
table, 32  ̂ 31^' o f a great circle. Therefore thefc 3 obíérvations agree 
very well together, and make the diam. o f O 32' 30".

1 proceed now to the angle feen o f  the apparent patli o f 5f with the 
ecliptick. I followed the method oi' ManfreJi in the tranfit o f 1736 
which alfo I have made ufe of. I drew a fcale with great exaólneís, and 
found, that i f  the mean place is fought between the places o f  obf. 15 and 
1 6 arithmetically correded, and then tlirougli this, and alfo througli that, 
which obf. 5 determines, a rigiit line be drawn i that it íliews it’s true 
apparent path in the difk o f O as near as polfible. T his principle being 
laid down, I applied the numbers. T h e mean dift. between obf. 15 and 
16  corr. from the following limb o f O is 1 8 of  a great circle. 'I'he 
mean dift o f  5 between the fame obfervations from the inferior limb o f O 
790 i ' ' .  T he dift. o f  the place o f o b f 5, from the following limb, is 
794''. D ift. from the inferior limb, 288'^ Thefe differences therefore 
form a rectangular triangle, the firft o f which is the bafe, and the odier 
the cathetus. T h e  calculus being made, the angle at the bafe is 26® 9% 
to which the angle o f  the path, witli the circle parallel to the equator, is 
equal. A fter the fame manner 1 fought the angles o f the feveral places v 
beginning with obf, 7 , with the place o f  obf. 5, and they came out as 
follows.

obf. 5 and 7 tlic angle is 26 33
5 and 8 •  - 26 33

and 9 -  -  - 26 5
5 and 10 - -  - 26 5 *
5 and 11 « « • 26 21
5 and 12 •  •  • 25 41
5 and *3 •  -  • 26 7
5 and 14 -  -  - 26 3̂
5 and *5 -  -  - 26 >7

Mean 26 1 1xTAcaii 1  1

W herefore, when in the former cafe, the angle at the bale is 26® 9 ', 
and in this, 26° 1 1 ',  I take the mean 10' tor the angle feen o f  tlvc

f* • See V o l.  V I .  p. 167. where M r Eames has b y  miilake omitted in the margin the 
name o f  D r  H allej, who was author o f  the paper.

'r h c  tabic here mentioned was not Dr Brook TayUr%; but Sir I. K iii'titi'i,
*i See V ol. V I .  p. 195.

path
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path with the parallel circle. Hence, the angle o f  the apparent path 
with the horary, 1 16 °  10'. But to the place o f  0 ,  12° 37'. an- 
fwers by de la Hire's tab. to d ê angle o f  the ecliptick with the merid.
107^.43^ Therefore the angle o f  the apparent path o f Sf with the 
ccliptickj is 8̂  ̂ 26^ .

For the left diftance o f  the centres, I chofe two obici'vations,. the mid
dle way. between which was fliewn by the type to be taken, nor were 
they much diílanttrom  the very path, namely the 7th and loth. From 
tlie diftances o f 2 froni.tlK ini'eiior limb, I íubtraéted S'" allowing 54" 
for the femidiameter o f 2 and the reit for I  the thicknefs o f the pa- 
rallt;! thread; for tlie diitanccs arc to be taken from the centre o f  the tube, 
not from the edge o f the thread. And then from the diftance o f  ? irom 
the following limb in obf. 7. Semid. <5, the angle o f  the path with the 
pirallel circle being found, I difcovercd, by the analyfis o f die triangles, 
the laft diilance o f  tlie padi, or o f  the centrcs o f  O and 5f to be 9' 2".
B y  obf. 10 the diilance is 9 ' 7'''; therefore I take the mean 9 ' 4-^' for 
the true dift. o f the path from the centre o f  O. From  thefe premifes, I 
drew the following concluQons by a trigonometrical calculation.

/ ft

L o n g, o f path feen in the diík o f O  - - -  -  -  - - 2 6 5 7
Lat. feen.of in conjun6tion - - -  - -  - -  - -  9 x 0
Lat. o f  2 in the ingrefs 10 57
Lat. o f  § in the egrefs - 6 59
Diff. between lat. la egrefs and ingrefs - 3 5^
Portion o f  the path between ó and middle o f  the tranfit - i 20

T h e time o f  the conjunction, the pofition .of the node, and the incli
nation o f the orbit, cannot hence be immediately difcovered ; for there 
is Hill required an exa(5b dcterniin«rion o f  die ftay o f  the centre o f  § on 
the diik o f  O , which I cannot fátely determine from m y obfervations.
But. by comparing the intervals o f the times with the diftances o f many 
places in the path, I found the horary motion to be about 5 ' 56“'^ and 
therefore that the whole ftay o f  the centre o f  5Í on the d i^ , is pretty 
near 4** 33 .̂ A nd as an error o f  1' or 2' o f time in this cafe, makes but 
a fmall difference in the lower node, in the incliiiation of the orbit, I’íhall 
briefly let down what is produced by this hypothetical calculus. A n d  b e - 
Ciiufe, by probable reafoning, the trepidation o f the lim b anticipated the- 
contait o f 5 with the inner edge, and confcqucntly the egrefs, let us let. 
ilov/n

h / //

T h e true time o f die egrefs o f  che centre o f  5 on the diik 
©f o  at Giefeti - - -  - -  - -  - -  - -  - -  1 3 7 0

F h lf  the ftay on the d i i k ................................................................................. 2 16 30
T h e middle o f  tlie tranfit w ill be - - - - Nov. 23 20 30

* 0r Bradley determined the diam. of g to be lo'' 45'", by a microm. applied to ih*
Hitgtr.iun tclefc. of above 120 foot long. Sec \’oI. VJ1Í. p. 254.
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Occult ation o f  
Cor Leonis 
hy the Moon, 
en  Thurfday, 
March 12 . 
1 7 4 7 , in Sur
rey ftreet in 
th e  Strand, 
London,
<ivith a  refiec- 
ting tele/copê  
made hy iV/ir 
Short» Í*. ^.5. 
nxshich magni-

By the horary motion and portion o f the path, between 
6 and middle, the time o f  the tranfit through that portion
will b e - ........................................- .......................................

Therefore true time o f  ó at Giefai - - - - N ov. 4.
I>et us therefore lay down tlie dift. o f  merid. between 

Giefen and the Obf. at Paris^ rejeding feconds - - - -
T h e true time o f  6 at the Obfervatory at Paris will be - 
Equation o f  time by the Ludovidan tables - - - _
Mean time o f 6 at the Obfervatory at Paris - -  - -
T o  this time the place o f  the fun by the Ludovidan ta

bles........................................................................ - - - .  ni
By the diff. between the lat. in the ingrefs, egrefs, and 

6 , and by the ftay o f the centre on the diík 4** 33' the time 
refults which ÍÍ finiíhes trom <5 to 8

By tab. Ludovic. from which the Caroline here fcarce- 
iy differ, in this fpace o f  time 5 proceeds heliocentrically in 
the ecliptick - - - - -  - -  - -  - -  - -

Therefore place o f the node by thefe hypothefes ~ »
But if  the ilay o f  the centre o f  5 be fuppofed 4** 32' 

then 8 will b e - - - - - - - - - - -  - ^
But i f  the ftay o f the centre o f if be fuppofed to be 4*̂  

34 \  then Si will be - - -  - y
But if  we fuppofe the dift. o f  S from the earth, to be as 

676 to 313 , as the Great Hailey defines it *, then the incli
nation o f  S in ó will be - - -  - -  - -  - -  -

From this arc and the dift o f  ? in the ecliptick from S3 
follows at length the inclination o f  the orbit, and in the firft 
cafe, where the ftay o f the centre is fuppofed to be 4  ̂ 33' -

But i f  the ftay o f  the centre o f  Sf on the diik is fuppofed 
to be 4  ̂ 32^ the inclination o f  the orbit will be - - -

But if  4  ̂ 34'' - - -  - - ............................................

X V L  Apparent Tim e, 
d h '

Occultation o f  Cor Leonis hy the Moon.
I f

o 13 2S

2 3  7  2

o 25 o 
22 42 2

O 2 0  2 4

22 21 38

h / // 

to  31 25

//

2 39  '3  
15 16 13

‘ 5  ' 5  3 8

15 16 47

h / // 

o 19 47

7

o
o

7
7 5

1747» Mar. 12 24
9  27

>9
4

T h e  ftar immerg’d into the dark limb.
It emerg’d from tlie enlighten’d limb a fmall 

matter to the W . o f  the moon’s zenith. 
44 4 y  T h e  moon’s preceding limb pafs’d the me

ridian in the tranfitory.
44 2 1 T h e ftar pafted the meridian.

M r Shorty another gentleman, and myfelf, agreed to a fingle fecond 
in the immerfion, with difterent telcfcopcs; but I faw and pronounccd

*  See V ol V I .  p. 253.
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the emerfion 2 or 3 "  before them .---- There had been an exact obferva- fr.'i about lOo
tion o f the fun ŝ tranfit at noon j and the clock gain’d about I  a fecond

j ^  muni catea to
Si U iy *  Royal So

W e reckon Surrey-Street 2 7 " in time W . o f  the R . Obf. at Greenwick cicty ^  J. 

M r John Catlin iiad a few days before deliver’d me a computation o f Bcvis, M. D.

Obfervations on the ¡ate Comet. 11 j

March
tify’d it from fcvcral late obfervations; and this gave the 19- 1746-7-

h /

Tmmerfion at - - - - - - - - - - - - - - 8  26^
Emerfion - - - - - -

XV’'II. T h e comet which appeared towards the end o f  lafl: D ic. and AUtterfmm 
in the iollowing months Jan  ̂ and Feb. 1744. was firft feen in England  ̂ the Rê . Mr 

at tlie Obfervatory o f the Earl ot Macclesfield^ Dec. 23. between 5 and 
6 in the evening. It formed, at that time, an obtufe-angled triangle, 
with « o f  andromeduy and y pegaft  ̂ the comet being at the obtufe an gle; Coll. O x o i i .  

and it’s paíTage over the meridian was obferved at ^  32 ', mean O iford to M. Folkes,. 

time. Iriis Lordiliip’s obfervcr could not then take it’s diftance from the 
vertex accurately, the comct’s tranftt being unexpected •, however, by 
an obfervation made at Paris the fame evening by M r Monnier we have Co^
the diftance very nearly. met, mmie at

H is Lordihip the next day acquainting the R ev. M r ProfeíTor Blifs Shcrbom an¿i 
with this difcovcry, gave us an opportunity o f  looking after it at Ox- 
ford\ but, unfortunately, bad weather, and a continued fucceíTion of^cnEs/ffr 
cloudy evenings prevented our obferving it, till 31. but the wea- ccmputing Us 

ther proving more favourable at Sherhorn  ̂ it's R . afc. and decl. were N**
taken by his Lordihip, the refult o f  which obfervations is as follow s; ?'

'   ̂ Jcne &c.

Note^ That the equal time is made ufe o f in the following obfcrvationi, June 14.

and that the comet’s tranfits (reduced to the meridian o f Oxford) arc ‘ 744
only given to the neareft half minute,, as being fufficicnt for com put
ing it’s places.

Dec. 23*’ 5  ̂ 32') the R . afc. o f the comet by the ira^/ii inftrument at 
^hcrhorn was found to, be 5® 48' 1 " ;  and it’s polar diftance by M r M.on- 
nier 68° 1 8' 35'^.

Dec. 27̂ * 5  ̂ 7'4-) the R . afc. o f the comet, obferved at ĥerborn.̂  was 
3® 4 . 1 '  ; and it’s decl. 2 1°  7̂  13" N .

Dcc. 28“* 5  ̂ j^i) the obferved R . afc. o f  the comet was 3® 11^ 8^';
and it’s diftance from the pole 69® d  38'''.

Dec. 31** 4'̂  44') the R . afc. o f  the comet, by the tranfit inftrument, 
was found to be 1°  44.' 4 0 "; and it’s decl. 20^ 36  ̂ 3 7 '' N .

The lame evening, at ^  53 ' the iky favouring us at Oxford, the d;- 
ftancc 0Í the comet Irom aldebaran  ̂ taken with Hadkf%  (juadrant^ was

ÓÜ®
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a > cor-60^ 10', correfted for refradtion, 60® 1 1 ' \ from ypegafi 7°  2
redded, 7*̂  2' 40''.

Jan. 12'̂  9  ̂ 10' the comet followed (p pcgfíji  ̂ in a 5 foot jlaf!:, 
jO o f R. afc. *, and was more noi therly t!ian the ftar 36' 00" :
tiie R. afc. oF tiie ftar, by tiie Greenwich obfervations at that time, was 

52' it̂ s decl. 17'  ̂ 4 1 ' 5 5 ": therefore the comet’s R . afc. was 
'̂ 56® '35̂  44^', and it’s decl. 19° ly ' 55".

Jíij!. 13'̂  6" 30') the diftance o f the comet from aldeharar., at a 
medimn o f Icveral tripls by the quadrant, was 65° 26' 50'^ corrected for 
refraition 65'  ̂ 28̂  10 ''; it*s diftance from y pegoft corrccled.

Objeroaiiom on the late Comet.

'4 5 "
A t  S*’ 20*" the comet followed (p pegaji 2 13"  o f R. a fc.; and was

more northerly than the ftar 30' 33 '̂. Hence the comet’s R. afc. was 
356^ 13' 2 5"; and it’s decl. 19° 28 '̂ N .

Jan. 16** at 6*̂  33'' the comet’s diftance was obferved by the 
quadrant from aldcharan b(P  36^'; correóted for refraction 66° 38' 10'^; 
trom ypcgafi 7 °  o'^\ corredled 7° i '.

A t  8** the lame evening) the comct followed p  p^g^fi in the 5 foot 
glais 10̂  24̂  ̂o f  R . ale.*, and was more northerly than the ilar 1° 13' 
24^  ̂ Hence the comet’s R . al'c. was 355^ 2*̂  36'^; and it’s decl.
55^ i 9" N .

Jan. 23  ̂ 6̂ * 11  ̂ the comet’s diftance was obferved by the quadrant 
from aldebaran 69° 2 6 '/ ; corrected for refraótion 69° 28'' 5'^; from y  
pegaji 8° 4 2 y-, corrected 8*̂  42 ' 35'".

January 7  ̂ 29̂  the comet preceded ^ 2® 43' 2 7 " in R . afc,; 
and was N . o f die ftar, in the 8 toot glafs, 26'' 32'''. Hence the comet’s 
R . afc. was 352° 8' 46^ ;̂ and it’s decl. 18° 8'' 27 '̂.

T he comet this evening appeared exceedingly bright and diftind, and 
the diameter o f it’s nuclms nearly equal to that d( Jufitei‘\ \  it’s tail, ex
tending above 16° from it’s body, pointed towards ^ o í andromeda and 
was in length, fuppofmg the fun’s parallax 10 '' above 23 millions o f 
miles *, but cloudy weather lucceeding, we loft this agreeable fight till 
Feb. 5̂ **.

Feb. 5'* 7  ̂ 3 1 /  a fmall ftar o f  pegafus, marked « by Bayer  ̂ preceded 
the comet in R. afc. 1° 40' 20'^; and was S. o f the ftar 54  ̂ 23^'': the 
R . afc. o f the ftar, by the Green'xich obfervations at that time, was 
343° 0'4'^-, it’s decl. 13° 49^56^'- wherefore the comet’s R . afc. was 
344° 40' 24^  ̂ and it’s dec!. 14^ 44' N .

Feb. 11̂ * 6̂  3 7 /  the comet followed g pega^-, the correftion for re- 
fradlion being allowed 43 ' i "  in R . a fc .; and was S. o f the ftar 50̂  3 " :  
the R . afc. o f  g, by the Greenwich obfervations at that time, was 338^ 
28'' 24""; it’s decl. 10° 5 1 ' f  \ therefore the comct’s R. afc. was 2 
1 1' 2 5 ''; and it’s decl. N .

Feb. 12̂ * 6*̂  33' the comet followed 56' 4 5 "  o f R . afc. *, and
was more ioutherly than the ftar 44 ' 42'^ T he R. afc, o f  by the 
Greenwich obiervations at that time, was 337° 10  ̂ 1 5 " ; it’s polar

diftance
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•diftancc 80® 29'' 53'^ Ilcn cc the comet’s R. afc. was 338° 7 ' 0 0 ''; 
and it's decl. 45  ̂ 25'' N . j

F ek  i3 ‘* 6̂  25' the comet prcccdcd  ̂pegaji 7*^41' 3 1 '' in R .:a fc .; 
and was more fouthcrly than the ilar i '  13^ :̂ the R . afc. o f the itar, 
at that time, was 344° 4 1 ' 5 5 '';  it’s polar diftance 82*̂  4 0 ':- whence 
the R . afc. o f  the comet was 337® 24^'i and it’s decL 7° 18' 4 7 "  N.

T h is was the lail obfervation made at O x fo r d the comcC'being now 
fo near the fun, and withal fo low in the evening, that the great 
difficulty o f  finding any ilar to cotnpare it with, made us deüít from 
attempting it again-, however, the prodigious brightnefs it acquired, 
by it’s near approach to the fun, made it vifible in the day-time. And 
at Sberborn^

Feb. i6 ‘* 23^ 4 2 ^  it’s R . afc. by the tranfit inilrument, was found to

^  333^ *3  ̂ '•»
Feb. 17  ̂ 23*^36' the R . afc. was obferved ‘272^ 3a''20^^*and it’s 

dccl. 2^ 29  ̂ 00^'.
By the help o f thefe obfervations, which were made by the Rev. Mr 

ProfeiTor Blifs (the tranfits cxcepted taken at Sherborn\ I was enabled, 
by the method dcHvercd in the third book 0I' the Principia^ to detennine 
the comet’s parabolic trajectory •, and ibund the place o f  tlie afcending 
node to be in « . 15® 4 5 ' 20^^; the logarithm o f the ferihelionA\K2.uQQ
9,346472; the logaritlim o f the diurnal motion 0,940420: the place 
o f  the perihelion 1 7 °  12  ̂ 55^^» the diftance o f the pertFelíon from 
the node 1 5 1 °  2 7 ' 35^': the logarithm, fine, and co-fme o f the incli
nation o f the orbit to the ccliptic 9,865138, 9 ,8 3 2 6 16 : and thence the 
time the comet was in the vertex o f  the parabola^ or the time o f  the 
perihelion^ Feb. 19^ 8^ 12^ ; the motion o f  the comet, in it’s orbit thus 
fituated, was direift, or according to the order o f  the figns.

From  thefe elements, by the help o f D r llallef%  general talkie (to 
w'hich they arc adapted), I computed the comet’s places for the times 
o f  obfervation, exhibited in the. following table : to which are added 
the comet’s longitudes and lat. deduced from the obferved R . af- 
cenfions and declinations together with the errors between the obferved 
and computed places j the obfervations being all reduced to Oxford 
mean time.
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Obfirvations on the late Comet.
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Perhaps it may not be thought foreign to m y piirpofe to remark, that 
the nodes o f the comct, ami the planet M erm y, arc fituated -w itliirt Icfs 
than half a degree o f each other; which, I fuppofe, gave rife to a report, 
tiiat the comet had carried Mercury from it’s orbit. In order,therefore to 
find how nearly tliey approached each other, I had the curiofity to bring 
the matter to calculation and prefently found, there was above a w eek’s 
iiifference in the times o f  their coming to the nodes; the comet pafTmg it’s 
defcending node, Feb. 22. about 2*" in the m orning; and Mercury not 
coming to his till Feb, 29. the com et m oving all that time foilthwards 
with a prodigious velocity. A gain , com puting their heliocentric con- 
jundion, which happened Feb. 18. about i** in the afternoon, I found the 
comet was, at that time, diftant from iWíf?Twr>'nearly pajt o f the femi* 
diameter o f  the orbis magnns; being almoft twice as near to tlie fun as the 
planet and having then 3 1 ® 3 0 'o f  N . Lat. Mercury's noi exceeding 
3  ̂ 58' to an eye in tlie fu n ; whence it is eafily collected, that the comet 
could have no fenñble influence upon 5 ’s motion.

I fliall now only beg leave to obferve, that the elements above-given 
cannot poíTibly differ much from the true. For, after an interval or two 
months (in which time the comet had gone through almoft I part o f it’s 
orbit), it is furprifing to rind tlie obferved and computed places agree fo 
accurately, that the difference no-wherc amounts to a minute. In ibme 
parts o f tiie orbit, the agreement is ílill greater •, particularly, in the ob
fervations made at Sberborn  ̂ which come within half that quantity ; and 
would liave correfponded ilill nearer, but that I was ambitious to contine 
the whole feries o f obfervations within the narrow limit above-mentioned ; 
which I have at laft compaffed, not without a long and tedious calculation.

It may, perhaps, be expected, confidering tlie great part o f  it’s orbit 
the comet defcribed during it’s appearance, that I fhould have fettled it’s 
period, and foretold it’s return. T his, I confefs, would have given me 
great plcafure; neither woukl I have fparcd any pains in tlie inquiry, 
had I met with any profpecl o f  fuccefs; but the period, upon m y at
tempting it at firft, came out fo prodigiouOy long, the tranfvcrfe ax o f 
the ellipfe being nearly equal to infinity, tliat I was ftopped fhort in my 
inquiry; neither could I prevail upon m yfelf to refume the fubjeól again, 
when, upon turning over HeveUuSy I found the account o f  comets, 
wliich had appeared at long intervals o f  time from us, as it might reafo- 
nably be expect’d, fo Hiort and uncertain : but, could I procure Celjius's 
obfervations, or any made alter the PeriheltGn  ̂ I might be induced to 
fall to work again 1 and would not fail communicatina tiic rcfult, did Í

• I /♦  ̂ ^  .

meet with fucceis; and, at the fame tin'ic, the elemejus o f the comet, 
which appeared in 1742, which I have had bv me fome rim e; not fo 
perfcdl as I could wiih, but as perfeift as may be obtained iVom the few 
obfervations 1 n-.ct witii.

The comet was in conjunftion with the fun, Feb. 15. about midnight i 
and it’s perigee, Feb. 16, about in the afternoon; at which time it 
w:.s fouiewlut nearer the earth than the lun is at it’s perigee ; the comet’s

dillance
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r i£  P cth o f  
the Comet, 
*ivhich appear- 
tdfrcm  the 
keginnittg o f  
M arch 1742, 
to the higin- 
t:i»g o f  April, 

from  the obfer- 
•vatioKS made 
c t  the Obfer- 
*vatoryandCf>l‘  
lege o f  the 
Jefuits at 
l*ckin in C hi
na, and com
puted accord
ing to the equa
tor and ecliP’  
tick, and alfo 
according to it's 
proper orbit \ 
communicated 
by M r James 
Hodcfon, F. 
R. S. ¿if
Scbol. Rfg. 
M ath. Frac, 
in ^ d .  
Chrifti, Lond. 
N o. 481, p. 
264. Oct 
t¿c, 1746.

'Path o f the Com et ^  M arch and April, 1742.

diftance being then (,83) and the fun’s (,98) fuch parts, as the fei¡.: ;Í.i* 
meter o f tiie magnus orbis is (, 100); from which wc may have fome idea 
o f the comet’s magnitude \ and dierci'orc may fuppofc it, at icajfi:, equal 
to the earth.
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•V û Nt̂ . M ?? N

K r

N to
N

t<.

V
i l - «  U Oy

0 0 00N M NO 0NO 1/̂NO CssO NIV fv.
00
I*.

**

00 N00 00OC GCN N
0

sOc*

•k.

cs'
9
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^he P a th s  £>/C om ets. '

But fróm the obfervations made March 2 and 4, it is manifeft, that 
the comet came to the equator March 3. about 6*' a. m, and that it paf- 
fed in R . afc..28 2° 30^ with inchnation o f  it’s path to tiie equator 
84^30'' very nearly; and therefore that it’s long, was 13° 35  ̂ in Hf, 
with N . lat. 22® 54^ H cncc wc may collect, tliat the path o f  the co
met, which did not fcem to deviate from a great circle, met the eclip- 
tick. in ^  and ^  with incl. of 80° : and the colure o f the equi
noxes in the diftance o f 50® 37':: from the poles o f the world toward the 
equinodial points witli the angle o f  incl. 77® 33'i : and the colure o f the 
folftices in thedift. oí 23® 5 7 '' I'rom the j)ólcs o f  the world, toward the 

, iblfticial points with ang. o f incl. 13® 38  ̂ equal to the greateft elongation 
o f  it’s orbit froin the fame colure in tlie averie part, and to the diil. of
the poles o f  the orbit from the eqiiino6tial points.

t
«

X IX . That the tracing o f the cou rfesof comets belongs to the prin
cipal parts o f the fublimer A ih on om y, has been pail all doubt, ever 
fince the great Neivtcn 63 yeau ago publiflied a problem o f  finding the 
path o f comets, by 3 accurate obíérvations, from this hypothefis, that 
they defcribe a parabola about the fun in their courfe. D r Hailey by this 
method determined the uatlis o f  24 comets, by calculation, in a table 
publiihed in ú it Pbil.^ ranf, N. 297. p. 1S86. and in ASfa Erud. 
1707. p. 216. There arc in reality, 21 different comcts. T h e diffi
culty and neceflity o f this work has been fufficiently ihewn by the laft 
mentioned Aftronomer.

Following the ileps ot fo great a man, I have noted by the fame m e
thod, 1 8 other comets, which arc not found in that table, in hopes that 
the periodical time o f  each may at length be found. But left thole ob- 
fcrvations o f  the paths o f comets, ihould, by any accident be loft, 1 de
termined now to publiih them, at the fame time, thinking it m y duty to 
mention thofe who have accommodated them to an arithmetical calculus. 
T he path o f the comets o f  1723 and 1737 was determined by D r Brad- 

o f 1744, by M r ; o f 1699, 1702, and 1739, by the A bbot 
de la Caille. I 'h e  path o f the 2d comet o f  1743 by M r Klinkenberg \ 
that ot the 2d comet o f 1746 by M . des Ckezeaux; o f  the i ft comet ot 
1 7485 by Maraldi. I gave the obiervations of the comcts feen in 1533,

17^9? to yÍT C. Dow?ies to be calculatcd. But tiic 
comets o f  1706, 1707, 1742, the l i l  o f  1743, and the 2d o f  174H, I 
calculated m yfdf. I am alfo induced by various reafons to be o f  opinion, 
that in May 1748, both here ixt Awjierda?)?  ̂ and in other places o f Eu 
ropĉ  on the very fame night,. 3 Comets were v ifib le ; o f which tlicrc is no 
other certain inftance in H iftory. 1 have alfo added the comet feea at the 
end o f 1680, and beginning of 1681 ; becaufe, in the laft edition o f  Sir
I. Newton^ there are emendations, by which the ellipfis, that it defcribed 
about the fun, is determined. I ihall only add, that o f the 3 1 obfcrva- 
tions which I have o f the comet fccn in 1742, there arc 22, the longi

ttiUcü
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Varioui Aftronomical Obferoations, 
nidcs o f which fcarce differ i ' ;  and 23 o f which the latituclcs do not dif
fer fo much as

H ere follow the paths o f the 19 comets mentioned above.

Tiine o f  the cquacioni o f  
the Perihelion at London.

An. 0 n //

'?35 June 16 *9 30 0
1678 A ug. 16 *4. 3 0
1699 Jan. z 8 22 *9
l y o z M aich 2 H 12 *9
1706 Jan. *9 4 56 0

1707 N ov. 30 43 6
1718 Jan. 4 t H 55
1723 Sept. 16 1Ó 10 0
1729 June 12 6 3> 4 '
«737 Jan. *9 8 20 0

*739 June 6 9 >9 49
1742 Jan. 2» 4 20 50
1743 Dcc. 50 2t 16
«T43 Sept. 9 21 16 18
'744 Feb. *9 B *7 0

*747 Feb. ' 7 I I 44 38
1748 April 17 >9 2> 4
1748 June 7 I 24
16S0 Dec. 7 23 9 0

Node o f  af- 
ccnfion.

Inclina
tion o f  the 

Orbit.

Perihelion in 
the Orbit.

Dir.Pcrih. 
from the 

Sun.

M o 
rion.

0 / // e / if 0 / // Part.

SI 5 4+ 0 35 49 c a 27 16 0 20280 Kciro.
11 40 0 3 4 2ol AW 27 46 0 I 23802 Oir.

AMMV 2( 45 35 69 20 0 2 3 » 6 7+400 Retro.
9 25 *S 4  30 0 SI 18 4 » 3 64590 Dir.
>3 1 1 23 55 '4 5 u I 2 3f> 25 42686^ Dir.

« 22 50 29 88 37 40 n 19 58 9 85904 Dir.
a 7 55 20 3 * 12 53 SI 1 26 36 102565 Retro.
Y *4 «4 16 49  59 0 « 12 *5 20 96942 Retro.

10 35 *5 77 1 58 l¥W 22 16 53 406980 Dir.
t6 22 0 18 20 45 25 55 0 22282^ Dir.

r 27 2> *4 >5 42 44 2S 1 2 38 40 67358 Retro.
> 34 45 ^7 4 1 1 7 33 44 7 6 5 5 5 Í Retro.

II 8 fO
✓ 48 2 *5 50 So 2 58 4 8 3 8 11I I^r..y.

5 16 25 45 48 21 6 33 52 52157 Retro.
i ; 45 20 ,+7 8 36 A *7 12 55 22206xV Dir.

a 26 58 27 77 56 55 10 S 4 » :2938 s Retro.
22 52 10 85 26 57 5 0 50 84066^ Retro.

b! 4 39 43 50 59 3 6 9 2a ^>525 f Dir.
2 2 0 bt 6 48 22 44 25

J /  J *
617 Dir.

But the perihe!mn d\ñances are eftimated in fuch parts, as tlie mean 
diltance ot the earth from the fun has 100,000.

r in Ihe tnijfwns o f the Jefu-
■̂a/isns made  ̂aragua, ^ Bonaventura Suarez, Mijjicnary^ with a 5 foot te^

7>Paragua/« vibrattng feconds, with an eqiid moticn  ̂ andrecii-
S. America; to true tm e, by the altitude o f the fix t fiars.
eojr.muuUated
ty  J .c o b  de CaftroSarmento, A/. /). J. K ». p, g g . ,  , . ^ 3  P r , f i . u , .8 ,  , ; 4 7  8. 

Eclipfe./  th, This eclipfe was obferved at the town o f S. Ignatius in Param a where

Beginning o f  the eclipfe 
Digits oblcured - - 2

End

3 t
4
j

 ̂ * St. civ.
8 52 a, m,

9 »5
9 40

10 o

11 5 
II  15

T he greatcit quantity at 9  ̂ 50' dig. 4. 0'

Beginning

i l W l E D .



Vartoui A ílronom ical Obfervations. 

Beginning below the horizon: fun rife 5*» 53',

D igits obfcurcd 9 206 
6
5

30
o
o

30
o

3 0

30

h

6
66
7
7
7
7
7

15
5 a

54
3

3̂
*7
21
28

End o f the eclipfe 7 37 15̂  ̂
T he grcateft obfcuration. was 20^

H 9

“ - M a r c h  
I I .  1709.
S t. civ .

Beginning  ̂ ‘ 7  55
Total obfcuration 8 58
Beginning o f emerfion 10 45 
T iic end was not obferved becaufe o f  clouds.

— M oon, 
April 16.
1707. f ,  m.

Immerfton o f  1>
t f

Into a fenfible penumbra. 12 i8 o
Into the ihadow 12 30 29
Ariftarcbus (MsiMxdi 12 37 x i

obfcured J2 46 o

Emerfion o f  5
h f

Arifiarchus 14  13 
Flato  14  45
O ut o f the ihad. 15  3 
O ut o f  the pen. 1 5 1 2

//

15
o
o
o

■- "A p ril  4» 
1708. f .  m.

h r / /

Beginning 2 52 30
2 58 i-o 
3 5 0
3 Í 9  45 
3 29 20 
3. 21 22 

3 39 17 
3 41 55
3 45  o

Clouds

4  7 33
4 9 3 ^
4  I I  34 

Clouds 

4  5 Í o 
4  42 o 
4 50 o

1
2
4
56
7
7
7

8

7
7

4
2

o
o

15
45

o
o

20

40

o
45
30

o
o c

' r  Vi

o 30

-I.. . .S u n , 
Jan. I S. 
1730 ./ . m.

The end was not obferved becaufe o f  clouds-, it ' '̂efiiV to hxvé becri at
:ü- I 4  ̂ 5 2
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120 Various Aftfonomkal Obfervaíiom.
4̂ ' 5 2 ':  at about 4  ̂ 55 ' the diík o f O was fccn entire: D did not appear 

 ̂ ' . . .o n  his limb. ’ ^ ’ -f
T he crreateft obfcuration feems to have been dig. 8 1.

-----7ofa! of
the Moon, 
Aug. 8.1729.

Clouds **
Bcginnhig o f  emerfion 10 
Digits obl'cured 11 10
Digits 6 10 33

' //

I o
6 28 

2

//

II  3 5 5 cclipfed a fatellite o f
II  13 25 y> touched the limb ot U . ,
II  15 o 3) totally edipfed U,

This eclipfe was obferved in the town o f  S. Jofeph.
Diff. o f  mcrid. from R . Obf. Par. 3  ̂ 52 ' 30".

h / -'Z

Beginning 10 33 31 
End 12 56 57 

T he greateft quantity obfcured was dig. 5. at about 11** 45'.

March T his eclipfe was obfen’-ed on the very meridian o f  5 , Cofma. DifF. of

Ocrultaihn of 
Jupiter the 
A'loon, i)cc. 
9 . \72^.p, m.

Eclipfi of the 
JVMod, Pcc. 
I . m.

36.1717././/;. merid. from' Paris 3*» 52'' 20'^ Sky clear and calm.

h / //

Senfible penumbra 9 40 o
Beginning o f the eclipfe 10 2 21
Digits obfcured i 10 8 30

2 10 15 2
3 10 13 41
4  xo 31 32
5 10 40 56
6 10 52 8
7 I I l O  40

T h e greateil quantity obfcured feemed to be 7’*«- i S'" 
Emtrfion o f Í  from the fhadow.

D igits obfcured 6

5
4
3
2
I

E nd o f  the eclipíé 
£m erf. from penumb.

h / //

11 45  40
12 6 25 
12 16 35 
12 24 10 
12 32 46 
12 39 25 
12 45 40

13 o;

This



T his eclipfe was obferved in the town o f  S. M ichael the Archangel with —  Feb. 24. 
a tube o f  t o  foot. m.

D iff o f  time between 5 . M ich, and R . Obf. Par. 3  ̂ 48 ' 50''.

Variom Aftronomkal Obfervations, 121

fr

Beginning o f the eclipfe - - - -  - -  - -
End - - -  - -  - -  - -  - -  - -  -

D igits obfcured at the middle o f the eclipfe 9‘̂ ‘s* 40'.

3 35 
*7 o  57

T h is total eclipfe o f  5 was obferved in the college áe las Corrientes. —  Mar. 4.

Diff. merid. from Paris about 4  ̂ i ' . 1700./. fx.

Beginning o f the eclipfc 
T otal immerfion - -
Beginning o f  emerfion 
End o f the eclipfe

13 H
H  34 
16  15

Diff.

Diff.

17 »5

h / // Tubes
10 52 49 13 foot —  Satellites
16 42 36 15

^  Jupiter, 
I)cc. 21. 
1729. m.

5 49  47

7 23 0 i 3 —  Mar. 27
13 12 31 13 1730.

5 49  3 '

6 36 45 13 —  Apr. 8.
12 ’ 26 15

5 49  30

*3 1730. /. m.

T h e following phenomena o f the fatellitcs o f  U were obferved at S. Ig
natius p. m.

A t  14^ 2 1 ' there was a conjundion o f  the i f t  with the 2d both ilars Dcc. 29,
feemed to be but one. *729-

A t  9** 10̂  there was a conjundion o f  the ift  and 2d, 23*
A t  15** 2 1 ' 15'^ the 1ÍI and 2d were conjoyned, fo as to appear but

one. A t  15*̂  27  ̂ one was yet vifible : but at 15^ 36  ̂ they were disjoined.
A t  1 1̂  36' there was a conjunftion o f  the 2d and 4th. ^
A t  10*' 9' there was an occultation o f  the 2d being retrograde in the 12.

margin o f
A t  6  ̂ 38'' there was a conjunflion o f the 2d and 3d. ' *8.
A t  9*̂  7 ' 40'^ there was an occultation o f  the 3d diretfl in the margin 29*

o f "U.
V O L .  X . P a r ti. R  A t
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J2Z Vartom Aftronom ical Ohfervations.
Mar. 30. A t  7  ̂ 2 1' 30^  ̂ there was an occulution oi the 2d retrograde in the lim b

o f “li.
31 A t  9** 2 1 ' 15^ t h e r e  was an occultaiion o f  th e  ift  retrograde in the

limb o f "U.
Apr. I. A t  6̂  36' 2 5" with a tube o f i8 f. I obferved an occultation o f the

ift  dired in the margin o f  % : but at ro*' 16' 57"  ̂ it emerged from the 
ihadow ot "W.

___Jupiter. A t  1 1 * '3 '5 ' ' the margin o f 3> touched the 3d fatelHte o f  “U. T h e
Dcc.g. 1729. beginning o f the occultation o f  “U- was 1 13'  15''. T h e  total occulta-
/• «f- tion o f  "U in tlie margin o f  D was 1 15^
___T he anfuU  o f faturn appeared very thin j but May S i faturn was
Apr. 27. round and quite deprived ot his anfiiU.
»730. Aftronomical cbfervations o f  F . Bonaventura Suarez, in the town o f S.

Ignatius in Paragua. n t r e  is another town of S. Ignatius more to the E . 
on the river Zabebiri.

T he town o f  S. Ignatius, more weftward than the reft, is 50 Spanifh 
leagues to the S. from the city o f Affumption in Paragua, Lat. o f Jffump- 
tion obferved by me is 25® \á¡ S. at. o f S. Ignatius 26® 52''.

h I n

DifE mer. S. 
Ignat. W . from

Peterfburg 
Paris 
London 
S. Cofma

6
3
o

59  40 
57  50
48 40

5 30
Emerftons o f the ift  p. m.

-----Zattl"
lites o f  Jupi
ter.

1729

1730

173c.

d h / // foot
Jan. 16 8 16 42 tube 13
Feb. 18 8 28 13 - ’  *3

Mar. 6 6 50 18 - - ^3
13 S 47 4 - “ 13

Immerfion o f the firft
Nov. 3 i6  20 36 - - 13
Dec. 21 10 52 49 - - 13
Jan. 6 9 0 40 - - 18

13 10 53 8 - - 18
Emerfions o f  tlie firft

Feb. 7 7 46 20 - - Í 3
Mar. 9 9 56 21 - - J3

16 11 53 21 - - 18
25 8 49 46 - - 18

Jpr. I 10 16  57 - - j 8

17 8 39  55 - - 18
May. 3 7 Í 47 '  - 18

10 8 56 51 - - i8
Emerfions o f  the fccond p. m

Apr. 8 6 36 45 - - 18
Áíay. 10 6 32 30 - - 18

Emcrfion

j



Various Aftronom ical Obfervattom,
Emerfion o f  the third 
d h / If foot

Apr, 20 8 44 45 tube 18
Emerfion o f the fourth 

M ar, 10 9 22 o doubtful
Immerfion o f  the fourth 

Mar. 27 7 23 o - - 18

commutiicaUd hy Suarez» M . D . N o. 4 91. p. 8. Jan. Íífr.
j 7 4 9 .  

f</J;in. 19. 
1748*9.

2. I'h e  fky was fo cloudy, that I could make only the following ob- 
fervations, atter the emerfion o f  the fecond digit o f the moon from the 
Ihadow o f the earth, with a telcfcope o f lOv ieet.

Ariftarchus emerges 
^ycho emerges - - - -
Calippus emerges - - -
D  'wtjftus emerges - - -
Mare crijium begins to emerge 
End o f  the eclipie - - -

h t //

14 31 47 
H  37  30 
H  5  ̂ 47
15 o 4

*5 ' 3  17 
15 16 4

Eclipfe o f fhr 
nxQOTiohfer̂ vfd 
at S. A nge
lus Cuilos> 
Feb. 24.

*747-

T he town o f  S. Angelo in the miflions o f  Paragua is more caílward 
than the reil. It’s longitude from the Ifland o f  Ferro is 323^30^ and 
lat. 28^ 17^ S.

T h e fenfible penumbra was 14  ̂ 4 4 '
Immerfion o f  the moon and fpois into the íhadow.

h I n

14 55  44
15 o 

o
4
5 
9 
9

15
^5
Í 5
15
15

Í 3
41
H
29
26
26

Beginning - - - -  - -  - -  - -  - -  - -
A r ifta r c h u s ................................. - .............................................
Galilanus - - - - - -  - -  - -  - -  - -
Mare humm'um begins . ...........................................................
I-,ower angle o f  terra pruina - - -  - -  - -  - -
Copernicus & c. - - -  - -  - -  - -  - -  - -
Mare humorum entire - -
Plato and Tycho were equally diilant from the centre o f  the

f i i a d o w ...............................................................................
T he fame - - - - - -  - -
Plato and Tycho at the fame time in the edge o f  the íhadow
6 digits o b f c u r e d ..........................................................................
M e n e la u s ..................................... - - - - - - - -
Dionyjius - - -  - -  - -  - -  - -  - -  - -
Lacus fotnniorum - - -  - -  - - ................................. -
Beginning o f ?Wí7r í  ..........................................................15 43  41
M iddie - - - 15 46 26
E n d ........................................ ......  16
Total obfcuration o f D - - - - - - - - - -  - 15 53 16

R  2 Emerfion

—  at S. M a
ria M ajor, 
Aug. 19. 
1747. p. tn.

15 13 44

15  17  2
15 20 25 
15 24 6
15  27 28
15 29 35
15 36 10
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'12^ Various Añronom ical Obfervations.
Emerfion o f í  from the íliadow

h t n

Beginning o f the e m e r f io n ..........................................................17 34 48
Q r im a ld u s ....................................................................................... *7 3^ 5 ^
A r ifia r c b u s .....................................................................................1 7 4 0 0
P l a t o .................................................................................................17 53 34
T y c h o ................................................................................................................ -  1 8  o  2 3
6 digits o b f c u r e d ............................. - - - - - -  - 1 8 3  30

T h e  moon near the W . trembling with the vapours o f  the liorizon 
•was no longer obferved. T he iky was very clear during the whole time 
o f  the ecliplc.

Lon g, o f 5 . Alaria M aj. from Ferro 322® 40 ' lat. 27® 5*  ̂ S.
—  F. A u .  3. T he comet feen by us this year was very difmal, for l^efidcs it’s
guftm Haller- fliining with a very obfcure and malignant light, it went ia  fo dclert a

Fig. 9. and in fuch an unfavourble iky, that it could be obferved 
Colirgir^ but very feldom, and compared but with a few fmall ftars not well 
jfim n . at Pc- known. 
kin in China»

Z)r Mortimer, N o. 494. p. 305. Jan. 1750. ^M./Jan. 18. 1749.

The Path and Apr. 2 6 . about 3 in the morning it was firft fcen by thofe whofe office 
Ephemeris c/ jt is to watch in the Obfcrvatory ot this palace; and the place o f it was 

Pekin obferved to be in 18° x  with 27° N . lat. namely in the breaft o f
iT\ 748.*̂  ' under the ftars x and jw, the head was equal to a ftar o f  the 3d

order, and the tail Teemed to be about lonir.
Fig. 9. O n the following days there was no pofTibility o f comparing it accu

rately with any fixed ftar, and theretore fome places o f it can only be 
grofsly determined by configurations with the neighbouring ftars, which 
as they cannot bear the ftrictnefs o f  a calculus, do but barely ihew the 
j>ath whicii the comet held.

Apr. 27, about 2 in the morning long. K 2 1 ^ 2 1 ' with N . lat. 31® 35^
Apr. 28. about the fame time K 25® 1 5 ' N . lat. 36® 0 '
Apr. 29. about the fame time K 2 9° 10  ̂ N . lat. 40° 0 '
yipr. 30. and May 1. nothing ieen for the clouds.
M¿^. 2. the comet could at laft be compared with a little iliining ftar 

in the middle of 5 fmall ftars in the bend o f  the chain o f Andromeda  ̂ and 
is obferved by means ot a micrometer and pendulum 2  ̂ 3 1  ̂ 49̂  ̂ true 
time. I'h e  comet more caftward than the ftar i '  50'/ o f  the pendulum, 
and more northward 5 7 ' 8^^

May 6. in the morning the comet was compared with a fmall ftar, 
the 6th in order in Ciijftopea in Flamjlcd's Cat. Brit, by the dififbrences o f  
declinations and diftances, on account o f  the want of clearnefs in the ik y , 
tnc fiow motion, and malignant light ot the comet, it*s tranfit could not 
be determined by fevcral fccondsj at 2* 3̂  ̂ 57^  ̂ time the comet

was



Various A ílro n o m ica l O bfervatlom . 

was more northward than the ftar 44^ 8^' and the diílance being u ken  
was 50 ' 5 o '^

On the following days the comet was compared with feveral un
known fmail ilars, lb that it*s place could not be determined.

May 15. about 9^^. m. for the moment o f  time was forgotten to be 
noted, the comet was fcen between 2 fmall ftars, from the nearefl: o f 
which it was diftant, not in an inverted but right fituation 1 1 ' 3 '̂ S. 
and from the. farther 59' 58'' N . It was alfo more to the E . tiian the 
ncareil 1' o f  the pendulum. Thefe 2 ftars are placed in the Cat. Brit. 
in Caffiopea  ̂ the more northern about the end, in. u  4^ 49'' 7 "  with N . 
lat. 58^ 6̂  56 ", and the more fouthernin u  28' 12'^, with N . lat. 57® 

in 1690.11 10
May j6 . the comet being compared with the more northern 1 1̂  1' 

59'^/». m. was more eailward than the ftar 18'' 26'  ̂ o f  the pendulum, and 
more to the N . 26' 4 ''.

May 19. the comet being compared with the ftar o f  the 6th magni
tude in Cepbeus according to Hevelius^s Cat. in 1700, where it is called 
fub fafcia fe^uenSy was at 23' 29^' in the fame R. afc. with the ftar: 
there could not be found any difference o f  time between their tranfits, 
and the comet was more northward than the ftar 48^ I4 '^  O n the 
following days nothing certain could be determined.,

May 29. tiie comet was feen amongft feveral unknown fmall ftars, 
and on m oving the tube a little there appeared one which Hevclius^ in 
his cat. o f  fixed ftars 1660, places in Camel&pardalns  ̂ and calls fupra ter
gum  ̂ fiv e  in cufpide pedis fin ijlri Cephei 5 magnit. But as the parallel o f 
this ftar was too far diftant from the parallel o f the comet to-be im
mediately compared with it, it was compared with an intermediate 
ftar, and the comct is noted 1 21  ̂ 25^^^. m. more E . than that'ftar 

13^  ̂ o f  the pendulum, and more S. 1°  3 7 ' 22^^
A fter this, as there were no ftars near the path o f the comet, nor 

any like to be, with which it could be compared, they were to be 
Ibught farther o f f ; and tlierefore on the following days it was com 
pared with y Ccphei  ̂ from the parallel o f which it was not very diftant. 
Therefore, the teieicope being well fixt.

/ //
June 1. p. m.

2. a. m.

4
5

p , m. 
a. m.

p . m, 
C. a. m.

S
2

8
2

•y Cephci to the horary.
T h e  comet to the horary more N . than 

the ftar 26  ̂ 59^ *̂ 
y Cephei to the horary.
T h e comet to the horary more S. that> 

the ftar y  8̂  20^  ̂
y Cephei to the horar)\
T h e comet to the horary more S. than 

the ftar 20  ̂ l3 '^
7 - w. 8 5  3 y Ccpbei to the horary.

30 53
24

28 58 
41 9

23 23
41 17

*25

(t. f}!̂
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a. m. 2̂  32^ 51

OT. 8 31 
a. ttt.  ̂ 4

59
38

T he comet to the horary more S. tha”  
the ftar 42 ' 51^' 

y Cephei to the horary.
T h e  comet to the horary more S. than 

the ftar 5 5 ' 34'/.
12. p. m. W hen there was hardly any hope o f  feeing the comet 

any longer, 1 faw it obfcurely» more like the footltep o f  a comet than 
ihe comct itfelf. Befides the brightncfs o f the moon, and the reflexion o f 
it’s rays froin the clouds, which make all obfervations difficult and 
doubtful, were great obílruólions, I compara! it however as well as I 
could with a fm:il] ftar, which I afterwards found in a little map and cata
logue o f M , de la Cailky infcrtcd in the Mem. de rAcad. 1742. on account 
o f  a comet obferved in that year, and noted with R . afc. at that tims 
91® z \ ' and N . decl. 73° 4 9 ';  and marked with the letter A \  therefore 
9  ̂ 33' 6 " A  to the horary: then 9*̂  4 5 ' 23" the comet to the horary 
more N . than the ftar 46' 34".

''June 13. p. m. 9  ̂ 13' 1 A  to the horary : 9** 29' 43''' the comet to 
the horary more N. than the ftar 36' 15^^

June 14. p. m. 15 ' 44^/ A  to the horar\' 9** 36  ̂ 4 ' ' : the comet to 
the horary more N, than the ftar 25 ' 47^^ Then being fcen at 9̂ » 55/ 
tile diftnnces were meafured o f the comet from the ftars.

1 2 5 ' 9/', E  38 ' 3 9 '', R  4 3 ' 3'/.
But the comet ftood juft by the ftar all which ftars are noted in 

the place cited above.
June 15 and 16. nothing could be obferved becaufe o f  clouds.
June 17 and iS. F . Ant, Qaubil obicrved in m y abfence from home as 

follows *,
June ly . p. m. 9*» 26  ̂ 3 0 '' y^to the horary.

53 35  to the horary.
'I'he comet to the horary in the fame 

parall. with A,
A  to tile horary.
K  to the horary.
I 'h e  comet to the horary more S. than 

A  16' 30^/.
R  10 20.

9  55 15

June 18. p, m. 9 52
10 19 

9  24

H
21
50

T he R . afc. o f  the ftar R  is 98® 6 1̂- and N . decl. 73O 4 3 '. T he 
times o f  the obfervations are all true and fufficiently corred. T h ey  were 

 ̂ with a tube of 6 feet, in which an Englijh micrometer was inierted.
Iaih7/  '  V ^  conftellation was obferved May 29 in purfuing the com ct with 
Fig. 10. telefcope. It is reprefented in F ig. lO . T h e diftances o f  the fmall

ftars that compofed it were « from (3 12 ' 19//; /3 from y  16  ̂ 4 5 / ': 
from íT 1 0 / 2 ' /  ;  í f r c n i f  i 6 ' 4 5 ' ' i  >'from 19 ' 5 3 / ' ;  Jfrom  ^  2 8 '  1 7 ' / ;

from which is the fupra tergum o í Camelopardalus I6'^• <?from 
the lame 50  ̂ 3^  ̂ But I leave thefe diftances for others to meafure

more



Vartdus A g ro n o m ica l Obfervations, 

more accurately. T h e fituation o f  this aftcrifm is not inverted but

r ig h t .

127

h Í I t

4 52 '7

5 3 9 
12 47

9 38 
5 18 26 

28 2

9 36 
5 34 34

5 58 9
Ü 3 31

4 23
58

6 11 36 
17 22 
iS  12

46

6 23 22
29 26

30 »7
. 52

6 38 52

6 46 2

7 2 23

7 12 24

Í  diftant from the lucid limb o f  i> 50  ̂ 4^  ̂ OccuUatim <f
Then $ was obferved and compared with the ftar. 1. and fo h¡^¡*

 ̂ t V * M oon, cbfer^*
S to the horary.
I. to the horary more N . than ^ 4 1^  China, Dec.

6.1747-^ «•
Tem porary difference.
Í  to the horary.
I. to the horary more N . tlian ̂  4 1 '  2 '^  pjg. , i ;

Tem porary difference.
S entering under the obfcure limb o f  P wholly difappeared,.

dillant from the N . horn o f  D 23  ̂ 28 
T h e diameter being immediately meafured was 3 2 ' 53 
But the lucid part o f  3> was 7 '  39^'.
In the mean time whilft S lay hid behind 3>,. it was obfer* 

ved and compared with 3- ^  and f o :
5  to the horary.
Lucid  lim b o f  T> to the horary,
N . horn o f  í  fo the horary.
S. horn o f  D to the horary.
The S. lim b o f  5 was more S, than -S- 34^ 27^^
Again,
S to the horary.
Lucid limb o f  D to the horary.
N . horn o f  P to the horary.
S. horn o f  D to the horary.
T h e  S. limb o f more S. than 3 1 '  o " .
T hirdly,
S- to the horary.
L u cid  limb o f  3) to the horary;
N . horn o f J> to the horary.
S. horn o f  5 to the horary.
S. limb o f  D was more S. than 3- 27^ 48^^
There was a very fniall ftar approaching to the obfcure 

lim b o f  D, and when it was ju it entering, it was diftant 
from the lucid lim b o f D 41^ 23'^ Then,

 ̂ firfl: appeared com ing from under 5 and diftant from the 
N . horn 29' 2 4 ''.

T h e abovementioned little ftar entered the dark lim b o f 3) 
diftant from the N . horn 20  ̂ 24^^

L aftly ,
 ̂ was diftant from the lucid lim b o f  i  1 1 '  30^^

T he



1 2 Í

C'juJun̂ ion of' 
Mars V e 
nus, ohfemjtd 
mt Pckin, 
M arch 1748.

Various Aftronomical ObfervatUm.
T he moments o f  time are true, and correded by correfponding 

altitudes.
A ll the phafes with a tube o f 6 feet, with an Engbjb microme

ter.

A  $ , the path o f Í  is near ? by the Pekin ephemerides.
B  Í , the fame path by the Paris ephem. o f  de la Caille*
C  Í , tiie fame path by the obfervations.
D  S , the fame path by the Bonojiian eph. o f ManfreJi.

T he obfervations were as follow s:

Fig. 12.

h / h /

12. 6 27 52 Í  more E . than ? 1 48 48
more N . - - 0 53 46

13* 6 25 43 more E . - - 0 56 8
more N . - - 0 27 26

14. 6 10 33 more E . - - 0 29 34
more N . - - 0 Í4 36

Í 5 - 6 28 4 more E . - - 0 3 0
more N . - - 0 1 30

16. 6 27 *3 more W . - - 0 23 48
more S. - - 0 10 41

17- 6 25 14 more W . - - 0 50 38
more S. - - 0 23 24

19. 6 29 52 more W . - - I 44  47
m ore S. - - 0 48 14

A ll thefe differences were determined by repeated operations, with a 
tube o f  6 feet with micrometers. T h e times alfo are true, and correóted 
by correfponding altitudes.

//

—  «/“Jupiter 5  *5
Venus, 2 2  1 4

Jan. 1 . 1 7 4 8 .  2 ^  6
/. m.

2 5 2
5  26 3 6

2 9 3 2

2 5 6

5  3 0 3 5

3 3 3 4

2 5 9

% was diftant from ? 1° 3' 49^'. Then, 
% to the horary.
? to the horary more S. than % 50 ' 35'

Again, 
to the horary.

? to the horary more S. than "U 50' 1 5".

T hirdly,
K  to the horary.
? to the horary more S. than V 49'' 3 / '.

4, Jpr.

u n E D
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4. Apr. 27. 3̂  30' a. m. we faw the comet in the middle o f  the ftars-----h
o f Pegaftis (3 A ÍJ.

May 2. we compared the comet with the ftars mentioned by F . Hal- p “ 
lerjlein \n Flamfted 1690. T he liar in v  2 6 '4 5 '' T h e  place o f icge"i/jcfu. 
the comet was concludcd to be almoft the fame as by F . Uallerftein'% ob- its at pckin, 
fervation. tothe/ame.

May 7. '2̂  a. m. « and o* o f  Cajfiopea in a right line with the comet,
 ̂ n.1 ■ L j  11 <M/írfPckm»<r IS pretty exactly m the middle. g

May 4. 4 4̂- the comet more \V. tlian die 3d ftar in CaJJiop. in 1748. 
Flamft, 5 ' 35", the comet more S. i '.

May 5. nothing could be obferved exadlly.
May 6. 2̂  5 1 ' a, m. a line tliro* » and /3 o f Cajfiop. a little to the S. Comet 1748. 

o f  the comet, diftancc o f (3 from the ftar x =  dift. o f  (3 from the
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comet.
Mny 10. 9** 14' p. m. the laft true alt. o f  the comet 20° 48' 58". 

T h e comet more W . than the eaftern ftar (it is compounded o f  two) 
27' 12'''*, in Flamft. the ilar in Taurus 25° and fome min.

May 15. we compared the comet with the ftars o f  F. HaUerftein, 
True merid. alt. o f  the comet p. m. 25® 5 1 ' 30 " 12'. I 'h e  comet
more S. than tlie ftar 8' merid. alt. o f  the northern ftar 2 5° 59 ' 30''.
W e did not well obferve the diff*. o f  R . afc.

May 16. p. true merid. alt. o f die comet 16  ̂ 32''^ in retículo 
lo** 2 2 ': the comet more E . tlian HallerfteitCs ftar 41''.

May 17. 10  ̂ 40' p. w. laft true alt. o f  the comct 26° 46' 34".
5̂  to the horary 7** 54 ' 58̂ ''.
Com et to the horary 10 41 43,

Path o f  the comet feems more N . than the patl\ o f  the ftar 38' 20".
I do not find any number o f  obfervations made till June 7. But 

by comparing the comet with the Hevelian ftar, and others not well 
known to me, I feem to be able to conclude, that from June 2 to 7 
the R . afc. o f  the comet increafed 6^ and fome min. and that the 
decl. decreafed 55'.

June 7. a. m. 15 ' the ftar to the iiorary 35' 30'' after die comet. 
The ftar more N . 1°  30' very doubtfully obferved*.

June 9. 4 5 ' the comet to the horary.
o  49 10 '̂ the ftar to the horary A  ‘f*.
T lic  comet more N . 30̂ .

T o  June 12. nothing was obferved with fufficient exa<5lnefs.
June 13. p. 9  ̂ the diftance o f the comet from the ftar /}j 

10 ' 20^^
T h e comet more N . 4 ' 
I 'h e  comet is more E .

*  Hcn.-eHusi fiar ann. i 6 6 o R .  afc. 2® 24' from the pole 12^ 4;^
+ Star ^  j!i Fig. I) o f  U  Caille, MiW. Acád. 1 ;a o .
II Star /  in Fig. D  o f  la Caille, A.nd. 1742.
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Various A ftronom ical Obferva.tmis,

h / //

June 17. p. m. o 26 30 // ? , ,

55  15 Comet 5 

Comet and K  in the fame declination.

ft

Jum  i8 . p. 9 52 14 7
10 19 21 MO tlie horary.

24 57 Comet 3

Comet more S. tlian A  16 ' 30".
R  lO 20.

Ón the foilowing days with a tiibe o f above 7 feec, the aj^rturc o f  
■which =  1° o ' 24" the comet was obferved with the ilar D  in^Fig. B  
o i la  Caille, Mem. Acad. 1742. Many o f thefe obfervations had hardly 
any fuccefs: I relate only two which leem to me not very exadt.

II

June 27. p. m. the ftar D  enters the tube -
goes out o f the tube 

Com et enters - - -
goes out - - - -

T he comet is coj:icluded more N . 19'' 40^'.

9 23 10 
9 36 o 
9 40 28 
9 52 1Ó

h / n

II I 40 m. 
II  14 51 
n  23 54 
II 36 o

Jittje 29. D  e n t e r s ......................................................
goes out - -

Comet enters - - - - -  - -  - -
goes out - - - -  - -  - -

The comet is concluded more N . 12 ' or perhaps I3^
T he comet was not eafily feen Jujje 29, there were clouds on Jto¡e 30, 

and July i and 2 ; and it was not al'tcrwards purfued.
........ 1748 t. Mar. 15. p. m. j c '  the occidental limb o f  ̂ is diftant

Mars flffVVe- from the occidental limb o f  ¥ 1 ' 29"
HUS.

Ccujur.fíicn o f

Kclipfcs ( f  
the Satellites 
^■Jupiter.

13. p. m. teinp. ver. 
15. - - - -
20. - - - -
21. - - - -
28. - - - -

Nov. 7. - - - -

9 40 30 
8 37 26 

10 7 56 
5 52 
8 29 20

8 59

Emerfion o f the 3d.
- - - - - lit.
Total immerfion o f 3d. 
Emerfion o f the 2d doubtful, 
l i t  Emerfion o f the 2d.
1 it Emerfion o f  the i ft.

Thcfe Obfvervations were made with a tube o f  15 feet.

•  notes o f  liars in Fig. D  o f  la Caille, Mem. jUad. 1742.

XXI. The
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X X I. The mean tropical folar year  ̂ or chat mean ipace o f  time wherein Remarks upon 
the fun, or earth, after departing from any point o f  the ecliptic, returns 
to the iiimc again, confiils, according to Dr 7/rt//̂ ’’s tables, o f  365 ', 5 'S Cy.
48^ 55^^: which is lefs by 5^/, than the mean year, confi-'cie
iiing o f  ̂ 65**, ó’’, o ' ' .  Hence the equinoxes and folfticcs anticipate,
or come earhcr than the Julian account fuppofes them to do, by i i ^ 
in each mean year; o r4 4 ^  2 0 ^ n n e v e ry 4 i or 3'̂ , I'S 53^ 
in every 400 Jtdiot years.  ̂ Epaii, L i  a

In order to correit this error in the 7/v//í7;; year, the authors o f  the Gre- mcthsdcffivd 
gortan method o f regulating the year, when they reformed the calendar in n.-neof
the beginning o f 0^/. 1582, directed that 5 intercalary days íhould be o>

P i ® ! . .  L : • ti » V  < 1* isnmtJohfir’V-
mitted or dropped in every 4 0 0  years^ by reckoning au taofe years, v/hole .̂y 
date confifts ot a number o f  entire hundreds not divifible by 4, fuch as*,7n'/ i/Ku- 
1 7 0 0 ,  iS o c , 1 9 0 0 ,  2 1 C O ,  ^ c . to b e  only common, and not bilTextile 
or leap years, as they v/ould otherv/ife have been; and confequenrly

• • ! •  1 J  > - t  »• y  1 -  ^  ^  ! : > •  f r a > n  I ' . r

mitting the mtercalary days, which, according to xht Julian account, 
ihouLl have been inlcrted in Feb. in thofe years. But at the fame zimc E.ofMzc- 
they ordered that every fourth hundredth year, conÜíling o f  a number cIcEHcld /<»
0 Í  entire luindreds, divifible by 4, foch as 1 6 0 0 ,  2 0 0 0 ,  2 4 0 0 ,  2 8 6 0 ,

ú^c. íhould ítill be confidered as biíícxtile or leap years, and, o f come-j^-|* j
cjuence, that i day fliould be intercalaiied as ufual in thofe years. J17. ¿aJ

This correction, however, did not entirely remove tl\e error; for the M ay 10. 
equinoxes and folílices ilill anticipate i ’’, 53^, 20̂  ̂ in every 400 Qrego- ' 7>o-
rian years. But that difference is fo inconfiderable as not to amount to °
24 hours, or to one whole day, in lefs than 5082 Crewman years.

'I'he fpace o f  time betwixt one mean conjunction ot the moon with the o/zAí- Lunar 
fun and the next tollowing, or a mean fynodicd month, is equal to 29*̂ , Year, Cycle 

12'', 4 4 ', 3", 2̂ /̂, 56''', according to M r Pí?í¿?;¿/*s tables o f mean con-ot'*9
junctions. T h e common lunar year confUts o f  12 fuch months.
intercalary or einbolirñieán year confuís o f 13 fuch months. In each cy
cle ot 19 lunar years, there are 12 ct^mmon, and 7 intercalary or embo- 
Um.'cmi years, making together 235 fynodical months.

It was thought, at the time o f the General Council o f Nice, which was 
holden in 325, that 19 Julian folar years were exaétly equal to fuch a c y 
cle o f 19 lunar years, or to 235 fynodical months*, and therefore, that, 
at the end of 19 years, the new moons or conjunctions would happen ex- 
aótly at the fame times, as they did 19 years before: and upon this fuppo- 
fition it was, that, fome time afterwards, the feveral numbers o f that cy
cle, commonly called the golden numbers, were prefixed to all thofe days 
in the calendar, on which the new moons then happened in the refpeótive 
years correfponding to thofe num bers; it being imagined, that whenfo- 
ever any o f thofe numbers fliouId for the future, be the golden number 
o f  the year, the new moons would invariably happen on thofe days intlie 
feveral months, to which that number was prefixed.

But this was a m iR.ike:

S 2 For
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For 19 folar years c o n t a i n ...........................6939 iS  o o  o
W hereas 235 fynodical months contain bnly - - 6939 16 31 56 30

And are therefore lefs th:m 19 Julian folar years by o i 28 3 30
This difference amounts to a whole day very nearly in 3 1 0 7  years, the 

new moons anticipating, or tailing earlier, by 24 hours in that fpace o f 
time, tiun they did before: and therefore now in 1750, the new moons 
happen above 4;- days fooner, than the times pointed out by the golden 
numbers in the calendar.

in order therefore to prcferve a fort o f regular correfpondence betwixt tlie 
folar and the lunar years, and to make the golden numbers, prehxed to 
the days o f the month, ufeful for determining the times o f the new moons, 
it would be necefiary when once thofe golden numbers lliould have been 
prefixed to the proper days, to make them anticipate a day at the end o f 
every 310.7 years, as the moons will aótually have donej that is, to fet 
them back one day, by prefixing each o f  them to the day preceding that, 
againft which they before flood.

But as fuch a rule would neither be fo eafily comprehended or retained in 
memory, as i f  the alteration was to be made at the end or at the bcgin- 
ing o f  complete centuries o f years  ̂ the rule would be much more fit for 
prailice, and keep fufficiently near to the truth, i f  thofe numbers Ihould 
be fet back 9 days in the fpacc o f 2800 years-, by fetting them back
I day, firft at the end o f  400 years, and then at the end o f  every 200 years 
for eight times fucceíRvely: whereby they would be fet back, in the 
whole, 9 days in 2800 years. After which they muil again be Icc one 
day back at the end o f 400 years, and fo on, as in the preceding 2S00 
years. By which means the golden numbers would always point ou: 
the mean times o f the new moons, within a day o f the truth.

Jt is plain however, that the lunar year will have loft one day more than 
ordinary, with ref[)c¿l- to the folar year, whenever the new moons ihali 

Í iuye anticipated a whole day, as they will have done at thofe times when
it is necefiary that the golden numbers íliould, by the rule juil now o-ivcn, 
be fet back one d a y : and confequently the epaót, for that and the fuc- 

i ceeding years, muft exceed by an unit the feveral correfponding epads
‘ ot the preceding 19 years.
|i| f o r  the epaft is the difference, in whole days, betwixt the common
‘j Juliajt ibiar and the lunar year; the former being reckoned to confiil o f
1 3Ó5, and the latter o f only 354days. I f  therefore the folar and die lunar
i| year^t any time ihould commence on the fame day, the folar would, at

the end of the year, have exceeded the hmar by 11 days: which number
II  would be the epadt o f the next year : 22 would be the epad o f  the 
year following, and 33 the epad o f the year after that, theepads in- 
creafing yearly by 11. But as often as this yearly addition makes the epad 
exceed 30, tiioie 30 are rejeded as niaking an intcrc.ilary month, and

only
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only the cxcefs o f  the epact above 30 is accountcd the true epad for 
that year. Thus when the epa£l would amount to 3 r, 32, 33, 34, 
the 30 is rejeóled, and the cpa£t becomes i ,  2, 3, 4, & c.

Since therefore the kinar year will have I0ÍI a day more than ordinary 
in refpedt o f the folar year, whenever it is neceíTaiy to fee the golden num 
bers one day back, as was before obferved it follows, that the epa6l muft 
at the fame time be increafed by an unit more than ufual; the difference 
betwixt the folar and the lunar year having been ju ft fo much greater than 
ufual. That is, 12 muft be added, inftead o f  11 , to the cpa¿t o f  the 
preceding, in order to form what will be the epact o f the then prefent year- 
"Which addition o f an unit extraordinary to one epad, w ill occafion all the 
fubfequent epaéts (which will follow each other in the ufual manner, cach 
exceeding the foregoing by 11) to be greater by an unit than their ref- 
pc£lively correiponding epa¿ls o f  die proceeding 19 years.

I f  therefore, inftead o f the golden numbers, the epaéts o f the feveral 
yeiu'S were prefixed, in the manner the Gregorians have done, to the days 
o f  the calendar, in order to denote the days on which the new moons fall in 
tiiofe years whereof thole numbers are the epaéts; there would never be oc
cafion to Hiift the places o f  thole epaéts in the calendar ; fince the augmen
tation by an unit extraordinary o f tlie epaéts themfelves would anfwer the 
purpofe, and keep all tolerably right. I'hus in a very eafy method may tlie 
courfe o f the new moons be pointed out, cither by the golden numbers, 
or by the epaéts, according to the Julian account or manner o f adjufting 
the year, which goes on regular and uniform without any variation.

But the regulating thefe things for thofe who ufe the Gregcrtan account, 
is an affair o f more intricacy; and for them it will require more confide- 
ration to determine, when the epaéts are to be more than ordinarily aug
mented, and at what times they are to continue in their ufual courfe *, nay, 
to know when they are not only not to be extraordinarily augmented, but 
alfo when they are to be dimiiiilhed by an unit, by increafing one oú h em  
by 10 only inftead o f 11 as u fu al: and this happens much ottener with the 
Gregorians  ̂ than the increafing one o f them by 1 2 inftead o f 1 1 . For,  in 
every Gregorian folar year, wliofe date confifts o f  any number o f entire hunr 
dreds not divifible by 4, it is fuppofed that the equinox has anticipated 
one whole d ay , and therefore one day, that which ought to be tlie intcr- 
calary one, is om itted; and confcrquentiy the preceding folar year, where 
one day was loft, exceeded the lunar year by 10 days only inlteiid
Ot II .

In order therefore to adapt the bcforemcntion’d rule to the Gregorian- 
account, and to know in what years the epaéts iliould either be extraor
dinarily augmented or diminiíhed, and the golden numbers Iliould either 
be fet backwards or forwards in the calendar; th*j following rules and 
directions muft be obferved.

Firft. '1 hat in the years i 8co, 2100, 2700, 3 0 C 0 ,  í£c. v.'Iicre the 
number o f entire hundreds is divií'ible by 3 ,  but not by 4, the Gttgorian 
iolar, as well as the lunar year, will have loft a dayi and

the
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the áiftercnce betwixt them v.nll be the fame as u fu a l; therefore in thoíc

I' yeavs there muft be no alteration, either in che epa¿ts or t.ic golden niiin-
¡ bers *, but the former n'uft go on in the fame martner, and the l.it-
! ter ftand p r e f i x e d  to the fame days in the calendar, for another, as they

i* did ibr the h ñ  hundred years. '
2dly. The like will hap^Kn in tlie years 2000, 2800, 3200, 

■where tlie niimber o f entire hundreds is divifible by 4, bun not by 3: 
For neither the Gregorian fokr nor the lunar year is to be altered •, and 
therefore the epafts muft go on, and the golden numbers ftand, as they 
did before.

But ^dly, In the years 2400, and 3600, whofc number Of entire .uin- 
dreds is divifible Ixjth by 3 and 4, the Gregcrian folar year goes on as 
uliial, and the lunar year has loll a day. T he difference thcretore l^étwixt 
them being 12, the epacl^of the preceding year muft be augmented by 
that number inftead o f 1 1, in order to form the epad o f the then prefent 
year; whereby a new fet o f epa£ts-will be introduced, exceeding their 

' precedent correfj)onding epaas by an u n it: and the golden numbers 
muft be fee one day back in the calendar.

4thly and laftly. In the years 1900, 2200, 2300, 2500, ^ c . where tlie 
number o f hundreds is divifible neither by 3 nor 4 ; the Gregcrimt folar 
year having loft one day, and the lunar none, the difference betwixt them 
being only lo ;  that number only, and not 11 is to be added to the 
epaét o f the pieceding, in order to form the epad o f that, the then pre- 
fent year; whereby a new fet o f epa¿ls will be introduced, all o f tiiem 
lefs by an unit than their precedent correfponding epatfts: and the golden 
numbers muft be fet a day forwarder in the calendar ; that is, l)e prefixed 

i to the day following that, againft w'hich they ftood in the precedent hun-
|f dred years.
I Tiiis method v.-ould prefervc a Icjrt o f regularity betwixt tlie folar and

the lunar years; and, by means o f the rules and diret^ions beforemen- 
tioned, the days of the new moons might be pointed out, either by the 
golden numbers or by the epatas, placed in the calendar for that puri^fc; 
according to xhz Jtdian account for ever, and according to the 
account till the year 4199 incluñvc, after which there muft be fome little 
variation made in the four laft precepts or ru k s : but it would be to little 

r  purpofe now, to attempt the framing o f new fee o f rules for fo diftant a
time.

The GregoriiVJS have chofen to make ufe o f the epacls to determine the 
days o f the new moons, and follow pretty nearly the rules prefcribed 
above; except that they order the epa¿ts to have an additional augmenta
tion o f an unit 8 times in 2500 years, beginning with the year iS o o , as at 
the end of 400 years; to which 400 years, if  there be added 3 x 700, 
or 2100 years, the period o f  2500 years will be completed in 3900. 
A fter which they do not make their extraordinary augmentation o f an 
unit in the epaóts, till at the end of another term o f  400 years ; which 
defers that augmentation from the year 4200 to the year 4300. And

this
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this is the rcalbn that tlie rules above cicliver’d will require a variation ia 
the year 4200; whereas it is diredted in this paper tJiat tlie epacts ihould 
be augmented, or (which is tlie íame thing) the golden numbers be let back 
in the calendar 9 times in 2800 years. I'iiis arilcs from the Gregcriafis fup- 
pofing, that tiie difference betwixt 19 folar and as many lunar years woukl 
not amount to a whole day in Icfe than 3 12 years  ̂ whereas it has apjx-ar- 
ed above, that it would amount to a whole day in 310.7 years. But al
though the rule prefcribed in tliis paper comes mucii nearer to the trutli, 
yet the error in either cafe is very inconiiderable, being lo fmall as not to 
amount to a whole day in many thouiand years; and thereiore is not 
worth regarding.

From what has been already laid, a method may be obtained, for fixing j^cthoJof 
with lufficicnt exaélnefs, the time 0I' the celebration o f the feaft o f Eafter^ finding the 
which is governed by the 'vental cquimxy and by the age o f  the moon 
neareft to it. I 'h e  former whereof, when once rightly adjufted, may (by 
the corredions mentioned in that part o f  this paper which relates to the folar parts cf'E^r 
year) be made to continue to fall at very near the fame time with, or at rope, 

moil not to differ a whole day from the ti*ue equinox: and the fame rules 
and diredlions, which, as v/as before iliewn, would, without any great 
error, point out the times o f the firll day o f the moon, would with equal 
certainty point out the 14th, 15th, or aiiy other: and thus the times o f 
the oppofitions or tiie lull moons might be as well marked out thereby, 
as thoie o f the conjun¿lions or the new moons.

I fiiall not at prefenc take noticc o f the canon o f the Council o f Nice^ in 
325, which directs the time o f celebrating £(27?̂ ?*; or o f  the reafons upon 
which that canon was founded. N or ihall I endeavour to explain tlie 
rule now in ufe in the Church o f England for finding Rafter: for, befides 
that fuch an explanation would extend this paper to an impropor length, 
tiiofe points lu ve already been treated oi' by fcveral much abler hands, and 
particularly by our countryman the learned D r Prideanx, N or is it my 
intention to eater tar into die methods uíéd by the Qregorians  ̂ or dioie of. 
the Church o í ox by any other nations or countries, for finding the 
time 0Í that ieail. A s  to our own, I ihall only obfeive, that the m etliod. 
now ufed in England  ̂ for finding the 14th day o f  tlie moon, or the ec- 
cleiialtical fvili moon, on wJiich Eaftir  dependeth, is, by procefs o f  time, 
become confidcrably erroneous: as the golden numbers, wliich were pla
ced in the calendar, to point out the days on which the new mooias fall 
in thoie years o f which they are rcipectiveiy the golden ni;n¡bers, do now 
iland leveral days later in the lame ciian thofe-new moons do really hap
pen. W hich error, as was beibre oblcrved, ariies from the anticipation.
OÍ the moons fince the time o f  the Council o f  iV/Vtf: and as ti’.e venial 
equinox has alfo anticipated 11 days fince tliat tim e; neither that equin ox,.

placinj
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phcin<  ̂ the epadts (which he direfted to be made ufe o f for the future in- 
llcad ot the golden numbers  ̂ much nearer to tlie true rimes o f the new 
moons than The golden numbers then flood in the old calendar : I fay, 
innch nearer to the true times; becaufe in fa¿t the epads, as placed by him, 
were not prefixed to the exact days upon which the new moons then 
truly fell. And this was done with defign, and for a reafon which it is 
not material to the purpofe of this paper to mention.

But the Church oí England, and tlut of Rome or the Gregoruws, do 
ftill agree in this *. that both o f them mark (the former by the golden 
numlxrs, and the latter by the epads correfponding to them) the days 
on which thc'ir ccciefiailical new moons are fuppoled to happen; and 
that 14th day of the moon inclufive, or that tull moon, which falls 
upon, or next after, the 21ft o f Marcb^ is the pafchai limit or full 
moon to bocli: and the Sunday next following that limit or full moon, 
is by both Churches celebrated as day. But the 21ft o f March
being reckoned, according to the Gregorian account or the new ftylc,
T I days fooner than by the Julian account or the old ftyle, which is 
ftill in ufe among US; and their ecclefiailical new moons being 3 days 
earlier than thofe o f the Church o f England; it happens that although 
the Church o f England and that o f Rome often do, yet more frequently 
they do not, celebrate the feaft o f Eafter upon the fame natural day.

It might however be eafier for both, and could occafion no inconve
nience, now that Almanacks, which tell the exact times o f the new moons, 
are in moft peoples hands-, if all the golden numbers and epails now 
prehxed to thofe days o f the calendar, in our book o f Common Prayer, 
and in the Roman Breviary, on w'hich the refpeílivc eccleíiaílicai new 
moons happen, were omitted in the places where they now ftand ; 
and were let only againft thofe 14th days o f the moon, or thofe full 
moons, which happen lietwixt the 21ft March and the i8th o f April, 
both inclufive. Since no 14th day or full moon, which happens before 
the i iñ .  Q Í March^ or after the i8th day of /Ipril, can have any fliare 
in fixing the time o f Eafter. By which means the trouble o f counting 
to the 14th day, and the míílakes which fometimes arife tlierefrom, 
would be avoided.

W e do as yet in England iollow the Julian account or the Old Style in 
the civil year as alfo the old methotl o f finding thofe moons upon which 
Eafter depends; both oí which have been fhewn to be very erroneous.

I f  therefore this nation íhould ever judge it projier to correct the civil 
year, and to make it conibrmable to that'of the Gregorians, it would fure- 
iy be advifable to correct the time oi'the celebration o f the feaft o f Eafter 
likewife, and to bring it to the fame day upon which it is kept and folemni- 
zed by theinhabitantsof the greateft part o\ Europe, that is, by thofe who fol
low the Gregorian account, l-'or tho* I am aware that their method o f find- 
ingthe timeof£í2/(fris not quite exa¿l, butis liable tofome errors; yet ¡a p 
prehend, that all other praííicable methods o f doing it would be fo : and if 
tliey were more free from error, they would probably be more intricate.

aiv.i



íiid harder to be uncicrílood by numbers o f people, than the methoc} o f de
termining tiiat ieafl: either by a cycle o f epafts, as is praclifed by t!ic Grego  ̂
rims^ or by that o f  19 years or the golden numbers, in the mamier pro- 
pofed in tlie ibilowing part o f  this paper: and it is o f  no fmall importance, 
that a matter o f fo general a concern, as the method o f  finding Rafter is, 
ihould be within the reach o f  the generality o f mankind, at Jcalt as far as 
the nature o f the thing will admit.

F o r  which reafon, in cafe the Icgiflature o f  this country ihould before 
the year 1900, think fit to make our civil year correfj^ond with that o f the 
Gregorians  ̂ and alfo to celebrate all the future fcails o\ Rafter upon the 
fame days upon which they celebratc them*, this lait particular might 
Ixr eafily eííc¿ted, without altering the rule o f the Cluirch o f  Rngland tor 
the finding o f that fe a il: and this only by advancing the golden numbers, 
prefixed  to certain days in the calendar, 8 days forwarder for the new 
moons, or 7.1 days forwarder for the 14th days or full moons, than they 
now Ihnd in our calendar.

In order to explain this, it m ud be obferved, that tlie Grsgor’mr ac
count, or the new ftyle, is 11 days Ibrwarder than the Julian account, or tiie 
old ilyle, which we ftill make ufe o f;  that is, the lail day o f any o f  our 
months is the i i t h  day o f  dieir next fucceeding month. I f  therefore 
their ecclefiallical new moons fell on the fame days with thofe o f  the 
Church o f England  ̂ the golden number 14, which now Itands againit 
the lafl; day o f  Rcbruary in our, that is the Julian^ calendar, iliouldj 
when we ihould have adopted the Gregorian calendar, be prefixed to the *
1 ith  o f March. But fince their eeclefiailical new moons happen 3 days, 
earlier than our ecclefiaftical new moons at prefent d o ; fo much ihould 
be deduóted trom thole 1 1 days, by which the golden numbers ought 
ochcrwilc to be advanced; and the golden number 14 fliould not be pla
ced a^ainft the I I t h ,  but the 8th o\ M arch: which being reckoned the 
firft day o f the moon, i f  we count on to the 14th day o f the fame inclu- 
five, that would be tbund to fail on the 2 j l l o f  March \ on which day 
the Gregorian pafchal limit or full moon will happen when the golden 
number is 14. A nd the like courfe fiiould be taken with the reft o f  jh e  
19 golden numbers; which ought to be placed 8 days forwarder than 
tlicy now ftand, it they are to point out the new inoon; or 21 days for
warder than they arc at prefent, i f  they are to mark the 14th day o f tlie 
moon or the full moon : the latter o f which, as haa been ihewn, would 
be more eligible, tlian to prefix thofe numbers to the days on which the 
new moons happen.

I'hus may tne rule and metiiod now ufed in the Church o f  England, be 
m oll eafily adapted to fiitw the time o f Rafter  ̂ as it is obl'erved by tiie 
Gregoriajh\ till the year 1000, at which time, and at the other proper 
fucceeding times, if the golden ncimbersin the calendar fiiall either be ad
vanced or let backward a day, according to the foregoing rules and di- 
reitions for that purpufe, they will continue to ihew us the new or riie iuli* 
moons of rhc Churcli ot kome or the Gregorian calendar v, itii great exad-
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nefs, till the year 4199  ̂ when, as lias been alresdy nicncioncd, there 
muft be a little variation made in thofe rules and direétions.

There is however one exception to thole general rules and direclions,. 
which will be taken notice o f in the next paragrapii.

U iw n thcfe principies I framed the table accompanymg this paper, 
and ihewing, by means o f the golden numbers, ail the Gregorian paichul 
limits or full moons, f r o m  the reformation o f the calendar, by
G regory  inclufive. W hich Ipace ol tijnc is theism d i
vided into 16 unequal portions or periods i at die beginning ot each ot 
which, all the golden numbers, when once they fiiall have been properly 
placed in the calendar, muft either be advanced or fet back one day, witii 
refpe(St to the place where they ftood in the preceding period, agreeably 
to the foregoing rules: except thofe numbers which Ihall happen to Ibnd 
againft the 4th and ftli  o f April to ihew the pafchal new moons, or againft 
the 17 th and iSth o f the fame month to mark out the pafchal full moonsj 
both which numbers at fome times, and only one ol them at others, muft 
keep the fame place for that, which was allotted to tliem in the immedi
ately preceding period.

In o rd e r  to determine at what times, and on what occafions, this ex 
ception is to take place •, let it be obfei-ved, that, in tlie months o f 7«̂ «* 
Mar. and fome others in our prefent calendar, as well as in the table 
above-mentioned, fome o f the golden numbers ftand double or in pairs, 
and follow one the otlier immediately; whilft others, on tiie contrary, 
generally ftand fingle and by themfelves.

N o w , when any oftliofe pairs, or 2  numbers which ufually accompany 
each other, happen, in purfuance o f  the foregoing rules» to be prefixed 
the one to the 4th and the other to the 5tii o f April for the new moons,, 
or the one to the 17th and the other to the 18th o í April for tiie p-afciial 
limits or iull moons: and when any o f diofe numbers, wliich generally 
ftand- fingle, are prefixed, according to the laid rules, to the 5tli o í April 
ior the new moons, or to d)c 18th for the full m oons: in thefc cafes thofe 
pairs or fingle numbers tliat are fo fituated, muft not be fet for^vard or ad
vanced at the beginning o f  the next period, but muft keep their places du
ring another period, i f  the foregoing rules direct all the golden numbers 
to be advanced a d a y ; which muft be complied widi in. respect to all the 
other golden numbers, except thofe fo fituated as above. Inftiinces where
o f may be feen in the table, under die refpeétive periods beginning widi 
the years 1 9 C O ,  2 6 0 Q ,  3  l O D ^  and 3 8 0 0 .

But if, in conformity to the foregoing rules, all the golden numbers 
are to be fet one day backward •, thofe pairs or fingle numbers, tho’ fitua
ted as is above-mentioned, muft not keep their places, but m uft m ove 
one day. backward like all the other golden nun^bers *, as they may be feen 
^  d^ i^the periods beginning with the years 2400and 3600.

Í ó give a.plain and intelligible account o f  tlie reafon, on which the di- 
reitioas now given with refped to this excepdon are ibunded, would 
cxtcn .̂l this paj>er, already too long, f;ir beyond its due and proper

bounds.
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bounds. I lliall therefore content m yfclf with obfcrving, that it depends 
chiefly upon the nature o f  the P/(fw/and Menfes Cavi^ into which
the lunar year is ufually divided : and that, in order to make life o f the 
o-olden numbers for finding the time o f the Gregorim Rajier̂  ̂ i t  will be 
neceflary not only to conform to the general rules laid down in the for
mer part o f this paper j but alfo to follow the direélions ju ft  now given, 
with refpedl to the abovementioned exception to thofe general rules.

But I Ihould not do juftice to Peter Bavall^ of the Middle Tmtple E iq; 
Secretary o f the Society  ̂ did I not here acknowledge, that, before I 
had fo fully confidcred thefe matters as I have fince done, I had the firft 
hint o f  applying the golden numbers to find the Gregorian pafchal limit 
or full moon, from him ; who has fince that tinic compofed and drawn 
up tables, & c. which may pofTibly be o f conHderable and general uic in this 
nation liereafter.
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A. T A B L E ,  ihewing, by means o f the Golden N um bers the fevcral days on which the 
Pafchal Lim its or Full Moons, according to the Gregorian Account, have already happened, 
or will hereafter happen; from the Reformation o f the Calendar in the Year o f  our Lord 
15S2, to the,-Year 4199 inclufivc.

T o  find the D ay on which the Pafchal Lijnit or Full Moon falls in any given Y e a r ; Look, in the Column of 
Golden Numbers belonging CO that Period o f  T im e wherein the given Year i> contained, for the Golden Nam- 
her o f  that Year; over-againft which, in the fame lane continued to the Column intirfcd/'.v/T-.W/!w// 
you will find the J)ay o f  tnc Month, on which the Pafchal Limit or Full Moon happens in rhat Year. And the 
Sunday next after chat D ay is Eajier D ay  in that Year, according to the Qreg^rian Account.

Golden Numbers from* the Year 15 83 to 1699, and fo on to 4199» all incluCve. Pafchal 
Full Moons.

1583 11700 1900 2200 2300 2400 2500 2600 2900 3100 3400 3500 36! ô 570c 3800 4100 D ays o f  the
to to to to to to to to to to to to to to to 10 Month, and

1699 1899 2'99 2299 2399 2499 2599 2899 3099 5399 3499 3599 3699 3799 4099 4199 Sunday Letters

-»0 *4 — 6 *7 ó *7 — 9 — 1 12 1 12 . ■— 4 March 21. C
— 3 ^4 — 6 6 «7 — 9 — I 1 12 --- 22. D
11 — 3 H — • ‘4 6 »7 — 9 — 9 — 1 12 —  25. E

! I — 3 14 3 H 6 ‘7 — 9 — 9 — 1 —  24. F
>9 11 3 •— 3 *4 — 6 *7 — »7 — 9 — —  25. G
8 '9 — 1 I — 1 I — 3 H —- 6 17 6 »7 9 —  26. A

— 8 '9 11 — 11 — ■ 3 *4 — 6 — 6 *7 —  27. B
16 8 >9 — '9 — 11 — 3 H — H — 6 Í7 —  28. C
5 16 8 ■9 8 — 11 — 3 14 3 '4 — 6 —  29. D

5 i6 — 8 — ! 8 '9 11 — 3 — >4 —  30. R
*3 — 5 16 — 16

! 161

8 '9 — . f 1 11 14 —  3 1 . K
2 »3 — 5 16 •B

>
16

8 *9 — 1 1 — 11 3 April i . G
•' 2 ‘3 •— 5 5 8 '9 19 _ 1 1 —  2. A

10 — 2 »3 *3 lb — 8 «0 8 — 1 1 —  3. B
— 10 — 2 13 2 »3 — 5 16 — 8 — 8 IQ —  4 - C
18 10 2 '3 ~ «»

? 1Ó 16 — 8 *9 “  5- P
7 18 —— 10 — 10 — 2 »3 16 ■; 1Ó — 8 —  6. E

—— 7 18 — 10 (0 — 2 «3 *r 5 16 - —  7 - F
'5 7 18 — 18 — 10 — 2 '3 *3' 16 —  8. G4 15 7 18 «9y 18 — IC — 2 13 2 13 5 —  9. A4 '5 7 7 18 — 10 — 2 — 2 >3 —  10. B
12 ■ ■ 4 15 — <5 — 7 18 — 10 10 2 •3 —  II .  C

1 1 2 4 *5 4 — / 18 — 10 — 10 2 —  12. D1 I 2 ■— 4 •— 4 *5 — 7 18 18 10 —  13. E9 t 12 } 2 — 4 >> — 7 18 7 18 — IC —  14. F
9 1 12 I 12 — 4 *5 — 7 7 18 —  15. G

1/✓ 9 1 1 1 2 — 4 — 7 18 —  16. A
6 17Z' *7 9 ' 9 •— 1 12 12 4 ■> 4 "Í 7 —  17. i>' 4 0 6 *'/ y 17 9 9 I I 12 4 12 4 4 >5 —  18. c

—  19. D
—  20. E
—  2 1 . F
—  22. G
—  23. A—  24. B
—  25. c
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X X II. M o n fic u r /i AÍJWwVr w rites to  m e, that there is, at Leyden^ zn Pert e f  a
Arahick m anufcript o f  Ibn jounls ( i f  I am  n ot in ifta k e n  in the nam e, for it Lco-
is not d iftin élly  w ritten  in the letter), w h ich  contains a h ifto ry  o f  aftrono- 
m ical obfervations. M . le Mounter fays, that he in fifted  ftro n g ly  on Berlin, ani
p u b liih in g  a g o o d  tranllation o f  that b o o k . A n d  as fuch  a w o rk  w o u k l P. 5. To 
contribute m u ch  to  the im p rovem en t o f  A ftro n o m y , I fliou ld  be g la d  to 
fee it  p u bliih ed . I am  v e ry  im p atien t to  fee fuch a w o rk  w h ich  contains 
obfervations, that are not ib old  as tliofe recorded b y  P tohny .  F o r  h av- ¡a¡n]o tC  
in g  carefu lly  exam ined the m odern  obfervations o f  the fun w ith  thofe o f  Prime o f 
fom e centuries paft, a lth ou gh  I have not g o n e  farther back  than the 15 th  Wales, 
cen tury,, in w hich  I have found Wdther^% obfervations m ade ■dX.Nuremherg\ 
y e t I have obferved that the m otion  o f  the fun (o r o f  the eartli) is fenfibly 
accelerated fm ce tliat time-, fo that the years are íh orter at prefent than Earth/<7 
fo rm e riy : the reafon o f  w hich  is v e ry  n a tu ra l; fo r  i f  the earth, in it*s Sun. 7V«n- 
m otion , fuffers ib m c little  refiftance (w h ich  cannot be d o u b ted , fince 
fpace th ro u gh  w h ich  th e  planets m o v e , is necefíiirily fu ll o f  fom e fiibtile 
m atter, %vere it n o  oth er than that o f  lig h t)  the e ifcc i:o f this refiftance w ill f .  R. S. 
grad u ally  b rin g  the planets nearer and nearer the f u n ; and as their orbits 493- p- 203. 
thereby becom e lefs, their periodica) tim es w ill alfo be d im in ifhed. T h u s  Ecrhn> 
in tim e the earth o u g h t to  com e w ith in  the region  o f  P'emiSy and in fine 
into th at o f  M ercuty, w here it v/ould neceíílirily be burnt. H en ce  it is No\  ̂ 2. 

m anifeft, that the fyftem  o f  the planets cannot la il for ever in it ’s (prefent) 1749. 
ftate. It alfo in conteftably follow n, that this fyftem  m u ft have had a b e
g in n in g : for w h o ever denies it , m u ft grant m e, that there w as a tim e, 
w hen th e earth w as at th e diftance o f  and even  farther ■, and con -
fequently that no liv in g  creature co u ld  fubfift there. N ay there m u ft 
have been a tim e, v. hen the planets weru nearer to  fom e fix t ftars than to  
the fun ■, and in th is cafe th e y  co u ld  n ever com e into th e folar fy ftem .
T h is  th en  is a p ro o f, p u re ly  p h yfica l, th at the w o rld , in it’s prefent ftate, 
m u ft have had a b e g in n in g , and m u ft  h ave  ?n  end. In order to  im p rove 
this notion , and to  find w ith  exactitu d e, h o w  m u ch  the years beconic 
íhorter irv each cen tu ry  *, I am  in hopes that a great n u in b er o f  o ld er o b - 
ien 'ation s w ill afrbrd m e the necefiliry fuccours.

XXin. I am  flill th o ro u g h ly  con vin ced  o f  the tru th  o f  w h at I ad- Pott o f  a Ut- 
van ccd  * , that the orbs o f  the planets con tin ue to  be con tra¿led , and 
Gonlequently their periotiical tim es g ro w  íhorter. B u t i n  order to 
this ta i l  ou t o f  d o u b t, w e  o u g h t to  be furnifiied  v,’ith g<jod ancient obi'er- ^
vatio n s, and alfo to  be v e ry  fure o f  the tim e elr.pl'ed, nnce thofe obferva- Wctftein, 

tions, to  this- d a y :  w liich  w e  are n ot, w ith  regard  to  the obfervations
that P / ijte v  has k*l't us. F o r  C h ro n o lo g ifts , in fix in g  the m om ents o f
thoic obfervations, run in to  a m ifta k e , b y  fu p p o fin g  the fun ’s m ean m o- 
tion  to  be k n o w n ;  w h ich  o u g h t rather itfeli to  be determ ined b y  thefe//v Orbits 2/*
Ííimc obfervations. N ow , i f  v/e reduce th e d ays m arkctl b y  Pto!em  to  Planets.

r̂̂ tnjlattd 
J\!in ti.e

f  In th :  preceding pnper. Fjciwh
the

Concerning the Contrallen o f the Orbits o f the Planets.
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T- s. iV. i>. tlie liúíün  calendar, we run the rifque o f conimitthig an error o f a day 
ortv/o, in the whole number o f  days elapfcd, from tlut to our time-, 

^  becaufc the courfe o f the years, according to which every 4th
BciSiaTicc. ought to have l>een b'tffixtilc, has been frequently interrupted by the Pon  ̂
2̂ . I "49* tijicci t ot wiiich we find ibine lure marks in Cotfoviftus and Diou Qajjius.

March Wherefore it might well happen, fincc the times marked Ptokmy^ 
*' that there has really been a day or 2 more than we reckon, and confe-

quentiy, that Ptokmf% equinoxes, ought to be put a day or 2 back ¿ 
which would lengthen the years o f thole times. I was in hoj>es, that tlic 

. obiervations would not be liable to this inconvenience •, bccauic
the calendar has not been interrupted for thcfc laft 1200 years.
T lie  late D r llalley had alio remarked, that the revolutions o f the moon 
are quicker at prefent than they were in-t!ie time o f the ancient Chaldeans  ̂
who'have left us fome obfervations o f eclipfes. But as we meafure the 
length o f years by the number o f days and parts o f  a day, which are con
tained in each o f them j it is a new queftion, whether the days, or the 
revolutions o f  tlie earth round it’s axis, have always been o f  the fame 
length. This is unanimouily fuppofed, without our being able to pro
duce the leaft proof o f i t : nor indeed do I fee, how it could be poilible 
CO perceive fuch an inequality, in cafe it had really exiiled. A t  prelenc 
we meafure the duration o f a day by the number o f  ofcillations, which a 
pendulum o f a given length makes in this fpace o f time : but the Ancients 
were not acquainted with thefe experiments, whereby we might have 
been informed, whether a pendulum o f the fame length made as many 
vibrations in a day formerly as nov/. But even though the Ancients had 
adually made fuch experiments, we could draw no Inferences from them, 
without fupj)ofing, that gravity, on which the time o f  an olcillation de
pends, lias always been o f the fame forcc : but who will ever be in a con
dition to piove chis invariability in gravity? I'lius, even fuppofing that 
the days had fuft'ered confiderable changes and that gravity had been 
altered fuitably thereto, fo tl\at the fame pendulum had always completed 
the fame numl^er o f vibrations in a day i it would nevcrthelefs be ftiil im- 
poiTible for us to perceive this inequality, were it ever ib great. And 
yet I have fome reafons, deduced from ju p iter\  aclion on the earth, to 
think, that the earth’s revolution round it’s axis continually becomes 
more and more rapid. For the force o f  Jupiter fo accelerates tlie earth’s 
motion in it’s orbit round the i'uw, that the diminution o f  the years would 
be too fenfible, it the diurnal motion had not been accelerated nearly in 
the fame pro])ortion. Wherefore, fmcc we hardly at all remark this con- 
iklerable diminution in the years, from thence I conclude, that the days 
fufFer much die fame diminution i fo that the fame number will anfwer 
nearly to a year.

AttfM rrrtthcd X X IV . The .great ufefulnefs o f arches, firmly fixed to walls in the 
of making a plane o f the meridian, is well known to all who are the leaft acquainted 
Mural (<u.i aftronomical ftudies. Hence it comes to pafs, that few oblérvato-
drant, ‘  ’

nes
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rics  are tliought to be well furmfncd without one; but however it \%fi>aUbefree 
found, that there is no wall lb foUd and iinmovable, and no bond o f  i r o n e f  
or other metal fo ftror^g, as to keep this inftrument perfedly true with 
regard to die axis o f the eartli. I  have thought thereiore o f  a new con- 
trivance, and propofe  ̂ mural arcb  ̂ furnirtied with a telefcope and xti\- ufearefufyat 
crometer, to be conft5u€ted under the following conditions ; h  ChHftian

1. T lu t  it may be fcen at any poijit o f  time, whether the plane o f  5
inftrument be placed vcttically : and ^

2. Whether a perpendicular pafies cxadtly through the centre o f  the 507. March
quadrant, and beginniiig o f  the divifion o f  the limb. &c. 1747.

3. Thar the aberration oí the plane of the quadrant from the vertical 7-
line may be correiSted, without altering the pofition o f  tlie beginning of
the divifion. on the limb, with regard to the perpendicular: and again 
that

4. T h e aberration o f the begiiuiing o f the divifion on the limb, from 
die perpendicular may be correóled, without changing the notable po- 
iicion o f the plane oí the quadrant, with regard to the vertical line : in 
like manner

5. That the deviation o f  the plane o f  the quadrant from the plane o f 
the meridian, may be amended without altering the perpendicular lituation 
o f the plane o f  the quadrant, and o f the beginning o f the divifion on the 
limb.

6. T hat it may be quite free from the variation that may be produced 
from the extenfion o f the metals by heat and cold.

7. T hat it may eafily be redtified that is, that it may eafily be fcen, 
whetJier tlie line, pafilng from the objeft, through the interleibion o f 
threads in the tube to the eye, is exaélly parallel to the line pafiing thro' 
the centre o f the quadrant, and the divifion (hewn by the rule, and to fet 
it eafily right when there is occaíion j a buíinefs othcrwife very laborious 
and difficult.

T o  obtain all thcfe requifites, let there be
j. A n  iron fulcrum a a ay ccb^ o f  which the part to be applied to rhf rig. 15, 14, 

wall is dcfcribed in 13. and the other in Fig. 14. It confilts o f an 
iron fqunrert a and a tranfverfe rule c r, ftrongly failencd with nails to . 
ri*e fquare. In the horizontal arm o f  the fquare is bent, that it may 
projed behind, having befides, a round horizontal hole, the ufe 01 whicíi 
will be iliewn below, and another fmaller vertical one, formed to receive 
the Ikrew m.

2. On the back o f ú\^ fulcrum^ at the vertical arm o f  the fquare, two 
cars e b ky and d are iaftened with nails. I'he upper one e h k ends 
below in a cylinder . and ikrew k. T h e lower one J  ̂  at g  is hollowed, 
and conically excavated in it’s lower furface.: and the axis o f the cylinder 
by and the ape;i o f  the conc^, muft be in the fame line; and that parallel 
to the anterior plane o f  the Iquare a a, Fig. 14. but the utm oil exaélnefs 
in thd'c is not ncceffary,

3. Into

A  New Method o f making a Mural Quaorant.
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2. Into the wall itfcll, parallel to the plane o f the meridian,  ̂

corbels, a gh^ c mult be let in*, and ftrongly failcncd; two o f 
which, a b and g  are nearly equal, and in the fame perpendicular line. 
T he upper one ¿  ¿7 has a cylindrical hole o f  a fufficicnt capacity to ad
mit the cylinder ¿  o f the fulcrum^ Fig. 14. T he lower corbel has 
inftcad of the hole, a conical apex ĝ  to enter into the cavity o f the car ĝ  
pig, 13. T he diftance between.thefe corbels muft be fuch, that the cy 
linder jÍ>, Fig. 13, 14, being let into the hole Fig, 16. and tht aĵ ex 
gy Fig. 16. mto tlic cavity ĝ  Fig. 13. the whole weight o f the fulcrum 
may be futlained by the apex gy and the fulcrum may be turned about 
horizontally with ealc. Therefore the part £■ o f the upper ear. Fig. 14. 
muft not prefs u¡x>n the corbcl, but be at Jbme little diftance from it. 
But to keep the apex gy Fig. 16. from flipping out o f the cavity gy Fig.
13, a female fkrew may be added to the male one ky by means of wliicii, 
preiTmg the lower part o f the corbel w/» die fulcrum is fuificicntly dcpref- 
ied vertically to the apex g.

4. That the cylinder iíí. Fig. 14. may be kept fteady in the h o le-6, 
Fig. 16. let there be added another fmaller horizontal íkrew / , or ?. on 
die oppofite fides, touching the cylinder in tJie Jiolc. That tiie axis o f 
the hole and t\\̂  apex gy Fig. 16. may be in the fame pcrj-)cndicular, 
is no difficulty to efteót in practice, becaufe thefe corbels may be fo dif- 
pofed in the very building o f the wall. Firft, the lower one g  by and 
then, the upper one h ay being fet by a perpendicular, the line oí which 
muft pafs through the axis ot a brazen diik cxaólly filling the cavity o f 
the hole h.

5. T he third corbel c e. Fig. 16. confifts o f  a thick male íkrew ftnnd- 
ing out a good v.'ay trom the wall. I'he hole Fig. 14. being o f  I'uf- 
ficient capacity to this Ikrev/ pafs, the upjxT part of the fkrew muft be 
taken off, that it may have a horizontal plane, on whicli the fkrew in Fig. 
14. may reft. Therefore the cylinder by Fig. 14. being let into the hole 
by Fig. 16. and the cavity^  of the ear /■/>. 14. being applied to  the 
cone ¿-I Fig. 16. aiid a female fkrew being added at Fig. 14. and ap
plied to the lower part o f t!ie corbcl a by Fig. 16. to- the íkrew o f the cor
bel f  let there be applied a plain female fkrew, orbicular, and indented 
in the edge, that it may be themorc eafily turned by akey madeonpurpofe, 
and brought near to the part ot the corbcl r. 'I'hcn, by turning the fu l
crum about horizontally, let tiie fkrew Cy h g . 16. into tiie hole ot tiie hori
zontal arm o f the fukrumy and turn the Ikrcw m about, till it touches 
the plane o f the thick ilcrew o f the corbcl ^ and the corbel itfelf iuftains 
fome part o f tlie weight o f the fulcrum. 'I'hen let there be adck,*d another 
.plain and indented female íkrew to the male one €y Î lg. \ 6. and let it be 
turned to the plane o f the horizonul arm o f tiie fquare, which is bent on 
purpofe thus to receive this female ikrcw, that it may not hinder the 
fufpenfion o f the quadrant on the fulcrum^ and that the greater k n m h  
may be allowed to the tliick fkrew o f the corbel e. T hus -the part /Tof 
ÚKfulcrumy Fig. 14. refts vertically on the fkrew oí the corbcl e Fig. 16.

and
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and is kept in the azimuthal pofition by the 2 indented female ikrews o f 
the corbel c e. N ow  if  any aberration happens in the pofition o f the m u
ral plane, it may at any time be corrcóted by means o f thefe indented 
fkrews I 'h e  reader will eafily imagine that the hole o f  the horizontal 
arm b muft be large enough, and ot an oval figure, that it’s uarrownefs 
may not obítruól the azim utlul motion.

6. T he anterior part o f the/«/crw;;;. Fig. 14. has 3 corbels, «, 0̂  and 
p. T he firfi:, is in form o f a cuoe or parallelipiped, only it’s upper fur- 
iace is excavated femicylindrically. T he fecoud, í?, is in ibrm ot a hook, 
and is dcfcribed feparately, in Fig. 15. T he third, py is only a promi- Fig- *5- 
nent male íkrcw. T h ey all muft be fitted as firmly and cxiótly as 
poiTible.

7. T he quadrant itfelf muft be o f folid metal. It’s anterior face is re-
prefented in Fig. 19. It muft be of a fufiicicnt thicknefs, and properly Fig. *9. 
exceeded by it’s limb. T o  reilify  the plane o f  the limb, tliere muft be 
a rule compofed kk  o f two, one o f which rr  is perpendicular to the plane 
o f the other kk  ̂ fo that it may not eafily be bent to cither fide. I'he 
edge o f the rule rr muft ,be perfectly ftrait, and ihew the right line which 
is in tlie plane o f the anterior furface o f the limb. T his rule is fixed to 
the back o f the quadrant by íkrews. Now if  this rule falls in well with 
the plane o f the limb in ;;; and and another rectilinear rule to examine it Fig. ô. 
is fixed to the centre, it will eafily appear whether the limb and edge rr  
o f the rule are in the fame plane, and coni'equently whether the plane o f 
the limb is riglit. For only one right line can be drawn from the points (
m and which by the hypothefis really exifts in the the edge o f the rule *
r r : and but one plane can be drawn through the right line mn and the '
point a. N ow  if the examining rule fixt at a exactly touches every where 
the edge o f the rule r r ,  and the limb o f the quadrant, the plane o f  the 
limb muft neceffarily be in the plane o f the triangle anm. A fter exami
nation and correction, this rule rr  is fuperfluous, and may therefore be 
taken away,

8. In the back o f  the quadrant. Fig. 20. let there be two brazen fup- 
ports ab and e/ , well faftened with (krews to the furface o f  the quadrant.
L et the fup|X>rt ah have an oval hole \x\b\ let there be 2 pointed íkrews 
in c and d. T he fides o f  the hole are con vex above, that th.e corbel Fig.
14. being let into this hole, the hollow part a o f  the corbel. Fig. 15. may 
be filled, ynd the points o f the liorizontal íkrews. Fig. 20. € and may 
fit the lower convex part o f  the corbel or hook. Fig. 15. on the two op- 
pofite parts, that fo there may l̂ e no danger o f  fhaking.

9. Another fupport c f  fixe in e to the ikrews in the plane o f the qua- 
<irant, has a redtangular hole at / , whicli is entered by the vertical male 
fkrews h  and /, the ufe o f  v/hich is as follows. I'h e  corbel or liook 
Fig. »4. being let into the hole ot the fupport aby Fig. 20. the corbcl h 
F i^. 14. is allo let into the rectangular hole of the fupport e/ , and thtapex 
of the ikrew which ought to be hemifpherically convex, ilands in the ca
vity o f the c o r b e l 1 4. and fobv the motion o f the ikrcw ¿j, the pofitioa
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o f  the quadrant becomes fomething variable by rifing and falling. T he 
hole/out^ht to be pretty large for this puri^fe ; but when once a con
v e n ia t pSfition is determined by the upper ikrew, then the |li‘-jkmg o f 
the quadrant bccomes ufelels, and it is made fail to tiie corbcl by tlie

lower ikrew /. . i • • , j
10- By tlicfe two fupports the quadrant may be kept m it s due po-

fitionj and correded when there is occafion, with regard to the begin
ning o f the divifions on the limb, to make it agree with the perpendi-

* fular drawn thro* the centre o f the quadrant. But the plane ot the
quadrant muft alfo be i^erpendicular. T o  cftea: this there muft be 2 
piano-orbicular female ikrews, embracing the male Ikrew y>, Fig. 14 ; 
the firft o f thefe, which muft be indented, muft be applied to the male 
one/» before the quadrant is applied to the corbels o f the fulcrum. But 
when the quixdrant hangs on the fupports r and /  20. and the
ikrew p  is lodged in the hole f, Fig. 19. and 20, which muft be fuffi- 
ciently large and o f an oval figure, that it’s pofition may be varied by 
the upper ikrew h. Fig. 20. o f the ear; then the back ot the quadrant 
is fuftained by the indented orbicular female ikrew, applied to the
male one Fig. 14. above defcribed, and the face by the other orbicular
female ikrew, which is to be turned about by a fort o f key thruft into 
fome little holes made on purpofe. T h e plane therefore o f  thefe female 
fkrews muft be fo large as not to enter the hole o f the quadrant. And 
thus the quadrant is not only held tight on both fides by thefe 2 ikrews, 
but alfo can be moved backwards or for\vards on occafion, becaufe it’s 
fufpenfion on the corbels 0 and w. Fig. 14. does not hinder this motion. 
But becaufe the too great length oi the iTcrew^ is on obftacle, it w'ill 
be proper to make the anterior female ikrew o f iuch a form, as is defcri- 

Fig. 23. bed in the feftion Fig. 23. where the margin a b muft touch the anterior 
face o f the quadrant, and the neck c d muft enter the hole r. Fig. 19.

11. I'he centre o f the quadrant <7, Fig. 19. is hollowed cylindrically to 
admit the joifrt of the rule. In the back o f the quadrant, by means o f 
the ikrews, is fixt a plate m Fig. 20. having a fquare hole ?;/, anl'wering 
to the centre ; and let this fquare be infcribed in a circle o f t!ie hole 
Fig. 19, or a little lefs. The plate ?» ;;,/% . 20. muft have a proper 
thicknefs, and be doubly lx:nt according to the fquare, and end in the 
face in the part Fig, 19. diftant enough from the plane o f  the quadrant, 
to hold a thin ftyle which enters the centre o f a pin, and the fuftaining 

Fig. 21. thread o f the perpendicular. The pin is delineated in Fig. 2 1. where a is
the head, and ¿  a cylinder exa¿lly filling the cavity o f the centre o f the 
quadrant and rule, c a fquare piece to be admitted into the hole Fig. 
20. d a male ikrew, to which a female one is to be fitted.

22. 12. Fig. 22. ihews the quadrant with the rule and apparatus o f  the
perpendicular: r  is a line infcribed on tlie furface of the quadrant,
v/hich would pais thro’ the centre if  it was continued, where the be
ginning is o f the divifions on the limb, h i kg  is a paralleiipipcd, hollow
ed as in the figure, faftened by ikrews to the plane o f the qundrant, in

v»'hich
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which the thread m 0 hangs pcrpendiculariy on the line p  r, Svltidir may 
be cafily j.>errbrmed. Another tiircad / k is parallel to tlie plane o f  tl>e 
(juadrant, but ac a diftance exodiy equal to the height o f  tin: centre in 
tfie pin c. L e t a third be added like the lecond in the oppofite fide 
o f  the parallelipiped h g  v.

13. The thread, which is to be hung on the tliin ílyle that enters 
the centre o f  tlie pin is to be made o f  human hair, eafily fuftaining 
a weight o f half an ounce/, and m uil fwing freely in the cavity o f  the 
parallelipijjed h i  k g. I 'h e  fmallcr tlireads o f the parallelipiped m 0, i ky 
^ c . m ull be aUb made o f  the fame hair, and have an equal thicknefs.
T he ule o f them is to fhew eafily the pofition o f the cjuadrant witli re
gard to the perpendicular e f .  For by levelling by the eye thro* tiic 
thread m 0 to the line p  r , one may ju d ge exa6tly wiiether p  r , the be
ginning o f the divifions on the limb, agrees with tne perpendicular c f .
A gain, by levelling thro* the thread i  k to  the other op¡X)fite, one may 
fee whether the plane oi the quadrant is parallel to the perpendicular.
But i f  inltead ot the parallelipiped, 2 little bridges are I'ublUtuted to 
fuftain thefc 3 threads, the fame end will be more Hiortly .obtained, and 
as a fmall fpace is fufficient for the ofcillation o f  the thread c / ,  the 
difpofition of tliefc 3 threads may be fuch, that the level may be taken 
by convex glalles; which will be convenient for thol'c who have not 
good eyes. T h e orbicular margin o f  the female ficrew by and the male 
ikrcw ot the fulcrum py Fig. 14. which it embraces, fliould projeél fo far 
beyond the fuiface o f  the quadrant, as not to hinder the ofcillation o f the 
line c / , or the place o f thofe ikrews and o f  the hole in the quadrant 
fiiould be without tiie fpace o f the ofcillation o f the line. But if  the 
Ílru6lure o f  the obfcrvatory will permit a view of the ftars from the ho
rizon to the zenith, then the rule ought to have a free accefs to the line 
p  Ty and fo the parallelipiped h i k g  nnift be placed a little lower into 
the appendix, or a little higher into the vertical arm, and the appendix 
itfelf ougiit to have a convenient incifion.

14. I proceed now to the rule itfelf, which is drawn as to the greateft
part fcenographically in Fig, 22, and diftinguilhed by the letters n n n 
obfcrving a ju ll  magnitude and proportion o f it’s parts. I íliall now 
give a particular explanation o f the ftrudure o f this rule, becaufe it is 
very pecuhar. 7tn>i n is the plane o f  the rule which turns about upon the 
pin c, I 'iie  danger o f  it’s bending is prevented by another rule d d dy 
to be ftrongly jraltened ¡ícr|>endicularly to the plane n n n. T h e d iv i
fions o f the limb are fiiewn in the aperture or window o f the rule 
A* .V . ?  Í  is the tclefcope. N ow  if  you would have the rule to fiiew
exactly the degree o or i o f  altitude on the lim b, there will be nothing 
wanting in the machine, but to have the line from the object tliro’ the 
decullati(in ot the threads o f  the teleí'cope to the eye, parallel exactly to 
the line paiTnig tiiro* the centre o f  tlie (juadrant, and the degree 0 or i 
ot altitude on the limb. But as the tube cannot be fix’d at firft after this 
manner to the rule, I would have it fo conneóled therewith, that in the

LÍ 2 pofition
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Fig. 30.

pofition dcfcribed in Fig, 22. it may have fome fort o f motion, not on
ly to the altitude, but alfo to parts o f the azimuth. T he motion to 
tlie altitude is performed by the ikrews ti w, and the motion to tlie 
azimuth by the íkrews w Wy all which are more particularly and 

Fig. 25. dilHnftly delineated in Fig, 25. feq.
15. I1ie  motion to the altitude is cfteéled after the following manner. 

A  foot or little bridge, Fig. 30. is faftened to the tube in a convenient 
place*, the bafc h c k is plain and rectangular, at ¿ and c k the thicknefs 
o f the metal is lefs. T he part i is pcrpcndicularly taftencd to the balf, 
to this is conno6led another voluble part n a~m by means oí the ilyle by 
which paiTes thro* the joints o f both parts. In a the voluble part is ex
cavated, bending in fuch a manner as to receive the tube faftened into 
this canal with tin. The bafc o f this foot ¿ f  ¿ is faftened to the plane

p¡g o f the rule by two brazen pieces. Fig, 31. which I call dcprejfors o f the
foot. Thefe deprefibrs have 2 holes, k and ?;/, to receive the llirews and 
the 2 apices h and 7 ,  which are to be thruft into little holes j>erforatcd 
for this purpofe in the plane o f the rule. A ll this will be better under- 

Fig. 26. ftood by the ichnographical horizontal delineation Fig. 26, where a a n
part o f the tube, h Cy c e the foot, e e the bafc o f the foot, b c the v o 
luble part o f the foot faftened to the tube, / /  the 2 deprefibrs o f  the 
foot, g  g  male Ikrews, which enter matrices excavated in the rule, anci
in this manner depreíTmg the foot at will to the plane o f the rule. Fig,

Fig. 29. ^?* il'cws the vertical delineation; a a part o f the tube, e e, f f  ikrews
ot the deprefibrs; and the foot itfelf is hid under the tube: gy b arc 2 
male ficrews, tlie ends o f which are plain, and kee > the foot ciofe and 
unmoveable, and when the horizontal pofition o f t le tube is to be alter
ed by elevating or deprefiing, it is cafily performed by the revolu
tions of thefe ficrews : but then the ficrews o f the deprefibrs o f  the loot 

/ / , c Í, muft not deprefs the foot too ftrongly to the plane o f  the rule.
16. Now follows the motion to the parts o f  the azimuth, which be-

*■'»£■ 33‘ delineated Fig. 33, we fiiall call the tabula plicata. It confifts o f  a
reéfcangular plane of brafs k f  g  by on which refts at right angles another 
plane a b f / ,  the fides ot which, a f u n d  b Cy are in the curvature o f a 
circle drawn irom the centre ot the hole the margins, a f  and d b cgy 
are hollowed at right angles, in the fame manner as the bafe o f the 
iooi Fig. 30.  ̂ T o  this mult anfwer 2 deprefibrs like that in Fig, 31. 
only thefe,  ̂ i*, mult have a pro]>er curvature. The plane k f g  b  has 
rectangular apertures r,i r ;; and 0 fp y  to receive the appendages o f  the 

11" tube, which I fiiall defcribe prefently. In Fig, 32. a a h  part o f  the
tube, f  e the vertical part o f the tabula plicata, faftened to the plane 
of the rule by means ot the pin b, and turning about the pin, c c 
znáddy the deprefibrs o f the table and their ikrews. is a  feaion o f 

F<2. 33. part o f the horizontal table, which is mark’d in J%. 33. by the letters
TXiculiar appendages, faftened to the tube, which end 

m male ikrews, and part ot this anfwers to the quadrangular perfora
tions m n and 0 py Fig. 33. fo that according to the length m r o x  0 Sy

they
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they may be removed this way and that at any convenient diftancc, and 
yet by means o f  the female ikrews k the little orbs i i being interpofed 
beforehand, be ílrongly faftcned whenfoever you pleafe to the plane o f 
the table. But if. Fig. 25. the telefcope is raifcd or depreíTed by the 
ikrews u u againil the fides o f  the foot, this is j>ennitted by the pin 
o f  the complicated table, the fkrews o f the depreíTors x x being a little 
Joofened. Again when it is to be performed to the azimuthal m otion, 
the appendages w  w , the female Ikrews being on each fide relaxed, 
confequently the tube itfelf is moved forward, which is alfo permitted 
by the jundure o f the foot. But if the appendages Fig. 32. arecon- 
nefted tranfverQy by a ftrong piece o f metai, this azimuthal motion may 
be rendered eafy and fecure by the ufe o f one ikrew.

17. Bcfides the rule h;is a peculiar appendage, which fweeps the back 
o f  the limb. It confuís, Fiĝ  25, and 26. o f  a part bent at right 
angles J  very ftrongly faftened to the plane o f the rule, and another 
voluble one k o, with a ilyle conne£l:ed by it’s joints with the im 
moveable A  niy in the voluble part the little orb Fig. 26. turning 
about tlic cylinder whicli ends in a ikrew, fweeps the back o f  the 
limb, and is preíTed againft it by the clauftrim n s with the fkrews 
s s s s, Hg. 25. T h e rule being then moved to any divifion is faftened 
by the ikrew to which is objedted a thin plate u /, Fig. 26. which 
hinders an immediate contact, that the ¡x>int may not excavate the me
tal o f tlie limb.

18. In the glaíTes o f  the telefcope I do not require what they call a 
centration, that is, that the greateft thicknefs m a y b e  in the middle o f 
the glafs, a tedious and laborious bufinefs. I would only have the 
glailes, efpecially the object glafs, have a conftant fituation in the tube, 
to which, if  they are taken out to be cleaned, they may eafily be reftored.
T he Engli/h artificers commonly fix the eye glaíTes, efpecially o f refie£ting 
telefcopcs,. ftrongly in cylinders cut fpirally, and fo place them in the tube 
with fit matrices. But i f  the fpires are good, and a mark is made in the 
margin o f the cylinder, anfwering to another made in the cavity o f  the 
tube, the glafs will necclTarily keep the fame fituation, tho’ it be moved 
100 times, provided it be inferted again into the tube, fo that one mark, 
may anfwcr the otlier.

J9. The m icrom eter,/7̂ -. 28. has a neck, the margin o f  which is Fig. 28. 
fcrupuloufly divided into 8 equal j^arts by lines converging to the centre, 
or ii more vertical threads arc required, into as many other parts as you 
pleafe. T o  thefe divifions are eafily applied threads either o f  filk or 
metal, and arc faftened in the neck either by wax, or very thin pins 
made cither o f box or metal. ¿2 is a quadrangular prominence, having 
another like it in the oppofite part, but either greater or lefs : let the 
thicknefs o f  both be equal to the tliicknefs o f the tube into which they 
are inferted, or a httle lefs. T he tube itfelf is delineated in Fig, 27. pjg. 27.
In d it has a rectangular notj:h, receiving the prominence o f the ring <7,
/'•X' 2 S’ Without fhiiking. T he ring o f the micrometer m ufl be well

fiued
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fitted to the cavity o f the tube, and when inferred mufl cxailly  touch 
it’s inner fides. b is an eye gliifi, at 'a due diftance iVoni the threads of 
the micromctcr, /  the fcramcn ocnUtrt c«t into a cochleatcd opcrcuhm b. 
W iien this cptrculam is rcn'oVcd, aiTOthcr mufl: be lubftitutcd furniflied 
witli fnioalced glaiics. I 'h a t the lioTizontai thread of the micromctcf 
may be always in tlie fame fituation, or if  difturbed be eafily reftored to 

Fig. 29. it’s place, let the greater tube o f the telefcoi>e. Fig, 29. end in a cufp i.
Laftiy, when the ocular tube b is inlerted, and reduced to it̂ s due fitua
tion, let a line be drawn on the external furface o f the tube to the d i
rection o f  the margin o f the horizontal cufp 7, and afterwards let theíé
2 tubes, a and i», be faftened to each other by very fmali ikrews. But 
i f  you defire a micrometer furniHied with a moveable thread, then the 
ilru(5ture muft be conveniently altered.

20. I 'o  proceed now to the redification o f  the ru le ; a plank o f 
thick and folid wood muíl be provided, with a horizontal furiace o f 
nearly the length and breadth o f the rule. In the extreme part ot the 
horizontal furthcc let a brazen pin be vertically ereíted, ending at the 
top in a ikrcw, and exaftly filling tlie cavity o f  the central hole. L et 
it have one o f the extremes plain, or a parallelipipedal and prominent 

Fig. 24. brazen tabic. A /j, Fig. 24. denotes part o f a plank, f  e g  k a prominent 
brazen table, well faftened to the plank by Ikrews e e e Cy but fo that 
the heads o f the ikrews may not appear above tlie furface o f the table. 
L e t the upper furface o f the metal be well poliíhed, and agree with 
the upper plane o f the plank, and let there be a thin line a b drawn 
upon it, which if  continued would pafs thro  ̂ the axis o f the pin. L et 
there be alfo two brazen paral lei ¡i)ipcds, c d, faftened to the table with 2 
ikrews, but at a pro|KT diftance from the extremity g  as may be col- 
le¿ted trom what follows. L et each o f  them have beneath 4 cylindrical 
apices thruft into holes bored in the table, that tiieir fituation may be as 
firm us poilible; let thefe 2 parallelipipeds touch each other exactly, 
and Jet the plane ot contact be perpendicular to the line a b. N ow  
therefore if  the divifions oi the limb of the quadrant are fhewn by the in
ner margin ot the aperture a '  a - .  Fig. 22. or by fome line extended thro’ 
that aperture^ then tlie rule ot the quadrant is fo laid upon the plank, it’s 
upper furface being firft fo placed horizontally, that the vortical pin o f  
the plank may pais tiiro* the central hole, the telefcope looking upwards, 
and fo the parallelipiped Fig. 24. being removed, the margin o f the 
aperture x x (licwing the divifions I-ig. 22. or the extended line may be 
exadbiy applied to the perpendicular furface ot the parallelipiped Fig. 24. 
And when this is done, the margin ot the aj)erturc, or the extended thread, 
will be in a plane perjx:ndicular to the line n h. Moreover the rule 

Fig . 25, 26. being l‘afteiK*d to the table f  g  by means o f the ikrew Fig. 25, 26.
let the telefcope with the plank be diredltd to any remote CH^ed, im- 

. moveable*, and let the point therein be noted, which is covered by the 
decuilatioa ot the threads, and Jet the plank remain tinmovcd in that 
pofition. Aitcrwards let the rule be inverted, the parallcHpipedon c be

rem dved
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removed and reftorcd to it’s former place Fig. 2 4 ; and let the margin 
o f the aperture .r x, I'ig- 22. or the thread be applied to the perpendicu
lar plane o f the parallelipiped d. And as in this ftate the left part o f 
the rule refts upon the plank, and fo it is necefiary that the reft 
ihould preponderate with the telefcopc, a prop ixirniihcd with íkrews 
niuft be combioed with the plank. Therefore when the rule is applied 
ijt it's inverted fituation to the lame perpendicular plane o f  the line 
a Fig. 24. you m uit again view the ob jed  thro’ the telefcopc, and 
fee whether the point ot decuíTation o f  the tlireads is in the fame 
point o f the object as before. It this is the cafe, the rule has no need 
OÍ corre6lion. For when the right line a b unmoved, pafnng thro* 
the centre o f  the pin ot the rule, and the fame point o f  the objeét 
appears thro* the tclefcope botli in a right and an inverted pofition, 
the line palling from the objed: to the eye thro’ the decuflation o f 
the threads m uft necefiarily be parallel to tlie line a b. But as 
this cafe will liardly ever happen at the firil trial,, but the crolTing 
threads will generally touch another point o f  the objeót, the 
error may be either in the altitude, or azimuth, or both together.
Li each cafe tlie poficion o f  the teleicope is to be correóted to half 
the angle o f aberration by the íkrews u u ami Fig. 22. as far as 
this cun be determined by the judgment o f the eyes. Then the rule 
is to be hiid on again in a right fituation as before, and the objeél to 
be viewed anew, and then you m ull invert it again, and fee whetiier 
the fame point appears. I f  not, the pofition o f the telefcopc muft be 
again corrected by the quantity o f halt the error. T h is examination muft 
be repeated, as otten as any diftcrence appears. W hen this is done, all 
the il<rews d c Cy k Hg. 32. and e f  fy .g  hy Fig. 29. muft be Fig. 31.
made tail:» that tiie telefcope may remain in that ftate. I f  this manifold Fig. 29 .

inverfion o f the rule on the plank, which may however be performed in 
a reafonably Ihort time, feems too tedious, he may add a micrometer 
with a moveable riiread, or rather a white table, b c d Fig. iS. which 
has 2 black fafci^y ^ K g  f-> crofling each other at right angles, in a 
horizontal and vertical fituation, which he may difpofe at a convenient
diftance, and then fo direct the plank with the telefcope laid on it in
a right fituation, that the point o f  decuíTation o f the fafcia  may be in 
the point o f decuíTation o f the threads in the tube. T h e rule being in
verted, without m oving the plank, an aíTiílant muft be near the tabic,, 
to perform the direftions ot the obferver by figns, and he muft have 2 
other black fafcia^ k m and h Oy which he may move at the beck o f the 
obferver, in a fituation parallel to¿-/ a n d  h /, which may eafily be done 
by fome peculiar ftru¿turc in tlie plank, n 0 horizontally and k m verti
cally. But when the rule is inverted on the plank, i f  the point o f  de- 
cuiiation fails on a point o f  the table, for inftance^, then the afliftanc 
muft lb difpoi'e both the fafeia; k m and n 0 fiicceíTively, that the vertical 
tliread ot the tube may tall on the fafcia h ty and the horizontal one o f 
the tube on the fi^fcia o f tlie table k rn. W hen this is finiihcd the in*
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A  Ntw Method o f  making a  Mural Quadrant,
tcrvals /<? and it b arc to be bifedtcd, and ú\c fafcia  on the table to be 
placed by a motion parallel to thofe |>oints o f bifeélion. I'hen, without 
moving the plank, the rule with the tclcfcope is rcftored to it’s right fitu- 
ation, and the pofition oí it rcdificd by the flircws, till the point o f <ic- 
cufiation ofthe/tf/a> on the table, coincides with the point ot decuflTation 
o f the threads in the tube. But if  you look at the table, the firft time 
with the rule and tube inverted, and tlie fccond time in the right fituation, 
mark the point o f dccuifation on the table, and by putting the moveable 

/¿tfcia in the right place, the error o f the rule may be correttcd in the fame 
fituation. And fo the pofition o f the tube with regard to the rule will 
be fuch, that the fame point o f the objeél may be feen in the tube, cither 
in the right or inverted pofition o f the telefcope, and confequently the 
rule o f the quadrant will be rectified.

2 1. But if  the rule cannot be hindered from being too heavy, fo ra  
convenient direction o f it to the ftars, there are two ways o f remedying 
this inconvenience. The firft is that which Hamftead long ago applied 
to Iiis fextant, and defcribed in his Hift. T he exterior limb ot the
quadrant is cut with correfpondent notches, and fwept by the perpetual 
Ikrew in the verlatile appendage o f the rule. But then the apparatus o f 
the appendage, f q ,  /7^. 26. fliould not be omitted, that the plane 
o f the rule may be exaftly contiguous to the plane o f the limb. For 
in the mural fextant at Peterjhurg  ̂ made by the famous Ro ĵok\\ 1 ob- 
fcrved this drfed, that the margin o f the aperture .v̂ r. Fig, 22. which 
Ihews the divifions o f the limb, preíTes the limb indeed very well, 
but the other part of the rule is too far diftant from the plane o f the limb, 
fo that the telefcope íhakes, though the ikrcw be turned ever fo clofe. 
But this whole artifice feems to me to be too laborious, and not conveni
ent enough in obfcrvations. For it does not appear to me fafe enough, 
cither to exanune, or correft, or compare, the divifions o f the limb by 
the revolutions o f tlie Ikrew; but to raife the weight of the rule, and by 
this artifice to caufe a more eafy diredlion o f the tube to the liars, is abun
dantly too laborious. I would choofe to make ufe o f one 100 times more 

*7- fimple. L et abc  ̂ Fig. i 7. be a mural quadrant, ad the rule •, in w, ver
tical to the centre a o f the quadrant, let there be an axis o f an iron bar, 
g  mf  ̂ fo that the arm w/, and it’s revolution, may be very nearly in the 
plane o f the quadrant, and the other mg in another diftant parallel. L et 
the length » ; / be about the length o f the rule ad, and the length tJtg,
3 or 4 inches. Let the angle ^ w ;/of the rotation w, and o f the fufpcn- 
fions be a right one. A t /  let the rule be connedled by a little chain 
or fmall cord, fo that w;/ may be equal and parallel toae.  A t  g  let a 
fmall cord gh  be faftened, and extended horizontally to the extremity o f 
the room i there let it be fupported by a pulley by and let down almoft to 
the ground, with the weight k hung to it. Now ií this weight k is made 
fufficient for the rule, it will remain in any fituation, whether it be ele
vated or deprefied. It will be but a fmall obftacle, that the centre oí 
gravity ot our rule will be diftant from the point o f fufpenfion, becaufe

the

UflCJDL



I

A  N e w  M ethod o f  making a M ural Qnadrant. 15^

the preiTiire o f the clafliciry in the back o f the limb, wil! fufficiently m o
derate the uneqiiLil action o f  gravity.

22. It remains now to ihcw that ,.he inftriimcnt dcfcribcd is fufiicient
for all it’s rcquifites.

1. A s the thread/7 ', and the other Hmilar to it, in the oppo-
fitc part o f  the parallelipiped have a fituation parallel to the plane o f the 
quadrant, and the fame diftance and point o f fufpenfion f, it will eafily 
appear by looking, whether the tliread o f  the perpendicular is in the plane 
o f thefe threads, and fo the plane o f the quadrant in a vertical ix)fition.

2. Bccaufe the thread mô  is in the plane o f the lin e a r , and that per
pendicular to the plane c f  the quadrant, it will be eafily known by look- 
ino- through mo and p r , whether the perpendicular is in this plane, and 
conlequently, v/hether the beginning o f  divifion p r  is in a vertical 
plane.

3. Becaufe the quadrant is fufpended by 2 points, firíV, by the hook 
Oy 14* and then in the cavity o f the corbel w, nothing hinders it’s 
vertical motion but the 2 female ikrews, embracing the male one p. By 
thefe ikrews, therefore, the fituation o f  the plane o f the quadrant to the 
perpendicular, may be corredled; and as by this correction, the horizon
tal arm o f the quadrant will not be inclined, it follows, that this cor- 
ie<ilion is independent on the horizontal fituation o f the quadraiit.

4. T he hook. Fig. 15. is not only concave in but alfo convex, fo 
that it’s feélion ab is circular: thereibre this form o f the hook does not 
hinder the quadrant from being a little raifed or deprefled in the corbcl n 
by the il<rew by Fig. 20. Therefore, as the pofition o f the beginning o f 
diviiion, depends, at the iiime time, on the pofition o f the horizontal 
arm, it is evident, by the motion o f  the ikrew by that the pofition of 
the beginning o f  divifion, with regard to the perpendicular, may be cor- 
recled.

5. A s the iron fulcrum itfelf has fome horizontal motion in tl'.e corbels 
ab and^-^. Fig. 16. and the o f rotation is perpendicular, it follows, 
that all the reft remaining, tlie deviation o f the plane o f the quadrant, 
from the plane o f tlie meridian, may be corrected. And if  even the axis 
of rotation o f the fulcrum Ihould not be cxaólly i>erpendicular, yet it will 
not hinder the obferver from difcovering to what part the inclination o f 
this axis tends *, and fo he may niake his correélions as occafion requires.

6. The quadrant itfelf is ol one folid metal. N ow  if  this is extended 
or contradcd by heat or cold, it will always remain fimilar to itfelf.
N or does the fufpenfion o f  it hinder it’s extenfion. For in the fuJcrttmy 
the corbel «, Fig. 14. has a horizontal canal, in which the apex o f  the 
ikrew by Fig. 20. reíls, and the hole Cy Fig. 19. is large enough for the 
fmall extenfion or contraction which heat or cold produces, nor is the 
plain furface ot the female fkrcws, which cover the hole on both fidcs> 
and faften the arm, any obilacle.

7. L aftly, as to the re<5lification, that fuíRciently appears from the 
prccepts. Every one will ur.dcrftand, that it is mors eafy and expe-
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ditious than thoie in ufe; and as the plank conftrudted for the rcftiflca- 
tion o f the rule may be preferved, the obfci-vcr may at ai ŷ time 
without much labour examine his rule anew. Thus the inilrumcnt an-
fwers ail it’s requiíites.

But as it very rarely happens, that houfes are fo built, as to have 
walls in the plane o f tlic meridian, or at leaft, placcs fit for conilruding 
ti'.tle walls, the mural arches have hitlierco required a building exprefsly 
difpofed for this purpofe. But any one will cafily undcrlland that our 
contrivance is applicable to almoil any place. It, for infiancc, in fuch 
an opening as is ufually made for doors, 2 corbels a g  Vig. i6 . are 
let into the wall, the third e c does not require a wail cxactly contigu
ous ; but may be fixed ilrongly enough in a piecc ot iron projecting a good 
way from the plane o f the wall.

Dcrcijption X X V . I have made 3 o f thefe inftrunicnts, one o f  which was bought 
fl/i.'/Ufcsy'flz/by Count Bentínk lor the Prince o f Orange  ̂ the other two I luve Itill by 

h  ̂ Society. I do nor pretend to any
James’ thing new in the combination o f thefe circles, o f which this inilrument

Shore, F. R. confiíts, the íáme combination liaving feveral times been made before me
.V. /0 ihe by way o f a dial: but I believe the putting fo large a telefcope upon this
Pref. N o. machinery, and applying it to the ufes which 1 have done, is fomewhat

1749. 7- *749-

Defcripthn This inftrumcnt confifts o f 2 circular planes or p l a t e s , ' w h i c h  are 
andVfa of the fupportcd upoH 4 pillars ; and thefe are again fupported upon a crofs-foot, 

'̂¡iiatonal qj. movcable at each end by the 4 fcrewsi?¿í5 jS ; the two circular
’portahleol- moveable, the one above the other, and are called the
i,*-vatory. horizontal plates, as reprefenting the horizon o f  the place; and upon tlie

34- upper one are placed 2 fpirit-levels to render them at all times hori
zontal: thele levels arc fixed at right-angles to one another: this upper 
plate is moved by a handle C, which is called the horizontal handle, and 
is divided into 360®, and has a Nonitis index divided into every 3̂ .

Above this horizontal plate there is a femicircle D D , divided into 
twice 90'^; wliich is called the meridian femicircle, as reprefenting the 
meridian ot the place, and is moved by a handle £ , which is called t!ie 
meridian handle, and has a Nonius index divided into every 3'.

Above this meridian femicircle is faften’d a circular plate, upon whicli 
are affixed 2 other circular plates F F , moveable the one upon the other, 
and are called the equatorial plates  ̂ one o f them, reprefenting the plane 
o f  the equator, is divided into twice 12 hours, and thefe are fubdivided 
into every 1 0 'o f time. This plate is moved by a handle G, called the 
equatorial handle, and has a Nonius index for ihewing every minute.

Above this equatorial plate there is a femicircle HHy wiiich is called the 
dcclination-femicircle, as reprefenting the half o f a circle o f  declination, 
or horary circle, and is divided into twice 90°, being moved by the han

dle

Defcription Ufes o f an Equatorial Tclefcope.
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Defcripíion and  U*es o f  an Equatorial Telcrcope.
die iT, which is callcd the declination-handle. It has alfo a Nonius index 
for fubdividing into every 3'.

A bove this declination fcmicircle is failened a refie<5blng telefcopc Z.L, 
o f  the Gregcrian coníl:ru<5lion, the iocal length o f it*s great fpeculum being 
18 inches.

In order to adjuft the inftnimcnt for obfervation, the firíl thing to be 
done, is to make the horizontal jilates level or horizontal, by means o f  
the 2 fpirit-levels, and the 4 fcrcv.-s in the crofs-i>ede{lal. T his being 
done, you move the meridian femicircle, by means o f  the meridian handle 
fo as to raife the equatorial plates to the elevation o f the equator o f  the 
place; which is equal to the complement o f the latitude (and which, if 
jiot known, may likewife be found by this inftrument, as fiiall be after
wards ihewn). A nd thus the inftrument is ready for obfervation.

F iriliin d , from aftronomical tables, the fun’s declination for the day, r/r 
and for that particuiai- time o f  the day ; then fet the declination-femicircle 
to the declination o f the fun, taking particular notice whether it is N.
S. and fet the declination-femicircle accordingly. *

Y ou then turn about the horizontal handle, and the equatorial Iiandle, 
both at the fame time, till you find the fun prccifcly concentrical with the 
iieki of the telefcope. I f  you have a clock or watch at hand, mark that 
inilant o f  tim e; and by looking upon the equatorial plate, and A/cwwj in
dex, you will find the hour and minute oi the day, which comparing 
with the time fliewn by the clock or watch, ihews how much either o f 
them differ from the fun. In this manner you find the hour o f the day.

N o w , in order to find the meridian o f the place, and confequently 
to have a m ark, by which you may always know your meridian again, 
you firil move the equatorial plate by means o f the equatorial handle, 
till the meridian o f the plate, or hour-line o f  12, is in the middle o f  the 
A^omus index; and then, by turning about the declination-handle till the 
telefcope comes down to the horizon, you obferve the place or point 
which is then in the middle o f  t!ie field o f the telefcope; and a fuppofed 
line drawn from the centcr o f  this field to that point in the horizon, is 
your meridian line. T he beil time o f the day for making this obferva
tion for finding your meridian, is about three hours before noon, or as 
much after noon. T h e meridian o f the place may be found by this 
method fo exaót, that it will not differ at any time from the true meridian 
above 10'  ̂ o f time and if  a proper allowance be made for the refraélion 
at the time o f  obfervation, it may be found much more exaft. This line 
thus found will be o f life to fave trouble afterwards *, and is indeed, the 
foundation o f  all aftronomical obfervations.

T h e  inftrument remaining as reftified in the laft experiment, you 
the declination-femicircle to the declination o f  the ftar or planet you want or planet in 

to fee; and then you fet the equatorial plate to the right afcenfion o f 
ftar or planet at that time, and, looking thro’ the telefcope, you will fee 
the ftar or planet; and after you have once got it into the field, you 
cannot lofe i t : for as the diurnal motion o f a ftar is parallel to the equator

X  2 by



'56

Irr.prc*vcme»t 
c / the Celeíii 
al G lobe, hy 
M r  James 
I'crgufon. 
N o ..483. p. 

Mar.
is'c.
Rfod  M ay 
14. 1747.

'̂*g- 35-

by your moving the equatorial handle fo as to follow it, you will at any 
time, while it is above the liorizon, rccovcr it, i f  it be gone out o f the 
field.

The cafieil method for feeing a ilar or planet in the day-time is tMs: 
y o u r  inilrumcnt being adjuftcd as before-direitcd, you bring the tcle- 
fcope down fo as to look directly at your meridian m ark; and then you 
fet it to the declination, and right afccnfion, as before-mentioned.

By this inilrumcnt mofl: o f the ftars o f the firfl: and fccond magnitude 
I',ave been feen even at mid-day, and the fun íliining bright as alfo 
Mercury  ̂ Ve)iuŝ  and Jupiter: Saturn and Mars arc not fo eafy to be feen, 
upon account o f the iaintnefs of their light, except when the fun is but a 
few hours above the horizon.

And in the fame manner in the night-time, when you can fee a ftar, 
planet, or any new phaenomenon, fuch as a comet, you may iind it’s de
clination and right afcenfion immediately, by turning about the equatorial 
handle and declination-handle, till you fee tlie ilar, planet, or phaeno
menon ; and then, looking upon the equatorial plate, you find it’s right 
afcenfion in tim e; and you find, upon the declination-fcmicircle, it’s de
clination in degrees and minutes.

In order to have the other ufes o f this inilrumcnt, you muR- make the 
equatorial plates become parallel to the horizontal plates: and then this 
inilrument becomes an equal altitude inftrument, a tranfit inftrument  ̂ 11 
theodolite  ̂ a quadrant  ̂ an azimuth inftrument  ̂ and a level, 'rhe manner 
o f applying it to thefe different purpofes is too obvious to need any ex
planation.

A s there is alfo a box with a magnetic needle failened in the lower 
plate o f this inilrument, by it you may adjuil the inilrument nearly in the 
meridian; and by it likewiic you may find the variation of the needle: if  
you fet the horizontal meridian, and the equatorial meridian, in the 
middle o f their Nonius indexes, and direfl your telefcope to your meri
dian mark, you obfcrve iiow many degrees from the meridian o f the box 
the needle points a t ; and this diilance or diftcrence is the variation o f the 
needle.

• #  •  ♦

X X V I. On the i?.v;V o f the globe above the hour"GÍi;cle, is fixed the
■ arch A  at one end by the fcrew 7J, fo as to leave fufficient room for turn
ing the hour-iiidex occafionally : the other end at being always over the 
pole o f the ecliptic, has a pin fixed into it, whereon the collets Cand B  are 
moveable by tiieir wires î ’and G, when the fcrew E  is ilackned, and may 
be made fall at pleafure by this fcrew ; fo that the turning o f the globe 
round will carry the wires round with it, ihewing thereby the apparent 
motions o f the llin and moon by the little balls on their ends at I I  and L  
On tlie collet C, in which the íun’s wire is fix’d, there is alfo fixVl the 
circular plate 7>, whereon the 29  ̂ days o f  the moon’s age are engraven, 
which have their beginning juil below the fun’s w ire; confeq\iently the 
plate L> cannot be turned without carrying the fun’s wire along with i t ; by

whicii

Improvement o f the Celeftial Globe.
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which means the moon’s age is always counted from the fu n ; and the 
inoon’s wire being turned fo as to be under the day o f  her age on this plate, 
will fet her at her due diftance from the fun for that time. Thefe wires 
being quadrants from C  to IJ, and from B  to /, muit ftill keep the fun 
and moon direÓtly over the ecliptic •, becaufe the centcr o f  their motions 
at C  and B  is perpendicularly over the pole o f the ecliptic; in the ar^ic 
circle. But, becaufe the moon does not keep her courfe in the ecliptic, 
as the fun appears to do, but has a declination o f  54- degrees on each fide 
o f  it in every lunation, ihe is made to fcrew on Iier wire as far on both 
fides as her declination or latitude amounts to. For this purpofe K  is a 
fmall piece o f  pafteboard, to be applied over the ecliptic at right angles ; 
the middle line 0 0 (landing perpendicularly thereon. From this line 
there is 5 degrees marked on each fide upon the outward limb *, which 
reaching to the moon, makes her to be eafily adjufted to her latitude at
any tim e.----- N . B. T he horizon ihould be fupported by two femicircu-
lar arches, inftead o f the ufual way o f doing it by pillars: becaufe the 
arches will not ftop the progrefs o f the balls, when they go  below die 
horizon in an oblique fphere.

To reSiify the Globe. Elevate the pole to the latitude o f  the place; 
then bring the fun*s place in the ecliptic to the brazen meridian, and fet 
the hour-index to X II at noon: keeping the globe in this pofition, flack- 
en the fcrew £ , and fet the fun direftly over his place in the meridian ; 
which done, fet the moon*s wire under the day o f her age for that time 
on the plate D , and (he will ftand over her place in the ecliptic for that 
time, and you will fee in what conftellation íhe then is. Laftly, faften 
the wires by the fcrew /t, and the globe will be reflify’d.

I 'h e  globe being reáliíyM as above to the given time, turn it round in To find the 
the ufuai way, and you will fee the fun and moon rife and fet for that day '■i/% 
on the fame points o f  the horizon as they do in the ileavens. The times 
their rifing and fetting are (hewn by the hour-indcx, which likewife ihews-^^/r/^^" 
the time ot tlie moon’s paíFmg over the meridian. I f  you want to fee to amplituda on 
greater exadnefs the rifing and fetting o f the moon, find her latitude for the hrizm. 
that day by the Ephemeris \ and as it is S. or N . fcrew her fo many de
grees from the ecliptic, meafuring tliem by the paíleboard X, appling it 
to the ecliptic as abovemention’d and then turning the globe round, you 
will fee the time o f the moon’s rifing and fetting by the hour-indcx, and 
her amplitude on the horizon for that time, as it is affefted by her lati
tude, v. hich will fometimes be very confiderable.

I ’his may be very ufeful, efjxcially in giving Icflures upon the globes-, 
becaufe a large company at fome diftance will cafily fee this fun and moon 
going above and below the horizon as they rife and fet, and likewife 
their appulfes to difierent fix’d ftars; whereas in the ufual way, when 
there is only the fun’s place in the ecliptic fiiewn, it is not eafy for any 
one to keep his eye upon that part o f the ecliptic as the globe is turned 
round, unlefs it be in fome remarkable circle o f  longitude j and it is noq

very

Improvement o f the CeleAial Globe. j
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Concerning M r Senex’i  large Ghhn, & c , 
very eafy to know the moon’s placc, unlcis at her conjunction, oppofiti-
on, or quadratures.

This fimple apparatus ftiews all the varieties that can happen in the 
rifing and fetting ot the fun and nioon, which arc very ci;rious, cí jccially 
about the ¡>olcs, where the.i'un is prcient ior one half of tiic year, and 
abfent for the other half-, the moon in winter Hiining conftantiy without 
fctting from the iirft to the tnird quarter, in the fun*s abfcnce; and in 
fummcr the full moon is never feen at the poles ; for flic fees at the firil 
quarter, and rifes not till tiic third, lave what may h:ippcn on account o f 
her latitude.

A il the pbanmem  of the harveil-moon become very plain by this ad
ditional pai't: and in making Ibme trials I find, that, to fomc places 
o f the cartli, tlie moon will not differ above an hour in her rifing tor 15 
nights together, but will differ fometimes 23** in her fctting, within the 
compafs of that 15 days; and for the next 15 íhe will fet within i** o f the 
fame time, and differ 23** in her rifing. This is taken in round numbers, 
but may be confider’d with more exadnef'i by thofc who are better ac
quainted with the celeilial motions. I fliall only add, that the places o f 
the earth where thefe pĥ encmma liappcn, are thofc lying under the polar 
circles.

A letter frsm X X V II. The Royal Society being lately acquainted with fome im-
itc/aiTIir provcments that were faid to have been made upon the globes at Nurem- 
Jwhn bcncx, terĝ  and dcfired to cncourage and recommend the fame *, I am obliged 
/. R. 6. to to return you my moil grateful acknowledgments for your kind intcr- 

pofition in behalf of mine. It is fuificiently known, tiiat works o f art, 
G illen  h z  the country, Iiave, for the mofl: part, a degree o f exactnefs

<Jmts much fuperior to thoie o f foreign countries: and I hope I may be allow- 
p-c¡.andhy ed to fay in particular, and without difparagemcnt to the performances o f 
b ir late t iu f  othcrs, that my globes will be found, upon examination, as truly made, 

as accurate, and as well adapted for the purpofes o f Geography and Aftro- 
herjeij, at her nomy, as any now extant. For (not to mention that the terreftrial is 
Ü6uje 6<iera formed from the beft maps that could be made or procured, and con- 

St Dun- tains no material error in the fituation o f any places where obfervations 
have been really and truly made) the celeftial  ̂ upon the niceft examina- 

Strcct!̂  No. found to have this advantage above all others, that the fi-
493. p. 290. gures o f the ccnfteliations there given, were originally dilineated by a gen- 
oct. 0*. tleman, whofe íkill in performances o f this nature was very well known 
1749. Read allowed ; under the dircition o f the Great Dr Hailey  ̂ to whofe kind-
17^4^ nefs my late huiband was upon all occafions particularly indebted. And 

befides this, to each liar arc added Bayer's letters o f reference j a circum- 
ilancc extremely ufeful, either for the tracing out the path o f a comet, 
or for defcribing any ntw phaenomenon in the Heavens.

It may be further obferved, that celeftial globes, as they are common
ly fitted up, are adjufted only to one particular year j though indeed they

r  Sec Vol. v m . p. 217.
may
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may ferve without any fenfible error, during the life o f  any fmgle perfon ; 
whereas mine, particularly the two greateft, viz. o f  17 and 28 inches in 
diameter, have this further advantage, that tiiey lerve indifferently lor 
any age paft or to come. For by means o f  a nut and ílcrew, which will 
be hereafter detcribed, the globe is made to turn round an iron axle; 
whereby the pole o f the equator (though fixed in common globes is 
nSadc liere to revolve about the pole o f  the ecliptic, and reprefents the 
How motion forwards obfervcd among the fixed ílars, but really owing 
to the flow motion bachvarJs o f  the equinoctial points.

Upon this account it is, that tiie conftellation o f Aries is got into the 
fign o\'TauriiSy and the conftellation o f  Taurus into that o f  Gemini  ̂ and 
fo o f  the reft. Hence likewife it is, that ftars which rofe or fet at par
ticular ieafons o f the year in the times d i Ucfiod  ̂ Eudoxus^ Virgil-, 
ike. by no means aníwer at this time to their defcriptions; but by the 
improvement I am here fpeaking of, m y globes (allowing for the pre- 
cejfton of the équiíiox  ̂ as it is called, /. e. one degree in 72 years) may, 
without any trouble, be adjufted to the accounts given by any o f  thofe 
writers.

B y this means likewife, evei7 one may judge o f  the truth o f  ancient 
obicrvations without the labour of a tedious cdcidus^ which fonie are not 
able, and others are not willing, or at leifure, to go through. B y this 
means likewife, fome paftages in thofe ancient writers may be correóted» 
when manufcripts afford no affiftance. For thefe frequently fuffer by 
the hands they go  through, whilft the Heavens remain invariably the fame.

A s  by this apparent motion in the Heavens, not only the longitudssy 
declinations  ̂ and right afcenfwm., o f the fixed ftars are affefted, but the 
pofition o f the colures is o f  courfe altered yet by the help o f this con
trivance all may be reftored, and the age o f  an author in fome fort be 
afcertained.

'I’he famous aftronomical argument likewife o f  Sir I. Nekton, in his 
Chron. p. 86, 87, may hereby be more particularly enquired into, 
and confidered ; all which ufes will be fpeedily iliewn and demonftrated 
by a regular feries o f propofitions, in a treatife, as I am well affured, 
that is preparing for the prefs, by the R ev. and Learned M r George Co- 
ftard^ Fellow ot Wadham College  ̂ in Oxford.

I'hefe, Sir, are fome o f the great advantages o f  m y globes over others; 
and I therefore hope they w ill merit the encouragement o f a Society 
founded for promoting real and ufeful learning; and tloat tlie importation
ol any globes from abroad may be rendered lefs neceflary, i f  not entirely 
ufelefs.

P A P E R S  omitted-

1. A  Catalogue o f  the immerfions and emerfions o f the fátellites ofN®4S7*P* 
Jupiter^ that will happen in 1750, By James HodgfoUy F . R . S. M ailer
of the Royal Mathematical School, in Clirift’s 1 lofpitai.

2. T he iiime, for the year 17 5 1.
C H A R * * * " -

Concerning M r Senex’j large Gloheŝ  See. i
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C  Í-I A  P. IV.

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

T h eA aio n  j  H E  th co ry  o f  fp rin gs n o t o n ly  is o f  g re a t u fe  in th e  m o re
ofSprings. In cu rio u s p arts o f  m ech an ick s, as the f tr u d u r e  o f  w atch es, ^ c .

t/meriuTi^ b u t m a y  g iv e  lig h t  to  m an y operations o f nature, there b e in g  fe w  fu b fta ii- 
M. D. F. £  ce ?  b u t w h at are en d ued w ith  fom e d egree  o f  e la ftic ity  ; and p a rticu la rly
S. ^  Co!!, the bodies o f  anim als, and o f  v e g e ta b les  lik e w ife , b e in g  k n o w n  to  c o n fiit,

meafure, if not wholly, of organs ilrongly elailic. For which 
%  P R s! reafon it is not to be wondered at, that this theory has engaged the 
No. 472. p. thoughts ot Icveral eminent Mathematicians ot the lail and prelent age » 
46. Jan. Í5V. as Dr Hook  ̂ M r ^ohn Bcrnouillu M . Camiis  ̂ See. But, as all that I 
*744- have yet feen upon this fubjed goes no further, than to compare the 

i-iT  effeds of different fprings one with another in one cafe only, where they 
are fuppofed to be bent to the fame degree, and that without fhewing 
how the cfFedt o f any o f them may be reduced to, or compared with, 
that o f any other natural caufe, I flatter myfelf, that the general propofi- 
tion I am going to lay down may merit your attention, botii on account 
o f its fimplicity, and o f its comprehending all pofTible cafes o f a body 
afting upon a fpring, or a fpring upon a body, where no other power in
tervenes : and alfo o f its reducing the effed to that moft known and 
fimple one, the effect of gravity upon falling bodies. In order to wliich 
to prevent any mifapprehenfion, it will be proper to fix the meaning of 
fuch terms as I iliall have ocCaf.on to make ufe of.

1. By a fpring, I mean a body o f any ihape pcrfedlly elaflic.
2. By the natural fituation o f a fpring, I mean the ficuation it will 

reft in, when not difturbed by any external force.
3. By theiength o f a fpring, I mean the greateíl length, through 

which it can be forced inwards. This would be the whole lengh, were 
the fpring confidered as a mathematical line; but in a material fpring is the 
difference between the whole lengtli when the fpring is in its natural fitu- 
ation, and the length or fpace it takes up when wholly compreffcd or 
clofed.

4. By the ílrength of a fpring, I mean the leaft force or weight, 
which, when the fpring is wholly compreffcd or clofed, will reftrain it 
from unbending itfelf.

5. By the fpace through which a fpring is bent, I mean that fp. ce or 
length through which one end o f the fpring is removed from its nutural 
fituation.

6. By tlie force o f a fpring bent or partly clofed, I mean the leaft 
force or weight, which, when the fpring is bent through any fpace leis 
than its whole length, will confine it to the ftate it is then in, without 
fuffcring it to unbend any farther.

This



The A 6fion of Springs. i6 i
T his being premifcd, I ihall next, for the foundation o f what follows, 

lay down a principle, which was verified by experiment, in the prefencc 
ol'our Royal Founder about 70 years ago, by * D r Hook \ and has been 
lately coniirmcd by the accurate hand ot M r George Graham,

Ui Tefifioy ftc Vis :  That is, i f  a fpring be forced or bent inwards, or P r in cip le .  

drawn outwards, or any way removed trom it's natural fituation, it’s re- 
fiftance is proportional to the fpace by which it is removed from that 
fituation.

T hus, i f  the fpring C  7.,  Fig. 36. refting with the end L  againfl: any 
immoveable fupport, but othcrwile lying in it’s nature fituation, and ac fuil 
liberty, íhall, by any force,/f, be prefied inwards, or trom C tow ards!,, 
through the fpacc o f  one inch, and can l)e there detained by that force 
/>, the refilbince o f  the fpring, and the force/», exaélly counterbalancing 
one another*, then the force 2/», will bend the fpring thro^ the fpacc o f
2 inches, 3/> thro’ 3 inches, 4/» thro’ 4  inches, ^ c .  the l^ c e  C  /, Fig.
37. tiiro’ which tlie fpring is bent, or by which tiie end G is removed 
irom it’s natural fituation, being always proportional to the force which 
will bend it fo far, and will detain it lb bent.

A nd i f  one end L  be faitened to an immoveable fupport. Fig. 38. 
and the other end C  be drawn outwards to /, and be there detained from 
returning back by any force/>, the fpace C/, thro’ which it is fo drawn 
outwards, will be always proportional to the force />, which is able to 
detain it in tliat fituation.

And the fame principle holds in all cafes, where the fpring is o f any 
form whatfoever, and is, in any manner whatlbever, forcibly removed 
from it’s natural fituation, /

H ere, Sir, I prefume, you will tliink it material to take notice, that 
the claftick force o f  the air is a power o f a dilFerent nature, and gover
ned by different laws, from that o f  a fpring. F or fuppofing the line 
L C y Fig. 36. to reprefent a cylindrical volume o f  air, which, by com- 
preiTion, is reduced to L / ,  Fig. 37. or, by dilatation, is extended to 
/./, Fig. 38. it’s elaftick force will be reciprocally as L / ,  Fig. 36, 
and 37. whereas the force or refiftance o f  a fpring will be diredlly as 
C L

I now proceed to m y general propofition, and it’s corollaries*, in
which if  I lhall happen at any time to exprels m yfelf with lefs accu
racy, as in m aking weights, times, velocities, fsfr. to become promif- 
cuoufly the fubjefts o f geometrical or arithmetical operations, I defire, 
once tor all, to be underilood, not as fj^eaking o f  thofe quantities 
themfelves, but o f lines, or numbers, proportional to tiieni.

I f  a fpring o f t h e  ftrength P ,  and the length C  Z » ,  Fig. 3 9 .  lying T h e o r e m .

at tull liberty upon a horizontal plane, reft with one end L  againit
an immoveable fupport; and a body o f  the weight A f, m oving with 
the velocity in the direction o f the axis o f the ipring, ftrike direéÜy

• Jt Pottntia 1678.
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upon the other end C, and thereby force the fprfng inwartls, or bend it 
thro* any Ipace C B \  and a middle proportional» C-G, be taken between

M
the line C L  x — , and la^ a being the height to which a heavy body

would afcend in'*vacno with, the velocity and, upon the radius id =  
C  G\ be ereited the quadrant o f  a circk  G F A ; I fay,

1. W hen the fpring is bent thro* any right fine o f  tlu t quadrant, as 
C  the velocity v  o f the body is, to t!ic original velocity as

B F
the co-fine to the radius: that is, v  x

K

2. T he time / o f  bending the fpring thro* the iame fine C B ,  is to T* 
the time o£ a heavy body’s afcending m vacuo with the velocity as tlie

^  G F
correfponding arch to 2 a : that is /. =  íT x  .

D e m o n s t r a -  j .  W hile the fpring is bending thro’ the fpace C  B̂ . let the fpace, 
TjoK. jj is a,- bent,, be called x, t  the time o f  bending it

thro* the fpace at,  and u the velocity o f the body at the end o f  the time
T ; and let C L  =  Z ,  C B  =  L 

Then, i f  ̂  be the force, with which the fpring, when bent thro’
the fpace x, refiils the motion o f the body*, by D r Hook'% principle, L  :

Dw : : P  :/► =

A nd fince, in the cafe o f  forces that a£l uniformly, the quantities o f  
motion generated are proportional to the generating forces, and the times

jointly, i f  M m be the nafcent quantity o f  motion taken from die body

P'x
by the refiftance —  the nafcent time M V  \ — M mw M"T : :
i Ía

PXT  . V P X r

L  M L r

A ifo , fmce, in the fame cafe o f  forces a<5lin g uniformly, the ípaces 

are proportional to the velocities, and the times jointly, x : 2a :: v r :

1^2 The ASion of Springs.

F T ,  or T =
2av

.  y p ^  T V x  . V ^ P x i  ,  ,
Therefore, —  w =  — ■ - x -------, or, 2 u u =  -— j and the

M L T  2tfu M L a
J/i P x t

fluents o f  thefe two quantities are v* a n d ---------- ; r - . But the former
2 M L a

o f

b n E o



The ASiion o f  Springs, 
of tlicfc was , when and confcqucntly, the latter was nothing *,

y i.P x ^  __ V^Px^
therefore u * —  -------

I i I o . M L a x M L a

But, by the conftrinStion, ?  . therefore, v» r= —

^  ^ , or, X ^  ; and, when x  becomcs equal to /, and

V to Vy -z;̂  =  X

R.  ̂

R^
; and, by the property o f the circle, R^ -—

B F ^  R F
being equal to B  F * ,  v^'=- x  , or x/ =  ^  x — . ^  £ . D . i®.

T =  7 " , R -  —  ÍÍ*
2. W e  have a b o v e ,------------; and x — ------ j or, v =  K x

2a\) 7̂ -

. <TVx
---------------- therefore, t  = ------x

R

R

R x

l a
or, T • =

2a

s/ R - —
N ow  let C D , 40. be equal to x and draw the co-finc D ^ ,

the radius CEy  and the perpendicular e d = ^ x :  tiien will the triangle 
D £ C  be fimilar to the nafcent triangle and confequently, D E :

„  C E  X de R x
: :  C E  : e E  =

D E

163

T  G E
Therefore, r  =  —  x eE.  and t  =  íT x — . A n d when a becomes

2a 2a

equal to CBy and r  to /, the arch G E  becomes equal to the arch G F:

G F
therefore / =  x — . ^  E.  D.  2 .̂

2a

Whereas I have reprcfented the fpring as refting againft an immo- S c h o l i u m  r. 
veable fupport at L , it will, perhaps, be objedled, that no fupport 
can be really im m oveable; fmce any body, how great foever, may be 
moved out o f  it’s place by the leall force. But this objection may 
caiily be removed, by fuppofing the fpring to be continued till it 
becomes o f twice the length C Z , and that a fecond body, equal to 
My ftrikes againfl; the oppofire end o f  the fpring with the fame ve
locity in a contrary direition 5 in which cafe the point L  will be pei- 
fed ly  immoveable.

Under this theorem are comprehended the 3 following cafes: ' S c h o l í u m

^  ir#
Y  2 In
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In cafe i .  T h r  fpring is bent thro’ it’s whole length, or is intircly 
comprcffed and doled, before the m oving force o f  the body is confumed,
and t*s motion ceafes.

In cafe 2. The moving forcc o f the body is confumed, and it’s m o
tion ceafcs, before the fpring is bent thro’ it’s whole length, or wholly 
clofed.

in cafe 3. T he m oving force o f the bocly is confumed, and it's m o
tion ceafes, at the inftant that the fpring is bent thro’ it’s whole length,
and is intirely clofed.

For this reafon, and in order to make the follow'ing corollaries o f  
more ready ufe, 1 Ihall take the liberty o f diftributing them into 3 clafies, 
the firft o f  which are as general as the theorem itfelf, extending to a!i 
the 3 cafes, but are more particularly ufeful in cafe i , T he fecond clafs 
o f  corollaries extend to both the lecond and third cafe; but are more 
particularly ufeful in cafe 2. T he third clafs extend only to cafe 3. and, 
by that means, are much more fimple than either o f the former.

C la s s  I . W hen the fpring is bent thro’ any right f in e C 5 , Fig. 39. the lofs
General ccrol- vclocity is to the Original velocity, as the verfed fine to the radius,
iariOy but o f
more tarticu* G í
U r u f i i n  O X V ^ V - V X - ^ .

Ctf« I J ^
<\»ihereintht B F  , B F  R. —  B F
jpring is For, fince t; =  K  x  — , V  —  x —  =  ----- -—  —
•uMfy chfeáy /v XV
b e fo r e  t h i  m o~

t if f ! o f  t h e  f / "  X  

c t a ft s . R

Coroll 2 W hen the fpring is bent thro’  any right fine C 5 ,- the diminution o f
the fquare o f the velocity is to the fquare o f the original velocity, as
the fquare o f  that right fme to tlie fquare o f the radius, or =

y% y
R ^ -

B F  B F -
For, fmce x — and —  v'- —  —

K.

„  BF^ CB'-
y i  X ---------=  K " X ---------- r:--------- - =  X

164 fk e  ASion o f  Springs,

R^ R^
Corok 3. W hen the fpring is bent tliro’ any fpace /, v  the velocity o f die body

, 2 M L a  —  Pl^ 2 M a — p i
is equal to ^  x v -------- ------------> or to F  x v ------ 77-----> and is pro-

 ̂ 2jMLa i M d  ^

, 2 M L a  —  Pl^ , 2 M a  —  p i
portional to v ' ------- -------------, or to y/------ ^ ----- .

B F '  R '  ■—  l^
For, fince v-  =  x x  — - — “ ; if, for \\e fubfti-

tute

E S



T i í  A S I ion e f  Spring?. 165

tute it*s value
^ M L a 2 M L a  —  Pl^ 

^ M L a
,  o r v  =  r x

% M L a ----- £ £ - .  and, as b y  D r Hook*s principie, L  : / : :  P  : p , or
2MLa

, 2 M L a — p L l  __ . ^ M a — pl
-------- r r r -^— » or, v  =  V x ^

i M L a 2 M a

jjut — , by GaUko*  ̂ doctrine, is a conílant quantity i and therefore 
^ a

V is proportional to
2 M L a  —  Pl^ 2 M a  —  p l

M L  ’  ' M

The time t o f bending the fpring thro’ any fpace /, is- proportional to CoroIL 4. 
the arcii G F  divided by ✓ 4; I being the right fine o f the arch, and R

,  i M L a  . . , j .
=  — , being the radius.

G F  r
For, by the theoreiBv / =  3" x —  \ and -7 — is a conftant quantity.

'  2 a a I j

T h e  diminution o f  che produót o f  the weight o f  the body into the OroH. 5. 
iquare o f  the velocity, or (to ufe the expreffion o f fome late writers)
the diminution o f  the Vis 'viva, that is, MF'^  —  by bending a

C »P/- C^pl
rpring thro’ any fpace /, is always equal to — p - j ,  or to — j  •, where^

is the height from which a heavy body will fall in vacuo in a fecond 
o f  time, and C  is. the celerity gained by that fall.

CB^ V ' /-
For, by Corolh 2. x ~  ; and by the

% M L a  . P
conftrudion, being equal to

2 M L a .
y z  Q z  Q i  p ¡ i

But, by Galileo^ theory, —  therefore, V- — v- zz  aiid
a A  2 M L A

M l ^  —  M v -  =  — r - r  =  — -T-
2 L A  l A

T he diminution o f the Vis viva, by bending a fpring thro’ any Oroli. 6.

P b
fpace/, is always proportional to - r - ,  or to p l i  and, i f  either the

F
fpring be given, or —  be given in different fprings, the lofs o f  the Vis

•viva w ill be as / * , or as ^ ,
For,

uq£p
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^ C ^ P U  p i  . C-" ,

For, by CoroU. 5 .  — - ~ = 2  * an d —^  beine; a
 ̂ i L A  2 A A ^

JPl^  . P
conftantquantity, M V ^ — Mv'^ h s i s —j ^ ^ p i A n d y i f  —  be given,

P~ P'
M V ^  — Mv~ will be as j o ras A x  —  ; or a s / - x  \ or as^».

¿,a /*

Corall. 7. The lofs o f the Visvivdy by bending a fpring through it’s wlit^e length,
C ^ P L  •' ’ V?

or by wholly clofing it , ‘ is equal t o -----— , and is proportional to P I . :

and, i f  P  L. be given, the.lofs o f  tjic Vis viva is always the fame.
T h is is evident from Coroll. 5. and 6 .; forafmuch as I is now equal to L.

C las» ÍI . I f  the motion o f  the body ceafe whpn the fpring is bent through
C o r o lla r ie s  o f  ^  p

fKcre particu- jjp y  fpace L the initial velocity V is equal to C l  o r to  C
ia ru /tin C z(c  '  ^ / 'i z M L A .
2. lubereintbe p ¡
motion o f  the ^  .
hody ceafts be~ 2 h'l A
fore  the fpriiig C- P h  C - p i
is ’wholly For, \yj Coroll. — v - ^ --------------- ?—  ̂=  — — v A n d  here, the mo-
clo/eJ, 2 M L  A z M A
Ctf/tf/A 8. C* p / *  p i

tion o f the body ccafing, = o .  Therefore -----  —
z M L A  2 M A *

or F = C / v ' - ^ . = C v ' — .
i M L A  O.MA

CorsU. 10. I f  the motion oi the body ccaie, when the fpring is bent through any 
fpace, /, the time, o f  bending it, is equal to i "  of time, multiplied

m M L  m  ,  M l  . , , .
by —  V — or to 1 'X —  / ----- where tn is to i ,  as the circum-2 2 P A  2 i p A
fercncc o f a circle to the diameter.

G F  T' i "
Por, by the theorem, / = íT  x —  ; and, by Galikoh tlieory, •-— = — .

2 a  '  y/a ^A

Therefore / =  4 —
^ A

Hz  _____/2
A lfo, by the theorem, v^ := :V ^ x '— ~ — ; and therefore v  ̂ being

now equal to o, Í2*=/® , and. Fig. 41, / becomes the radius o f  the cir
cle ; and / being likewife equal to the right fine o f the arch G/% that arch

bccomes a quadrant, and is equal to Therefore/ = — x
4  4X 2y

//o r / = i '^ x  — :----------.
4-V A x ^  a

But
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.2  M h a  I . z  M L. .  • . , ^  ,2  /KÍ L . a  I  ,  Z  IVL U  , ^  .
? But I being ccfual to i c = V — -̂p;— , =  v  — p —  \ therefore t  —  1''.

■  *  1 '  »  '

I»

, 2 A/L ,
x y . — or,  / =  — y/

m

4v^y/ 5 "  2 ’  z P A  2

■ In the ilime cafe, the time o f  bending the fpring is proportional to CoroU. n .
] M L  M l  L   ̂ , ■

V OTtoV  and it — be given, / w ill be as \/A/; and, if

both and aífo M^ be given, t  w ill always be the fame, whatever be

the original velocity, or through whatever fpace the fpring be bent.

I f  the motion o f  the body ceafe, when the fpring is bent through any Csre//. 12. 
fpace /j the product o f the initial velocity, and the rime o f  bending the

t)t C i
fpring, or F / , is equal to x  j and is proportional to /, the fpacc

through which the fpring is bent.
p

For, by Coroü. 8 . C l  and, by Ccroll. g. t  =  i " x  ~
2 M L  A  j y 2

fnCl , M L P  ,, mQl
\ and, as

M l
z p A '

M L
v/ therefore, V t = i " x " ~  x

z P A  j\.A M L P

Ttty C  and Ay are given quantities, F t  is as /.
H ence, any two o f  the three quantities, /, and /, being given, 

the other is readily determined.
In the fame cafe, the initial quantity o f  motion, or M F ,  is equal to Oroll 13.

, P M  _ . p l M  
Cl  V — or to C  v

2 L A ' 2 A
p  . f,i

For, by Coroll. S. V = C N - ^ j ¡ ^ j = C  wherefore M V = C l

, P M  ^ , p l M
V —7“^ =  C V---- r*

% L A  % A

In the lame cafe, M F  is proportional or t o y  p i M ^  or to CoroII. 14

P i t   ̂ , r P
— , o i t o p t x  A n d , i f  — be given, A f ^ i s  a s / / M ,  or a s //,

C
For, in the preceding CorolL— '̂  ̂  ̂ given quantity j and, by CorolL

M L   ̂ M L
n .  / IS as ------

P  p

If

UflJD



i Coroil 15. I f  the quantity o f motion M V h t n á  a fpring o f  the ftren^th P , and
i length L , through the fpace /, and be wholly confumed thereby, no

diftcrent quantity o f  motion equal to the former^ as «iW x— , will bend

the fune fpring through the ikme A>ace, and be wholly confumed thereby. 
For, by the preceding CorolL i f  the fpring be bent through the fpace /, 

and each p f thcfe quantities o f motion be confumed thereby; 1 > / M \ N  
! y  y

>iM'  ' . M V ' . n M y .— . B u tM / ^ = » A íx — ; and therefore,
n n

y
M , or I =;/, and M =  »Af, and — « Therefore the quantity o f  mo-

H

tion hM  X —  is not only equal to M F ,  but is comjwfed o f an equal mafs,

and an equal velocity.
C.roII. 16. But a quantity o f motion lefs than in any given ratioy may bend 

the fame fpring through che fame fpace /, and the time o f  bending it will 
be lefs in the fame given raih.

For, let 1 to w be the given ratio j and let the leíTer quantity o f  motion

M
be —  xtiF'y which is to as i to Then, by CoroIL 14. the fpring 

/in
. , M  M  M V  , , M  M V

being given, / : I >/—  : :  M V : —  x n V  =  ■ ■ , x W  —  =  — .
7tn N M  n

M  M V
Therefore the quantity o f motion — ~ x n V ,  being equal to—— , will bend

the fpring through the fame fpace /.
Likewifc, by the Coroil. M V  is as//*, and I being given, the

quantity o f motion i s a s / ;  Therefore the time ot bending the fpring
will be lefs in the fame ratlo  ̂ as the quantity of motion is lefs.

Coroll, 17. ^  quantity o f  motion greater than MV^ in any ratio given, may be
confumed in bending the fpring through the fame fpace; and the time o f
bending it will be greater in the fame given ratio.

This appears after the fan^e manner as the preceding, by making n a
fraitional number inflead o f a whole one.

C o r o l L  18. It the motion ot the body ceafe, when the fpring is bent through any
i  . . .  P I-  C* pi
I  fpace /, the initial Vis viva, or MV^-y is equal to — =r-r, or t o —

i L A  l A
1 Pl^

and l a M ^  —— z=^pi 
1 ^
I P  t l  P

For, by CoroU. 8. V - C N - —  = C ^ - J —  or V - =
i M L A  i M A  i M l ^ A

—“  : therefore =  — -—  =  — ^  =  ----------  =  —
2 M A  % L A  2 A  z L a  2a

In

^58 A^ion of Springs.
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In tlic um c cafe, the ¡nidal V h  viva is proportional to — -  =  p i  and Ccrall. 19. 

P
i f  —  be given, the Vis viva is as /», or asp*.

jLá
Qt

For, in tlic preceding CorolL —  being a given quantity, die Vis viva

P h  p
is as —  ~ p l \  and, i f  —  be given, it will be as or as for-

afmuch as p  and I incrcafc in the fame proportion.
I f  the Vis MV^^  bend a fpring thro* the fpace /, and be CW/. zo.

totally confumed diereby,- any other Vis viva, equal to the former, as

V^ .

n n M y .  — wil l  bend the fame fpring thro’ the fame fpace, and be

totally confumed thereby.

P  .
For, the fpring being the fame, “  is g iv en ; and therefore by Coroll.

19. the Vis viva^ which will be confumed in bendin" the fpring diro’ 
the fp a c e /, i s a s / - .

But the time, in which the fame fpring will be bent thro’ the 21*

V^
fam e fpace, b y  th e  Vis viva n nM' Á  — , w ill b e  to  the tim e , in  w h ich

nn

it is fo bent by the Vis viva M x  F®, as « to i ;  « being any whol^ 
or fradional number.

For, by Coroll. 11. fin ce  is g iv e n , th e  tím e  is  as V M ,

I f  the m o tio n  o f  th e  b o d y  ceafc, w h en  th e  fp r in g  is bene th ro ’ it ’s  C j.ass III.
whole length, or is wholly clofed, the initial velocity V  is equal to Corollaries in

■p j  cafc3.«tüivr^«
Q ^  in the motion

z M A c f  the body 
<ea/est at the1 <eajeSf at v

For, by Coroll. 8. V ^ C ^  — T7~t>  ̂ being now equal to
'  2 M A  tbejpringts

*ivholly clcfed^

Tig. 42. p  bccomes equal to P \  and therefore V  — C s
P L

2 M J '

In the fame cafe, the initial velocity V  is proportional to V" 

C
F o r — , in the preceding CorolL is a given quantity. 

V O L .  X . Part u Z

P L

M '

C'sroil. 22.

Coralli 25.

« * I

In
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; OrgU, 24. In .the fame cafe, i f  P£ . be given, cither in the fame, or in diitcrcri:
■ fprings the initial velocity V  is rcd¡>rocally tis ^ M .
1 This is plain from the preceuing Ccrol/.

Orel!. 2̂ . I f  the motion o f the body ceafe, when the fpring is wholly clo lo l, the
produd o f the initial velocity, and the time fpent in clofing tlie fpring,

or Vt^ is -cquil t0 ‘ i "  x  — r— ; and is proportional to L , the length o f

I, the fpring.
I P L

For, by Cevoll. 22. V  ^  and, by CorolL 10. i x
 ̂ 2 M A

—  ̂  ; therefore, V t  == i ' '  x  ̂ and m and being g i-
 ̂ ^ P A  ^ A  - i

k
ven quantities, V t h  as L . 

arcIL 26. In the fame cafe, the initial quantity o f motion, or M F ,  is equal to

2 A
P L

For, by CciW/. 23.

Cere//. 27. In the fome cafe, M V l s  pK>portional to ^ P L M ., or to P t :  and, i f
P L  be given, eitlier in the fame, or different fprings, M  ^  is as

Q
This appears, partly, from the preceding CoroU. where —  is a given

quantity j and, confequently, M V  h  q.% s / P L M and P L  being given,
M L

and, partly, irm i CorolL 11 . where z is as ~ p ^

confequcntly, P t  is as > J P L M .

P
Oroli. zB. In the fame cafe, i f  y  be given, either in the íáme, or in diifercnt

fprings, the initial quantity o f  motion is as the length o f the fpring 
into the time o f bending it.

For, by Qoroll, 27. M V  \s as P t ',  and  ̂ i f  P  be as L ,  M V  is as L t .
1; Oratf. 2$. I f  the quantity o f motion M K  bend a fpring thro’ it*s whole length,

and be confumed thercbyj no other quantity o f motion equal to the tbr-
V

mer> z % n M x  — , will clofe the fame fpring, and be wholly confumcd 

thereby.
This is proved in the fame manner as CorolL j 5. puttir;g only L  for L 

Cornil 30.  ̂quantify o f motion lefs or greater than M  in any given raHoy.
may clofe the fame fpring, and be v/hoiiy confumcd in ciofmg i t : and

u o ia
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the time fpent in clofing the fpring will be rcfpedlively lefs or greater, 
in the fame given ratio.

This is eafily proved from CorolL 1.6.
I f  the motion o f  the body ceafe, when the fpring is wholly clofed, the CsnlL 31.

C ^ P  L
initial Vis viva^ ot is equal to ----- and P L ,

2 .
, P L  C - P L

For, b y  Coroll. 22. or = — t t - t í  or ^
o,M /r 2 M A '

P L  _  V ^ P L  

2 A  2a
In the fame cafe, the initial Fis viva is as the rcclanglc under the Cc*?//. 3.*. 

ftrength and length o f die fpring.
C* P L  C-

For, by the preceding CorolL M V^  —  , and' —  is a. given

quantity ; wherefore M V^  is as P L .
P

In the fame cafe, if  ~  be given, the initial is as P * ,  or as CV»V/. 3?.

L"-.
Tliis is evident from the preceding Coroll.
I f  the Vis viva M V^ hcná a fpring thro’ it’s whole length, and be ĉ rí//. 34. 

confumed in clofing it, any other *D/í)íí eqüal to the former, as nn 
V^

M x  — , will ciofc the fame fpring, and be confumed thereby.
nn

T his is evident from Coroll, 32.

But the time o f clofing the fpring by the Vis viva’ nn M x  — , will be Conll. 35.
nn

to the time o f  clofing it by the Vis viva M  , as « to i .
For, by Coroil. 11. fince the fpring is ^ ven , the time is as s/ iW.
I f  the Vis viva M V ^  be wholly confumed in clofing a fpring oiCoroU. 36. 

the ilrength P , and lengtJi L  *, the Vis vivay nn M V “  ̂ will be fufficienc 
to ciofc,

1. Either a fpring o f  the ftrength w «P, and length X .
2. O r a fpring ot the ftrength « P , and length ?;L.
3. O r o f  the ftrength P , and length n n L .
4. O r, i f  « be a whole number, the number nn o f fpring?, each 

o f the ftrength P , and length one after another.
For, M V ^  : nnMV' ^  : :  P L  ; n n P L \  and therefore, by. CoroU. 32. 

the Visviva^ n n M V - ^  w ill ciofc any fpring that has « « P Z . for the 
produdt o f  it’s ftrength and length. But n n P L  is compofed cither 
o f  ;;« P  X Z:, or o f n P x m L  ̂ or o f  P  x n n L .

A lfo  the lofs o f  the Vis vPva, in bending a given fpring,¡being al- 
w'ays the fame, by CorolL 7. and the V isviva, N lV '-  being wholly loft

Z  2)-i
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The AÚion of Spnnj*.

in bcmimg a fm de fpring P / .;  the lois o f the ir.
ciofingonc luch Ipring, will be A? ; and it’s lofs in doling a fccoad 
luch ipring, will again h c M ^ - y  and fo o n ; conR^quciitiy, rhc nun:ibcr 
nn o f luciTlprii^gs will be ciofcd one afccr auotlicr, by tliat iimc die Vis 
viva, nnMV^y  is wholly confumed.

Ifch cip rin g, inftead o f being at firil wholly unbent, as we have hl- 
thtrro confidered it, be now fuppofcd to have been already bent through 
ibinc Ipace CB^ before the body ftrikes it ;  anti the velocity o f th i bociy 
be required, aiter che fpring is bent through any further fpacc, 5 D , l \ .  
43. tliiscafe, as well as the three o:her above-mentioa’d, w ill be found 
to con:ic under our theorem.

For, if  V be the velocity with which the body is fuppofed to ftrihc 
againit the bent fpring at Ó, it is evident, that tliis may be confidered, 
either as the original velocity, or as the remainder o f a greater velocity V\ 
with which the body might have (truck upon the fpring at C, and wliich, 
upon bending the fpring from C to would now be reduced to u. For, 
in either cafe, the efifeS: in bending the fpring from B  to A  will be ex- 
adly the fame.

In ordcr> riierefore, to determine this imaginary velocity let a mid-
M

die proportional, BF^ be taken between C L x —  ̂ and 2 «, a being the

height to which a body w'ill afcend in vacuo with the velocity v  *, draw 
B F  prependicular to CB^ and, with the radius C F , dcfcribe the qua
drant C G F E A .  Then will our prefent cafe be exadliy reduced to that 
of the tlicorem i CBy C D , reprefenting the fpaces through which the 
fpring is bentj B F  and D E  the velocities in the points B  and Z>j G F  
and the times o f bending the fpring through the fpaces C D ;  
and C G  reprefenting the imaginary velocity with which the body 
mijghc have ilruck the f]>ring at C.

For, by the theorem, B F '^: CG^  and :: a : a.
L M

But = 2  a x  —— , by die conftruc-Therefore x
P  ’  

^ a L M
asinthecoB*úóri'y and, coníequendy, C G *= : — ——  x  —  =  ^

ftruiffcion o f die dieorcm.
From this cafe we (hall draw a few corollaries, as well for their ufeful- 

nefs upon other occafions, as to ihew how tlie theory o f  fprings may be 
fafely applied to die aélion o f gravity upon afcending or falling bodies.

If the body My with the velocity v , fufficient tacarry  it to the hei<>ht 
a, ftrike at By upon a fpring already bent through the fpace C B ^ i ; 
and do thereby bend it through fome fardier fpace B D  • at the end o f  
which fpace, or at D , the body has a velocity fufficient to carry it to

r  I. . , 2 oc. M L ^ P s X2Í~y~Sfome height* as t i then t=f — ---------  •zML
For,

J E
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Tor, by the theorem, « : t : :  B F '- ; DE-y  or D £ -  — B F -  x  —  =:

I n M L  f  ^  „  2 t M L  
. _ _ x _ o r D £ ^  =  — . .

AUb, -{- C i>  =  C£^ =  CF'-  =  -¡-  , tk it  is,

or 2 t M L  =  t c í M L  —  x

If the motion o f  the body ce.ife upon bending the the fpring through Q¡rcll. 3S- 
the fj>ace B D  =  Sy that is, if t =  0 ; then the height to  which the body

iriiciht afccnd in 'vacuo  ̂ with the velocity or « =  ÍÍ-Í-1{-J Z -Í .
°   ̂ z M L

For, by the Iaft> when « =  0, 2 « .M L  =  P i  x 2/
If /), the force o f the fpring when bent through the fpace CB^ beca r̂//. 59. 

equal to the weight o f  tlie body *, the height to wliich the body
would afcend in vacuo with the velocity *y, i& to the fpacc through which 
it will bend the fpring, by ftriking upon it at B  with, that fame velocity, 
as 2/ - j-  j  to 2/, or a : j  : : 2/ : '2/.

_ P s ^ T f = T s ,  . PFor, by the laft, « =  and - 7 -  being eciual to -4 - ,
2 ML,  I2 M L

=  and, i f^  =  M , « =: ,  x  i L ^ .
2 M l  2 1

I f^  =  M , and do alfo continue conftantly the fame while the fpring Ccrolí-, 
is bending from B  t o D  (both which fuppofitions are necelíirily matic ia  
reducing the aition o f a fpring to that o f gravity upon an afcending bo
dy), the fpring muft be o f an infinite length j and /, the fpacc through 
which it was bent before the body ftruck it, muft alfo be of an infinite 
length ; and the fpace B D ,  through which the fpring will be tuithcr 
bent, muft be equ;il to the height the body can afcend to with the ve
locity or a =  J.

For, by the iaft, when p  =  My a : s :: 2 ¡  - ' f  s : 2Í-, and the refiftaa- 
ccs o f the fpring at D  and B being refpectively as CD and CBj that is, as 
/ -[- j  and /; fince thofe refiftances arc now fuppofed equal to one another» 
we muft, upon tliat fuppofition, confidcr / - { - j  as equal to /; and adding 
/ to  each, 2 / - j-^  =  2/, that is, I muft be infmitely greater du n  Sy and 
then a : / ::  2 / : 2 /, or a  =

In this propofition, and all it’s corollaries, except the 4  laft, we have Scuolio: 
coniidered the fpring as being, at firft, wholly unbent, and then acted • 
upon by a body m oving with the velocity F , which bcndsr it through 
Ibme certain fpace : But, as we fuppofc the fpring to be ^ rfedtly elaftic, 
the proporitioii and corollaries w ill equally hold,, ii the fpring be fuppoicd

ikO



to  have been, at firft, bent through that fanie fpace, and, by unbending 
itfelt, to prefs upon a body at relt, and thereby to drive rhat Body be
fore it, during the tin:ie o f  it’s expanfion : O nly, Vy inftcad ot being the 
initial velocity, with which the body itruck the ipring, will now be the 
final velocity, with which the body parts from the fpring when wholiy 
cxpindcd.

ScuoiiirM It the ipring, inilead o f  being prcííed inwards, be drawn outwards by 
the adion o f the body, we need only make L  the greateft length to whiclj 
tlie rpriug can-be drawn out beyond it’s natural fituation, without preju
dice to it’s elallicity, I any iefler length to which the fpring is drawn out
wards, F  and p  the forccs, which will keep it from reftoring iticlf when 
drawn out to t!iofe lengths refpedively, and the propofition will equally 
liold good : as it will aifo, if  the fpring be fuppoícd to have been ;ilready 
drawn outwards to the length/, and, in rcftoring itfelf, to draw the body 
after i t : only, in this latter calc, A, the initial velocity in the propofition, 
will now be the final velocity, as in Scbciium

Our propofition equally holds good, when the fpring is o f  any form 
 ̂ whatfoever, provided L  be always underllood to be the greateft length it

can be bent or drawn to from it’s natural fituation, I any kfíer length, and 
py the forces which will confine it to tliefe lengths. For D r Hock\ 

princ iple extends to iprings oi;any form.
I have been at the trouble o f drawing fo great a number o f coroUaries 

from this propofition, becaufe, in the controverfy about the force o f bo
dies in motion, I have obfcr^'cd both parties to fup[X)rt their opinion by 
arguiTicnts taken from the thcor)' o f fprings; and I was willing impartially 
to íurniíli them both witli means to examine into the truth or iaifehood 
o f one another’s reafonin^. I Iiad tlioughts m yfelf o f making ufe o f 
fome o f thcfe corollaries tor that purpofe, being far from thinking that 
the difpute is about words only ; but this letter is already drawn out to 
too great a length; and before I have leifure to write again, I may poíTibly 
be prevented by a better Jiand, which, I hope, may put an end. to a d if
pute thas has too long pefter’d the Learned W orld.

inquiry in- II. Mechanical forces may be reduced to two forts; one o f  a body at 
to the iMca- rcft, the Other o f a body in motion. I'h e  force o f a body at reft, is tliat

of Bodies  ̂̂  table, or hanging by a rope, or fupported
j^Motion;'  ̂ ^ c.  This is allied by the name o f  prefi'ure, tenfion,

a pro- force, or vis mortua.
pfalof an 1  he meúfure o f this force is the weight with wliich the table is prcfied,
tum*"cruci5 ftretchcd, or the fpring is bent. And that meafure being
toiiecide tit acknowledged by all writers, there is no difpute about this fort o f force,
O,ntrô erfy notwithítamüng the diverfity o f appellations by wlüch it is called,

it’, ^  1  he force ot a body in morion is on aJl hands agreed to be a power re-
‘ in that body, fo lon gas it continues it’s motion ; by means o f

April, which it is able to remove obftacles lying in it’s way to lefien, deftroy, 
1741. Read ■01' overcome} the force o f any other m oving body, which meets it in an
IVIay 30. ■-« C p p o fltC
*745-

7he Meafure of the Force o f ^ d h s in Motion,
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"The Meafure o f the Forcü o f Bodies tn Motíot>,
oppofire dire<ftion or co fiirmount any dead prcíTurc or reíifbanCc, as 
tenílon, gravity, friétion, ^ c .  for í<>me tim e; but which will be lencned 
or deílroyed by llich obftaclcs, or by fuch refiitance, as Icfícns or dciboys 
the motion o f  the body. I'h is is called moving force, vis motrtXy and by 
ibme late writers, vis vivay to diftinguifii it from the vis mortxia fpoken 
o f before ; and by chefe appellations, however different, tiie fame tiling 
is underftood by all Mathematicians  ̂ namely. That power o f diipiacing 
obilacles, wirhftanding oppoíke m oving forces, or overcoming any dead 
rcfiilance, which refides in a m oving body, and which, in v.liole or in 
part, continues to accompany it, fo long as the body moves.

Hut about the meafure o f this fort o f force, mathematicians are divided 
into two parties: A n d, in order to ftate the cafe fairly between them, ic 
will be necofliiry to ihew how far the two parties agree, and in what point 
their difagreement coniifts.

Both fules agree. That the meafure o f  this force depends p r t ly  upon 
the mafs, or weight, o f  the body, and partly upon the velocity with 
which it m oves; lb that, upon any increafe either ot the weight, or oí 
the velocity, the m oving force will become greater. 'I'hey alfo agree, 
'H u t it tl>e velocity continue the lame, but the mafs, or weight o f  the 
body, be increafed in any proportion, the moving force Ls increafed in 
the fame pro])ortion ; fo that, in this cafe, the meafure o f  the m oving 
force is the fame with that o f the w eig h t: or, when two bodies move 
with the fame velocity, i f  the weight o f the fecond be double, triple, 
quadruple, o f that ot the firft, the m oving force oí the fecond will alfo 
be double, triple, quadruple, o f  that o f  the firft. But, when two bo
dies arc equal, and the velocities with which they move are different, the 
two parties no longer agree about the rneafure o í the m oving force.

One fide maintaifis, I'hat, when the velocity o f  the fecond body is 
double, triple, quadruple o f that o f the firll, the meafure o f  the m oving 
force o f  the fecond is allb double, triple, quadruple, o f that o f  the m ov
ing ibrce, being the fame with that o f the velocity.

The other fide pretend, T iiat, in the iamc cafe, the m oving force o f 
tñc iecond body is four times, nine times, fixteen times, as great as that 
o f the fir(V *, the meafure o f the moving force being the fame with that o f  
tile fquare o f  the velocity.

In confequerice o f the agreement in the fir fto f thefe two cafcs, and the 
difagreement in the fecond, the one fide pretends. T hat tl^  ^n^fm'e ot the 
m oving force is, in all cafes, the produót o f  the weight into the velocity; 
and the other. That it is tlK; produéb o f the weight into the Iquare ot the 
velocity.

T his controverfy was firfi: flarted by the famous M r Ldhiiit.^ ' liaŝ
been carried on by him and his followers for near 60 years'; during which
time a great number o f  pieces have been publiihed on both fkies ot tiie
quertion, and a great number o f exj^eriments have been made, or pifopofcd
to be made, in order to decide it. But though both p rties  agree in the
event o f the exi>criments, whether adually made, or only propoiki; yet

as
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as the* writers on each fide have found a way o f  deducing from tliofc ex- 
periments a conclufion fuirable to tlieir own opinion, the difagrcemcnt 
itill continues as wide as ever, to the great fcandal o f  the learned world.

N ow , i f  we examine carefully into the reafon o f  this, and would fee by 
what means it happens, that two oppofitc conclufions arc fo often drawn 
from the fame experiment, we fiiall find it not fo much owing to falfe rea- 
ibning on cither fide, (that would be eafily deteded, and fet right), as to 
siiothtr caufe namely, to their difagreen^nt in the principles upon whicJi
tiu rc.iroiiing is founded.

l  or, whereas whatever is laid down on either fide as a principle, ought
to be ibmcihing all the world agrees in, at leaft what is admitted by die 
other party; without which, all reafoning upon it is to no purpofe j this 
contkicc has been fo little obfervcd in the prefent difpute, that what lias 
been otfered on the one fide as an undoubted principle or axiom, has com 
monly been fomething tliat the oppofite party does not admit, nay, even 
abfolurely denies.

O f  this it wore cafy to produce a number o f examples ; but I fliall con- 
tciii m ylelf with two only, one taken from each fide.

'I'hoJe who maintain, 'I'liat the moving force is as the weight into the 
velocity, lay down ior a principle, or axiom. That when two bodies 
meet one another in contrary directions, i f  tlieir m oving forces be equal» 
neither body will prevail over the other: and if their m oving forces be 
unequal, the ftronger will always prevail over the weaker.

T his the Leihnitian party deny. T hey maintain. That one o f thefe 
bodies may prevail over the other, though their m oving forces be equal; 
nay, that, in many cafes, the weaker will prevail over the ftronger.

It is therefore to no purpofe to alledge, That the principle above laid 
down is founded on common fenfe; or that it was always univerfally re
ceived, till this difpute began; for, fince the oppofite party now rejeit 
it, all reafoning upon it can have no weight with them j you muft have 
recourfe to fomething elfe.

On the other hand, thofe who adhere to M r Leihnitzh fentiment, lay 
down lor a principle. That equal cficds always arile from equal caules 5 
provided the caufes be intirely confumed in producing thofe effeds.

I'his their opponents do not admit, unlefs in the cafe where thofe 
equal effects arc produced in equal tim es; and therefore, till both fides 
ihall agree in admitting this principle, no argument can be drawn from 
it by one party, that will be o f any fervice to convince the other.

But as this principle is chieñy made ufe o f  in reafoning upon experiments 
made with fprings, many o f which have been produced by both parties, 
in fupport o f  their opinions, it may be worth while more particularly to 
confider, W hat right there is on the one fide to impofe this principle, 
and what reafons may be given on the other for rejeóling it.

W hen one end o f a fpring, wholly unbent, leans againft an immove
able fupport, and the oppofite end is ftruck upon by a body in motion, 
\vhichj bending the fpring to fome certain degree, does thereby lofe it’s

whole
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whole m oving force *, the m oving force o f the body may be confidered as 
the caufc o f bending the fprin g; and the bending o f the fpring may be 
looked upon as the efic6t o f  that caufe, which is wholly fpent and con  ̂
fumed in producing it.

N ow  if two unequal bodies, m oving with unequal velocities, ftrike in 
this manner upon two equal I'prings, and each o f them bend the fpring ic 
ilrikes upon, exadly to the lame degree *, and by íb doing, the m oving 
force of each body be intirely co n fu m e d h e re , fay the Leihtiizian  wri
ters, arc two equal eífeéts prodliced; for the fprings are equal, and are 
now equally b en t; and the m oving forces, which are tlie caufes o f  thofe 
cfteds, arc wholly confumed in producing them ; and therefore, by vir
tue o f the principle above laid down, thole caufes m uil be equal *, that is, 
the m oving forces o f the two bodies m ud be equal.

liut their antagonifts will reply, that this principie is not admitted by 
them, except the times o f producing thofe efíeóls are equal; and that 
tiiey arc not lb in the cafe before u s : for the greater body will take up u 
longer time in producing it’s eííeól, or in bending it’s fpring.

If therefore the jMhnitzian party pretend, that equal efteíts, when pro
duced in unequal times, do always arife from equal caufes, they m ulf 
not impofe this upon their opponents by way o f principle or 
axiom, but m ull demonftratc it. T ill  this be done, there will be room 
to doubt, at leaft, whether the two bodies have equal m oving forces, 
though they bend equal fprings to the fame degree.

i'o r the larger and (lower ot thefe two bodies will bend the one fpring 
more ilowly ; and, confequently, will be refiiled for a longer time, than 
tiic. fmaller. and fwifter body will be refifted in bending the other 
i'pring to die fame degree. M ay not therefore the total rcfiftance ot a 
fpring be greater, if  that refiílance continues for a Icmger time ? and 
if  the total reliitance be greater, mufi: not the m oving force, which is de- 
Itroycd and confumed by that refiílance, be alfo greater? is tliere not 
reaíüu then to tloubt, whether the m oving ibrccs ot thefe two bodies l>c 
equal, though they bend equal fprings to the fame degree ?

In like manner, wlien a fpring, already bent to fome certain degree 
does, by unbending, drive before it a body which gives way to it’s prei- 
lln-e, is there not room to doubt, wliether tlic prefiurc o f the fpring may 
not produce a greater effeci:, v/hcn that preiTurc continues for a longer 
time ?

I'hat preilure may be faid to produce three efíeóls, all o f  wl\ich may 
i f  we pleafe, be conliticrcd as ditierent from one another.

1. The preiilire carries the body thro’ a certain fpace i by which fpace 
the length o f tiie bent fpring is incre;iied, in returning to it’s natural iitu- 
ation.

2. '1‘he preiTure gives to the body a certain quantity o f  motion.
3. It gives the body a ccrtain m oving force.
N o w , the ñrll o f thefe eñcífls is greater, when the preiTurc acls for a 

longer time. For, ii th e  preilure o f a bent fpring, by a¿Ung ior one fe-
V O L . X . P a r t i.  A  a cond
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cond upon the body j ,  carry that body i thro* the fpace r ; the prefllirc 
o f the fame, or o f an equal Ijpring equally bent, by aCling for tw o Icconds 
upon the body 4, will carry that bo^y 4 thro’ the lame fpace 1.

Likcwife the fecond efteét is greater, when the prclTiire continues for 
a longer time.

For, in the cafe iuft now mentioned, the body 4 will lu vc twice the 
quantity o f motion that the body i lias ; though thefe two quantities o f 
motion arife from the prdTure o f the lame, or, whicli is all one, ot equal 
rprings equally bent. W hy therefore arc we to take it for granted, or to 
have it impofed upon us by way o f principle or axiom, that the tiúrd 
effeál is not greater, when the time, in which it is protluced by the 
preflure o f the fame, or equal fprings, is longer, nay, inHnitely longer ?

But we arc told, that all the force, which rciided in the fpring, while 
bent, is now, upon the unbending o f the fpring communicated to the 
body moved. 1 aik therefore, what was that force, or what kind o f  
force was that, wlúch refided in the fpring, while bent, and witliouc m o
tion ? was it a bare prefilire, or a moving force ? A  Vis mortua  ̂ or a Vis 
viva ? you m u ft acknowledge, it was a Vis a bare prefllire, and
nothing more. But the force communicated to the body, and wliich now 
refides in the body in motion, is a Vis viva, a m oving force. I'h is 
therefore is not the fame force, nor a force o f  the fame kind, as that 
which refided in the bent fpring.

It will be laid, however, that the force o f  the bent fpring is intirely 
cxhauiled in giving the body it’s moving force. I aik therefore again.

j^8 The Meafare of the Force af Badies in Motion, ^ c.

. _ _ !y
given, I allow i t : but this does not prove, that the fame fpring, bent a- 
irefh to the ihme degree, or an equal fpring equally bent, cannot give a 
greater force to a greater body.

But i f  the meaning o f thelb words be, that the fpring cannot give a 
greater moving torce to any body wiiatfoever, I muft anfwer, thxt this 
is taking for granted the very point which is in difpute. l*'or tlie oppofite 
party pretend, that a body o f four times the bulk, will reccivc twice the 
moving force -in twice the time, from the prelfure o f the fame fpring in 
unbending itfelt, or, it you pleafe, in exhaufting all it’s force.

It is plain, therefore, that the followers o f M r L eih iiiz  have no right 
to fay, a body Jias fuch or fuch a force, becaufe fuch or fuch a fpring 
has put it in motion by unbending itfdf, or can be bent by it. T h is is 
not a pofition to be taken for granted, but ftands in need o f  a demonitra- 
tion, which nobody has as yet attempted to give, at leaft from any un- 
controverced principle ; and, till this be done, the laying down any fuch 
poiition can have no other effeéi:, than to perplex the controverfy more 
aiid more, without hopes o f ever coming to an end o f  it.

l*or which reafon I propoie to take a quite different method in what 
follows, and to lay down notliing, by way o f principie or axiom, but
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wliat is allowed o f by all the world, or, at leaft, Jias never yet been con- 
tradiétcd a priori.

When a bent fpr'ing does, by unbending itfelf, pufli a body before it, ^xhm ] 
the greater the bcx’y  is, the more ílowly will the J'pring unbend itfelf.

'J iie more any fpring is bent, the greater is it’s preilure. Axiom ir.
A  greater preiilire produces a greater m oving force, i f  the time be given, Axhm iir.
M oving forces are not proportional to the niaíTes of the bodies, and Propsf.thn I. 

tlic iquares o f their velocities.
L et there be two fi>rings, equal, and equally bent, A  and 5 , which, Demo*fJ}raihn 

by unbending themfelves, puih before them two unequal bodies*, the 
J'pring A  piiihing before it the greater body. N ow , by Axhm  I. the 
Ipring y/will unbend more ílowly than tlu; other: frpni wiiich it follow^, 
that, at every inllant o f  the time which the fpring B  takes up in un
bending itfelf, the fpring A  w ill have unbent itfelf lefs tlian 5 , or will 
be more bent tiiiin

Therefore, by Axiom II. the prcilure o f  the fpring A  will, at any in- 
ftant ot tluc tiine, be greater than the prelfure o f the fpring B  at tliat 
iiime inftant. H ence, by Axiom \\l. the nafcent, or infuiitely fmall m ov
ing forcc, \vhicii is protiuced by the prefllirc o f the fpring A  in every in- 
iinitely linall part ot that time, will be greater than that produced by the 
preiiurc o f the fpring Zi in the fame infmitely fmall part o f  the time.
'I'hcrefbre, th efu m oi the infinitely fmall m oving forces; that is to fay, the 
whole m oving torce, which is protiuced by the fpring y/, during that 
time, will be greater tlian the m oving force produced hy the fpring B  in 
that liime tim e : or the m oving force o f the greater body w'ill be greater 
than that o f  the lefler, at the inftant that the j'pring /Í, being now wholly 
unbent, ceafes to a¿t any longer upon the body it has puflied before i t : 
and as, after that inftant the fpring A  ̂ not being yet wholly unbent, 
continues to a ft upon the greater body, the m oving force o f  the great
er body will ilili continue to increafe, and confequently will more and 
more exceed the m oving force o f the fmaller body.

But eveiy one knows, that the protiudls o f  the maíTes and fquares o f 
the velocities arc equal in the two bodies. Therefore the jDoving forces 
which we have proved to be unequal, are not proportional to the pro- 
duéls o f the malfes and fquares ot the velocities. W hich was to be de- 
monftrated.

'To confider this in a particular example, let us fuppofe the maíTes o f 
the two bodies expofed to the prelTure o f the fprings A  and A’, to be 4 
and 1 refpeclively ; and let the fpring B  unbend itfelf, and thereby give 
the body i it’s whole m oving force in one lecond o f time. I'hen, at the 
end o f  that fecond, the m oving force o f  the body 4 will already exceed 
tlu t ot the body i ,  and will ftill grow greater during ajiother fecond of 
time. For the times are as the fquare roots o f the maíTes.

A lfo  if  the maíTes be 100 and i ,  the m oving force o f the body 100, 
will, at the end o f the fírft iecond o f  time, be greater than tliat o f  the

A  a 2 body
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b o d y  I ,  and v .ill con tin u e to  increafe d u r in g  th e  fpace o f  nine oth er

fcconds. ,
Corollary, When a bent fpring does, by unbending itfelt, drive a 

body beiore it, tlic larger that body is, the greater will be the moving 
iorce which it receives from tl\e ipring.

I laving now dearly proved, that the m oving forces arc not proporti
onal to the fquares ot the velocities, I proceed next to dcmonllratc, tiiar 
they are proportional to the velocities thcmfclves : and, in order thereto, 
I ihall, as I have hitherto done, make ufe o f no other principles or axioms 
than fuch as are athnitted on both fides, or, at leaft, have never yet been 
controverted api o r i  by cither party. 

jxiom  IV . Springs o f unequal lengths, when bent alike, have equal prefiures.
W e I'peak here o f fprings equal in all refpeéts, except the length only 

and, by being bent alike, we mean, that they are fo compreilcd, as that 
the lengths they arc now reduced to, are exactly proportional to their na
tural lengths, or to tiic lengths they are o f when no way compreiTcd. 
In this condition, if  one be direitly oppofed to the other, they will 
mutually fuftain each other’s preílure, fo as to maintain a pcrfeél aequili
brium: or, if  each be placed leparately in a vertical fituation, they will 
lliltain equal weights. And in one or tlie other o f  thefe cafes, it is evi
dent, that they niuft exercife equal preflfures.

/xiom  V . I‘lqual prellures in equal times produce equal m oving forces.
Propcjithn I f. M oving forccs arc proportional to the mafies and velocities jointly.
Demcnfiration, there be two fprings, of the lengths i  and 2, but equal in all other

refpeCls, and bent alike: and, in unbending themfelves, let the fpring i 
drive before it a body whofe mafs is 2 \ and the fpring 2 another lx)dy o f 
the mafs i. N ow , by Coroll. 11. o f my general theorem concerning the 
action o f fprings, thefe two fprings will unbend themfelves exactly 
in the fame time j and, confequently, the fpring 2 will unbend itfelf 
with a velocity double o f that ot the fpring i-: and by Ccroll. 12. 
of the íáme thorem, it will give to the body 1 a velocity double o f  that, 
which the body 2 will receive from the fpring i . -iVllb, as the two 
i'prings were fuppofed to be bent alike at firlt, and the t^iring 2 imbends 
itfeli with a velocity double to that o f the fpring i ,  it manifeit, that, 
during the whole time o f their expanfion, they will be alwrays bent alike, 
one to the other. Therefore, by Axiom IV . their prefiures will be con- 
llantly equal one to the other: and hence, by ylxiom V . the infinitely 
linall moving forces produced by each o f thelb fprings, in every infinitely 
fmall part ot time, will be equal one to the other. Confequently, the 
lums o f thofe infinitely fmall m oving forces, that is, the whole m oving 
iorces, produced by the t\s o fprings, will be equal one to the other. 
And the mafies o f tiie two bodies being 2 and 1, and their velocities 
being 1 and 2 refj>e¿'tively, it is plain, that the m oving forces are j)ropor- 
tional to the malíes and velocities jointly. \Vhicii was to be de- 
monilrated.

For
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For the greater facility o f  examining this demonftration, we have fuit- 

ed it to a fingle cafe only, and that the moft fimple that can be fup- 
p o fed ; but every body w ill fee, how eafy it is to form a general one 
upon the fame principles.

A s  we do not think, that any ñaw can be found in either o f  the de- 
monftrations above laid down j and the axioms, upon which they are 
founded, have never yet been difputed, as far as we know •, we prelumc, 
that the Leibmtziano\>\moi^ about the meafure o f  m oving forces, is incon- 
teftably overthrown by the firil propofition, and the oppofite fentiment 
is as evidently eftabliihcd by the fecond.

But, it any reader ihall be o f a different opinion, we muft beg leave 
to propofe to his confidcration the following experiment, which we hope 
may juftly  deferve the name o f an experimentum crucis'y and, as fuch, 
may put a final period to this coiitroverfy.

It is not new indeed, having been propofed before by m yfelf and 
others ; but, as the manner, in which it was formerly offered, has 
given occafion to fome objections, which, tho* not affeéling the fubilance 
o f  the argument drawn from it, may yet have amufed and embarrafied 
the lefs attentive readers, 1 ihall now propofe it in fuch a manner, as- 
may obviate all thofe difficulties, and, I think, will render it abfolutely 
decifive. T o  me,, la m  fure, it will be f o ; fince I ihall immediately 
embrace the Leibnitzian dofibrine, i f  my argument drawn from it can rc* 
ceive a clear and fatisfa£lory anfwer.

Upon an horizontal plane, at reif, but moveable with the lead force. Experiment. 
fuppofe upon a boat in a ftagnanr water, let there be placed, between 
two equal bodies, a bent fpring, by the unbending.of wluch the two 
bodies may be puihed contrary ways.

In this cafe it is evident, that the velocities, which the two bodies re
ceive from the fpring, will be cxaélly equal, and their m oving forces, 
will alfo be exa¿i:ly equal *, and that the plane they move upon, and alfo- 
the boat upon which it lies, will have no motion given them either way.
L et us call the velocity o f each body i ,  and the m oving force alfo i .

N o w , let us fuppofe the fpring to be bent afrelh to the lame degree 
as before, and to be again placed between the two bodies lying at re ft; 
then let the plane, upon which the fpring and the bodies lie, be carried 
uniformly forwards, in the direólion o f the length o f  the fpring, with, 
this fame velocity i .  In this cafe it is manifeft, that each o f  the bodies 
will have the velocity i ,  and the m oving iorce i ,  both in the direction 
o f  the axis o f the fpring.

During this motion, let the ipring again unbend, and puih the two- 
bodies contrary ways, as before, the one forwards, the other backwards; 
then the fpring w ill g ive to each o f thefe bodies the velocity i ,  as be- 
iorc, when the plane was at reíh

By this means the hindmoft body,, or that which is pullied backwards, 
will have it*s velocity i ,  which it had before by the motion of t!ic plane, 
now intlrely deilroyVl, and will be abfolutely at reft.

Rut
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But tiie body, v.'hich is puihed forwards, wiii now have the velocity 2, 
namely i t'rotn the motion oí the plane, and i from the adlion o f the 
Ipring.

Thus far every body agrees in what will be the event o f  diis experiment. 
Blit the qiieftbn is, what will be the m oving force o f the ioremoft b o 

dy, or ot that which is puihed forwards, and which has the velocity 2 ; 
•aiz. 1 from the motion o f  the plane, and i from the nétion o f  the fpring.

By die Ltihnitzian docírrine, it’ s moving forcc muít be 4 : and, i f  io, it 
m uii have received the m oving force 3 from tiie action o f  the fpring ; 
for it had only t!ie m oving force 1 from the motion o f  the plane.

L et us examine, whether this be pofTiblc, or rcconcileable to their 
own doctrine.

Their doctrine is, that equal fprings, equally bent, will, by unbending 
themfelves, give equal moving forces to the bodies they act upon, 
whatever thofe bodies are.

W e agree to this, not generally indeed; but in the cafe before us, 
where the bodies are o f equal mafies or weights, we agree to it.

L e t us tlierefore imagine the bent fpring, which is placed between the 
tw o bodies, to be divided tranfverfly into two equal parts. In this cafe 
It is plain, that the two halves o f the fpring, may be confidered as two 
intire fprings, equal, and equally bent, each o f  which reib  at one end 
in aquiiih io againft the other fpring, and at the oppofitc end, preiTcs 
againil the body it is to move.

Confequently, by the LeibnitTian doctrine, to which, in this particular 
cafe, where the bodies are equal, wc alfo agree, the two fprings w ill 
give equal moving forces to the tw o bodies.

But the m oving force received by the hindmoft body from the hinder 
fpring, was undoubtedly the moving force i : for by that force given it 
in the direó'iiiün backwards, the m oving force f , which it had before 
from the motion o f the plane in the direction forwards, is exactly ba
lanced and deilroyed, the body remaining, as w'as obferved before, in 
abfolute reil.

Therefore the m oving force received by the foremoft body from the 
foremoft fpring, was allb the m ovinc force i . And this, added to the 
other moving iorce i ,  which it had oefore from the motion o f the plane, 
makes the moving force 2, and not the m oving force 4, as the Leibnii- 
ziaji philofophers pretend.

Confequently, that body, which had before the velocity t, and the 
moving force 1, and now has the velocity 2, has alfo the m oving force 2 : 
that is, the m oving forces are proportional to the velocities.

W hen the famous Leibnitz publiihed * his new doflrine, by 
determines, that the force o f  a body in motion is to be mea- 

Prhdplcsof fquare o f  the velocity, it raifed a great controverfy in the
Mathematical \\orld. '1 he fame author, in y/pnV 1695, publiihed his

DiMatfth nl
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Specimen Dynamkum, in confirmation oí this dodrine : and in one place Mechanic-.,
makes ull* o f  the ibUowing exprcfiion ; h

“  I arrived at the fame true eitimation o f forces by different ways : ^  ̂ . *'
one a priorit by a m oil fimple confideratiort o f  fpace, time, and ac- 
tion, which 1 ihali explain in another place. I'h e  other a pojleriori^ by Pre/mteJ 

“  eftimating the force by the effed which it produces in exhaufting it- *3-
«  fclf/’ >"46.

H e feemed to intend the publication o f  his a priori^ which he promi- 
fcd to explain in another plac€y in May follow ing: for towards t le end 
o f his Specimen Dynamicum he adds the following w ords;

“  And now, having difpelled error, we ihali produce the true and 
really admirable laws o f Nature, fomewhat more diftinftly, in the fe- 

“  cond part o f this eflay, to be publiihed in the month o f  M ay'*
But, to our great misfortune, this fecond part never made it's ap

pearance in pubiick, cither in the month o f May^ or in any fubfequent 
month, or year, either in the Leipftck or any where elfc, tho' the 
author furvived above 20 years.

H ow ever, to clear this great man from the imputation o f  not having 
performed Iiis promife, the world has lately been favoured with it in 
the Commercium Literarum between him felf and another famous M athe
matician, John Bernouili.

Bernoulli^ it feems, upon feeing the Specimen Bynamicum^ wrote to 
Leibnitz^ in June following, applauding fome things, but at the fame 
time being fo far from approving his eftimation o f  forces,, that he 
even endeavoured to demonftrate, that the forces o f  moved bodies are 
not in proportion to the fquares o f  their velocities, but to the velocities 
themfelves. But at laft, after feveral letters had pafled between them,
Bernoulli came over to Leibnitz^ who, being willing to reward the do
cility o f  fo emkient a difciple, communicates to him his argument a 
priori^ which he had hidicrto kept to himfeif, and at the lame time 
aifigns the reafon why he did not divulge it fooner;

“  I would not honour, fays he *, with this clear light o f truth, thofe 
who did not receive as they ought thofe arguments drawn from the 

“  affections of heavy, or otlier Icníible bodies ; whcretorc 1 would nor 
“  make them pubiick j but referved them to  be communicated to 
“  thofe, who had ihewn themfelves to be equal judges.”

Bernoulli therefore, having flj^wn himfelf ̂ to be an equal judge^ and 
having thole arguments apojUriori^ that is, having
come over entirely to the opinion ot Leibnitz^ was tiiought worthy 01 
the honour to be admitted into thefe .fecrct receffes o f Science.

“  Becaufe, fays the author-j-, I fee you are on our íide, I will 
“  freely communicate to you m y principle c i demonllrating a priori 
“  the true eitimation o f  forces; which 1 have fometimes mentioned as 

being in m y hands, but have never yet produced, i '̂or communi-

yan. 1696. *J Jan. 1 6 9 6 .
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eating to you is committing a feed to a mofl: fruitful foil, that it 
may grow  up into a large plant.”
I cannot but commend the good gentleman for committing his feed to 

fo fruitful a fo il:  and yet I cannot think him wholly free from deíérving 
iomc ccnfurc'. For though he could work no efFed on the Papins^ Ca- 
telnn$y and other oppofers of his dodrine, who feemed to be incapahlc of 
com'erfwn  ̂ by any ácrnonfirations  ̂ how ftrcng foever^ though he might 
think them unworthy o f this clear light o f truths yet why did he envy 
it to the reft of the learned world ? I will not fay, that it was the pact 
o f  a good, and humane man, and o f one who was defirous to increafe 
knowledge, to lay open to all an affair o f fuch moment, but if  he had 
only ftudicd his own glory, preterably to every thing elfe, he fhouid 
have aded in this manner, that thofe detra6tors might eitlier have been 
immediately filcnced, or condemned by all the world. 1-aftly, as great 
men are not born for themfelves alone, or ibr a friend or two ; but for 
all-, is it not a fictie unjuft, that Bernoulli and his difciples fliouid alone 
enjoy this clear lights when we poor wrctches are condemned to live in 
more than Cimmerian darknefs. But it is w d l for us, that after 50 years 
o f darknefs, that light at iaft lliines forth upon all. But behold the ar
gument

"  I .  An adion making duple, in a fimple time, is duple, virtually 
“  o f an action making the fame duple in a duple time ; or the walking 

o f  2 miles in I hour, is duple, virtually, o f  the walking o f  2 miles 
in 2 hours.

2. A n action making duple in a duple time, is duple, formally of 
an action making fimpTe in a fimple time ; or the walking o f  2 miles 
in two hours is duple, formally, o f  the walking o f  i mile in i hour. 
“  5. Therefore an action making duple in a fimple time is quadruple 
o f an action making fimple in a fimple time ; or the walking ot 2 
miles in I hour is quadruple o f the walking o f  i mile in i hour.
“  4. I f  for duple we had fubitituted triple, quadruple, quintuple, & c. 
the action would have come out noncuple, fedecuple, 2 5 p le ; and 
generally it appears, that equable, equitemporaneous, m oving ac
tions, are to equal moveable, as the iquares o f  the velocities; or, 

“  which is the fame thing, that in the fame or an equal body, the for- 
“  ces arc in a duplicate ratio o f the velocities.”  5;̂ . E. B .

H aving read this argument, and out o f regard to the great fame of 
the author, having confidercd it with much attention, I muft confefs, I 
<^uld not difcover the leaft fpark o f truth in it, or even o f common 
fenfe. I ihould have fufpc£ted, that this had been owing to the weak- 
nefe of my own eyes, which perhaps were dazzled by the too great bright- 
nefs o f the light, if a doubt o f Bernoulli him lcif had not raifcd m y fpirits.

This ingenious perfon was fo far from acquiefcing in this clear light 0] 
truth, that he not only made an objection, but even produced a double 
demonitration.

I d o
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“  I do not fee, fays he what can be faid by an adverfary to the con- 
“  trary; unlefs perhaps, that the virtual a£lion feems to be confounded 
“  with the formal adion *, denying the confequence, that ^  is the qua- 
“  druple o f C, becaufe /I is the duple o f virtually, and B  the duple 
«« o f  C  formally.

H aving propofed this objeilion, he adds his dcmonftrations,
I .  A n  aftion making duple in a fimple time is virtually duple o f 

an adlion making the fame duple in a duple time.”
“  2. An aftion making duple in a duple time is fimple virtually oí 

“  an aftion making fimple in a fimple time.
“  3. Therefore an action making duple in a fimple time, is duple of 

«  an adion making fimple in a fimple time. Or,
“  I .  A n  a6tion m aking duple in a fimple time is fimple formally o f 

“  an adlion making the fame duple in a duple time.
“  2. A n a¿lion making duple in a duple time, is duple formally o f 

“  an adion making fimple in a fimple time.
“  3. Therefore an aftion making duple in a fimple time, is duple o f 

“  an action making fimple in a fimple time.
“  Y ou fee the 2 arguments, which plainly conclude the fume thing, 
but are quite contrary to your conclufion, and depend on that com 
mon axiom, that thofe things which are equal to the fame arc equal 
amongft themfclves, which indeed holds only in homogeneous quan- 

“  ties, as here in comparing a virtual adion with a virtual, and a for- 
“  mal one with a formal, but not one with the other.**

Thus Bernoulli with no lefs acutenefs than modefty. But Leii^nitZy in 
his letter dated in Marcb^ in the firft place endeavours to take off* Ber- 
mu\lt% objedion.

“  I do not well underiland, fays he, what you mean, when you fay 
“  a virtual adion is coniounded with a formal one. For I do not here 
“  treat o f an adion as being either virtual or form al; but one adion is 
“  duple o f another, either virtually or formally. Virtually, when it is 
“  duple in eftimation, tho* it is not duple in bulk, or congruence, as 
“  a ducat is the duple o f  a dollar; but formally, as a dollar is the du- 
“  pie o f a half dollar. And you muft know, that what is duple for- 
“  mally is duple alfo in virtue or eftimation. Therefore as the inquiry 
“  here is only concerning virtue or eftimation, there is no confufion o f 
“  the different kind o f  quantities or eftimations; for by virtually duple, 
“  I underftand that which is fo only virtually; but 1 call that formally 
“  duple, which is duple both formally and virtually.”

It is not to be denied, that Leihnitx has a right to aíTign what fenfc 
he pleafes to the words made ufe o f  by him, and that by this means he 
plainly takes o ff BernoullC^ objedion. But I could wiih he had explain
ed one thing, either o f his own accord, or at Bernouir% requeft, by 
what virtue or by what eftimation an adion m aking duple in a fimple

cc
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tim e, i$ dyple p f  an aftion ipakixig the fame duple in a duple time. For 
if  1 am not greatly miftaken nothing can be more falfe.

H e proceeds, “  I might abftain irom  words ufed only for the fake o f 
“  a certain harmony, for as becaufe a ducat is the dgpie p f a dollar» 
“  and a dollar o f  a half dollar, I conclude that a ducat is the quadru- 

pie o f  a half dollar > fo becaufe the walking o f z  miles in one hour 
“  is the duple o f walking 2 miles in 2 hours, and the walking o f 2 

miles in 2 hours is the duple o f walking i mile in i hour, it will foU 
“  low that the walking of 2 miles in 1 hour is the quadruple o f  walk- 
“  ing I mile in i hour.*’

Thefe troubling words, virtually and formally^ being new removed 
which had hitherto fouled this clear fountain of truths Leibnitz not only 
took off Bernoulli's objection, but brought him over entirely to his fide. 
“  Your anfwer, fays he in his next letter, quite fatisñes me *, for I fee 
“  whai you mean by thofe 2 terms: but your argumentation appears to 

me very elegant, and that it ouglit no longer to be detained from 
“  the publick ; for it will give great weiglit to the arguments a pofle- 
“  riori.'*

I ’hus Bernoulli in his letter dated in April, and I would likewife ac- 
quiefce in the fame argument, i f  any one will ihew me, that it is as plain 
that the walking o f 2 miles in i hour is the duple o f walking 2 miles 
in 2 hours, as that a ducat is the duple o f a dollar. For I fee that walk
ing 2 miles in i hour has duple the velocity o f  walking 2 miles in 2 
hours; but I do not find it to be duple, but equal, fmce the fame fpace 
is gone over in each walk.

But perhaps Bernoulli would not urge the matter any farther, as Leib- 
7iitz feemed to be in a more than ordinary commotion, “  I, fays he 
“  dare not promife any thing great; but 1 hoped to be not guilty o f  a 

moft open paralogifm, in an argumentation, which did not flip from 
“  me on a fudden, but had been confidercd by me for feveral years, 
“  and was vaunted by me as á thing o f fome moment.’ ’ H owever, that 
Leibnitz was guilty o f a mofl open paralogifm^ will be fliewn prefently, 
if  I am not greatly miftaken.

I need not dwell upon Leibnitz's examination o f  both Bernoulli's de- 
monilrations, bccaufe they depend upon tlie fcnfe o f  the words virtually 

formally  ̂ underftood differently from the meaning Leibnitz* “  1 
“  took the terms, fays Bernoulli f , in a different fcnfc from that in 

which you now explain them.”
But Leibnitz, being ftill in doubt what weight his firft demonftration 

would have with Bernoulli, adds another to it. “  1 add another, fays 
he [1, which, i f  you examine it to the bottom, comes to the fame as

*  Mar. 1696. + 1696. 11 Mar. 1696.
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cities. N ow  the lengths, equably run thro' are in a rátio cforhpound- 
“  ed o f  the tiincs and the velocities. Therefore m oving adiotís áre in 

a ratio compounded o f  a fimple ratio o f the times, and a‘ dupficate 
“  one o f  the velocities *, and fo, in the fame times, or elements o f times, 

the m oving aftions o f the fame moveable are in a duplicate ratio of 
the velocities, or if  the moveables are different, in a ratio compounded 

“  o f a fimple ratio o f  the moveables, and duplicate one o f  the vd o - 
“  cities.

A s BerttGulli had faid, in his letter dated' in that he a'cqniefced
in the former dcmonftracion^ but did not fay a word o f the* latter; Leib- 
r.itz aikcd him in May  ̂ “  what bethought o f  the other demonllration 
“  o f  the fame propofuion, which (fays he) is a little more according to 
“  the received form, tho’ they both agreii in the root.”  >

Bernoulli therefore, when he could no longer avoid openirtg  ̂lils'm'md, 
in his letter ofi thusJeXpreíTes himfelF. , . : > '

“  Y our other dcmonftraíiün*of the propofitián conrcrni'ng'thié/itio'of 
“  moving adbions, which you had alledgcd in the former, feems to me 

to be contrived no lefs-ingehioutly than the former, a n d , '&  you 
“  exprefs it, more according to form, tho* in the bottom o f the thing 

they both coincide. For nothing is nhore evident! to nfte; 'than that 
m oving aflions ought to be mcafured by their immediate efFetfts; if  
therefore the. lengths g(5ne thro* and' the* velocities, unlefs-gny'one'will 
obilinately huve the velocity-to be rather the caufe,. arc* thtf tl^¿Vs o f 

“  aii immediate adtion, and indeed the only ones, o f  whieli oWe does 
“  not depend, on the other, or is not included' in the other, the mov- 

ing. actions will ncceifarily be in a ratio coiiipounded o f the'lengths 
“  and the velocities ; and fo in equal times'in a duplicate* rátití o f  the 
“  velocities.**

It is plain that BernouUi in this aní\ver appfóves o f  the frcbhd^Hemon- \
ftration in appearance, but in reality condemns it, tho’ with the great- I
eft caution and modelty. For he iiot only hints that the velocity is ra- s
ther the caufe than the efFeft o f  an aélion, butf he reftrains" His' aíTent to 1'
this condition, that o?3e o f  the efícíts mentioned by ' namely '■
o f the length gone thro* and die velocity, does not depend on' the other  ̂
or is not included in the other. Now therefore as it is very evident, that 
the length gone thro* does depend on the velocity, and is included there
in, it is plain that the dtnionftration is faulty in the opinion'of 5 ^r- 
notdli,

Leibnitz, in his next letter dated in June  ̂ gave a copious and diftinft' 
anfwer to many other things^ but to thefe tacit objedlions o f  ÉernouUi  ̂
he anfwers lightly, diíTembling their force, and as if  he was treating o f 
fomething elfe, only ju ft fays;

“  But as I now eftimate an adlion by the compound ratio o f it*s prin
ciples, power and tim e ; fo 1 had eftimated it a little before by the 
compound ratio o f  what it perform s; an extenfive or material effcól, 
namely o f  the length, which I ufually call an effcct x«t’ i't̂ oyj.vy anti

B b 2 “  an

4 C

( C

ii

a

1

¡1



i '

i88

I*

i/

i  i

Dynamical or Netaphyfical Principles ^ M ech an ick s.

an intenfivc or formal cifc£t. For it is required that much (hould be 
“  performed and foon. Y ou fee now that both the eilimations agree 
“  together.’*

By the obfcurity o f this anfwer, whether affeded, or natural to Leib
nitz, it is eafily feen that he would have the velocity to be taken for 
the effcíít o f an action, which Bernoulli had hinted was rather the caufe, 
but that he did not dare to name it openly, tho’ he underftands it under 
the name o f  an intenfive or formal efFe6t, which the a<5tion performs. 
licfjdes as to the other objedtion o f Bernoulli, that tho’ the velocity is 
in the higheft degree the efFeét of an adtion, as well as the length gone 
tliro* i yet as one o f thefe effefts depends on the other, or is included 
in the other, and certainly the length gone thro’ depends on the velocity, 
an aftion ought not to be meafured by thofc eíFecls; as to this, I fay, 
he obfcrves a profound filence.

T he fecond demonftration therefore feems to be given up by Leib
nitz as well as Bernoulli \ and indeed in all their fubfequent letters, I do 
not find the left mention o f it.

Moreover, that firft demonftration, which comes to the fame with 
the other, that is, a true one with a falfe one does not feem to be 
wholly free from exception, cither with Bernoulli, or with Leibnitx 
himfelf.

For Bernoulli, tho’ he had declared in April, that it quite fatisfied 
him, that he acquiefced in it, and that it was very elegant, and ought no 
longer to be denied to the publick, in Augufi however did not know whac 
Leibnitz meant by the word abVtony on which that whole demonftration 
depends. ‘ ‘ Y ou ought, fays he, to define what you mean by adlion ; 
“  otherwife. nothing can ever be demonftrated.”  7 'his was a juft ad
monition, but to no purpofe ; for in the letter which Leibnitz wrote in 
anfwer-to this, you will not find a tittle o f  that definition fo highly ne- 
ceifary.

But Leibnitz himfelf, in his letter dated in June, exprefles himfelf 
th u s; “  m y demonftration a priori, for our eftimation o f forces, de- 
“  pends upon a certain fuppofition. N am ely, that an action 'which does 
“  any thing uniformlyj in a fimple time, is duple o f an action doing the 
“  fame thing uniformly, in a duple time. This fuppofition ought to 
“  have been granted by Catelan and the reft, with whom I had difputcd.*’ 
But what if  they will not grant it? why then the demonftration, which 
depends upon this fuppofition, falls to the ground, at leaft till you de- 
monftrate that fuppoíition.

But, “  I have not yet indeed found out a way o f  demonftracing this 
propofition a priori by the way o f congruency, nay not even this, 
that an action doing the fame thing, in a porter time, is greater ; which 
ought to have been the beginning.”
Therefore fince that fo much boafted demonftration a priori ftood in 

need o f another demonftration, which Leibnitz had not yet difcovered, 
nor ever after did difcover, nor any mortal ever will difcover, it is no

wonder
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wonder that this íeedt cho’ committed to a mofi fru itfu l^fóily^\á notgrov) 
up into a large plant. For Bernoulli took a final leave o f  this clear light 
o f truths when he faw it dwindle a way to a meer fnuff.

But a gentleman o f much higher courage, the learned Chr. Wolfius^ 
having attempted, to treat the theory o f  forces atter a geometrical manner, 
communicated to the pablick, in the firft volume of the Comment, Acad.' 
Imp. Petropol under the title o f  Principia Dynamica. “  W hen he had 
«  communicated,’ * part o f this “  1710  to the mojt illujlrious Count
“  de Herberftein, to the moft illufiricui Leibnitz and 'others  ̂ Leibnitz, 
“  in. a letter 17 11 , faid that it agreed with his, which he had comnmni  ̂
“  cated to the famous }ohvi Bernoulli;; Jatob l ierman, and others  ̂ con

firming it in thefe words: I lay down this calculus o f  pure'forces or 
adfcions. L et the fpace be i ,  the time /, the velocity the body Cj 
the cfFe¿t ^  the ppwer p, the adion » . ' T h e n w i l l  be in equal 
motion as j ,  e as cs  ̂ tp  as a. And rheíé may be afiumed without a 
demonftration. Add,, what is to be demonftratcd, e*u a. Hence 
many other theorems may be dcmonilrared; for inftance p  as cV^, 
For tp  as ev:  but ^as ¿-j, and s as tv .  I'herefore tp  as ctv'y  or p 
as c v .  And in thefe is contained part ot my Dynaniick  ̂ abílra¿lcd 
from fcnfible things, tho* it is afterwards verified by experiments.”  
I do not doubt therefore, IVolfius  ̂ but I have here propofed Dy
namical principles, which are conformable to the fentiment o f Leib- 

“  nitz"'
And this indeed is manifcíl o f itfelf, as the theorems o f IVolfius ex- 

atSfcly agree with the algcbráical notations o f Leibnitz ; but whether thefe 
principles are as conformable to truth as they arc to the fentiment o f 
Leibnitz^ is worth the while to examine. But I find one thing particu
larly worthy of obfervation in thefe notations, a as ev  ̂ which is to he de~ 
monjirated: whcncc Leibnitz feems, not even then, after 16 years, to 
have found out a demonftration o f the fuppofition formerly put o ff to 
Bernoulli; that an a¿tion doing any thing, in a fimple time, is duple o f 
an adlion doing the fame thing in a duple time ; fince an affion doing any 
thing in a fimple time, does it with twice the velocity o f an ailion do
ing the fame thing in a duple time. But how IVolfius demonitrates this, 
we fliall examine prcfently.

For the moil illuftrious Imperial Academ y o f Sciences at Peterfi/urg 
was pleafed to make me a prefent o f the 3 firft volumes o f  their Com 
mentaries, and at the fame time to fignify that it would not be difagree- 
able to them, i f  I would fend them any obfcrvations o f mine to be in- 
ferted in their Commentaries. In confequence o f this, having fent a 
paper relating to my theory o f the aiStion o f capillary tubes, which 
v/as well received by the moft illuftrious Academ y, and publiflied in 
their Commentaries, I íoon after took the liberty o f fending another un
der the title o f  Principia Dynamica.

For as I faw that the celebrated IVolfius propofed to explain clearly 
and diftindly, and after a geometrical manner, thofc things which had
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heei  ̂ Icfs. perfpicuoufly handled by 'Lerhnitz,. fo that i t  was n ot aafy t» 
(i l̂'covev cryth fr<i>a> falsehood; anti yec that they agreed e;ia£tty toge
ther in the main i 1 was wHl«ig;to take the oppoctunity o f bringihg that 
theory to an accurate examination.
\W itSi.t|iis view I tranfcnbcd cxaftly all thatB thought was rightly 

Jdivereci by WolfiuSy anti infcrted ixt.tisf. Dynamical Prrrtc f̂ks-  ̂
wh^t wa?; wanting I iiipplicd' ; and what fccmcd ta  be falfei Í corr«cbcd- 
\yivcn,-1 I i« n tiv  iivyears agoiivith::<a]! duerelpc¿b;to the-
Imperial Aca^cmj* That it was read in' their publick affembJy, and- 
ti\at thapicv^er^, oirdcred for the coromuoriraiitDnv I was iníiirñicíi, b y  
dvc lcafní!clív^(í¿/^, w haw as then, a t jPfiííjyZ'a/y,  ̂and fetting* out tor the- 
expedition to Kavtkaifchi.

 ̂ But afterw^i^*-. when after, fo many years I jfound no; mention o f 
diat paper in the Coxnmfntanesy I inqutrgi_ kift year o f a -friend» what 
was IxcQfiip o f it, H« anfweted me at liríí:  ̂ ^hat a a  fuch. paper had 
ever been prcf^fed to the Academy. 1 anfwci;cil,. chat it had ccrtainly 
been prefented* that it was read in a publick aliembly in June 173 J, 
and that dianjcs were returned me for it.. A t  laft, on examining.tlicir 
regifters, it was found to be true; but the paper itíjelf could no where 
be foundj nor could any ;one imagine by what accident ic was loft*. 
However the m oil illuftrious Academy were pleafcd to g ive  nue m y 
choicc either o f  feiiding another copy to Beierfiurg^ to b t  infcrted in 
their CommentarieSj or o f publifliing it in our Philofophical Tranlac*- 
tions.

W hen I had examined my own papers, I could not find a perfedt 
copy o f it any where, whether it had been loft: by fame accident in 
moving twice from one houie to another, or whether I liad. wntteii 
only that copy which 1 had fent to Peterjhurg. J found however an. 
imperfect copy, which I fupplied as well as 1 could, and now prefent 
and dedicate it to the Royal Society o f Lcndcny and I hope with better 
fuccefs.

DpmmUai W e often fee, wheii perfons are engaged in law fuits, that a thing
Principies, whích was at firft eafy and plain,, has by the ill management o f the advo

cares been carried thro* all the turnings and windings o f the law  ̂ till it 
has ended in a difficult and almoft inextricable caufc. In fuch a cafc, 
if any lawyer lhall fhew a fhort and plain way o f coming to a conclu- 
fion, I fliall think he deferves very well of both parties, on which fide 
foever the queftion is dccided-

In this light I confider the behaviour o f the famous Wdfius with re
gard to the controverfy concerning m oving forces, which has now for 
many years engaged the learned world. For if  he has not attained to 
the truth, he has certainly iliewn the way by which others may with 
Ijfety and eafe arrive at the truth.

'1 reading therefore in his fteps and thofe o f the illuftrious Leibnitz^ 
whom he proíeíTes to follow. I lhall endeavour to explain the Dymmi-

(.al
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<tf/ Prijtciplesy to tafc thdr own term, with as much perfpkuity as is 
-poiTible..

T o  which end I refblved to confider only one very fimple cafe, o f  a 
body endued with a Vis viva, ■which is nfioved with an uniform motion, 
that is, without any impediment, either o f  a refifting medium, or o f  
any oppofite bodies whatfoever, plainly according to the pofitions o í  
Woljius, And i f  the candid reader íhall obferve, that I have taken 
this learned gentleman’s definitions and axioms, nay and the fubfequent 
propofitions, excepting i or 2, and their demonftrations, without 
changing a word, I muft give him to underftand, that I did this pro- 
feíTedly, becaufe I think tliey can neither be more clearly expreíTcd, nor 
more certainly demonftratfd.

“  I call that Vis viva  with Leibnitz^ or merely w  or force, w h i c h 1. 
“  adheres to a local motion.”

“  A  pure force is that which is not refiiled in adtino; by any con- Dff. 2.
“  trary force/*

“  Therefore a pure force remains unvaried in the whole time Corollary 
a<5lion.
“  Such a force exerts itfelf in an equable motion, i f  it be con-SMium. 
ceived to be made in an unrefifting medium. For in whatfoever 
interval the moveable body is moved forwards, the fame celerity al
ways fubfifts, confequcntly the moving force is the fame. Therefore 
the effect, which it produces, does not in the left exhauft it.

A  pure aSfion is that which is exercifed by a pure m oving force.”  D ef. 3.

“  Such is the aótion o f  a moveable carried with an equable motion s m . 
in an unrefifting medium.

A n  uniform aftion is that, which is duple in a  duple time, triple D ef. 4. 
in a triple, ^ c .  or in general, which is as the time.

Such an adtion has place in an equable motion, when a moveable Schd. 
continues to be moved with the fame celcrity, namely if  the motion 

“  is conceived to be made in an unrefifting medium.
The effe^ o f a moving force beyond the confli6i is the tranflation o f a Def. 5.

“  moveable thro’ a fpace.”
“  I f  2 or more equal moveables are moved with equal c e l e r i t y , i .

“  the force o f them is the fame.**
“  T he fame adlion is performed by the fame force in the fame^;r/ew2.

“  time.**
“  That a greater adlion is performed by the fame force in a longer 

“  time than in a ihorter, and that a gr-atrr action is performed in the*
“  fame time by a greater force than by a lefs, no one doubts. There- 
“  fore the quantity o f  an action depends on the quantity o f forces and'
“  time. Wherefore i f  the forces are equal, and the time the fame, the 
“  a¿lion alfo muft be the fame.**

“  I f  the fame moveable is transferred thro* the fame fpace, the eííeét^^. 3.
•* is the fame.’ *

Dynamical m' Metaphyfical Principles o f  Mechaoicks. 151
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Dynamical or Metapbypcal Principlei o f yitchzmck^.
“  W e fuppqfe the motion to be madfi in an unrefifting medium, or 

“  at leaft abitrad it from the aélion, which is fpcnt in overcoming the 
>* rcfiftaiice o f tiie medium : which may be, whUft wc take no account 
“  o f  the time in which tiie eifett is produced,*'

If unequal bodies arc moved with the fame celerity, the forces arc 
as the mafles.”
The dempnftrations o f this and the S following theorems, about 

which we have no controveri'y witii the Leibnitzians^ were fet down 
inWolfitis'^ own words in the paper fent to Peterjburg: but here wc 
thought proper to omit them, to avoid prolixity.

“  Uniiorm adlions peribrmed in the fame time arc to each other as 
their forces.”
“  Uniform actions, performed with equal forces, are to each other, 

“  as the times in whicli they arc performed.
“  Uniform adions are in a ratio compounded o f  the times and 

“  forces.”
“  Unequal forces perform the fame a<ition in times reciprocally pro
portional to each other.’ *
“  If 2 equal moveables are transferred thro’ unequal fpaces, the eiFe6ls 
are as the ipaces.**
“  If any 2 moveables are transferred thro’ the fame fpace, the efFcóls 
arc as the mailes.”
“  If any 2 moveables arc transferred thro* any fpaccs, the efFc6ts arc 

“  in a ratio compounded o f the maíTes and fpaces.*’
In an equable motion, the effects are in a ratio compounded o f  the 

“  maíTes, celerities, and times.
“  A dions, by which the fame effect is produced, are as the celeri- 

“  ties.”
W e are now come to that theorem, on which the whole affair turns. 

I f  this is true, the Leibnitzian do<5trine is to be embraced, if not, it is 
to be rejedled. Therefore the demonitration of this theorem muft be 
diligently examined.

It is divided by Woljiui into 3 cafes; but as the fecond and third 
depend on the firil, we lhall confider only this one.

Demonfiratian “  If moveables are equal, and the fame e fftd  is produced in a differ- 
of thejirfi “  ent time, the velocities will be as the times reciprocally in which it is

“  produced; that is, a body, which produces an cffe6l in the time : íT, 
“  is moved with the velocity 2 C, wiien another, which produces the 
“  effedt in the time T', is moved with the fimplc velocity C, and fo 
“  on. Now it is evident, that an uniform a£tion is duple, which pro- 

duces the effc<5t in the time, triple, which in fubtriple, and fo on.”  
But do you fay, M r Wolfius  ̂ that this is evident ? what if  1 ihould 

deny it f what if I ihould fay that any adlion, which produces the fame 
effecl, is the fame in what time foever it produces it. 1 ‘his is the 
very fuppofition o í LeibniiZy o f  which, in his kittr to Ber;jou!H dated' 
in 1696, he fays he has not difcovercd a method o f  demonftrating

a priorty

7ht̂ rtm 3. 

T̂heorem . 

'̂harom 5. 

Theorem 6. 

7 Ivor err. •j. 

l̂ htoretn 8. 

ĥeortm 9- 

Theorem IC.

caje
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a priori, and in his letter to your fclf dated 1 7 1 1, fays is ftill to be de- 
monftrated. And yet you do not endeavour to demonftrate it, but fay 
it is evident, I deny it’s being evident, and fo your demonflration falls 
to the ground, and the fuppofition itfclf therewith.

But before wc fubilitutc a new one, let us fee a little, what is under- 
ftood by aétion, and what by cfTcét.

JVoifius  ̂ after the example o f Ltibnitz, has omitted the definition o f 
a£lion. H e has only Ihewn what is a 'pure adlion, namely that which is 
free from all impediment; and what is an uniform a<flion, namely that 
which incrcafes in proportion to the tim e: but what he means by aélion 
itfclf he has no where determined. But till this is done, nothing can 
ever be demonjlrated, as Bernoulli advifed Leibnitz long ago, but in vain.

I f  I might venture to fupply this defect, I would afcribe the fanic 
definition to action, which ¡Volfius has given o f  eíTcd ; fince there feems 
to be no other difference between adtion and efî e£t, than that adtion, it 
I may fo fpeak, is an eifcdl /;/ feri^ and effedt an abfolute action, or on ; 
that is perfeóted. For in IFolfus^s example, a Fis viva  is that wh;ch 
transfers a moveable thro* a ipace ; therefore the aétion o f a /̂ /j 
is the tranjlation of a moveable thro* a fpace ; and the effect o f a Vis viva  
is alfo the tranjlation o f a moveable thro* a fpace \ or rather, an cíi'e¿l is 
a moveable already transferred thro’ the fame fpacc.

But generally, an adion is the preceder o f an eíFetft; or rather, an 
aition is that by which any thing is eifected, but an efFedt is the thing 
itfclf which is effeitcd.

I do not boaft o f thefc definitions as being perfeét: but yet I think 
they are without any danger o f being miftaken, efpecially if 1 make the 
thing a little plainer by fome examples.

If 1 write a page, my aétion will be the writing o f  a page, and the 
efî e<5t will be a page written.

I f  a workman whitens a wall, his adtion wiJl be-the whitening o f  a 
wall, and the efFedt will be a wall whitened.

I f  a labourer digs a garden, his aétion is the digging o f  a garden; 
and the efFedt is a garden digged.

A n y o n e  may eafily conceive an infinite number o f  exam ples; and 
indeed I íhould have been aihamed to dwell fo long on things fo plain, 1
and in a manner frivolous, if  thefe very things falQy conceived had not ■
thrown fo many great men into the m od grievous errors. For |

------------- //^ fjugie feria ducunt
/;/ mala.

O f equal aétions the eííecls are equal. O.vr icth |
L et any Vis viva A  perform any aétion, and let there be fuppofed any Tkamr.. ^

other Vis viva B. N ow  that the Vis viva B  may perform an adtioii
equal to the Vis viva  it is neceflary that the Vis viva B  iliould aét 
cxaélly as much as the P'is viva /] lias acted* Thercforp after the com-

V O L .  X . Farr. i. C  c pletion i.
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Our 1 1 th 
theorem. 
Dcmonjlra’ 
íien.

Our I2th 
Theorem.

Demonftra-
tion.

O f  a new M irro r, nvhich burns a t  66  Feet D ijlance, & c .

pletior> o f the adion o f B i as much will be aéted by the forcc 5 ,  a& 
has been afted by the force A ; that i$, the eiTe£t o f the Vis viva B  will 
be equal to the effect o f  the Vis viva Ay the atlions o f  which were 
equal. ^  E. D.

Actions are in proportion to the effefts.
L et the eíFccl e be produced by the aélíon a. Therefore another 

effed  ̂ equal to the ñríl will, by 1 ‘heor. 10, be produced by another 
equal aftion a : confequently, the effeét ó will be produced twice by the 
attion a. in like manner it appears that the effect thrice e mufl: be pro
duced by the aótion thrice & c . Nay in genere, that the effect ne ( ~ E )  
muit be produced by the aótion n a { ^ A ) .  Therefore A  : a :: E  : 
that is, the aétíons are in proportion to the effeéts.

Forces are in a ratio compounded of the maíles and velocities.
By n e o r .  4. adfeions are in a ratio compounded o f the times and forces.
By Tbeor. 11. ailions are in proix>rcion to the effects. Tiicrcfore e&ccts 

are in a ratio compounded o f the times and forces. But by Theor. 8. 
effe<5ts are in a ratio compounded o f  the mafles and fpaces. Theretorc 
a ratio compounded o f the times and forces, is equal to a ratio com 
pounded of the madcs and fpaccs. Wherefore forces arc in a ratio 
coñípoundcd o f the mailes and fpaces dire<5tly , and o f the times recipro
cally, that is, in a ratio compounded o f  the mafles and velocities. 
i>. E . D.

11 
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IV . I. I have been at the king’ s garden, and am juft returned : I there 
learned, that this morning they have been trying fome experiments with a 
new-conftrufted refieiting mirror or mirrors with fuccefs : I knew in
deed fome time ago, that they had been upon the defign ; and M . de 
Bitffon had acquainted me with the tlKoretical part at the whole. 
I had even fcen a part o f  it executed-, but as they had not 
then efiayed if, I would take no notice o f i t : In oik: word, it 
is Archimedes revived ; and tlie credit o f antiquity, in this point, is in 
fonie meafurc re-cílabliílicd. This machine, tor fo 1 mult call it, con- 
lifts o f 140 fmall plain mirrors, each o f  about 4 by 3 Inches fquare ; 
they are fixed at alx)ut  ̂ o f  an Inch diitance from eacli other, upon a 
large wooden frame about 6 feet fquare, ftrengthened with many crofs 
bars o f  wood for the mounting o f thefe mirrors. Each o f them has 
three moveable fcrews, which the operator commands from behind, fo 
contrived, that the mirror can be inclined to any angle in any diredlion 
that meets the lu n ; and by tliis means the folar image o f  each mirror is 
made to coincide with all the reít.

There are in all, as I told you, 140 mirrors ; but they tried the expe
riment this morning with 24 o n ly ; for fo many, and no more, were 
then ready for the purpofe : the cfFea was, that, in very few feconds o f 
time, a combuftible matter they had prej^ared with pitch and tow, dau
bed upon a deal-board, was fet on fire, and burn’d vigoroufly at the di- 
itaiice o f 66 fctt. Judge now o f  the effed 140 will produce;

and
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and whether the invention may not be improved to the height o f all that 
has becji advanced o f  Archimedes by the Ancients. I'he only difficulty 
tliey  found was, to make the folar images o f  the mirrors coincide; but 
this is owing to the yet impcrfcdion o f  their method o f mounting, 
which may be eafily improved.

The dimcnfions I have given in o f the mirrors and frame were only 
guelTed at from view, for I have not mcafur’d them ; fo you muft not 
expect they will fquare or tally mathematically in the utmoft rigour.
Nor indeeti did I think it ncceíTary to do any more 5 for the dimcnfions 
o f themfclves are purely arbitrary.

2. You know that tlie affair oí ylrchimedes fetting the fleet on fire Jixtra/i cfa
by means o f burning-glaíTes, has been look’d upon as a thing impoflible 
and romantic. Defcartes pofitively denied the faét, which had been be- 
iieved for íb many ages; and our modern philofophers, after many /.XlVer. 
trials, and various realonings, Iiave been o f the fame opinion. But M. 
de Buffon̂  being aiked if  it might be pofiible to nwcni d. Phaometcr, Q̂ famel/Wnô  
machine tor meafuringthe intcnfUy cA Lighty hath difcovered by trial, 
tliat light was able to produce great effeds in a focus at a great diftance, i f " ( b i d  
one made ufe ofa great numbersof diiks, which would rciledfo many ima- p. 495. 
ges ot the fun and Hing them all into one place. H e put together there- 
fore a fort o f PolyedroTty confiiling of 168 fmall mirrors, or ilat pieces o f 3̂ ' ' 
looking-glafs, each 6 inghes Iquare ; by means o f which, with the faint 
rays ot the fun, in March, he fet on fire fome boards o f beech wood at 
150 feet diftance. By increafing the numbers of mirrors, he hopes to be 
able to do the fame 900 feet oil.

His machine has befides, the conveniency o f burning downwards or 
liorizontally, as one pleafcs ; and it burns either in it’s greater focus, or 
in any nearer interval, which our commonly known burning-glafieshavc 
not, their focus being fix’d and determined.

Perhaps this machine may afford a manner o f meafuring either light, 
or the different degrees o f heat o f burning bodies. The difficulty is to I
find the method o f marking the degrees, and o f fixing a point o f com- 
parifon ; for the point o f kindling will not determine i t ;  becaufe that 
chiefly depends upon the greater or lefs degree o f inflammability o f 
different combuftible bodies*.

felves my obfervations upon thcfe mirrors, as foon as I Ihairfatísfy my-
leli upon certain particulars, by ibnie new experiments I am now prepar- S. at Paris,

to M .

* M r Maupcriuisy in a letter to t’uc Prcftdent^ dated at PctsJam, May 20. 1747- fays, 
rh:;t his íñcnd Bujon  has recovered the burnmg-gliures o f  Archimcdfs \ that with ,'5$ 
p.lane glafics, each 6 inches fquare» he has melted a filver place, at the dillancc o f  60 
Uet, and fired pitch'd [joard: a :  150. Kr.ch fpaulujn is moveable, To as, by the help o f 
5 fcrcws, to be let to a proper inc!inatioi’. tor direcling t)ie rays tovvards anv given point.

desV burning
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196 Motion ^ P r o je c t ile s  7iear the Earth's Surface confider'd, & c .
S ĉcuU. Na. ing to make. The fpeculum I have already conftruii:ed, and which is 
Oa añ-íKov  ̂ broad and as many high, burns wood ac the diftance o f  200 
, ' feet, it melts tin and lead at the dift.ince o f above 120 feet, and filvcr
Och zy. at 50. The theory which led m eto this difcovery is founded upon two 
17+S. important rem arks; the one, that the heat is not proporcional to the 

quantity o f lig h t; and the other, that the rays do not come paralK-l from 
the fun. The firft o f thofe, which appears to be a paradox, is ncver- 
thelcfs a truth of which one may eafily fatisfy one’s fdf, by reflecting 
that heat propagates itfelf even within bodies; and that when one 
heats at the fame time a large fuperficies, the firing is much quicker 
than when one only heats a Imail portion o f the fame.

fhe nif,thn of V . After fo much as has been already faid upon the motion o f  pro- 
Projcaücs jefliles in vacuoy it may feem needleís to attempt any thing further on

» neverthelefs, as a thorough knowledge in the arc of Gunnery 
is becom e more than ever neceflfary, andas gentlemen employ’d in the 

independent of prafticc o f that art are (I am fcnfible) too often detcrr’d from applying 
the pro¡frties themfelves to the theory, by the difficulties they imagine they íhall meet 

a conic feítions, you will, I hope, pardon the liberty I have
UtnrloU.  ̂taken, in troubling you with m y thoughts on a fubjeót, in which little or 
Folkcs, Efq\ nothing new is to be expeded befides the method.
Pr. R.S. by When I firft drew up this paper (which was about two years ago) 

„ I did intend, had health permitted me to make the proper experiments,
attempted fomething with refpedt to the refiftance o f  the at- 

p. 137. Feb. mofphere, whereof the effc6ls are indeed too confiderable to be intirely 
W M ar. difregarded: but if the amplitude o f the projedion, anfwering to one 
1748. Read given elevation, be firft determined by experiment (which our method 
I 4-^747- fuppofes) the amplitudes in all other cafes, where the elevations and 

velocities do not very much differ from the firft, may be determined, by 
! the proportions here laid down, to a fufficiont degree o f exactncfs. Be-

" caufe, in all fuch cafes, the effects o f the refiftance will be nearly as the
amplitudes themfelves; and were they accurately fo, the proportions o f 
the amplitudes, at different elevations, would be exaftly the fame as in 
vacuo *, which proportions I now proceed to determine.

Pros. I. Let two balls he projeBcd with the fame cekrily at different̂  hut given ele- 
vationSy *tis prcpofed to determine the ratio of the times of their flighty 
of their greatefl altitudeŝ  and of their horizontal amplitudes.

Fig. -J.4. L et P  q. Fig. 44. reprefent the plane o f the horizon, P E ^  and peq tlie 
paths o f the projectiles, defcribed in the fligh t; moreover lei <^PlTand 
qpt be the given angles o f  elevation, and let P ^ a n d  pq be bifeCted in 
H  and h ; drawing I I ^  be and qt̂  all perpendicular to P  q: and 
making the fine o f S>PT ~  S, it’s co-fine =  C, the fine qpt =  j ,  it’ s 
co-fine =  and radius — .̂

Therefore,

t



Therefore, fince the diftances defcended by heavy bodies (whetherfrom 
a point at rt-ft, or from the right lines in which they would move, 
if  not afted upon by gravity' arc known to be as the fquares o f  the times, 

will be to^/, as the fquare o f the time o f  defcribing P E ^ { o x  
o f  that wherein the ball would move uniformly over the fpace with it’s 
firlt velocity at P ) is to the fquare of the time of defcribing peq  (or o f  
that wherein the other ball would move uniformly thro* the length pt)»
But the celerities at P  and p being equal, by hypothefis, the times in 
which the faid lines PT*andp/ would be uniformly dcfcribed, arc mani- 
feftly, as the lines themefclves ; whence the fquares o f  thofe lines mufl:, 
alfo, be as the fquares o f  the times, and, confequently, as the diftances 
defcended; that is, Pt'- \ p J i q .

S P ' T s X p  t
N ow , by plane trigonometry 7 ' ^  = ---------  and t q =  — —  j there-

/  S x  P T  s y p t \  
fore P T - : pt-  f ; : ---------; —  j   ̂  ̂ : s x p i  -j whence, by

dividing the antecedents by FT", and the confequents b y w e  have 
P T  : p t  : : S : s-y from which it appears, thát the times o f flight are di- 
reétly as the fines o f elevation.

Again, the times o f  defcribing E ^ a n d  eq (which are the halves o f  
the wholes) being alfo to one another as 5 : j ,  and the diftances £ // , eh  
defcended in them, as the fquares o f  the times, it likewife follows, that 

: :  E H  : e b ‘, or that the greateft altitudes are as the fquares o f  
the fines oí elevation.

r x P 2 ,  ,

Moreover, becaufe (by Trigonometry) P T  =  —  —  andp/ = ------,

and it has been already proved, that, S : s : : P T  : p t ,  it follows, that
*

S : s : whcnce, by multiplying the antecedents by
o  c

—  and the confequents by -  , it will be ( : :  2 P ^ : 2pq)
r  ̂ r r r

2, S C
:: P ^ : p q .  B u t ----- is known to be the fine o f  double the angle

■whofe fine is S, and co-fine C, & c. Therefore the horizontal ampli
tudes are to one another, as the fines o f  the double elevations.

Hence it follows, that the greateft amplitude poflibie will be, when cirs//. i. 
the elevation is ' a right angle, or 45® (becaufc the fine o f 90° is tiie 
greateft o f all others).

Therefore, if  the greateft amplitude be given (from experiment) theCííí/- 
amplitude anfwering to any propofed elevation, above, or below, 45®, 
may from hence be found: for it will be as the radius, to the fine o f

double

n e  Motion ^Projediles riear the Earth*s Surface confider'd̂  &c. 197
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(double the given elevation, fo is the greateft, to the required, ampli
tude.

Hence, alfo, the altitude o f  the projeétion m ayb e  known; for ^ 7 *, 
when the angle is half a right angle, will be =  P  and there
fore H E  (. 2" ^ )  — -i; ^  ^his cafe, =  -1 5 whence our
j)roportion S- : :: H E  : he  will here become \ s~ x i P h e  \
froni whence it appears, that, as the fquare o f  the radius is to the fquare 
o f  the fine o f  any given elevation, fo is half the greateft horizontal am- 
plitiule, to the altitude of the projedion. Hence it alfo follows, thác 
the height to which the ball would afcend, i f  projeiftcd dircctly upwards, 
is juft half the greateft amplitude.

I ’lierefore, fince it is well known, that a body in vacuo afcends and 
dcfcends with the fame velocity; and that the diftances defcended are as 
the fquarcs o f  the velocities ; it follows, that the amplitudes, at tlie i'ame 
elevation, with different velocities, will alfo be to one another as the 
Iquares o f  the velocities; bccaufe tliey are as the greateft amplitudes, 
with the fame velocities (by Corol. 2.) and thefe are as the diftances per
pendicularly dcfcended Whence, umverfally^ if  both
the elevations and the velocities differ, the amplitudes will be to each 
other in a ratio compounded o f  the ratio's o f  the fines o f  double the 
angles of elevation, and of the duplícate ratio's o f  the velocities, or im
pelling forces.

n e  angle o f elevation^ and the greateft horizontal amplitude  ̂ being givertj 
to find at what diftance the piece ought to he planted  ̂ to hit an objetl^ 
tvhofe diftance  ̂ above or belovD the plane o f the hcrizcn^ is alfo given.

L et Fig  ̂ 45, 46. be the plane o f  the horizon, B C  the perpendi
cular height or deprcflion o f the object, and A B  the required diftance: 
alfo leti^C  be produced to meet the line o f  direction A D  in D , and 
let P  be the place where the path o f  the projedlile would meet the ho
rizon j moreover, let P.i^be perpendicular to AP^  and C7Vparallel to 
A D . Then, by the preceding problem, it will be as radius: the fine 
o f  % B A D  : : the given (or greateft) amplitude : A P  \ which therefore, 
is known.

Moreover, the areas o f  fimilar triangles being as the fquares o f  their 
homologous Tides, we have A P  x  P ^ : A B  x B D : :  A ^  ; A D \  
But A ^  : A D ~ : : A B  x B D  : : ^ P  : D C  (from principles already 
explained) therefore, by equality, A P  x  P ^ :  A B  x B D  : : ^ P  : D C  
and confequently A P  : A B  : : B D  : C D ‘, but (becaule o f  the parallel 
lines C N  and A D )  B D  : C D  : : A B  : A N ', whence, again by equality, 
A P i A B  : ; A B  : A N ; therefore, by divifion, A P  : B P  : A B  :
B N ; and, confequently A P  x . B N  -  B P  x AB- 

L et be now bifefled in 0 ; then B P  x A B  being =  A O '- —  
O B  (in the firft caie) and =  O B- —  A O - (in the iecond cafe), we iliall

therefore

The Moihn o f Proje< îlcs ticar the Earth*s Surface confder'd, &c.
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therefore have =  - ^ - A P x B N ^ A O  x A O  z B N x  whence
the diilance J B n  likewile known. ^  E. L

Hence, i f  the elevation, and the greateft amplitude, together with OmL 
the diftance ^ 5  o f  the objeft be given, the height or depreflion o f  the 
ball in the perpendicular 5  C D  will be know n: for it is proved, that 
A P  B P  : B A  \ B N whcnce BN\%  known : but, as the radius to 
the tangent o f  5  iVC (Z i^ D ):  fo is ^ iV  to C.

The greateft horizontal amplitudes o f the piece  ̂ together with the diftance III.
and height (or depreffton) o f the object being giz'en^ to find the direction 
or angle o f elevation.

L et 5 C, Fig. 47, 48. be the perpendicular height or depreflion o f  the Fig. 4 7 ,4 8 . 
objeit, A B  it’ s given horizontal diftance, and ^ / / th e  required diredion i 
alfo let P S ^ F ig .4 ^ , be the greateil amplitude (anfwcring to 45® ofFig-49- 
elevation); draw ACy in which produced (if need be) take A G  =: 
make M G O  perpendicular to AG^  meeting A B  produced i f  need be) 
in O i and irom the centre O, with the interval OA^ let a circle be de- 
fcribed, interfcéting AGy  produced in and the line o f  dircdion A D  
in H ; join £ , //, and let H  /, A N  and be perpendicular to AE^
AOy  and P ^ r e fp e ft iv c ly ,  and let liCy produced, m ett A H  in D .

It will appear, from wliat has been faid above, that A D - : P R - ::
D C  : therefore PR^  being =  i P ^  — 2 A G -  =  ^ A E  , and
R ^ ~  '^AE  (by conftruélion), we have A D -  : ^ ^ E  : :  D C  :
■̂ AEy and thereibre y l D  ^  A E  x D C .

N ow , the triangles/ÍD C ,  AEH-,  being equiangular (becaufe y^DC 
=  D A N  —  A E H y  and D A C  common to both) we likewife have A D  :
D C  : : A E  : EHy  and confequently A E  x D C =  A D  x E H ^  AD ^ {per 
above); whence E H = ^ A D .  Therefore, as the triangles A D B  ¿ná 
E Histre  equLingular, they are equal in all refp ed s; and fo H I  —  A B  : 
whence follows this eafy conftrudtion.

Having defcribed the circle A E h \  as above direded, and drawn M G  Conp-udion. 
perpendicular to AE^  ta k e G «  equal xo ABy and thro*;/, parallel to 
AEy draw Hhy cuttuig the circle in H  and h j join Ay Hy and Ay h 
then either o f  the dire£tions A H  or Ahy will anfwer the conditions o f  the 1
problem. From this conftruélion we have the following calculation, v iz .

A s A B  is to BCy fo is A G  to 0 G-, which added to, or fubtrafted 
from, Gn { A B )  gives O n :  then, it will be, as A G  : On :: the co-finc f
o f  O A G  : co-fine o f  H O n  ( =  H A h )  the difference of the two required I
elevations ; whence the elevations themfelves are known, E . I. j

Hence, i f  the elevation of the piece, with the diftance and the height Cjrj. 1.
(or depreíTion) o f  the objeét be given, the greateft horizontal ampli
tude may be found : for it will be A B  : B C  : :  radius; tang, ot B A C \  i
whence C A D  'is alfo known.

Then, S. C A D  : S . A C D  { A H E )  : :  A D  {H E)  : A E .
A n d , S. A D C : radius : : A B  : A D .

llicrefore.
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i Therefore, by compounding thefe proportions, we have S.CAD x
\ S. ADC  : radius x S^ACD : :  AB : AE\ which is equal to twice the

required amplitude, by conftruélion.
; CW. Moreover, if the elevation, and the grcateil horizontal amplitude be

given, the amplitude o f the projection on any afccnding or aefccnding 
plane AEy whofe inclination F A R  is alfo given, may from hence be 
derived. For, S ,A H E  (A C D ) : S i E A H  {CAD) : :  A E  
: E/Í (A D )  and 6, A C D  : S. A D C  :: A D  : AC^  whence, by com
pounding the two proportions, Sf. S. A C D  : S .C A D  x S. A D C ::
A C \  irom which A C  is known.

CW. 3- Since it aopears, that the triangles A D B  and E H I  are equal and
alike in all refpeóts, and therefore, the horizontal diftance A R ,  uni- 
verfalh'y equal to the perpendicular/://, it is manifeft, that, when H I  

„i is the 'greateft pofiible, A B  will alfo be the greateit pofi'ible ; in which
circumllance A C  (if the angle F A E  be given) will likewile be the 

I grcateil pofiible: and this, it is evident, muft be, when H I  coincides
l ig- so, 51. vvith MG', or when the angles //£y/and H A E ^ r t  equal. Fig. 51.

at which time the point D  coincides with H-, becaule A D  and E H  arc 
always equal to each other. Therefore, fince, in this cafe, H A E  

: { H E A )  is =  NAH^  it follows, that the amplitude, on any inclined
plane will be the greatcft poíTible, when the line o f direction A H  
bifeéls the angle made by the plane and zenith, 

r CiTfs/. 4. iience the grcateil amplitude on any inclined plane may alfo be
known-, for the right-angled triangles A G O  and HOB^  having A O  ^  
H O  and the angle 0  common, are equal in all refpeéls; and thercibre, 
as tang, o f A U G  \BAH  the angle ot elevation): tang, of CliG {CAB  
the plane’s inclination) ; :  A G  ; GC-, whence ylC ^  A G  '^ 'G C  is allb 
known.

C:rof. 5. iience, alfo, if the grcateil amplitude on an inclin’d plane be given,
the grcateil horizontal amplitude may be determined : for, radius : 6'. 
B A C  : ; A C : BC — CG  =  the difterence o f the given, and the re
quired, amplitudes.

C o r e l . 6. But if, inilead o f the plane’s inclination, the perpendicular height,
or depreliion, of the objeól be given ; then, A C  {AG  +  BC) being to

I BCi as radius to the fine of BAC^ and radius: co-tang. B A C  : : B C :
Í A B  i the greatell dtftance ylB^ at which the ball can pofTibly hit the
I object, will from hence be given : which diílance (becaufe A C  “  A G

S and AB̂  ̂ =  y/C -}- C B  x A C  —  B C ) will alfo be cxprciled by

^ V A G  X A G  +  2 BC. Hence the greatcft horizontal amplitude o f a
*  ball, projeded from a given height above the plane o f the iiorizon is

fig. 5c. known: lor 52", Fig. 51. may here be fuppofed to reprefcnt, the plane 
o f  the horizon, and S A  the given height  ̂ and then SC, being equal

to AB  ̂ is given from above =  \/ AG  x AG  2 BC.

But,

k m o -
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But, i f  the horizontal diftance A B  be given, and it be required to Coro/. 7. 
find the grcatcft height the ball can pofTibly reach in the perpendicu
lar E Q D ; we ihall have U G  { A B )  : A G  : : radius : tang, o f  the ele
vation { B A H  or A H G )  \ and radius : tang. B A C  { z B A H ^  90^) ::
A B  : B C ; which therefore is known. But (bccaufe A C  +_ B C  — AGy

and A C  p  C B  x A C  —  C 5  =  A B ' )  the fame will alfo be truly ex-
AG^ ^  A B '

hibited by -------- —  .
l A G

Laftly, let the height, or depreííion, o f  the objcd  be given, toge- CW. 3. 
ther with it’s diftance AB^ to determine the diredtion, and the leail 
impetus poiRble, to hit the ob jcét: then A B  : B C  : :  radius : tang,
B A C \  whence the elevation B A H  is known*, and as radius : tang.
A H G  { B A H )  : :  M G  { A B )  : A G ; whence the impetus is alio known.

VI. I. T h e  ufe o f  rockcts is, or may be, fo confiderable in detcrmin- Obfcrvathns 
ing the pofition of diitant places to each other, and in giving fignais 
for naval or military purpofes, that I thought ic worth while to exa- 
mine what height they ufaliy rife to, the better to determine the extent Rô -
0Í the country, thro’ which they can be feen. I therefore, at the exhi- bins, F. R. S.
bition o f  the late fire-works, defir’d a friend of mine, who I knew intended N ’• 492- r- 
to be only adiftant fpedator, to obfcrve the angle o f  elevation to which ‘J ’ - 
the greateft part o f  them rofe, and likewifc the angle made by the rockcc 
or rockets, which fiiould rife the highcft o f  all.

M y friend was provided with an inftrument, whofe radius was 38 
inches ; and, to avoid all uncertainty in it’s motion, it was hxed in an in
variable pofition; and it’s ñeld, which took in ten degrees o f  altitude 
was divided by horizontal threads. T he ftation my friend chofe wai 
on the top o f  D r Nijbeti^s houle in Kiugjireet near Cbeapfide, where he had 
a fair view o f  the upper part o f  the building erected in the Green Park.
There he obferved that the fingle rockets which role the moil ere¿b, were 
ulually elevated at their greateft height about 6^ above his level and 
that amongft thefe there were 3 which rofe to ; and that in the lall 
great flight o f rockcts, laid to be o f  6000, the creft o f the arch, formed 
by their general figure, was elevated about 8^-4. From the care and 
dexterity o f  my friend, and the nature o f  the inftrument. I doubt not 
but thefe obfervations are true within a few minutes.

T he dillance o f  this ftation from the building in the Green Park is 
4000 yards, according to thelaft great map of ; and hence it ap
pears, that the cuftomary height, to which the fingle, or honorary rock
ets, as they are ftyled, aicended, was near 440 yards : that three o f thefe
ro fe  526 yards*, and that the greateft height o f  any o f thole fired in the 
grand girandole was about Ó15 yards: all reckon’d above the level oí 
the place of obfervation, which 1 efteem to be near ¿5 yards i'.ighcr than 
the Green Parky and little leis than 15 yards below tiie chefts wUence tlie 
great flight o f  rockets was difcharged.

V O L .  X . P a rti.  D d  It
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It feem» then there are rockets which rife 600 yards from the place 
whence they are difcharged: and this being more than a third part o f  a 
mile, it follows, that if their light be fufficiently ilrong, and the air be 
not hazy, they may be feen in a level country at above .50 miles di- 
ftance.

The obfervations on the lingle rockets are fiifficiently confonant to fome 
experiments I made myfelf about a fortnight fmce : for then I found that 
fcveral fingle pound rockets went to various heights between 450 and 500 
yards, the altitude o f the higheft being extremly near this lalt number, 
and the time of their afcent ufually fliort o f .

But though from all thefe trials it íhould leem as if  good rockets o f  all 
fizes had their heights limited between 400 and 600 yards •, yet I am 
difpofed to believe, that they may be made to reach much greater dt- 
ftances. This I in fome degree colleél from the nature o f  their compo- 
fition, and the ufual imperfeÓt manner o f  forming them.

Nor is this merely matter o f  fpeculation ; for 1 lately faw a dozen of 
o f  four pound rockets fired ; the grcateft part o f  which took up near 
in their afcent, and were totally obfcurcd in a cloud near 9 or 10" o f  the 
t im e; fo that the moment o f  their burfting was only obfervablc by a 
fudden glimmering through the clouds: and as thefe rockets, during the 
time they were vifible, were far from moving with a languid motion, I 
cannot but conceive, that the extraordinary time o f  their afcent muft have 
been attended by a very imufual rife.

An account of 2. M r not having been able to obtain any certain account to
jc,me r̂j ât diftancc any o f  the rockets mentioned in the preceding paper were
r^BcnrRo- rcfolved to order fome rockets to be fired at an appointed
bins, £/fi F. time, and to defire fome o f  his friends to look out for them at feveral 
R. S. Mr very diilant places.
Samuel D a 'j'he places fix’d upon for this purpofe, were Godmarflmn in Kent,

diftant from ; Beacon-Hill on Tiptery-Heath in
(jeL'fmcljn at about 40 mües ; and Earkway, on the borders o f  HertfordJbirCy
order io d]r-!,. about 38 miles from London.
ner the kdght M r Robins accordingly order’d fome rockets to be made by a pcrfon

employ’d in the Royal Laboratoi7 at JVoolwich; to which fome 
wno had been inform’d o f  his intentions, added fome others 

(/AVI' czNdto of their own making. Sept. 27, 1749. at 8 in the evening, was the time 
'ii/v;.* diftance appointed for the firing o f them ; but, thro’ the negligence o f  the enf î- 

f\ Light necr, they were not let off till above f  an hour after the time agreed
John  ̂ rockets fired from London Field  at

Ellicott, F.R. ; and the heights were meafur’d by M r Canton, M r RoMns be-
s. N‘ .4<)6. ing prefent, at rhe diftance o f about 1200 yards from the poft from 
p. 578. Nov. wfiencc the rockets were fir’d. T he grcateft part o f  them did not rife

600 yards nearly.
«3- 1750.  ̂  ̂ ■̂cceiv’d the next day from the Rev. D r Mafon, o f  Trin.

Cell. Cümhridge, who had undertaken to look out for them from Barkway 
on the borders oi liertforáflñre^ I was informed, that, having waited

upon

li'!
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upon a hill near the town with fome o f  his friends till about half an hour 
pafl: the time appointed, without perceiving any rockets, as they were 
returning to the town, fome o f  the company feeing thro’ the trees what 
they took to be a rocket, they immediately haften’d back out o f  the clofes 
into the open fields, and plainly faw 4 rife, turn and fpread; he judged 
they rofe about 1° above the horizon, and that their lights were ÍVrong 
enough to have been feen much farther.

From Ejfex I was inform'd, that the perfons on T^iptery-Heath faw 8 or 
p rockets very diftinCtly, at about i  an hour paft^g; and likewife great- 
jy to the eailward o f  thefc 5 or 6 more. T he gentlemen from Godmar^
¡bom in Kent having waited till above half an hour paft 8, without being 
able to difcern any rockets they fir*d half a dozen j which, from the 
beai ings of the places were moft probably thofc feen to the eailward by 
the perfons upon Tiptery-Heath \ and i f  the fituations, as laid down in the 
common maps, are to be depended upon, at about 35 miles diftance.

T h e  engineer being o f  opinion that he could make fome rockets, of 
the fame fize as the tormer, that ihould riie much higher, M r Robins 
orderM him to make halt a dozen. Thefe laft were iired 12. 
iollowing, from the fame place, and in general they rofe nearly to the 
fame heights with the foregoing ; excepting one, which was obfcrved to 
rife 690 yards. T he evening prov’d very hazy, which render’d it im- 
poiTible for them to be feen to any confiderable diilance.

It being obferv’d in thefe trials, that the largeft o f  the rockets, which 
were about 2 inches anti a half in diameter, rofe the higheft, M r Robins 
intended to have made fome more experiments, in order to a farther dif- 
covery what fiz*d rockets would rife higheft : but his engagements with 
the Eaft-India company preventing him, M r Samuel Da Cofta, late o f 
Bez'ojtfljire-Square^ a gentleman o f  an extraordinary genius in Meciianicks, í
and indefatigable in the application *, M r Banks^ a gentleman who had i
for many years pra6lis’d making rockets, and two other perfons, under- |
took the proiccuting thefe enquiries *, and having made feveral experi- f
ments as well with regard to the compofition, as the length which rockets 
might be made to bear, in proportion to their diameters^ and o f  differ- 
ent-fiz’d rockets from i  ̂ to 4 inches diameter, they intended this winter ,
to have made trial o f  fome o f  a yet greater diameter, had not the death o f I
M r Da Ccjta prevented it. }

I ihall therefore beg leave to give fome account o f  the fuccefs which 
has hitherto attended their undertaking, fo far as they w e n t: and as ir |j
has been.much beyond what was expected, I am in hopes tliis Ihort re- '■
lation will not prove unacceptable.

A m on gil fome rockets fired in the laft fpring, there were two made by 
M r  Da Cojta of about 3 ’ inches diameter, which wereobfervcd to riie, the j
one to about 833, the other 915 yards. A t a  fecond trial, made fome time 
aiter, there was one made by M r Da Cofta  ̂ o f  4  inches diameter, which 
rofe to 1 1 90 yards. T he laft trial was made the latter end o í A p 'il 1750, 
where 2S rockets were fir’ d in all, made by different perfons, and oí dii- |
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204 Machine to blow Fire by the f a l l  o f  Water,
ferent fizes, from i ,  to 4 inches diameter; the moft remarkable of each 
fizc were as foilcws •, one o f  1 ! inch rofe to 743 yards ; one o f  2 to 659 ; 
one o f 2 i to 880 i another o f  the fame fize, which rofe to 10 7 1; one 
of 3 to 1254 ; one of 3 ! to 1109-, and one o f  4 inches ; which, after hav
ing riffn to near 700 yards, turned, and tell very near the ground before it 
went out. I'hele were all made by M r Da Cofta. Bcfides thefe, there 
was one o f  the rockets o f 2 ' inches in diameter, which rofe to 784 yards, 
and anotiier made by M r Banks of the fame íize to 833.

Jl A s the making o f large rockets is not only very expenfive, but likc-
l|j wile more uncertain than thofc o f  a leficr lize ; fo from the laft experi-
[r mcnts it is evident, that rockets from 2 : to 3 ! inches diameter, are fuf-

ficient to anfwerali the purpofes they are intended for *, and I doubt not 
'U may be made to rife to an height, and to afford a light capable o f  being
ÍI5 fccn to confiderabiy greater diitances than thofe before-mention’ d.

Betore I conclude this account, it may not be improper to take noticc, 
that, tho’ the heights o f the rockets are fct down to a fingle yard, it is 
not pretended the method made ufe o f  (tho* fufiicient for all the purpofes 
o f thefe experiments) is capable o f  determining the heights to fo great an 
txaclntfs : for as they were meafur’d by only one obferver, it is evident 
that, if any o f  the rockets deviated from the perpendicular, fo as either 
to indine tow'ards the place o f obfervation, or to decline from it, the 
height would be given either greater or lefs than the truth ; but as the 
the bafe upon which they were mealur’d was 1 190 yards, the greateft 
error that can arife on this account will be but very inconfiderable. If  
we iliould fuppofe there might be an error o f 30 or even 50 yards, which 
IS very highly improbable, it muft then be allowed, that feveral o f  thefe 
rockets rofe to 1000 yards, one to l i o o ,  and another to 1200 yards, 
or double to any o f thoi'c fired in the Green Park.

I have been informed that the relation o f  this affair has appeared fo 
very extrodinary to fome gentlemen converfant in fuch matters, that they 
have mention’d it as their opinion, that there mufi: certainly have been fome 
miftake, cither in placing the inftrument, taking the heights, or other- 
wife. In anfwer to which I would obferve, that, in all the experiments 
mentioned in this paper, the heights were all taken by the fame perfon, 
viz. Mr John Canion, and that the laft trial was made in the prefence o f  
feveral very worthy members o f  this Sodeiy. I'hat the inftrument, being 
hril fixed to a proper angle was not alter’d during the whole time of 
trial; and therefore, if  there had been any miftake in fixing it, that mi- 
iiake would have varied the height o f all the rockets as much as thofe o f 
M r Da Ccfta"&‘, but it was thofe o f  M r D/z Cí?/?¿?’s only, and that at 3 
different trials, which rofe to fuch extraordinary heights ; and therefore 
I think wc have fufficient reafon to conclude that their meafures were cer
tainly taken very near the truth.

Fig. Í2. VII. J B C D  is a pit dug in the ground, whofe furface is higher at D
Dcjcrifticn of than on the other fide at A , T he bottom B C  is ftrongly ramm’d with 
« Uadmt to upon which are laid thin fawen deals.

In
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In this pic is fixed a tub G H K l  without a bottom, having a hole I  at i/nv fire hy 
the lower part o f  the fide, and all round the tub is ramm’d with clay, of
cxccpt at the h o le /. water

In the middle o f  the upper end o f  the tub is fixed a pipe at
the higher end o f  which are four holes pointing downwards, whereof N®.’475. p. 
two are reprcfented by S and i?, 315. Jan.ê fr.

Z R ^ U a funnel fixed on the top of the pipe, with a throat X Z  nar- 
rower than the bore o f the pipe. In the upper end o f  the tub towards 
one ñdc is fixed a crooked pipe at L  My tapering to the end at N,  It is 
made o f wood fo far as O, but from O to // o f  iron, the fire being fup- 
pofed at M  £ F is th e fu r fa c e o f  aplainftonc, raifed up in the middle 
o f  the tub, direitly under the pipe i

The running water, being let in at the top o f  the funnel, falls thro’ 
the pipe upon E F  the ftonc in the tub ; it runs out at the hole /, but 
cannot get off till it rifes as high as

I'his raifes it in tlie tub almoit up to the furface o f  the ftone, and it 
muit not rife higher.

So much water muíl run in at the top o f  the funnel, as will keep it 
always full, ornearly fo.

This height o f water fqueezes it into the pipe with a great velocity ; 
but, fince it paiTes thro’ the throat o f  the funnel, which is o f  a fmailer 
bore than the pipe, room is left all round the vein o f water for the air 
to enter at the air-holes.

It no fooner enters but it mixes with the water, on the account o f  the 
rapidity o f  the motion-, and both together make a v/hite froth, and intireiy 
fill the bore o f  the pipe. When this froth falls on the ftone in the tub, 
it is daflied into fmall particles, which difcngages the air from the water.
The air cannot get out at the end o f  the pipe, becaufe it is fill’d 
with the froth, which falls with a great force ; neither can it get out at 
the hole /, becaufe the furface ot the wattr is kept io high above i t ; 
and for that reafon it ruilies out at N  ■, and i f  the hole N  be ftopped, 
the air will foon force all the water in the tub out at /, and then fol
low it.

I 'he moft convenient way o f  regulating the blaft, is to bore a fmall 
hole ill the Blaft-pipe ; and, by the help of a pin in it, to let out what 
air there may be more than is wanted.

T he dimenGons o f  fuchan engine fufficiently big to fmelt harder ore 
than any in lead-hills, are fee down at the Bottom.

Feet.
H eight o f  the funnel - - - - -  - -  - -  - 5
liCngth o f  the pipe - - - - - - - - - -  14, 15, or 16
H eight o f  the t u b ................................................................. 6
Diameter 0/ the t u b ............................................................  5I-
H cight o f  the ftonc in the t u b ........................................  2

Diameter
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Inchcs.
Diameter o f the throat o f the f u n n e l .......................................... -
Diameter o f the bore of the pipe
Diameter of the biaft-hole a t i V .........................................................
}iole at/about 5 inchcs fquare,
Diameter of the air-holes      ......................... - j '

This engine is likcwife o f admirable ufe to convey freíh air into the 
works which faves the double drifts and ihafts, and cutting communi
cations between them,

A  fmall one will do very well for a Black-fmith.

n'ahhs p/Spc* VIII. The manifold applications which may be made, for the purpofes 
cific G ravi- of Natural Philofophy, o f  the relations which bodies bear to each other, 
t ic s  extra£ied ijy refpe¿live fpecific gravities, engaged me fome years fince to col- 
'cudZT̂ K̂ith experiments of this fort I could meet with in the courfe o f  my
hme oifrm-a- ftudics, and alfo to make feveral new ones o f my own with the fame de- 
/io»s upon the llgn.
famt’y ÍN n When my colleilion began to be fomcwhat confiderable, I difpofed

Ef- feveral bodies in tables according to their fpecies, which I found to be 
P. R. S, ty convenient method, as my tables were by this means capable o f
Kich. Davis, receiving additions in any part, without dcftroying the form o f the whole: 
M. D. and as they were thereby eafy and ready to be confulted, and well 
488. p. 416. ^ ĵfpofed for the forming o f immediate comparifons between the feveral 

l^odies o f the fame fpecies.
18.1747. But having now no farther opportunities o f enlarging my colle<flion, I

hereby beg leave to recommend the profecution o f my defign to others, as 
a fubjeit well deferving the attention o f fome o f the members o f the 
Royal Society  ̂ to whom I tlierefore prefent thefe my tables: wifiiing they 
may prove of fome ufe and fervice to the inquifitive and philofophical 
part o f the world. As I pcrfuade myfelf they really will, when they 
lhall be further reótified by the omifllon o f the erroneous or uncertain ex
periments ; when they ihall be enlarged by the addition o f fuch others, as 
may ftill be found in good authors, or which yet remain unpubliíhed in 
the clofets of the Curious : and efpecially if fome fuch gentlemen as have 
ikill, leifure, and opportunities, lliall pleafe to fupply their remaining de- 
fedls, by the communication o f their own obfervations, made upon thofe 
bodies, whofe fpecific gravities have not as yet been careRiily recorded.

'Penmte cur alias aliis pr^Jlare videmus 
Pondere res rebuŝ  nihilo majorefigura ?
Nnmy filantundem eft in ¡ante glomere  ̂ quantum 
Corporis in plumbo f̂ t  tantundem pendere par eft. Lucret.

I'he
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T h e Antlents have left but few particulars concerning the different fpe- 
cific gravities o f  bodies, tho* it is plain they were in the general fufficient- 
ly acquainted with them. It was by the knowledge of the various 
weights o f  gold and filver, that Archimedes is recorded to have detected 
the fannous fraud committed in crown, as Vitruvius has at large
xt\z.teá \\\\i\s yírchiteSiure-, 1. ix. c. 13. and it is from the fame great 
philofophcr, that we have derived the demonilration o f  thofe hydroftati- 
cal rules, by which the proportions are bed to be known, o f the feveral 
weights or denfitics o f  different bodies, having the fame bulk or magni
tude : as may be feen in his trad  De infidentihus húmido  ̂ loft in the Greek 
original, but retrieved in great meafure, as it is faid, from an Arabic 
tranflation. It was pubiifhcd in Latirty with a Commentary by Federicus 
Commandinus at Bononia 1565, 4' ', and the fubftance o f  it by D r Barrovj 
in his Archimedes^ printed likewilc in 4'*̂  at London 1675.

Pliny, ill the xviii. book o f  his Natural Hifiory  ̂ has fet down the pro
portional weights o f  fome forts o f  grain, among which he fays that barley 
is the lightrft. Levijftmum ex his hordeum, raro excedit  ̂ [/;; Jingulos ni
mirum modios'] XV libras, et faba  xxii. Ponderojius fa r  magi/que etiamnum 
triticum. And a iittie furtlier on, ex his generibus [frumenti fcilicet] qua 
Romam invehuntur, levijfimiui eft Gallicum, atque e Cherfonefo adveStum : 
quippe non excedunt in modium vicenas libras, f i  quis granum ipfum ponderet. 
Adjicit Sardum felibras, Alexandrinum et trientes: hoc et Siculi pondus, Boeo
ticum totam libram addit: Africum et dodrantes. In Tranfpadand Italia 
fcio vicenas quinas libras farris modios pendere: circa Clujium et fenas. 
And the fame author in his xxxiii. book, fpeaking o f  quickfilver, ob- 
fervesthat it is the hcavieft ofall fubftances, gold only excepted. Omnia ei 
innatanty prater aurum: id unum ad fe  trahit. W hich Vitruvius had alfo 
taken notice of, and had mentioned befides the weight o f  a known mea
fure o f  it, that o f  four Roman fextarii. Eaautem  [gutta nempe argenti 
v iv i qua inter fe  congruunt et una confunduntur"] cum fin t quatuor fextario- 
rum menfura, cum expenduntur, irr^eniuntur effe pondo centum. Cum in 
aliquo vafe efl confufum, ft  fupra id lapidis centenarii pondus imponitur, na
tat in fummo: neque eum liquorem poteji onere fuo premere, nec elidere, nec 
difftpare: centenario fublato, f i  ibi auri fcrupulum imponatur, non natabit, 
fed ad imum per fe  deprimetur. Ita non amplitudine ponderis, fed genere 
ftngularum rerum gravitatem effe, non eft negandum. Archit. 1. vii. 
c. 8.

Again, ^  Rhemnius Fannius Palamon, in his fragment D e ponderi
bus et inenfuris, has given us an obfervation, o f the proportional gravities 
o f  water, oil, and honey.

•Libra:, ut memorant, heffem fexlarius addet^

Tables o f Spcciñc Gravities.
y/ Jhort ac
count o f the 
Authiriy fr(,m 
'wkofe
in ŝ and expe- 
mentSy the fc l-  
lorn,ir.g tablet 
hanje been col- 
Liledy vjith 

fame remarks 
upon the expe
riments them- 
/eheSf and 
the manner in 
•which they ap’  
pear to have 
been made.
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Seu puros pendas latices, feu dona Lyai, 
Addunt femiffem libra labentis olivi, 
Selibramque ferunt mellis fupereffe bilibri.
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That is to fay, that the /extarius o f either water or wine w e ir e d  zo  oun
ces, the fame nitafurc o f  oil i8 , and o f  honey 30. Their fpedfic 
weights were therefore in proportion as 1.0, 0.9 and 1.5, exadly agrec- 
aiilc to what Vlllalpandus determined about the beginning o f the Uit ccn- 
tury : yi-t 'vas this author himfelf fenfible, that thefc were not to be look’d 
ijpo;i as very nice experiments.

J]¿ec tamen ajfenfu facili funt credita nobis.
Nanique nec errantes undis tabentibus amnes,
Nec m rji puteis latices  ̂ aut fo7ite perenni 
Manantes^ par pondus habent: non denique vina^
^ t e  campi aut colles nuperve aut ante tulere^
^ o d  tibi mechanica promptum eji depromere Mttfa,

After which he proceeds to defcribe a good pretty inftrument for the 
ready finding o f  the different fpecinc gravities o f  fluids, and lliews how 
thofe o f  foÜds ahb may be hydroftatically difcovered. And fo much ihall 
fufíice for what I Iiad to mention from the Antients relating to this fubjcct: 
I now come to thofe who have written within thefc lait hundred and fif
ty years.

Francis Bacon  ̂ Lcrd Verulam  ̂ & c . in his H ijl. denfi et rari, printed in 
vol. ii o f his works in/(?/í<?, 1741./>. 69. has given a table, which
he calls, Tabula coitionis et eapanftonis materia per fpatia in tangibilibus 
{quce fcilicet dotantur pondere) cum fupputatione rationum in corporibus de- 
verfis. This tract does not appear to have been pubhlhed till after his 
death, which happened in the year 1626, but was probably written 
feveral years before ; and the experiments were even as he tcils us made 
long before that. Hanc tabulam multis abhinc annis confeci  ̂ atque ut me- 
ininiy bona ufus diligentia. I therefore apprehend it to be the oldeit table 
o f  fpeciik gravities now extant. 'I’he experiments therein mentioned were 
not made hydroilatically, but with a cube o f an ounce weight ot pure 
gold, as he fays, to which he caufed cubes o f other materials to be made 
equal in fize : as he did alfo two hollow ones o f filver, and of equal 
weights, the one to be weighed empty, and the other filled with fuch li
quid as he wanted to examine. H e was himfelf fenfible that his experi
ments o f this fort Were, notwithilanding his care, very defeólve, pojfit 
proculduhio tabula multo exaEiior componî  •videlicet turn ex pluribus^ turn 
cx ampliore menjura : id quod ad exattas rationes plurimum facit^ et omnino 
paranda efty curares fit  ex fundamentalibus. From among thefe, notwith
ilanding their imperfeftion, as they appear to have bceniom coi the firlt 
experiments of the fort regularly digeiled, and as they were befides made 
by fo great a man, I have extradled the Ipecific gravities o f  the fixed 
metals, which 1 have inferted as examples in the following tables : after 
reducing them to t!ie common form, upon the fuppoficion that pure gold 
was, according to ju íl 19 times as heavy as water. And this
I have rather chofen to do, tlian to make ufe o f  his Lordfliip’s own weight

of
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o f  water given in the table, which in the manner he took it could not be 
very exaft, and which befides would not have brought out the fpecitic 
gravity o f pure gold more than 18 times as much ; and that o f  the other 
metals in proportion. This table contains in all 78 articles.

There are alfo in the third volume o f  the fame edition o f  his works, p. 
223. Certain experiments made by the Lord Bacon about weight in air and 
•water. Thefe are truly bydroftatical but very imperfeél, I have not 
therefore inferted any o f  them in the following colleólion.

Marinus Ghetaldiis^ a nobleman of Ragufay publifhed in quarto at 
Rome  ̂ in 1603, his treatife entitled, Prom tus Archimedes^ feu de variis cor-̂  
porum generibus gravitate et magnitudine comparatisy wherein he has given 
a companion between the fpecific gravities of water and eleven other diffe
rent I'ubftances, from his own hydroftatical experiments made with car« 
and exadlnefs. Thefc I have inferred : exprerfing the numbers as they 
Hand in his own book, but I have afterwards alfo for uniformity reduced 
them to the decimal form. I have befidcs at the end tranfcribed at large the 
two tables o f  this author, in which every one o f the 12 forts o f  bodies hfc 
treats about is fucceifively compared with all the others, both in weight 
and magnitude. ''

F. Job. Baptifla VillalpanduSy a je fu ito f  Cordoua in in his y^-
paratus Urbis et Templi Hierofolymitaniy printed infolio at Rome in 1604, 
exhibited a table o f the proportional weights o f  tiie 7 metals and fome 
other fubftances, from his own experiments, made with great care as he 
tells us, by the means o f  6 equal folid cubes o f  the fixed metals, and a hol
low cubical veiTel 8 times as large, for the comparing mercury,' honey, 
water, and oil with the fame. His numbers, whicli are inferted under his 
name in the following tables, were alfo again publiflied afccrWHlftls by Job. 
Henr, Alfiedius in his Encyclopedia univerfa^ printed in 2 vols. in folioy at 
Herborn 1630, and b y //?;/. Van Eiten^ \x\\\\% Mathematic^URecreatiomy 
from whence they have been often tranfcribed into other books. Vilial- 
pandus'*s book, which is only the third volume o f  a work begun to be 
publiihed feveral years before, was itfelf printed fo loon GbetMus'^y 
that it is probable he cither never faw that author, or not at leaft till after 
his own experiments were made.

M r Edm. Gunter  ̂ in his Defcription and Ufe of the SeSioty printed after 
his death by M r. Fofter  ̂ in 1626, havingoccafion to make menti
on of the fpecific weights of the feveral fixed metals, quoted Ghetaldusy 
and made ufe o f  his proportions, and fo did alfo M r IVill. Oughtred^ in 
\\\% Circles o f Proportion^ firíl publiihed in 4*° 1633, with this only difie- 
rence, as to the form, that hechanged Gbetaldus*^ unit into 210, whereby he 
exprefil'd all his relations in whole numbers. It is likewifc probable that D , 
llenrion took from the fame place the numbers he applied in his Ufage du 
Compás de PropcrtioHy printed Paris in 1631, S'"', although he has not 
given them all with exadtnefs, ior the fake as it feems ol uiing fimpler 
vulgar fradtions.
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F. Marinus MérfennuSy a French Minim» in his Cogitata Phyfico-Ma- 

thmatka^ printed at Paris in 1644, 4 « , has given from the oblervations 
o f  his accurate friend Petrus Petitus^ a table ot the fpecific gravities o f  the 
metals and feme other bodies, making gold lo o ,  water 54, and the reft 
in proportion. Thefe I have reduced to the common form, and infcr- 
ced under his name in the following tables. T h e  fame were afterwards 
made ufe oí by F. Francis M illiet de Chales  ̂ Jefuit, in his Curfus Mathe- 
ntaticuSy Monfieur Ozamm^ Frofeflbr WolfiuSy and feveral others. I 
have not fccn Petitus^% own lx)ok, but it was entitled U Ufage ou le m y- 
en de pratiquer par une Regie touies les Operalions du Compos de Propor^
(ion----- augmentces des T'^les de la Pefanteur et Grandeur des ^ietaux^ &c.
had a privilege dated in 1625. tho* it is faid not to have been printed till 
fome years after. T he fame Father Merfennus has alfo taken notice, in his 
general preface, o f  a table of 20 fpecific gravities, fomc time before pub- 
liihed by M . Aleaume  ̂ which he there fets down, but wlúch he alfo ob- 
feves to be very incorreiH:. 1 have not therefore iofcrted any o f  them in 
this colledtion.

M r Smetimick, one o f  the earlieíl: members o f  the Royal Society  ̂ com 
municated to the fame \njuly  1670, the weights o f  a cubic inch o f  feve
ral different fubftances ; iaid to have been formerly taken by M r R^nclds 
in the Tower o f  London, This gentleman was the fame who compofed fc- 
veral tables relating to the price o f gold and filver, which were pubiiihed 
in a book entitled íb e  Secrets o f the Goldfmitb*sJrtyZX. London 1676 in 8»^ 
Thefe weights are expreifed in decimals o f  an Aoerdupois pound, are 
carried to 8. places o f figures, and feem to have been carefully and accu
rately colleded. I Iiave therefore in the following tables reduced them 
to the common form, in order to give them their proper authority with 
the reft. I am ignorant whether thefe weights were ever before printed 
or not, neither can 1 give any account, after what particular manner the 
experiments were made, from which they were taken. T h ey  were com
municated to me from the regifter-books o f  the Royal Society \ and I íhall 
only obferve, that the abfolute weight here afiigncd o f  a cubic inch o f 
common water, does not differ more than a fmall fradtion o f  a grain, 
from the weight of the fame afterwards determined by M r W ard o f 
Cbefter.

I'he Philofopbical Society  ̂ meeting at Oxford^ diredled feveral experi
ments to be made hydroftatically by their members, concerning the 
ipccific gravities o f various bodies *, which being digefted into a table, 
yjcrt by Dr Mufgrave communicated to the Royal Societyy March 21^ 
1684. foon after which they were printed in the 169'^ number o f the 
P bilof Tranf Thefe experiments were, according to D r Mufgrave^ 
made by Mr Cafwell^nd Mr Walker i they are all originals, and clteem- 
ed fome of the moft accurate that are extant.

The honourable R o k ri Boyle, at the end o f his Medicina hydroftaticay 
firft pubiiihed at London in 1690, 8'°. fubjoined a table o f the fpecific 
gravities o f feveral bodies, accurately taken from his own hydroftatical

experiments.
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experiments. Befidcs which, there arc alfo in the fame trait, and in 
other parts o f  his works, fevcral experiments o f  tills excellent author’s, 
which he has given occafionally, together with the ufes refulting from 
them. T o  fuch o f  thefe in the tollowing colledlion, as were taken from 
tiie tablejuft mentioned, I have barely annexed his name, but to fuch o f  
the others as occurred, I have alfo added the volume, page, and column, 
o f  the late folio  edition o f  his works in 1744, where the fame are to be 
ibund. It may be noted, that in the firfi: edition o f  the Medicina hydro- 
Jlatica, there were fevcral errors o f  the prefs. Such o f  them as I could 
difcover by calculation, 1 have corrected in the following pages.

There isa  table publiflied under the name o f  7 .  C. in the 199*̂  ̂ num
ber of the Philof. Tranf. An. 1693 : and this is evidently a fupplement 
to that abovementioned o f  the Phtlofopbical Society meeting at Oxford. 
T h e  experiments were, according to the initials J . C. made by the fame 
curious perfon M r John CafwelU and are thereiore o f  the fame elVtmati- 
on as the others.

M . Homherg  ̂ o f  the R . Acad, oj Sc. at Paris^ read a memoir in 1699, 
wherein he took notice o f  the expanfion o f  all fubftanccs by heat, and the 
contraction o f  the fame by co ld : from whence it mufl: follow, that the 
i'l>eciric gravities o f  the fame bodies would conftantly be found lefs in 
the fummer and greater in the winter. And this he íliew’d from the ex
periments he had made upon fevcral fluids, both in the fummer and the 
winter-feafons, by means o f  an inilrument he had contrived and called 
an Araometo'^ being a large phial, to whicii he had adjufted a long and 
flender ftem, whereby he could to good exadlnel's determine, when it 
was filled with equal bulks or quantities o f  the feveral fluids he propo- 
fed to examine. T h e  refult o f  his trials with this intlrument he digelled 
into a ihort table, which was printed in the Memoirs o f  the Academy for 
the fame year 1699. This table J , CafparEifenfchjnid afterwards republiíh- 
ed with feveral additions, in histraét De Ponderibus et Menfuris, printed 
zt Strafburg \\\ 1708, 8’'“ . changing it to a more convenient form for 
his purpofe, by reducing the different fluids therein named to the known 
bulk ot a cubical Paris inch. So much o f  this table as I thought might 
be ot iervice, J have here fubjoined to the others in the following collec
tion, but 1 have alfo made an alteration in the form, the better to fit it 
for general ufe, by omitting the abfolute weights o f  the feveral bodies 
in fummer and winter, and placing inftead ot them, after the name o f  
each body a decimal number, exprefi'ing the proportion of its weight in 
winter to its weight in fummer, fuppofed to be every-where reprefented 
by unity.

Sit I f  Newton, in his Optics^ printed in 4*®. at I.ondcn 1704, gave 
a table of the fpecific gravities o f feveral diaphanous bodies. T he expe
riments were made by him with a view chiefly to optical enquiries, and 
to enable him to compare their denfities with their feveral refraclivc pow
ers : we may therefore be well aífurcd, that they were made by tlje great

E  e 2 author
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author with the mofi: fcrupulous carc and cxdtncfs. T he table confiíls o f  
22 articles.

John Harris  ̂ D. D. in his Lexicon I'echmcum, firfl: printed at London 
J 704, f o l  rcpubliihed at large the fevcral tables of fpecific gravities o f  the 
Oxford Society and J . C. from the Pbilof. Tranf. and chat ot the Hi)n. Roî . 
Boyle from his Medicina hydroftatica^ to which laft he alfo added fonie 
txperimcncs o f his own, made as it feems with good accuracy. I'hcfe 
are here cxtraded, and placed under his name in the following tables.

MrJohnPFardoiCbeJiery in his Toung Mathematician's .Guide^ fir ft 
printed, as I take it, in 1 706, acquaints us, that he had himfelf for his 
own fatisfaflion, made feveral experiments upon the different fpeciiic 
gravities of various bodies \ and that he was o f opinion, that he had ob
tained the proportion of the weight that one body bears to anotlier o f  the 
fame bulk and magnitude, as nicely as the nature o f  fuch matter, as might 
be contraifted or brought into a leil'cr body {viz. either by drying, ham
mering, or othcrwifc) would admit of. And he has accordingly given 
us in the faid book the weight o f  a cubic inch o f  24 different fubllanccs, 
both in Troy and Averdupois ounces and decimal parts o f an ounce; 
which he further aíTures us required more charge, care, and trouble, to 
find out nicely, than he was at firft aware of. This table appears to have 
been well eileemed, and to have had the fandion o f  M r Cotes'% appro
bation, by his taking it, when reduced to the common form, into that 
colleilion which he drew up for his own hydrofVaticai leflures.

Roger Cotesy M . A . and Plumian Prof. Aftron. and Exp. Pbilof, at 
Cambridge  ̂ firft giving about the year 1707 a Courfe o f Hydrofiatical and 
Pneumatical Experiments^ in conjunction with M r IVhiJion in that Uni- 
verfity, drew up, for the ufe o f that courfe, a very accurate table o f  fpe- 
cific gravities, colleóling from feveral places fuch experiments as he took 
to be moft exadt, and the beft to be depended upon. And as the judgment 
o ffo g re a ta  man cannot but give a general reputation to fuch experi
ments as he had fo feleéVed, I have thought proper, in the following ta
bles, to diftinguiih all fuch by the addition of the letter C, after the 
names o f  fuch perfons from whom they firft appear to have been 
taken, adding alfo the name of Cotes at length, to fuch others as I have 
not met with elfewhere, and which I therefore take to have been tranf- 
ciibed from the memoranda o f  his own experiments. I'his table o f  M r 
Cotes's ufed firft to be given in M . S. to thofe who attended his lectures ; 
but it was afterwards printed in a fingle fhect, relating to a Courfe o f E x
periments at Cambridge in 1720, and fince in M r Cotes's Hydrofiatical and 
Pneumatical l.eilures^ when they were publiihed at large in S’*'® by his 
fucceffor Dr Smithy now the worthy mafter o f Trinity College. In thefc 
printed Itélures were inferred the gravities o f  human blood, its ferum, 
& c . irom Dr Jurin, inftead of thole that had before been made ufe o f 
from M r Boyle.

M r Francis Haukfiee^ now Clerk to the Royal Society  ̂ did, about the 
the year 1710, begin, in conjundtion with M r Whifton^ who had then 
uewly left the Univerfiy, to give hydroftatical leflures, ¿fe. in London ;

for
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for the purpofe o f  which he reprinted in a thin volume in 4*®, in which 
are the Ichemes of his experiments, M r Cotes^s table of fpecific gravities 
abovementioned. T o  which he added, from tryals o f  his own, the 
weights o f  fteel, fofc, hard, and temper’d, which are printed with his 
name in the following tables, as are alfo fome other experiments, which 
he has iince occafionaily made, and communicated to me. M r Coles*s 
table, with the abovemention’d additions o f  M r Haukjhee, was afterwards 
again publifhed by Dr Shaw, in his Abridg. OÍM.X Boyle"% Philof. Works-,
■AX. Lond. 1725, 4'°. vol. ii. p. 345.

John Freindy M . D. at the end o f  his PrakSl. Chem, printed at Lond. 
in 1709, 8'̂ '̂ . has publiílied fome new tables o f  the fpecific gravities both 
o f  folid and fluid bodies, entirely taken from his own original experi
ments. A n d as thele tables contain an account o f  a very ufcful ict o f 
bodies, upon which few or no other experiments have been m ade: it is 
gieat pity that this truly learned and elegant writer was not more accu
rate in his tryals than he appears to have been. Many o f  his experiments 
having indeed been made in fo lax and impropera manner, and fo many 
errors having been committed in them, that one cannot with fecurity de
pend upon thefe tables, tho’ containing otherwife fads one would fo 
much defire to be truly informed about. I have however here inferted the 
feveral particulars o f  his two lail tables, which immediately concern fpe
cific gravities, after corre6ting fuch errors in calculation as I could certain
ly come a t : and I hope that I fliall be excufed for this free cenfure upon 
part o f  the works o f  a gentleman, who has fo well deferved of the learned 
world, and acquired fo juft a reputation in it.

James Jurin^ M . D. and fevtral years Secretary o f  the Royal Society  ̂
gave, in N^. 361 o f  the Philof. Tranf. An. 1719 , fome original and 
very accurate experiments made by himfelf, upon the fpecific gravity 
o f  human blood, at fcvcral times during the fix preceding years. Thcfe 
were accompanied with a very curious Difcourfe, which has fince been 
tranllated by himfelf, into Lat'in^ and reprinted in his Dijferi. Phyfico 
M ath. Lond, *732, 8’'®.

This gentleman has alfo, in 369 o f  the fame Tranf. obliged 
us with fome very judicious and ufeful remarks, relating to the caution 
to he ufed in examining the fpecific gravity o f folidsy by weighing them in 
•water ; for want o f  attending to which, fcvcral forts o f  bodies, fuch as 
human calculi^ the fubftance o f  all woods, ^ c .  have appeared, from 
their pores and finall cavitics filled up with air, to be confiderably light
er than they really are.

John IFoodward^ M . D. and Profefíbr o f  Phyfic in Grcfham College  ̂
had, as he acquaints us in i'everal places o f  his works, made a great num
ber of experiments upon the fpecific v/eights, o f  mineral and other fofiil 
t>oJics, but which being probably contained in thofe o f  his papers which 
he ordered to be fuppreíTed at his death, are thereby loíl to the 
world, to which they would without all doubt have been very accepta
ble. A ll  1 have been able to pick up are a very few mentioned in the
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Catalogue of the EngUJb Foffils in bis Colleítion^ publiflied fincc his dc- 
ceafe, in 8 ’. Lond. 1729.

-  M.T G a b rie l FahrenhsIty F. R. S. communicated, in 3S3. o f  the 
P bilofT ran f. a table o f the fpecific gravities of feveral JubftanceSs 
iVom hydroibtical experiments o f  his own, mude with great care and 
exadncfs; to which he fubjoined fome obfervations upon the manner in 
which his trials were performed, together with a dcfcription o f  the in-

i ftruments in particular which he made ufe o f  to examine the gravities
 ̂ o f  ñuids. T o  fome o f  his experiments which he thought required a

greater nicety, he lias affixed an afteriík in his table, fignifying fuch to 
have been adjufted to the temperature o f  the air, when his Thermome
ters ftood at the height o f  48 degrees. This gentleman, who is well 
known by the reputation o f  his Mercurial Thermometers, which he 
made with great curiofity, and which are now generally ufed, was in 
England in the year 1724.

Profcflbr Peter van Mnjfchenbroeky o f  Utrecht^ publiHied in his E lc' 
menta Phyficee at Leyden in S''  ̂ 1734- a large table o f  fpecific gravities, 
which he ai'terwards yet fomewhat further enlarged in his EJfai de Phy- 

ftque in French, at Leyden 1739. 4” . This table contains almoft all the 
preceding ones, but without the names of the authors from whom they 
were colleóled. I have among thofe which follow inferted, under this 
author’s name, fuch experiments as I had not before met with clfcwhere: 
making ufe o f  the Latin  edition as the more corrcél, except in fuch ar
ticles which arc only to be found in the French.

M r John Ellicott-, F. R .S .  having an opportunity in the year 174';, 
to examine the weight o f  fome large diamonds, he accordingly, with the 
utmoft care, and with exquifite aíTay-fcales which very fenfibly turned 
with the 200th part o f  a grain, took the ijiecific gravities of 14 o f  thofe 
diamonds, 4 o f which came from the Braftls^ and the other 10 from the 
Eaft-Indies. Thtfe experiments he communicated to the Pref. o f  the 
Koyal Society, who caufed them to be read at one o f  their meetings, 
and afterwards publiihcd them in 476. o f  the Philof, T ranf A -  
mong ihefe Brajilian diamonds, one was o f  the abfolute weight o f  
92,425, another o f  88,21-, and among the ones, one o f
¿9,525 ^roy grains. And as the fize o f  thelb ftones made them much 
ñtter tor thefe enquiries, than any others which had j)robably ever be
fore been ufed for the fame purpofc, fo the known accuracy o f  the au- 

 ̂ thor, the goodnefs o f his inílruments, and the confiilency of all his ex-
periments, fufficiently ihew the fpecific gravities he has delivered in his 
paper, may entirely be depended upon.

The fame curious perfon alfo communicated the fpecific gravities o f 
fine and ftandard gold, publiflied under his name in the following tables,

I and which were deduced from experiments he was fo kind as to make on
I purpofe at my requeft.
i -As I have juft had occafion to mention diamonds, it may pofiibly not

be foreign to the purpofe here to take fome notice o f  the diamond carat 
I weight.
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weight, ufed among Jewellers, which weight was originally the carat or 
144thpart o f the Venetian ounce, equal to 3,2 ^rey grains, but which is 
now, for wane o f an acknowledged ilandard, fomewhat degenerated 
from its firft weight. 1 have m yfelf found it, upon a medium o f  feveral 
experiments, equal to 3 ,17  Troy grains •, and I have the rather taken no
tice o f this weight here, becauíe there happens to be a m iilake about it, 
both in D r Arbuthnot\ and M r Dodfon^% tables, who have fet down as it 
feems the number o f diamond carats in a Troy ounce, inilead o f the 
weight o f  the diamond carat itfelf. 'I'his carat is again divided into four 
o f  its own grains, and thofe into halves anti quarters, commonly called 
the eighths and fixteenths o f a carat: and thus the largcft o f the dia
monds ju ft abovementioned, weighed, in the Jewellers phrafe, better 
than 29 carats and almoft half a grain.

M r 'James Dodfon, in his book called The Calculator^ printed in 8̂ 0. 
Lond. i7 4 7 t has inlerted a ufc&il tabic o f  ipecific gravities, in which he 
has by the firft initial letter o f  their names diftinguiíhed the feveral au
thors he has quoted : and amongft thefe are feveral new experiments 
marked with an L , which I am told were communicated from his own 
trials, by M r Charles Labefye  ̂ engineer, and which concern particularly 
the weigiits o f feveral forts o f ftone and other materials ufed in building. 
Thefe 1 have alfo diftinguiíhed by an L . as they ftand in M r Dodfon^s 
book.

M r Geo. Graham  ̂ F . R . S. made for me, at the requeft o f a friend, 
fome accurate trials upon the weight o f gold and filvcr, both when re
ported fine, and when reduced to the Englijh ftandard: all which I have 
inferted under his name in the following tables. Wherein I have befides 
reported, fome other fingle experiments, which I occafionally met with, 
from Fred. Slare  ̂ M . D. John Keill o f  Oxford^ M . D . Steph. Hales,
D . D . and Edward Bayley o f  Havant in Hampfhire^ M . D.

Richard Davies^ M . D . I have laftly to this colleétion o f  experi
ments added fome o f m y own, which I endeavoured to make with as 
much accuracy, as the inítruments I was provided with would allow of. 
M y hydroftatical balance was one conftruclcd feveral years fince by M r 
Francis Haukfiee^ which I have conftantly found to turn fenfibly with 
half a grain ; and the bodies upon which I made moft o f m y trials, were 
taken trom a colle6lion o f the Materia Medica formerly made by Signor 
Vigani^ and ftill preferved in the library o f ^ten's-College in Cambridge,
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G  G O L D ,  fine. Ward^ C. ,
A  medal efteemed to be near fine gold. J . C .
O r d ’efiai, ou de coupelle. Mujfchenbr..................................
Fine gold hammered^ Ellicot...................................................
D^. an ingot, fo accounted, and again refined with anti

mony. Ellicot. . . . .  .
the ingot itfelf juft mentioned. EUicct.

A  medal o f the Royal-Society, reported fine gold. Graham.

* 9 -6 4 0  T ab . I. 
1 Metal s.  
19.238 
19.207

19.184 
19.161 
Í9.15S 
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A  goltl medal o f  Queen Elizabeth. J . C .  ¡
D^. of Queen Mary. J. C . ............................................
Aurum. Fahrtnheit..................................................................
\á. Ghetaidus. Aurum purum. (ex hyp.)
A  gold Coin o f Alexander's. J , C .  . . . ' .
Gold. Reynolds. . . . . . . .
Aurum. Villalpandus. Petitus. . . . .

Standard ^oid (by which is underftood gold o f  22 carats, or 
i'uch ot which our guineas are intended to be coined).
J, C. JVard. .........................................................................
A n  old Jacobus. I fuppofe the fceptered broad piece.

Harris,
A  M eniz gold ducat. 7 - C.
Aureus Ludovicus. Mujfcbcnbr. . . .
A  five guinea piece oí K. James W. 1687, with an ele

phant. Graham. . . . . . .
A  Portugal piece o f  3/. i i s .  1731» fuppofcd to be nearly 

the fame as ilandard. Graham. . . .
Guineas, ten weighed together., Davies.
D^. on a mean o f 7 trials upon thofe o f different reigns.

Eillicot • . • . . . . .
A  piece of gold coin of the Commonwealth. Harris. 
Guineas, two new ones. Haukjhee. . . . .
A  grain o f  Scotch gold, fuch as nature had made it. Boyle 

V . 30. b. . . . . . . 12*
Eleébrum, a 5 r/V;/̂  coin. J . C.

5 Q U I C K S I L V E R .  Mcrcurius crudus. Freind.
Mcrcmy<tSpaniJh. BoyleY. 10. b. Mercure fublime 5 1 1 

fois. Mujfcbenb. . . . . .
Quickfilver. Oxford Soc. . . . .
D °. PFard. C. revived from the ore. Boyle.
Fine mercury. L . . . . . . .
Quickfilver, another parcel. Oxf. Soc.
Mercure amalgamé avec de I’argent, afRnc et fublime 100

fois. M u f f c h e n b . .....................................................
Mercurius. Fahrenheit. . . . . .  
Argentum vivum. Ghetaidus. 13*
Mcrcure amalgamé avec de Tor affine, et fublime 100 

fois; ie mcmc meQc avec du plomb, enfuite converti 
cn jxjudre et revivifie, Mujfch.

Coaric mercury. L .............................................................
Mercurius. Petitus. . . . . .
Quickfilver. Reynolds.....................................................

h  L E A D .  Reynolds...............................................................
Plumbum. V i l l a l p a n d . ...........................................
Jd. Ghetaidus 11 .

519.12 
19.100 
19.081 
19.000 
18.893 
18.806 
1S.750

iS .883

^S.375
18.261
18.166

^ 7-933

17*854
17.800

17.726
i 7.0 2 >;
17.414

12.286
12.071
J4.117

1 4 .1 10 
14.019 
14.000 

i  3-943 
Í  3-593

13.580
13*575'
13-57^

i 3*55<5
3̂*5*2

13.406

11.856 
1 1.650 
11.500 

id.
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Lead. Harris.......................................................................
Hardeft lead. L .  . . »• . , .
Plum bu in. Fahrtnbtlt......................................................
I*cad. Oxford Soc. Ward.
Plumbum. Pelitus.
L.ead. Harris. (ai> ordinary piece)
D \  Cota,
Plumbum Germanicum. Muffchenh.
Caft lead. L . . .

<1 S I L V E R ,  IFard. C. • .
A  medal o f  the Royal Socicty, reported fine fiiver 

Graham.
Argencum. Fahrenheit.
Silver. Reynolds.
Argentum. Villalpandus.
Id. Ghetaldus. l o j .  . « . .
Id. Bacon.
Id. Petitus.

Sterling, or ftandard filver (that is, filvcr 11 oz. zd'"K in 
the pound fine). A  half crown of K. W illiam^  coin 
Harris. . • .

D ° . ilruck into money. L .
D^. J . C. Ward. C.
D^. cail. L .  . .
A  new crown-piece, 1746. L i m a  under the head 

Graham.
$ C O P P E R .  Reynolds. \

Cuprum. Villalpandüs, •
JEs. Ghetaldus. Rofe copper. Ward. C. Fine cop 

per. L .  A n  old coppcr halfpenny, Charles IPs coin 
Harris,

Copper, in half-pence. L* • ;■
lE s ; cuivre. Petitus.
Cuprum. Bacon. . ;
Copper. Oxf. Soc.
Cuprum Suecicum. Fahrenheit. :  7
Id. Japoncnfe. Fahrenheit.
Id. Suecicum. Mujfchenbr,
Common coppcr. L .

B R A S S .  A n  old brafs gold weight, marked x x x in .  Harris, 
Aurichalcum. Bacon.
A  piece o f  hammered brafs. Harris.
JEsy airin, calaminas mixtum. Petitus.
Aurichalcum. Fahrenheit. . . ;
Brafs hammered. 7 , C. Plate brafs. Ward,

V O L . X .  P a rti.  F f
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Í -459
1.420
1.356
1.350
1*345

1.330
^•325
1 .310 
1.260 
1.091

0.484
0.481
0.432
0.400

0-333
0 *3 3 ^
0,2x9

0.750
0.629
0-535
0.520

10.284
9.127
9.100

9.000
8.915
8.875
8.866
8.843
i^S24
8.799
8.784
8.478
8.830
8.747
8.660

8-437
8.412

8*349
Wrouffht

* 4
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W rought brafs. , 7 - 0, , . • .
Caft brafs. Z.. . •

y . C. ¡í^ard. . ;  .
D^. Cotes. . • . • • •
Brafs hammered. Reynoldj. • •
D%  cail. RgnoJds. . • •
A  piecc o f  call brafs. Harris, 

a I R O N .  Ferrum. Villalpandus,
Id. Ghetaldus. . . • •
Iron, forged. Reynolds,
Ferrum. Petitus, •
Id. Bacon. . • *
Spanifi bar iron. ! , . . » •  
SwediJ}) D^. L . • . . .
Ferrum. Fahrenheit. • .
iron. Cotes,

o f a key, J . C. íTommon iron. Ward.
A  piece o f  hammered iron, perhaps part fteel. Harris. 
iron cail. Reynolds.
D^. caft. L . , ,
Softell cail iron, or JDutch Plates. L ,

S T E E L ,  y . C, IVard.
D^. Cotes. . . .  •
D^. fpring temper. Haw^hee.

nealed foft. ¿ .  . . -
D^. fofc. Haukjbce.

hard. Uaukjbee. . •
D ' .  hardened. L , » • 1

^  T I N .  Reynolds. V V
Stannum. Bacon.
Id. Villalpandus. Freind.
Etain d’Angleterre. Mujfchenbr,
Stannum. Ghetaldus, 74
Id. Provincia IncjííE O r Malapca. Fahrpi, \
Block tin. Q:¡cf. Soc, f^ard. C., I
Stannum Anglicanum. Fahrenheit. . .
Id. commune. Petitus,

•  *
Id. purum. Petitus. , . .
Block or grain tin. .

S.aSo 
S.208 
ÍÍ.100
5.000 
7-950
7-905
7.666
8.086
8.000 
7.906
7 '«7 5
/•837
7.827
7.818
7.817

7-645
7-643
7.600
7.520
7 - i .^5
6.960
7.8^2
7,850
7.809
7.792
7 7 3 8
7.704
7.696
7.617
7.520 
7.500

7-4 7 ^
7.400
7-364
7.321

7 -3>3
7-312
7.170
7.156

\̂ <iUs And cĥ  
¡¡rr'vaticni.

A s  I thought the uiea that fflight be made o f  thefe tables, either in 
bufincfs or in philofopJiy, would beft be illuftrated by a few iliort notes, 
I Jiavc therefore here gccafionally inferted fuch obfervations as occurred 
to me, whiJft I was revifing them for the prefs ; and, as many o f  thefe 
related chijsfly tp the prefenc defeóls o f  m y tables,, thofc 1 thought

would

u n e a
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would probably be o f  fervice, to fuch as might hereafter take the trou
ble o f  improving or corroding them.

A s  the particulars contained in the tables were extrafted from different 
books, at different times, and at firil: only intended for my own private 
life, 1 was not ibllicitous to prefcrve one iinitorm language, but gene
rally fet down every experiment in my common place, in the words o f  
the author I took it from : and as 1 have fincc found, that by a tranfia- 
tion I might fonictimes happen not fo juftly to reprcfthc the body in
tended, 1 have upon the whole judged it bcíl, here alfo to tranfcribe 
them in the fame languages in which they were at firit delivered.

T o  make experiments o f  this fort, witli a fuilicijnt degree o f  accu
racy, requires a pretty deal o f  care and pains : and, as in fuch as I have 
made myfclf, I have found great conveniency in the ufe o f  decimal 
weights, preterably to thofe o f  the common form, 1 would alfo recom- 
niend the ufe o f  fuch to others, who fliall pleafe to employ themfelves in 
the like enquiries. I ’hofe I have provided for m yfelf have a Troy 
ounce for their integer  ̂ and m y Icafl: weight is the thoufandth part o f that 
quantity, differing confequently from the Iiaif o f  a Troy grain only as 
24 docs irom 25, which is inconfiderable fo far as thoie fmall weights 
are concerned. M y four fmalleft are refpeétivcly o f  r, 2, 3, and 4 o f  
thofe thoufandth parts, and together make ten, or an unit o f  the next 
denomination, that o f  the looth part o f  an ounce. I then have four 
others, making' i ,  2, 3, and 4 looths, and together the unit oí the next 
denomination, or one tenth o f  an ounce, and ib on. By 'thefel fave 
the trouble o f  reducing the common weights to their lowefir denomina
tion in every experiment, and fometimes perhaps avoid making miftakcs 
in that very trifling work. \

Whenever two or more original writers nearly concur in their expe
riments upon any fubjeét, the gravity fo deduced may be well depended 
upon. But where they differ remarkably, it muil either be imputed to 
the unequal gravity o f  die fubjcdt itfeif, or to fome error in the trials, 
which may ealily happen in matters that depend on the obfervation o f  fo 
many minute particulars. A ll  thofe cafes that fo fcnfibly differ would I
well deferve to be re-examined.

The firft table above, that o f  metals, as it is compofed o f  the moft 
perfeót and uniform bodies in nature, feems capable o f  being adjuiled 
with the greateft precifion, both with relation to the pure metals them
felves, and to the feveral degrees o f  their mixtures one with another, if 
experiments in all thefe cafes were but made with a fufficient degree o f  
accuracy.

Gold, in the experiments I have made myfelf, I could never find to 
come up to the weight affigned it in fome o f  the ibrmer tables, and par
ticularly thofe I have made upon our own coin, and fome others have 
always remarkably fallen íliort o f  the weight affigned to the ftandard in 
thofe fame tables. I iuavp inferted that trial in which I found guineas to 
come out beft ; and I may venture to afHrm, that that experin^nt, in

F  f  2 particular,
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particular, was made with as much accuracy as my inílriiment was ca
pable of, the pieces were all waihed in ibap and water, cleaned with a 
biufh,and the air-bubbles well freed, and the like. That experiment is 
bcfides abundantly confirmed fince, by the exa<5t  trials lately made by 
IVIr Graham and M r Ellicot^ which were performed with tlie greateft 
care; and the fine gold alio mentioned by the lail was chofen and pre
pared with the greateft curiofity.

It may be obkrvcd, that the gold medals o f  Q . £//z. and Q^Mary\ 
quoted by J . C. wore, without doubt, the large fovereigns o f  thofe 
queens, which were o f the old ilandard of England  ̂ or o f  gold appoint
ed to be 23 canits, 3 grains and a halt fine : that the M entz ducat, men
tioned by the fame, it it was one ot thofe ad legem imperiiy which are al
ways in their own mints afilrmed to be fine, come out confulerably too 
l ig h t ; and that the gold coin o f  the Commonwealth, and the pillóles 
o f  France  ̂ were like our prefent gold money of tiie goodnefs o f  22 
carats.

Mercury is placed in this table among the metals, by reafon o f  its 
near agreement with thofe bodies in its fpecific gravity •, though it other- 
wife fo widely diiters from them in moil o f  its properties.

Hrafs is confiderably condenfed by hammering ; whether gold, filver, 
and the other metals are alfo condenfcd in like manner, hardly appears 
ytt to have been fufficiently tried.

O f  the mixed metals, hardly any except brafs, appear to have had 
their fpecific gravities very carefully afcertained; bell-metal, princes 
metal, however, and fome others, might deferve to be examined in that 
particular.

It might poiRbly be queried alfo, whetiier feveral mixed metals do not 
cither ratify or condenfe upon mixture, fo as thereby to acquire a more 
difrcrent fpecific gravity, than the natural Jaw o f  their compofition, at 
ilril feems to require.

It may Jaftly Ix'obferved, that the fpecific gravities o f all the known 
metals arc fuch, as that none o f  them come up to 20 times the wei^ ĥc 
o f  common water, or fall fenfibly below 7 times the fame weight.

T a b .n . Of
núuiralsfffmi- B I S M U T H .  7 . C.
m rlah .crn , 1)0^ QoieS. O - n o

^ frutdsy  ̂ynglals* Riyttolds* T̂ 05^
Marcafita alba. Fahrenheit, ^,850
Mineral, Cornifli, fliining like a marcafite. Boyle. q!o6o
Calx o f  lead. Boyk, g qao
Spelter folder. J . C. ff’ 362

Spelter. J .  C. 7^065
Linnabar common. Boyle, J?,020-

Cinnabaris faélitia. Muffchenhr, (if not a miftake for 
the laft experiment) S,2oo

Cianabac

*i/u( re;r(!7!tnts
I
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Cinnabar native, breaking in poliflied furfaces like Talc,

Davies. 7» 7 **̂
D °. Perftan, breaking rough. Davies, . 7,600
D °. native. Boyle. 7s 5 7^
Cinnabaris nativa. Mujfchenhr. 7>3°^
Cinnabar native, very fparkling. Boyle. 7,0^0
D °. native, fron:a Guinea. Davies. 6,280

Cinnabar o f  antimony. Harris. 7,060
D^. another piece. Harris. 7>*^43
D=>. Boyle. 75^30
Cinnabar antinionii. Freind. 6,666
Cinnabre d ’antimoine. Mujfchenb. 6,044

Lead ore, rich, irom Cumberland. Boyle. 7» 54^
D'-̂ . Boyle. 7>H<̂

T h e  reputed filvcr ore o f  Wales. J . C. 7 )4 %
T h e metal thence cxtradted. J . C .  11.087

Regulus antimonii. Item Martis ec Veneris. Treind. 7950®
Id. Fahrenheit. 6,622
Id. Harris. 6,600
Id. per fe. Davies. 4^500

Silver ore, choice. B< l̂e. 7,000
D^. another piece from Saxony. Boyle, A-y97<>

Lithargyrus argcnti. Freind. 6,666
Lithargyrium argenti. Mujfchenhr. 6,044.
Id. Auri. Freind. 6 ,316
Id. Auri. Muffcbenb. 6,000

Minera antimonii. Davies. 5,810
Cuprum calcinatum. Freind. 5»454
Giafs o f  antimony. Newton. C,

Vitrum  antimonii. Freind.
Id. perfe. Boyle. 4 »7 *̂̂

T in  ore, choice. Boyle. 5)000
D^. black, rich. Boyle. 4,180
N ew  E n ¿ijh  tin ore, M r Hubert*^. Boyk. 4,080-

T u tty , a piece. Boyle.
Tutia. Mujfchenb. 4 j^ í5

Lapis calaminaris. Freind. Lapis cserulcus Namurcenfis- 
Mujfchenb.
Id, Boyle.

Loadftone. Boyle V .  6. b,
Magnes. Petitus.
A  good loadftone. Harris.

Marcafites, one more ihining than ordinary. Boyle^
A  golden marcafite. J . C.
Marcafites» from Stalbridge^ Boyle.
DO Boyle.
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5,000
4 ,9 2 a

4 >93^
4 >8 ?5
4>750
4,780

4,500

4.450
Antwiouiuca
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Antimonlum Hungaricmn. Mujfchenbr.

Antimony, good, and ruppofed to Hungarian. Boyle, 
D^. crude, which fcemcrd to be very good. Harris. 
Antinionium crudum. Freind.
Id. Da'vies.

Black. Sand, commonly ufcd on writing. Boyle. V . h. 
Q-ocus Metallorum. MuffcherJ/.

id. Freind.
1 loimatites. Mujfch'enbr. 

id. Boyle. V . 6. a.
D®. Englijh. Boyle.

Copper ore, rich. Boyle.
!)->. Boyfe.
Copper-ftonc. Boyk.

Emcri. BoyJe. V. 26. b.
Manganefe. Boyle.
A  blew flate with ihining particlcs. J . C.
Iron ore, a piece burnt or roaíled. Harris.
Ccrufl'a. Item Chalybs cum fulphure. pp. Freind.
,t*apis lazuli. J . C.

D^. Beyle. \\ 6. k  
D^. Boyle.

Gold ore. B< l̂e. V . 29. h.
I.) .̂ not rich, brought from the Eaft Indies. Boyk. 
Another lump o f  the fame. Boyle.

A  mineral ftone, yielding i part in 160 metal. J . C.
T he metal tlience extradcd. J-. C.

Pyrites homogenea. Fahrenheit,
Black Lead. Boyle. V . 2 j .  a.
JEs viride. Freind.
Plumbum uftum. Freind.

4>/00
4*070
4,058
4.000 
3 >9 60 
4,600
4.500
4 ,444
4,.?6o

4.150
3>76o
4,170
4.150  
4,090
4.000

3>5SO
3.500
3»333
3.158
3.054
3.000 
2,980 
2,910 
2,652
2,634
2,650
8.500
2.5^4
1.860
J.714
1,666

The fecond table is impofed of fubjedls no way ilrictly allied to 
cach other, cither by their gravities, or their other efiential pro
perties *, and perhaps they might better, on that account, have been di
vided into different tables.

T h e  bodies themfelvesare chiefly o f  an uncertain and heterogeneous na
ture s being fo far as appears compofed o f  different elements, and thofe 
aJfo combined in various proportions, fuch as fulphur and arfenic, join
ed with ftone, metal, and the l i k e : and from thefe feveral de
grees of mixture it muft follow, that moft ot thefe kinds o f  bodies, tho’ 
lb far fimilar as to be called by the fame names, yet muil neceífarily 
admit o f  a confiderabic latitude in their fpecific gravities. M any ufefull 
deduiflions may neverthelefs be drawn from thofe confiderations, rela- 
lating to the comparative goodnefs, o f  fuch bodies.

Cinnabar

ill

: r “
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Cinnabar native, appears to be a compound of mercury and fulphur, 
with a portion o f  earthy or ilony matter ; and that which is heavicil 
muft abound moft with the mcrcury. T he different appearances which 
this body niak.es, would alfo give us a fufpicion that there are other va
rieties in its compofition, bcfides thofe juft taken notice o f : iome Ibrts o f  
cinnabar» fuch as the Hungarian, breaking into polifhed planes and 
Iqiiares like talc, whilft others like the Perfian o f  this table, break rough 
and with íliining¿Tí3?;;íAf or mkts \ and that without any confiderable 
diíFerencc in their gravities.

By the faititious cinnabar it may be determined, what proportion o f  
mercury will fo incorporate with fulphur, as to make up an uniiorm body.

Antimony may in like manner be confidered as a compofuion o f  its 
rcgulus and fulphur.

The black fand ufed on writing isfaid by M r Boyle to be a rich iron ore : 
healfo fays that emery, loadilone, and all inch ponderous ílones, contain fome 
kind o f  meta!, which he had himfelf feparated from them. iV'. 120. a.

I'he great variety o f  ores o f  all kinds well deferve to be accurately 
examined, for the fake o f  the many conclufions that may be drawn from 
thence, concerning the natures o f concrete bodies, and for many other 
purpofes in metallurgy. But I have as yet met with a very fmall num
ber o f  experiments upon thefe fubitances. D r IVoodward has indeed, 
mentioned a great many obfervations o f  this fort which he had made, 
and kept exa a  regifters o f :  but as they were probably among thofe pa
per which he ordered to be deftroy’ d at his death we mult look upon» 
them as now loft to the world.

T h e  marcafites and pyrites are very uncertain and ftrange kinds o f  bo
dies, their gravities arc often very g rea t: a marcafite here taken from 
Fahrenheit was found nearly to equal the heavieft mineral bifmuth itfelf v 
and yet it is very feldom that any metal or femimetal can be obtained in 
any quantity from thefe fubftances, all that is in them being ufually dc- 
ftroyed, and carried away by their fulphur.

Black lead is alfo a very odd kind o f  mineral, having all the appear
ance ot a femimetal, and yet falling ihort even o f  the weight o f  common 
earth.

T he femimetais generally exceed in their fpecific gravities even the 
bafer metals themfelves.

It may be obferved, that it appears by this table, that the fpecific gra
vities o f  ores, including the metallic ílones, arc ulbaily found to lie be
tween 7 and 3 times che weight o f  water. Lead and iilver ores arc the 
heavieft, thofe o f  copper, tin, and iron being confiderably lighter. T h e  
gold ore we have an account o f  mull be fo poor as hardly to be worth tak
ing any notice o f : but we have in general too few 0 / thefe experiments, 
to draw any certain conclufions from them.
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4,560'Tab. nr. 
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Grinrti minera. Boüe.
A  Picudo-Topar-ius, being a natural pclIucid, brittle, hairy

ilone, oF a veitow colour. Newton. C.•  t f

Sapphires. Davies.
A  Sapphire very perfcft, but rather pale. Hattkjbee  ̂
Glafs, blue in fticks from M r Seale. Haukjbee^
U^. wliitcit, from M r Seale, Haukjbee 
D^. clear cryftal. Coies.

blue plate, old. Haukjbee,
D ". plate. L .
I P .  old looking-glafs plate o f  a light colour. Haukjbee. 
D^. green. Freind,
D °. green bottle. Haukjbee.
D °. o f a bottle. Oxf. Soc. It. a blue pafle Haukjbee.
D^. common green. Haukpee.
D^. deep green old. Hauk/bee.
D °. vulgar. Newton. IVard.
Vitrum Venetum. Freind.
j^n oriental catVeye, very perfeft. Haukpee.
A  diamond, yellow, o f  a fine water, fomewhat paler than 

the joinquiile. Haukpee.
D®. white o f  the fecond water, eau celefte. Haukpee. 
D ° . Eaft Indian, the heavieft o f  many. Rllicot.
D^. the lighted of many. Ellicot.
D^. Brafilian, the heavieft o f many. Ellicot.

the lighteft o f  many. Ellicot.
D^. the mean o f  all his experiments. Ellicot.
D®. ‘Newton. C.
Diamond bort, o f  a bluifli black, with fome little adher

ing foulnefs. Hauksbee.
A  Jacinth o f  a fine colour, but fomewhat foul. Hauksbee*

A  Chryfolite. Hauksbee.
Chryftal cubic, fuppofcd to contain lead. JVoodward. 
Chryftal from Caitleton in Dcrbyíhire having the double 

refrailion. Hauksbee.
Chryftal o f  Ifland. Newton. C.
Chryftallum difdiaclafticum. J . C,
Chryftallus de rape. Fahrenheit.
Chryftal rock. 'J. C. Boyle III. 229. b.
D °. a large íhoot. Hauksbee.
D °. o f  the rock. Newton. C. It. chryftal in the lead- 

mines near W orkfworth. fVoodward.
D °. Hauksbee.
D °. pure pyramidal, fuppofed to contain tin. Wood

ward. 2 5 or
Chryftallus. Petitus»

3,TOO

4,270 
4,090 
4^068

3.380
3*^50
3,102
2 , 9 4 2
2 ,8 8 8

2,746
2.666 
2,620 
2,587 
2,580

*>7 9 ^
3*703

3.666 
3*540
3.525 
3.512
3 . 5 2 Í
3.50Í 
3 .5 17
3.400 

3.495 
3.637
3.360 
3.100

2,724 
2,720 
2,704 
2,669 
2.659 
2,658

2,650
2,646

2.400 
2,287

Chryftal
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Boyle.

Ihitiksbee.

Chryilal. Boyle.
Talc. Jamaican.

D®. Venetian.
D̂ . y. c.
D^. Engliih. JVoodvoard,
D^. a picce like lapis amianthus.

A  red paite. J . C.
A  Braiil-pebble, foul and feather’d.
D^. a fragment uncut. Hauksbee.
1)®. cut. Hauksbee.
Jafper, fpurious. J . C.
A  Cornilli diamond cut. Ilaukshce.
A  water topaz, very perfeét, but faid not to be orienta!.

Hauksbee,
Pebble pellucid. J . C.
Briftol itone. Davies.
Hyacinth, fpurious. 7 .  C.
Sclenites. J , C,

D' .̂ Newton,

2,210
3^000
2,7^0
2,657
2,600
2,280
2,842

2^755
2,676
2,591
2,666
2,65^:

2,641
2,640
2,631
2,322
2,252

A s the mean gravity o f  chryilal appears, by the foregoing table, to 
be little more to that o f water than as two and a half to one ; it may well 
be fufpeéled, that the granate, pfeudo-topazius, fapphire, and fuch other 
gemms which greatly exceed chryftal in weight, do contain a confiderable 
portion offom e fort o f  metal in their compoíition : as was obfcrvcd of 
thefc bodies by Dr Woodwardy in his Method ot Fofills, p. 24.

A s to the white fapphire, which Is reputed by Dr IVoodward to be a 
fpecies o fgem m  intermediate between chryitals and thediamond inhard- 
nefs, I have not yet obtained any good account o f  its fpcciiic gravity.

T he weight of the diamond is afcertained in N^. 476 ot the Philof. 
^ranf where it appears, that by experiments made with the greateft care 
by M r John Ellicoty V. K. S. with inoíV exa¿l inílruments, and upon 
14 different diamonds, fome o f  them very large, brought from diffe
rent places, and having the greateil varieties of colour and flupe pofii- 
ble ; they were all found to agree in weight to a furprifing degree ot ac
curacy, being all fomewhat above 3! times the weight o f  common water.

This indeed differs very fenfibly from what had been found in fomc 
former experiments, but it is hardly probable that thofe had been made 
upon diamonds o f  fo large a fize as thefe : M r Boyle who found their 
weight lefs than 3 times that o f  common water, has hinifelf told us in the 
fanw place, V . 83. b. that the ffone he made ufe of, only weighed 
about 8 grains. And tho’ no doubt can be made o f  the exaflnrfs of 
Sir J. Ne'ivto'ft's experiment, by which alfo the fpccific weight ot the dia
mond came out lefs than M r EUicoth^ yet it may well be qudtion’d.wheth
er Sir Ifaac had, at the time v/hcn he made his trials, citiur fo many or fo 
pertedl and weighty floncs, as a favourable opportunity offered to this 

V O L .  X . P a rti.  G g  laft
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lad gentleman. I ihall therefore only obferve, that, admitting this laft 
to be the true fpecific weight o f  the diamond, the refraitive power o f 
the fame, in proportion to its denfity, ihould in Sir I. Newton's table be 
IciTened from i4556 to 14 0 7 1;  which would iliil be greater than what 
is found in any other body ; but is upon the whole more conformable to 
the general law of that table.

Sir L Newton conjectured a diamond to be an unÓtuous fubftance 
' coagulated, and found it to have its rcfra<ftive power nearly in the fame

proportion to its denfity as thofe o f  camphire, oil-olive, linfced oil, 
fpirit of turpentine, and amber, which are fat fulphureous unftuous bo
dies : all which have their refractive powers 2 or 3 times greater in re- 
Ipecl: to their denfities, than the refractive powers o f  ocher fubftances in 
rcfpeCt o f  theirs. Y et muft it be allowed, that a diamond fuffers no 
change by heac in any degree, contrary to the known property o f  fulphurs; 
and as it is moil rcafonable in our philofophy to treat fuch bodies as fim- 
ple, in which we are not able to produce any change or feparation of 
parts, we muft therefore on chat account confider a diamond as a fimplc 
body and of the chryftalline kind.

GJals, which is a factitious concrete o f  fand and alkaline fait, is nearly 
found to aflume the mean gravity of ftones and chryftals.

I f  there is no miitake in the gravity o f  what D r Freind calls vitrum  
Vemtum  ̂ iit differs very remarkably from all other kinds ofglafs.

I do not know whether the jafper and hyacinth fpurious o f  J* C. are to 
be underftood as natural or artificial gemms.

'lab. IV. Sardachates. 7 .  C. 3->59^
Muffcbenbr. (qu. if  not the fame experi

ment mentioned before pag. 211.  a blew Jiate with Jhining parti
cles. J . C.) 3*500

Cornelian. Boyle, 39290
D^. 7 .  C. 2,563

A  hone. J . C. 3>288
D^. to fet razors on. Harris. 2,960

Marmor. Petitus, (probably fome miftakein the experiment.) 3,937 
Marble. Reynolds. 3*026

D^. white. Haukjbee. 2,765
D^. white Italian, of a clofe texture vifibly 2,71!

white. Boyle, fine. Ward, C. 2 ,710
white Italian, tried twice. Oxford Soc, 2,707

D °. black Italian. O.xford Soc, veined. L . 2,704
D^. black. IJaukJlee, 2,683

I Parian. L . 2,560
I.apis amianthus, from Wales. J . C. 2,913

j:, 'I'urquoife, one o f the old rock, very perfeCt. Hankjbee, 2,908
I ’urtoifc ilone. J . C. 2,508
Lapis nephriticus. J . C. 2,894

Corallium
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Corallium rubrum. Freind, >̂̂ 57
Corail. y .  C  2,689

D^. red. Boyle V , 7. a* a>68o
D^. Boyle. 2,630
D °. white, a fine piece. Boyh, 2,570
D"̂ . white, another piece. Boyle. 2,540

Emeril ilone, a folid piecc. Hauksbee 2 ,7¿íí
Paving ftone. Reynolds, 2,708

a hard fort from about Blaiden. Oxf. Soc. 2,460
A  Whetftone, not fine, fuch as Cutlers ufe. Harris. 2,740
Pellets, vulgarly callcd alleys, which boys play withal. Hauksb. 2 ,7 11
Engliih pebble. L . 2,696
Lapis Judaicus, Boyle, 2,690

Id. Freind, 25500
MaidiVone rubble. L , 2,666
Marbles, vulgarly fo called, which boys play withal. Hauksbee, 2,658
Morr ftone. L , 2,656
Agate. Boyle. 2,640

German, for the lock o f  a gun, Hauksbee. 2,628
D^. Engliih. J . a  2 ,512

Lapis, Peiiius. 2,625
Flint, black, from the Thames. Hauksbee. 2,623
Flint ftone. L , 2,621
A  round pebblc-ftone within a flint. Harris. 2,610
Eaft Indian blackiíh. Item, an Engliih one. Boyle III. 243, a, 2,600

2,542D^. Oxford ^oc.
Corallachates. J , C.
Purbeck ftone. L .
F  ree- ftone. Reynolds.
Portland ftone. L .

D^. white for carving. L .
Grammatias lapis. J . C,
Onyx ftone. J , C.
Slate Iriih. Boyle. Lapis hibernicus. Davies,
W ood petrified in lough Neagh. J , C,
Ofteocolla. Boyle,
Heddington ftone. L .
Allom  Itone. Boyle.
Bolus Armena. Freind  
Hatton ftone. L .
Burford ftone, an old dry piece. Oxford Soc, 
Heddington ftone, that o f the foft lax kind. Oxford Soc, 
Terra Lemnia. Freind.
Brick. Cctes.

Oxford Soc,
A  Gallypot. J , C.

G  g  2

2,605
2,601
2,584
2,570
2,312

2 >5*5
2,510
2,490
2,341
2,240
2,204
2,180

2,0^56
2,049
2,029
2.000
2.000

*»979
1,928

Alabafter
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Alabailer. Ward. C.
D^. Oxford Soc.

A  fpottcd fadtitious marble. J . C.
Stone bottle. Oxford Soc,
A  piece o f  a glafs (perhaps glazed) coiFce-dini o f  a brown colour.

Harris.
Barrel clay. L.
Lapis de Cjoa. Davies.
L.apis rufFus Bremenlis. Muffchenh,
A n icicle broken from a grotto (I fuppofe ftaiaclites.) D r Slare-t 

in Harris.
Chalk, as found by D r Harris.

1,874
1,872
1,822

i >777

1,766
1, 7^2

1,666

1,190
1,079

T he mean gravity o f  ilone appears to be to that of water as about 2 *- 
to one, and many ftones o f  great hardnefs, fuch as the onyx, turquoife, 
agate, marble, fiint, ^ c. do not much excecd that weight. It may 
therefore well be doubted whether fuch ftones, whofe fpecific gravity 
comes up to near three times that o f  water, or even beyond it, owe 
their denfity to metalline additions ; or whether they are really formed 
o f  a different fpecies o f  matter, as the diamond fccms to be.

Coral by it*s denfity appears to be a Hone, though in a vegetating ftate; 
or it may pofiibly from fome late obfervations, be o f  an animal nature.

W hat is called Lapis Hibernicus^ is a fofc ilone containing vitriol.
W e  have not many obfervations upon earths : by thofe we have, it 

feems probable that they contain the fame kind o f  matter in a lax form, 
o f  which ftones are a more folid and denfer concrction.

Lapis de Goa is but a trifling compofition perhaps hardly worth retain
ing in the tables.

\\ hat ipecies o f  body fiiould Alabafler be accounted ? which with a 
ftone-like hardnefs, yet falls ib much below other ftones, or even earths 
in gravity.

it,

T a b . V . S U  L  P H  U R .  Petitus,
O f Sulph-urs D^. a piece o f  roll. Hauksbce.
anU hitumeni. I")̂ . vive. Boyk,

D ". German, very fine. Boyle.
D^. tranfparent, Pcrfian. Davies.
Su 1 phur mineralis. Freind.
Brimitone, fuch as is commonly fold. J . C. 
D -’. Cotes,

Afphaltum. Boyle. ÍIÍ. 243. a,
Scotch Coal. Boyle. III. 243. a.
Coal, ofNewcaftle. L .

D -. pit» o f StaÍTordíliire. Oxford Soc.
Jet. 7 .  C.

2>344
2,01b
2,000
1,980
1,950

i,í í i  I
1,800
1,400
1,300
1,270
1,240
1,238

(
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D^. Davies,
D^. Davies.

Succinum cicrinum. Davies.
Id. pingue. J . C.
Id. Havum (by 2 experiments). Ditvies*
Id. ptliucidum. J . C.
Id. album, irem pin*guc. Davies.
Amber. Boyle. Newton. C.

Fine Gunpowder. Reynolds,

2 2 9

1,160
1,020
1,110
1,087
1,080
1,065
1,060
1,040
0,698

ty

Sulphur is in gravity very nearly the fame as earth, fo that it’s puri- 
can hardly be afcertaincd by it*s weight, unlcfs the matter it is aflb- 

ciatcd with, is o f  a ñony denfity.
T he femidiaphanous '¡Sulphur is a beautiful kind which I have b j t  fel- 

dom feen : it is in lumps of the fize o f  a fmall bean.
CoaU the forts here taken notice o f are confiderably lighter than 

Sulphur: but there are many other kinds, and of different weights.
I take the Gagates or Jet to differ very little from the Channel Coal
T he different forts Amher may be obferved not to differ confidera- 

bly in their fcveral gravities.
Sulphurs feem to be the ligheft o f all mineral bodies.

G U M  Arabic. FreinL  
Ncwtcn. C.

Opium. Freind.
G um  Tragacanth. Freind.
Myrrh. Freind.
G um  Guaiac. Freind.
Refina Scammonii. Freind.
Aloes. J . C. (qu. whether the refin or the wood.)
A fa  foetida, a very fine fan>pie. Hauksbee.

D®. from D r John KeiWs Introd. ad veram Fhyftcam. 
Pitch. Oxford Soc. C.
Thus. Freind.
Camphire. Newton. C.
Bees-wax. Cotes.
Cera. Ghetaldus. (ad aquam ut 95 ad 100.J 

W a x  well freed from the honey. Davies.
Cera. Petitus.

the fame lump 2 .years after. Davies.
Balfamus de Tolu. M uphenhr.
Maftic. J . C. (qu. wnether the gum or the wood.)

1,430 T a b . V I . 

i,36o^C^'">

1.250 
1,224 
1,200

1.251

1,150
1,071
0,996

0,955
0,954
0,9^8

0,937
0,942
0,896
0,849

T h e  bees wax in my own experiments was well Treed from honey, by 
the boiling it in water, which probably made it lighter than it was k t  
down in M r Cotes*s table: and the fecond experiment which I made

two
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tv^o years after the firft, i f  the difference was not owing to the differ
ence o f heat, is an inftance o f  what I take to be a pretty general truth, 
tlvat bodies bcconne more denfe and compaft by reft, and that they 
would alfo be found heavier in the fcalc, in thofe cafes where they do 
not lofe weight by the evaporation o f  huniidicy.

The weights o f  vegetable gums nearly correfpond with thofc o f  the 
ligneous parts.

C O C O  fiiell. Boyle.
Bois de Gayac, Mujfcbenbr.

Lignum  Guaiaaim. Fretnd.
Lignum  vitie. Oxf, Soc.

Speckled wood of Virginia. Oxf. Soc,
Cortex Guaiaci. Fretnd.
Lignum  nephriticum. Fretnd.
I.ignum afphaltum. J . C.
Hbony. J . C. Item Aloes. J . C.
Santaium rubrum. J . C.

Id. album. 7 *
Id. citrinum. y . C.

Lignum Rhodium. J . C.
Radix Chinas. Freind,
Dry Mahogany. L .
Gallas. Freind.
Rcd-wooil. Oxf. Soc. It. Box-wood. Oxf, Soc. Ward. C. 
Log-wood. O x f Soc.
O ak, dry, but o f  a very found clofe texture. Oxf. Soc.

D °. tried another time. O x f Soc* 
found dry. JVard.

D^. dry. Cotes.
ávwy Englijh. L .

Oak of the outfide fappy part, fell’d a year fince. Oxf. Soc. 
D^. Reynolds, ^
D®. very dry, almofl worm-eaten. O x f Soc.
D ry Wainfcot. L .

Beech meanly dry. Oxf. Soc,
Maftic (qu. if the wood or gum). J . C.
A ih  dry about the heart. O x f Soc, 

dry. Cotes,
D °. meanly dry, and o f  the outfide lax part o f  the tree. O x f  

Soc.
E lm  dry. L .

D®. Reynolds,
O x f Soc. a.

Rad. Gentianaj. Freind.

^ 3 45
*.337
*’ 333
*.327
*>313
1,250
1,200

^ * 7 9
^^77
1,128
1,041
0,809
1,125
1,071
1,003
1,034
1,031
0,913
0,932
0,929
0,927
0,925
0,905
0,870
0,801

o >753
o>747
0,854
0,849
0,845
0,800

Cortex Peruvianus. Freind,

^>734
o,8oo
0,768
0,600
0,300

c S t i
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T ú les o f  Specific Gravities, 231
Crabtree meanly dry. Oxf. Soe.
Y ew , o f  a knot or root 16 years ok3. Oxf, Soc, 0,760
Maple dry. Oxf. Soc. C. 0,755
Plumtree dry. J . C. 0,663
Fir, dry yellow. L . 0,657

D ry white Deal. L . 0,569
Lignum  Abietin. Freind, 0,555
Fir dry. Coies. 0,550
D^. Oxf. Soc. 0,54-6

Walnut-tree dry. Oxf. Soc. 0,631
Cedar dry. O x f Soc. 0,613
Juniper-wood dry. J .  C. 0,556
Safiafras wood. J . C. 0,482
Cork. Cotes. 0,240

D «  7 . C. 0,237

D r Jurin  has obferved in theP¿/7. Tranf. 369. that the fubftancc 
o f  all wood is fpecifically heavier than water, fo as to fink in it, after 
the air is extracted from the pores and air-veiTels o f  the wood, by placing 
k  in warm water under the receiver o f  an air-pump ; or i f  an air-pump 
cannot be had, by letting the wood continue fome time in boiling water 
over a fire. T he fcverai weights therefore above given muft be looked 
upon as the weights o f  the concrcte bodies, in the condition they were, 
before the air was either forcibly got out, or the water driven into the 
fmall hollows : and both thefc confiderations may have their ufe as not- 
withilanding that the fpecific weights o f  the folid particles are truly hea
vier than water, we ihall from the weights o f  the bodies as they are now 
compounded, be enabled to make fome judgment o f  their porofity, fo 
far as they may be penetrable by water or odicr fluids.

M A N A T I  lapis. Boyle.
D °. another Boyle.
D®. a fragment ot. Boyle.
D^. J . C  another from Jamaica. Boyle.

Pearl, v e r y  fine feed oriental. Boyle V . 12 a.
D °. a large one. weighing 206 grains. Boyle V . 7. h. 

M urex fliell. J . C.
Crabs-eyes artificial. Beyle,

D^. native. Boyle.
Os ovinum recens. Freind.
Üyftcr íhell J . C.
Calculus humanus, Juft voided. Davies,

D^. Boyle V . 7.
D °. Boyle.
D®. Cotes.

Boyle V . 7. b.

2,860 Tab. v n i .
2 220
2 ,̂290
2,270
2,750
2,510
2,590
2,480
i,S^o
2,212
2,092
2,000
1,760
1,720
1,700
1,690

■UiliP
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tables ^ S p e c ific  Oravhics-

I P .  j .  a
D^. Davies.
D' .̂' Boyk.

. D \  7. a

D^. Davies,
D .̂ 7. a

Rhinoccros horn. Boy!e,
Th*; cop part o f  one. J . C.

Ebur. Freind 
Ivory. Boyle.
D®. dry. Oxford Soc, C.
DO. IVard.

Unicorn’s horn, a piece. Beyle.
Cornu Cervi. Freind.
O x ’s horn, the top part o f  one. J , C.
Blade bone of an Ox. J . C.
A ilo n e o f  the bezoar kind found with four others in the inteftines 

o f  a mare. Edvj. Bailey^ M . D . o f  Havant in Hanipjhire. 
See Phiioibph. Tranfad. N °. 481.

Bezoar ftone. Boyle.
D^. a large one. Davies.
D^. being the kernel o f  another. Boyle V . 8. a.
D^. a fine oriental one. B(^k.
D' .̂ two wcigli’d feparately. Davies.
D^. Cotes,
D^. Boyle,
D'^. Boyle.

A  ftone from the gall-bladder. Hales.
Blood human, the globules o f  it Jurin by calculation. 

theCraflamcntum of. Jurin from exferiments,
D^. Davies
D^. fforn another experiment. Jurin  
Sanguinis humani cuticula alba Davies.
Human blood when grown cold Jurin
The fame as running immediately from the vein. Jurin.
T he ferum of human blood, ju rin .
D^. Davies,

Ichthyocolla. Freind. .
A  Hen’s egg. Davies,
Milk. J . C .  a  

Lac caprinum. Muffcheibr, .0
L ac Freind . •

Urine. J . C C .
Id. Freind.

I1664.
I 650 
I 470 
^433
‘ *330
1,240
1,990
1,242
>>935
1,917
1,826
1,823
1,910
1,875
1,840
1,656

1,700
1,640
1,570
1,550
^530
^504
1,500
i , 4 So
1.340
1,220
1,126
1,086
1,084
1,082
1,056

'»055
* 0 5 3
1.030 
1,026 
1 ,111  
1,090
1.031 
1,009 
0,960 
1.030 
1,012

M ancti

u n £ ü



loables o f  Spcclííc  Gravities.

Manati lapis is faid to be a (lone, found in the h-ad o f  the manatee, 
cr  fi^a-cow ot the JVeft-Indics, Syr.. M cth. Anim.
Lc::d. 169^. 8''  ̂ 'I'hvie ftones and prarls arc the iitavieil o f  a!i the ani
mal j)rodu¿tions we arc acquainted wirh.

\)v Jurin has obfervcd, Phil. Tranf. 369. thit, in examining 
freili human calculi wlúlft they \v;tc ftill in^pregnated with urine, he 
had met fuch as cxcccdcd the weight <>1 Ibme forts ot burnt ear:hcn ware 
and al.ibailer, and appro^ched very near to that o f brick, and the foftcr 
fort o f  paving flone ; which I have mylelt alfo found to be i/ue. Where
as thof.: who Iiavc made tlu'ir expcrim'-’nts upon fvich cetlculi., as had m od 
probab'y b?cn a con^u!í‘rabl ;̂ t:mc taken out o f the bladder, and had 
confcqurntly loil mucli of their weight, by the evaporation ot the urino, 
with which they had at firll b̂ ên faturatcd, have found thofe ftoncs com 
monly to havr íiecn but about one half parr, and fomt: ot them no more 
than a fourth part, heavier than an equal bulk o f water. From whcnce 
it lias b?en roo haltÜy concluded, that thefv ílones have very improperly 
been called by that name, as not at all approaching to the fpecific 
gravity o f  even the Üghtcíl real ftones that we have any account of.

I 'he Calculus Hitwanus and Animal Bczoar approach nearly to cach 
oth^r in their fpecific gravity.

M r Boyle has tak .n notice o f  the great diftcrcnce to be found between 
the gravity o f  the true and the factitious crabs-oyes. It is Arange that 
the iaititious ihould be made o f  fuch materials as can bring them fo 
near to the mean gravity of true ílones : and this confideration may de
fervo the attention o f  thofc who may think that any particular dcpcn- 
dancc is to hz had upon the ufc o f  thefe bodies in medicine.

D r Jurin was the firft who carefully examined the fpecific gravities o f 
the different parts which compofe human blood ; and his experiments 
were performed with the greatell accuracy. It may be obferved, that 
the blood is, by an eafy analyfis divided into ferum  and crajfamenium 5 
and the crajfamentum again into the glutinous and the red globular parts, 
whofe fpecific gravities are the grcateft. It had before thefe experiments 
been the general received opinion, that the globules o f  the blood were 
lighter than the ferum ; and this indeed feemed tofollow from M r Boyle'% 
experiments in his natural hiftory o f human blood ; from which he dedu
ced the fpecific gravity o f  the mafs itfclf, to be to that o f  water as 104010 
1000, and that o f  the ferum alone to be to the fame as 1 190. And thefe 
numbers 1040 and 1190 had accordingly, till Ŷ x ju r in  re-examined the 
the affair, been conftantly taken to reprefent the true gravities o f  human 
blood and it’ s ferum refpedively. See D r Jurin'% Differiation in P hil, 
Tranf. 361.

Mi lk is made by D r Freind to fall more Ihort o f  the gravity o f  water, 
than it is made to exceed the fame by J . C. Pofllbiy this difference 
might arife from the m ilk’ s being taken in one cafc warm from the cow, 
and in the other after ii had ftood fome time.

V O L .  X .  P a rti. H  h M E R C U R I U S

m s
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l'úhks o f Specific Gravities.

Tab. JX. M E R C U R I U S  dulcis bis fublim. MuJJcb» *2,353
o/Sa/íf. Mercurius dulcis. Freind.

Id. terfubJim. Mujfcbenbr, 9>882
Id. tcrtio fublim. Item Panacea rubra. Freind, 9>372
Jd. quaccr fublim. Mujfcbenbr. Item turpethum minerale, 8,235
Id. 4/0 fublim. Item turpcth mineral. Freind. 7,810

Sublimat corrofiv. Mujjchenbr. 8,000-
Id. Freind ^>045

Cinis clavellutus, fordibus faleque fuo neutro quodam fquod fere 
femper magis vel minus in cinere illo repetitur) depurgatus. 
Fahrenheit. '

I Sal illud neutrum. Fahrenheit. 2,642
"I Saccharum Saturni. Item fal nitri fix. Mujfcbenbr. 2,745

Eadem. Freind. 2,600
Magifterium Coralli. Item pulvis fympatheticus. Freind. 2,231
1 'artarum vitriolatum. Mujjcbenbr, 2,298

Id, Freind. 2,186
Sal mirabile Glauberi. Mujfcbenbr. 2,246

Id. Freind. 2,132
Tartarum emeticum. Mujfcbenbr, 2,246

Id. Freind. 2,077
Sal Gemm;e. Newton, C, 2,143
Nitrum. Fahrenheit. 2,150

Nitre. Newton. C. 1,900
Id. Freind. 1,671

Sal Guaiaci. Item Sal enixum. Item Sal prunellic. Item S.
Polychreft. Mujfcbenbr. 2,148

Eadem omnia. Freind. 2,030
Sal maritimum. Fahrenheit. 2,125

i Cremor Tartari. Item Vitriol, alb. Item Vitriol, rubefaót. Item
S. Vitriol. Mujfcbenbr. 1,900

Cremor Tar. Item Vitriol, alb. Freind. ^>79^
Vitriol Engliih, a very fine piece. Boyle. 1,880

D^. Dantzick. Newton. C. i>7i5
I Alumen. Fahrenheit. ^>73^

Alum. Newton. 1 ,714
; Sal chalybis. Freind. 1,^22
j Borax. J . C. is 720
I D^. Newton, C. i j / U

*1 Vitriolum viride. Item Calcanth. rubcfa¿t. Item S .  Vitriol, alb.
Freind.

■ Saccharum aibiif. Fahrenheit. 1,606 4
M el. Vtllalpandus 1,500

¡! .  , Cbetaldus Honey. Cates. 1I450
 ̂ volatile Cornu Cervi. Mufjchenhr. 1,4.96

Id. Freind.

i!
li

1,421
Sal

i i n i n .



Tables o f  Specific Gravities.

Sal Ammoniac, purum. Item Ens Martis fcmcl fublimal. 
Mujfcbenh.

Eadcm. Freind.
Ens Martis ter fublimat. Mujfchenk 

Id. Freind.

2 3 5

^ 4 53
1^374
1,269

M oil o f  the experiments in the ninth table are taken from D r Frelndy 
who weighed the falts in fpirits o f  wine, and rcgiftered the proportional 
gravity o f  the ildts to the fpirits. Buc the misfortune is, that the gra
vity o f  the fpirits o f  wine he made ufe o f  h  not rcgiftered : fo that chc 
experiments cannot with certainty be reduced to the common iVandard 
o f  water. H e has delivered the gravity of fpirits o f  wine to be 0 ,818, 
and that o f  fpirits o f  wine rectified, to be 0,78. I have fuppofed the 
falts to be weighed in the lafl, as being the íitteíl for the purpofc; but 
which he really ufed can only be conjeÓburt d.

I'here appears indeed to be a way to difcover the weight o f  tlie fpirits 
o f  wine» in which Dr Freind weighed his falts : for he wciglied 60 grains 
o f  mercury, both in water and in fpirits o f  wine, and the lofs o f  it’s 
weight was refpeftively 4 grains and z'.-. N ow  the gravities- o f  thefe 
fluids muil be in the Ílíme proportion, and this would give for the 
weight o f the fpirits o f  wine 0,627, which is much too little for the 
weight o f  his own rectified fpirits, tho’ even that is lefs than what is 
afiigned by any other author. So that, upon the whole, nothing can 
really be concluded from this experiment ♦, and it muft be allowed be- 
fides, that 60 grains o f mercury take up too fmall a bulk in thefe 
fluids, to have their gravities determined with any exadlnefs thereby.

A s Prof. Mujfchenbroke has given in his table the fpecinc weights o f  
many o f  the fame falts which are mentioned by D r Freind^ but which 
differ confiderably from the weights above fet down, as refulting from 
the Dodlor's experiments, I have alfo tranfcribed the Profefibr’s num
bers from his own table. Thefe do not however appear to me to be 
derived from new or differing experiments, but from the very fame 
related by D r Freind^ only computed from the fuppofition o f  a heavier 
fort o f  fpirits o f  wine, whofe fpecific gravity is fuppofed to have been
0,823. T h e  gravity o f the fuhlimate corrqfive  ̂ fet down 8,co o , I take 
to be a miftake, made by the writing down it’s comparative weight to 
that o f  the fpirits themfelves, inilead o f  the water to which it Ihould 
have been referred.

It requires great care and attention to take the fpecific gravities o f  
falts with fufHcient accuracy. T hey diflblve in water, and in fome de
gree in all fluids that partake o f  the nature o f  water. I f  therefore fpirits 
o f  wine are made ufe o f for this purpofe, they ought to be highly reéli- 
fied, their own gravity accuratcly aKrertained, and their degree o f  heat 
ihould be preferved uniform. For as this fluid rarefies much fafler 
than water does, a fmall difference o f  heat would fenfibly cflxót the 
gravities of the falts to be dc^termined by it. And perhaps* fpirit o f

H  h 2 turpentine
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turpentine were a more proper fluid to be employed on thefc occa- 
lions.

It is rcmarkablf, i\\ztTcriar vjtriolat. Sal gem. Sal mirahih^ Sal ma~ 
ri:i}uum  ̂ Nitre^ & c. being falts cotnpofcd o f  different acids and an al
kaline fait, ihouid To far cxceed in gravity the vitriolic laits, compofcd 
ot the molt heavy acid and a metallic earth. Is not this owing to it’s 

¡ forming lefs folid chryftals, and to it*s containing large quantities of
air conccaled in it’s pores ?

The great difference in the weight o f  the Niire^ in tlie feveral expe- 
; riments o f  Fahrenheit^ Newton^ and Freindy may poiTibly be owing to

the quantity o f  it’s concealed air.

Í Tab. X. O f  M E R C U R Y .  Ward. C. (fee Tab. I. among the metals) 14,000
. f/Wx. Oleum Vitrioli. Fahrenheit. 1,8775*

Oil o f  Vitriol. Newton. C. 1,700
Spiritus Nitri Hermeticus. Frcind. 1,760

Id. Muffchenb. 1,610
I.ixivium cineris clavdlati, fale quantum fieri potuit impregna-

tum. Fahrenheit. i ,5 7 13*
Id. alio tempore pricparatum. Fahrenheit. Í55634*

Oil o f  tartar. Cotes. Ol. tarcari per deliquium. Mujjchenh. 2,550 
Spiritus Nicri, cum 01 . Vitrioli. Freind. 1,440

Id. Mujfchenh.
Spiritus Nitri communis. Item Bezoardicus. Freind. 1,410

Spirit o f  Nitre. Cotes. Item Sp. Nit. Bezoardicus.
Muffcheiih. 1 ,3 15

Sp. Nitri. Fahrenheit. i>2935*
Sp. Nitri dulcis. Mujfcbenh.  ̂ 1,000

Aqua fortis melioris not®. Fahrenheit. i>409*
Eadem, duplex. Freind. 1,340
Aquafortis, Cotes. I5300
Eadem, limplex. Freind. 1,100

Solutio falis comm, in aqua faturata. Davies. 1,244
. l^dem , 1 in aquas 2,7 part, ponderis. Davies.. 1,240

Hadem, i in aquas 3 part. Davies. 1 ,217
Eadem, i in aquae 3 part. Freind. I5I46
Eadem, i in aquse 12 part. Davies, i ,060

'i Soap Lees the llrongeft. Jurin, 1,200
li D °. Capital. Jurin- 1 ,167
ii Spirit o f  Vitriol. Freind. 1,^200

Spiritus Salis cum 01. Vitriol. Mujfchenb^ 1’ 154
Idem, &c.. Freind. 1,146

, Spirit of iklt. Cotes. Sp. Salis marini. Mujfchenb. i? i3 o
I Sp. Salis communis. Freind. 1 027

Sp. Salis dulcis. Mujfchenb. 0*951
Id. Freind, 0>ÍÍ90

Sp, '
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Sp. Salis Ammoniaci fuccinac. Item, cum ciner. clavellat. 
Freind.

So. Salis Ammoniac, cum calce. Mujfchenb.
Idem cum calce viva. Freind,

Sp. Cornu Cervi non redbific. Freind,
Sp. Scrici. Muffchenb.
Sp. Urinjc. Cotes.
Solutio Salis enixi, i in aquie 5 part. Freind.
Oleum Saflafras. Mujfcheub.
Decoctio Gentianae. Freind.
Sp. Tartari. Freind. Mujfcheub»
Decoftio Biftortas. Freind.
Dccoftio Sarzie. It. Chinx. Freind.
Dccoilio ari. It. Sp. Salis comm. Freind.
Oleum Cinnamomi. Mujfchenh.
01. Caryophyllorum. Muffchenb.
Beer-Vincgar. Oxf. See.

Acetum Vini. Muffchenb,
Id. diftillatum. Muffchenb.
Acetum. Freind.

Sack. O xf. Sgc.
Sp. Ambras. Muffchenb.
Sea-Watcr. Cotes.

D^. fettled clear. Oxf, See. Ward.
College plain ale. Oxf. Soc.
Solutio Aluminis, i in aquas 5,33 part. Item Solutio Sal. Am m  

purif. I ,  et vitriol, alb. i in aquas 5 part. Freind. 
Laudanum liquidum Sydenhami. It. Panacea Opii. Freind. 
Decodio Cort. Peruv. Item, Granatorum. Freind.
Moil Cyder, not clear. Oxf. Soc.
Aqua fluviatilis. Muffchenb.
Tindlura Aloes cum aqua. Item, Decoftio Santali rubri 

Freind.
Rain water. Newton, Reynolds. Common water. Cotes. Com 

mon clear water. Ward. Pum p water. Oxf. Soc. J . C. 
Aqua. Ghetaldus, Aqua pluviatilis. Fahrenhe^ Muff
chenb. & c.

Aqua vel vinum. Villalpandus .̂
Aqua putealis. Muffchenb.

Oleum Fceniculi. Muffchenb.
Oleum Anethi. Muffchenb.
Aqua diftillata. Muffchenb.
W ine, Claret. Oxf. Soc»

D^. red. Ward.
Vinum. Petitus.
Id. Ghetaldus. (ad aquam ut 98]- ad 100)

2 3 7

1.120
0,952
0,890
j ,073
I) *45
1.120
1,100 
1,094 
1,080 
1,073

1,049
1,037
i >035
1,03+
1,034
1,011
0,994
0,976
1,033
1,031
1,030
1,027
1 ,0 2 3

1.024
1.024
1.024 
1 ,0 17  
1,009^

1,000

r,ooo
1,000
0,999
o >997
0,994

0,993
0,993
0,992
0,984
0,983
Yinuffk
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Vinum Burgundicum, Mujfehenh.
Oltium Sabinnc. It. llyfibpi. Mujfchenh.
O i. Ambrre. It. Pulcgii. Mujj'chcnh.
01. Menthie. It. Cumini. Mujj'thenb,
Dccoitio Sabinie. Freind.
Infufio Marrhubii. It. Menthie. It. Abfynth. Freind.
01. Nucis MofchatiP. Mujfcbetih.
01. Tanaccti. Mujfchenb.
Ol. Origani. It. Carvi. Mujfcbenb.
Elixir propr. cum Sale volat. It. Infufio Thcie. Freind.
01. Spicx. Mujfchevb.
01. ]<or\fmarini. Mujfcbenb.
Lin feed Oil. Newton. C.

D^. Jf^ard.
Spirits o f  wine proof, or Brandy. IFard.

Sp. o f  wine well redtified. Nrj¡>ion. C.
Alcohol Vini. Fahrenheit.
Id. magis dcphlegmatum. Fahrenheit.
Sp. Vini. Freind.
Id. rcdlific. Freind.
Efprit de Via ctherc. Mujfcbenb.

Spiritus Croci. Freind.
l.am p Oil. Reynolds.
Oleum. Ghetaldus. (ad aquam ut 9 1 }  ad lO O .)
Oil Olive. Newton. C.

D^. U^ard,
Sallad Oil. Reynolds.
Oleu m. Villaipandus.
Id. Petitus.

01. Raparum. Fahrenheit.
Id. It. T in d . Chalyb. Mynficht. It. T in it .  Sulphur cum 

Sp. Terebinth. Freind. Ic. Huile dc i'emences de navets. 
Mujfcbenb.

Sp. Mellis. Mujfcbenb.
Sp. Salis Ammoniaci cum cake viva.
Oleum Aurantiorum. Mujfcbenb.
Spirit o f  turpentine. Newton. C.
Tinét. Caftorei. Item Sp. Vini camphorac. Freind,
Oil o f turpentine. Boyle V . 22. a.

01. Terebintii. Freind.
01. Cene. Muffcbenb.
T indura Corallii. Freind.
A qua co¿ta. Freind.
A ir. Newton. C.

A ct Princip. Edit. p. 512 . A erju x ta  fupcrficiem terrae oc
cupat quafi fpatium 850 partibus maius quam aqua^eiufdem 
ponderis.

0.953
0,985
0,978
o>975
0 , 9 6 0

0 , 9 5 0

0 , 9 4 8

0 , 9 4 6

0 , 9 4 0

0 , 9 4 0

0 , 9 3 6

o>934 
0 , 9 3 2  

0 , 9 3 1  

0 , 9 2 7  

0 , 8 6 6  

0 , 8 2 6  

0 , 8 2 5  

0 , 8 1 8  

0 , 7 8 1  

0 , 7 3 2  

0 , 9 2 5  

0 , 9 2 4 .  

0 , 9 1 6 '  

0 , 9 1 3  

0 , 9 1 2  

0 , 9 0 4  

0 , 9 0 0  

0 , 8 9 1  

0 , 9  i j

0,853

0 , 8 9 5
0 , 8 9 0

0,888
0.874
0,870
0,864

0,831
0 , 8 2 8

0,750
0,00125

0,00118 
T h e

m í D
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The fame, by an experiment made by the late M r Francis 
Haukjhee-, F. U. S. when the barometer ftood at 29,7 
inchcs. See Pbyjico Mathem. Exp. p. 74. 0,00113

A s to the abfolute weight o f  water with which all the other bodies are 
compared in thefc tables, M r tells us in his Medicina Hydroft. printed 
in the new edition o f  his works, V . 19. b. that he had found by his own 
t’xperiments, that a cubic inch o f  clear water weighed 256 Trey grains. 
And M r IVard o f  Cbeftcr  ̂ who afterwards purfued this aftiiir with great ac
curacy, determined that a cubic inch of common clear water did weigh 
by his tryals 253.18 like troy grains, or 0.527458 decimals o f  the Troy 
Ounce, ox o.; jÍ6<)j  o\'t\\(t ounce averdupois  ̂ agreeable to what M r 
mlds had formerly delivered, who found the inch cubic o f  rain w»tcr to 
weigh by his experiments 0.579036 decimals o f  the fame averdupois 
ounce, differing from the other only 0.000339 parts.

Kut, as the accuracy o f  all the experiments in t ’lefe tables depends 
upon the identity o f  the weight o f  common water, it may not be impro
per to afcertain that point by a note taken from M r B ilk 's  Mcdlcinallydro- 
ftaticay V . 18. h. where he exprefles himfelf in the following manner.

------  “  It fpeciouily may, and probably will, be objeiled, th at-------
there may be a great difparity betwixt the liquors that are called, and 
that defcrvedly, common water. A ndfom e travellers tell us from the 
prefs, that the water o f  a certain eaftern river, which if.l miftake not is 
Ganges  ̂ is by a fifth part lighter than our water. But — having had 
upon feveral occafions the opportunity as well as curiofity to examine 
the weight o f  divers waters, lome o f  them taken up in places very di- 
ftant from one another. I found the difference between their fpecific 
gravities far lefs than almoft any body would expe£t. And if I be not 
much deceived by my memory (which I muíl have recourfe to, becaufe 
I have not by me the notes I took o f  thofe trials) the difference be
tween waters, where one would expeft a notable difpaiity, wiis but 
about the thoufandth part (and fometimes percliance very far lefs) o f  
the weight of either. N or did I find any diifercnce confiderable in 
reference to our queftion, between the weight o f  divers waters o f  dif
ferent kinds, as fpring-water, river-water, rain-water, and Ihow- 
water ; though this lalt was fomewhat lighter than any o f  the reil^ 
And having had the curiofity to procure fome water brought into Eng- 
land, i f  I much mifremember not, from the river Ganges, idtlt'\  1 
found it very little, it at all, lighter than fome of our com m oa 

“  waters.”
T he heavieft fluid we are acquainted with, next to Mei'cury, is O il of 

Vitriol, or water impregnated with the vitriolic acid in the highefi: de
gree we can obtain it, being almoft double the weight o f  water.

T h e  next is probably the faturated folution o f  the fix^d fa h  o f vegetables: 
being a ponderous fait, and diilolving fn.dy in water.
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T he n^xt to tliis is fpirit c f  r.itre. fpirit c f  fa it is lighter, and in- 
fcn:>r in \vcip;lit t:j t\v. frtu n 'í:.!j.lu ilcn  oí f¿̂ U

It is obffrvabK*, that (n* ccr,:j::7K f'M  and ;;;V;v cVi.Tjr littic in
gravity, contrary to'the nature of chciry/áv/J.

'J'he iVvcral Joluticr.s o f ccmmcn fa h , it' nccuratcly rtprarrd, would 
ilifw in what proportion tht: gravitifs ot iluids increaff, upon tiic addition 
o ffa lc : and that fia-^ aier  aocs not contain ons twenty-fourth pare o f 
fait.

j have omitted in this table the three nnimal fuids, ml!k, ferum of 
bloo'J, and urine, as the lame may be fecn bc-iore in the tabk*, that 
o f iinimal piirts \ but it may be noted in general, that the fpecific gravity 
o f  ;ill chefe fluids is nearly the fame as that of fea water.

'i'htre are in D r/ 'm W 's  table Avera! dcoodions o f  plants, which I 
have inferted, alcho’ they are not I think o f  much ufo, nor greatly to be 
(ieptnded upon. Several o f them are lighter than common water, in 
contradiélion to D r Jurin's obfervation, that Vegetable parts are all 
heavier that water: But ir is probable thcfe experiments were made 
be fore the deco¿fions were reduced to the temper o f  common •juater.

W hat is meant by the of D r / ’m W in  his table, I cannot
imagine ; not having any idea o f  fuch a change by boiling or othcrwife, as 
can deprive common water o f  a full fourth ))artof it’s weight.

Since the denfity o f  the air is as the force by which it is comprcfitd, it 
follows that the weight o f  any portion of air muft vary in the iiime propor
tion with the weight o f the whole atmofpbere : which in our climate is not 
lefs than of whole weight, allowing the Baromter to vary from 
28 to 31 inches

Again, by an experiment o f  the late M r Haukfieeh in his Pbyf. 
Meehan. Exp. pag. 170. the denfity o f  the air varies one eighth part be
tween the greateil degree o f  heat in fummer, and that o f  cold in the winter 
feafon. So that the air, in a hard frofV, when the Mercury ílands at 31 
inches, is near a fifth part fpecifically heavier, than it is in a hot day 
when the Mercury Hands 28 inchcs.

240 tables o f Specific Gravities.
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T a b . X I. 
Frcm Mcftf. 
H om berg ond 
John Cafpar 
isirenfchmid, 
t f  the proper- 
tion o f  the fpe- 
eijie *iveights o f  
certain fu id s  
in the winterf 
to the *iveights 
t f th e  fame in 
thefummer 

feafon.

Mercurius 
Aqua pluvialis 
Aqua lluviatilis 
Aqua diflillata. 
Spirit. Vitriol. 
L ac bubulum 
Aqua marina 
Spin Sails 
Acetum 
01. Vitrioli 
OJ. Terebinth. 
Aqua fortis 
Oh Tartari

1,00479 
1,00809 
1,0 0 8 11 
1,00815 
1,01272 
1 ,0 13 16  
1,01351 
1,01467 
1,01600 
1,02131 
1.02141 
1,02637 
1,03013 

Spir.
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Spir. Vini 
Spir. Nitri

Tai^ks o f  Specific Gravities. 4 Í
»»05125
1,04386

T he oils o f  olive and iweet almonds congealing with the cold, could 
not be examain’d by the Araometer 'm the winter lealbn.

According to this table» the increafc o f  the fpecific weight o f  com
mon water in the winter above it*s weight in the fummer, is not more than 
about the one hundred and twenty-fourth part o f  the whole ; which is 
little more than half of what Prof. Mujfcbenbroek has elfwhcre accounted 
the fame, deforte q u ' m  pied cubique Khenan d*eauy qui pefe environ 64 
livrcs en Eté fe  trouvera etre en lliv er de prefque 65 livres. EJfai de 
Phy/fque, p. 424. but fure this diíTerence is much too great.

Notwithftanding that all fluids arc condenfcd by cold, it is only till 
fuch time as they are ready to freeze ; for upon the freezing they imme
diately expand again, fo as for the ice to be lighter fpeciñcally than the 
fluid of which it is formed, and to fwim in i t : Mujfcbenbroek gives the 
fpecific weight o f  ice to be to that o f  v/ater commonly as 8 to 9. La pe- 
fiinteiir de la glace eft ordinairment a celle de Peau  ̂ comme S a g .  p. 4 4 1 .
1 am not acquainted with any other accurate experiments upon this fubjcól 
and it is hard to get ice in which there are not large bubbles ot air included.

Tile Pbilof Soc. at Oxford^ together with their table of Specific Gravi- 
ty already fo often mentioned in the foregoing pages, communicated be- 
lides at the fame time, to the Royal Society  ̂ another table ot a groíllr 
nature indeed, but which being printed in the fame Num . 169. ot the 
P b ilo f Tranf and appearing to be o f  ufe for many purpofes: I have 
thought the fame not improper to be here alfo tranlcribed.

T he following bodies were poured gently into the vciTel, and thofe in 
the firfl: 12 experiments were weigh’d in fcales turning with two ounces ; cf a cuhUfoit
but the lail 7 were weighed in fcales turning with one ounce. The 
pounds and ounces here mentioned are averdupois weight.

gi'fíins, ifc.

\1. A  foot o f  Wheat (worth 6s, a bufliel
2. Wheat o f  the beil fort (worth 6 s ^.d. a buHiel). Both forts 

were red Lammas Wheat o f hi\ year.
3. T he i'aint ion  oU Vheat meafured a fecond time.
4. W hite Oats o f  the laft year.

The bcil forto f O/z/j were 2d. in a bufhel better than thefe.
5. Blue Peafe (o f the lalt year) and much worm-eaten.
6. White Peafe o f  the laft year but one.
7. Barley o f  the lafl: year ( the belt fort fells for is. 6d. in a quarter 

more than this).
8. M alt o f  o f  the laft year’ s Barley  ̂ made 2 months before.
9. Field Beans o f  the laft year but one.
10. Wheaten M eal (unfifted).
11. R ve M eal ( unfifted).

V O L .  X . Part i. l i  12.
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62
54
43
5̂

67

63
109

5ÍÍ

8
I

12
4

12

o
5 
5

12. Vum p-^ater,
13. Bay Sait.
14. White Sea-5<?//.
15.
i 6. Newcaftle Ĉ íz/.
17. Pic Coaly from JVedneJhury 6 j  •, but this is very uncertain in 

the filling the interiliccs betwixt the greater pieces.
18. GraveL
19. W ood ,4^w-

O f  the fame nature is alfo the following account o f  n e  difference o f the 
weight of feme liquors upon the tun compared to rainwater^ from the ex
periments made formerly by M r Reynolds in tiie Tower o f London  ̂ and 
communicated to the Royal Society  ̂ with his others before-mentioned, 
by M r Smethwick^ July 7. 1670.

}b t  Averd,
Mufcadine wine was found heavier than rain water 
M ilk 
Sherry 
Ale
Canary Wine 
Small Beer
V^hite wine was found lighter than rain water 
Rheniih wine 
Claret 
Sallet Oil

The proportion given by this author as the true one o f  the Averdupois 
pound to the Troy pound is, that 14 o f the iormer arc equal to 17 o f the 
latter.

From whence the Averdupois pound would be found equal to 6994.285 
ounce to grains \ which is indeed a little Ifcfs than

the fame have fince been determined by others ; for M r IFard otCbefier 
gives from a very nice experiment as he calis it, o f his own, chat one 
pound averdupois was equal to 14 ounces iip en y w eig h t and \^\TrGy 
grainSy or 106999;, and confequenrly the ounce averdupois to 437.47 
o f the fame grains. And feveral gentleman of the Royal Society who very 
carefully on 22 April 1743. examined the original ftandards o f  weights 
kept in x\\Q Chamberlain* s Office OÍ M  a Exchequer^ found,
upon the medium of the feveral trials which they made with thoie ftan- 
dards, that the Pound A'verdupois was equal to 7000.14, and the Qunce 
Averdupois to 4.27. Troy grains. Phil. Tranf. N^. 470.

I ihali conclude thefe papers with the two tables from Marinus GhetaU 
nientioned in the beginning, which i here tranfcribe, with an account 

ot fomc ol tlicir ufes, in his own words.

Ad

}b
1 1 2

8 4
5
5 2

6 3
I 3
I 2
I 4
I 6
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Ad comparandum inter fe  duodecim corporum genera, gravitaie^ ^  magnh
tudme Tabella,
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Ô

f*v̂
r t̂tt
M

OÍO <(ln
•«

"f i -

s
0te
9

nj

» 1-
0 0 Cs

Cv
N

(«'s» -s^
N

-

g
9
V

0

te
u

u

a
3c

>

3

< s

s
cc

ask«
•A

£sw
C
0 0u

<

S
s

5

t
>

*>

b.
<

a
sK

<

Q u xro , exempli gratia, quam habet rationem in gravitate plumbum 
ad aurum, Intelligatur plumbum, quoniam levius elt auro, gravitatem 
habere i ,  et in linea plumbi, in prima columna nominata. Tub titulo au
ri, qua;ratur auri gravitas, ea erit i j 4 . Fiumbum igitur ad aurum ra
tionem habebit in gravitate ut 1, ad i Si enim fumantur duo corpo
ra magnitudine xqualia, unum plumbeum alterum aureum, fit autem
plumbei corporis gravitas i ,  aurei erit i quare corpus plumbeum ad 
corpus aureum ejufdem magnitudinis rationem habebit in gravitate ut i ,

I i 2 ad
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ad Comparantur autem inter fe genera diverfa gravitate, in cor
poribus magnitudine aequalibus.

Rurfus, quasro quam habet rationem in gravitate aqua ad argentum v¡. 
vum. Intelligatur aqua, ut icvior argento vivo gravitatem, habere i ,  et 
in linea aquas, fiib titulo argenti vivi, quaeratur argenti vivi gravitas, ca 
erit 134 ; aqua igitur ad argentum vivum rationem habebit in gravitate 
ut I,  ad 13

Contra, quaero quomodo fe habent in magnitudine aurum et plumbum. 
Intelligatur aurum, quoniam gravius eft plumbo, magnitudinem ha* 
bere i ,  et in linea plumbi, fub titulo auri, quieratur plumbi magnitudo 
ca erit 1 IX ; aurum igitur ad plumbum fe habebit in magnitudine ut i ,  
ad I : fi enim fumantur duo corpora x'que gravia, unum aureum, al
terum plumbeum, fit autem corporis aurei magnitudo i ,  plumbei erit i i • 
quare corpus aureum ad corpus plumbeum ejufdem gravitatis fe habebit 
in magnitudine ut i ,  ad \  Comparantur autem inter ie genera di
verfa magnitudine, in corporibus icque gravibus.

Qiia^ro denique, quomodo fe habent in magnitudine ferrum, et aqua, 
ponatur ferrum, ut gravius aqua magnitudinem habere i ,  et in linea 
aqurs, fub titulo ferri, quadratur aqu3s magnitudo, ca erit 8, ferrum igitur 
ad aquam fe habebit in magnitudine ut i ,  ad 8.

244 tables o f  Specific Gravities.
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Altera  ̂ ad comparandum ' inter fe duodecim corporum gintrâ  ̂ grffoitatty €t
magnitudinê  Isabella,
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Quicro, exempli gratia, quienam fit ratio in gravitate, auri ad argen
tum. Intelligatur aurum quoniam gravius eft argento, gravitatem ha
bere 100, et in linca auri, fub titulo argenti, repcrietur argenti gravitas 
54* aurum igitur ad argentum rationem habebit in gravitate ut xoo, 

54-r:* Si enim fumantur duo corpora, magnitudine asqualia, ^ u m  
aureum alterum argenteum, fit autem aurei corporis gravitas lo o ,  erit

argentei
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¿^6 Conccrntiig fo m  'cxiráordinary fecchoes.

QiííEro, quomodo fe ñatítí Tñ áq\ î ad vinum ; quoniam aqua
gravior eft vino, incelligatur ejus gravitas lo o , et quoniam in Jinea aqua:, 
llib titulo vini, datur vini gravitas 98 aqua ad Ovinum fd habebit in 
gravitate, ut joo, ad 98

Contra quiero quomodo fc habent in magnitudine nrgemum, ct aurum. 
Intclligatur argentum ut ievius auro, magnitUjdinem habere lo o , ct in 
linca auri, llib titulo argenti, qurtratur auri magnitudo, ea erit 54 ■ % 
argenteum igitur ad aurum Te habebit in magnitudine, ut IO0, ad 54*?,
Si enim ilimantur duo corpora Jtqua gravia, unum argenteum, alterum 
aureum, fit autem argentei gorporis magnitadc roo, erit aurei 54 j 
quare corpus argenteum, ad corpus aureum ejufdem gravitatis, fe ha- 
b;;bit in magnitudine, ut 100, ad 54!-;.

. Qua*ro denique, quomodo fe habent in magnitudine aqua et argentum 
vivum. Qtioniam aqua levior eft argento vivo, intelÜgatur ejus magni
tudo ICO, et in iinea argenti vivi, fub tirulo aquiir, quadratur argenti vivi 
magnitudo, et reperietur 7 , aqua igicur ad argentum vivum ie habebit
in magnitudine, ut 100, ad 7 ,

Irttir fr:m IX. I muft Hceds account myfelf very happy, in that I partake fo 
Kobcr: South- conftant and frcíh intelligence o f  the matters o f  the world ; and that from 
^Tl'jrYun^v foaclive a hand, as that I know no example o f  greater exaítnefs and in- 
OlJcnbur^/ duftry any where than what is with you.
«.nccrninifome I am Very much rejoiced at the happy advancement o f  learning in the 
txtraorJinary Royal Hociety i and that the radiant influence o f  His Majeíly is Jike to 
Kcchoss,/.;/<•■ 23 qypi-y concerning founds and ecchoes, I
/p communutít- , ‘ , ,• » i f ^ ’

R. S. remember, that the Duke of ^Jujcmiy * has made rare trials concern- 
fyihíR^^. ing the velocity in the motion of found ; and I gave M r Boyie  ̂ in almoft 
lieiirv Milcs,a iheet o f papt;r, an Account and a Difcourfe upon thofe experiments, 
R  ̂ manner o f them.
4S0. p. 2̂ 9. . ibr whifpering places, the bed I ever faw was that at Gloucefter ; but 
iviny in the Way to two days fro m /ícjwí, 1 faw, in an inn,
1-46, d.ited a room with a iquare vault, where whifpering, you coulii eafily hear it
Kingfalc, at the oppofite corner, but not in the leaft manner at the fide corner that
i6?i nearer to you.
June 5. i ;4 f . * another, in the way from Paris to Lyons  ̂ in the porch o f  a com

mon inn, which had a round vault ; but neither o f  thefe were compar- 
Ifi ^blc to thatoi Gioucejler ; only the difFerence between thefe two lafi: was,

that to this, holding your mouth to the fidé o f  the wall, feverai could 
hear you on the other fide; the voice being more difFufed. But, to the 
former, it bt irig a fquare room, and you whifpering in the corner, it w'as
only audible in the oppofite corner ; and not to any diftance from thence, 

>
* Sec the Exp. o f  the Acadcm y deJ Cimente.
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A  Defcription o f a W ater-W hee). 247
as to diílinílion o f  the words. And this virtue was common to each 
corner of the room, and not confined to one. ' ;i

As to ecchoes, there is one at Brujfels that anfwers 15 times: but 
when I was at Milan^ I took a coach to go two miles from thence to a 
nobleman’s palace, now not in great repair, and only a pcafant or con- 
tadine living in one end o f  it. T he building isof fome length in the front, 
and has two wings jetting forward \ fo that it wants only one fide o f  an 
oblong figure. About 100 paces before the houfe, there runs a fmall 
brook, and that very flowly ; over which you pafs from the houfe into 
the garden. W e carricd fome piilols with u s ; and, firing one o f them,
I heard 56 reiterations of the noife. T he firfl: 20 were with fome di- 
ftinftion ; but then, as the noife feemed to fiy away, and anfwer at a 
great diftancc, the rcpeiition was fo doubled, as that you could hardly 
count them all *, fecming as if  the principal found was faluted in its pa- 
fage by reports on this and thatiidc at the fame time.

There were o f  our company that reckoned above 60 reiterations when 
a louder piftol went oíV; and indeed it was a very grateful divertife- 
ment. But on the otl:er fide the houfe, on the oppofite wing, it would 
not found ; and only (to this advantage) in a certain chamber here two 
ilorics high from the ground.

C  H  A  P. V.

11 Y  B  R A U  L  1 C K S.

I. ¡\ /TR Philip JVilliams  ̂ chief engineer to our water-works at 
1 V j  a man of great ingenuity, who, in his time, has been

author o f  many curious inventions, has contrived latfly a machine for 
the raifing o f water to fupply cities, drain marfliy grounds, or other ufeful p̂ nip
purpofes, where no head o f water can be procured, and rhe current runs Wil l iams.  In 
very flowly : circumftances which render mod other engines uielefs. « Utter frm  

W ith his leave, I now fend you a drawiii;¿ o f  this machine, which I 
fiiall endeavour to explain in a manner to be underfi'ood. liakcr.

T he axis of the f.rlt mover is cut into the form o f  an hexangular s. No]
prifm, 0Í dimenfions luitable to the force requir’d, as is reprefented by 4.78. P.1. jan. 
the letter A . Into this, f;.veral lets o f  holes arc mortiíed,
Thefe are intended to receive different fcts o f  fails made o f iron plates, 
one whereof is reprefented in Fig. 54. all which fails are weathered-q] 
in rhe fame manner as thofe defigned for windmills; only in thefe t h e 9. 
extremity o f  their ends Hands parallel to the planes o f  each end of the 
ax:s  ̂ thofe ends Í mean which arc placed fartheft from the centre. 53-

This hexangular when employed, muft be placed parallel to the Fig.  54- 
moving ftrcam, and may lit even wit;i its furfacc : but the engine will act

moll
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moil vigorouily, when it and all the fails employed ari i-iulrcrv un-ÁtT 
water, as is eafy to comprehend. Kach fct ot the laiU b- lore tK 
contains fix in number, and are fo contrived as to be ,<v.: v.i si,.! u k m  
out at pieafure ; whence it follows, that when a fingle i ut T ih is made 
ufo oí, the engine produceth a fir.gie eifcct, when two i cs u double,

1.1 and foon, till the defircd momenium is acquired, with the :.:nic quantity
, ' o f running water, provided there be room to fi.'C a iuflicicnt; numbi.T of

iails.
/I It is farther to be obferved, that when tliis engine is placed with it’s

fails nude and weathered as above directed, they will move with equal 
velocity, even fuppofing the current (hould change it scourfe, and come 
upon them in a quite contrary direihion, as the cafe really happens in ri
vers where the tide ebbs and ilows j where moft other engines yet invent
ed are o f little fcrvice.

About fix weeks ago I had the pieafure to fee a model o f  this engine 
tried. It was fixed in our river, in a place where the water moved only 
’ 7 feet in 20" in wliich time the fird mover made fix revolutions. It’s
diameter was no more than two feet and two inches •, yet it would have
liited 14 pounds two yards high in the above-mentioned time, had not 
a misfortune happend to it’s cafe which made it not perform quite fo 
much.

It appeared to me fomewhat extraordinary, that the circumfcrcnce of 
it’s firit mover (I mean any determined part thereof) paíTed through a fpace 
o f  42 feet in 2 0 '';  which is nearly twice as fait as the motion o f  the wa
ter ; and as the momentum will be in proportion to the number o f  the fets 
o f  fails that are employed, it’ s force is capable o f  being greatly augment
ed with the fame quantity o f  water ; a thmg not to be admitted without 
fuificient experiment, but what fcems extremely plain inTheory, and what 
I am apt to think will anfwer when brought to IVactice.

This engine, when once feen, requires little íkÜl for the conflruétion 
of it, is made at a fmall expcnce, and kept in repair with eafe.

Jiiefcriptimcf II. An opcn canal eê  is fupplied with a conftant and equal ilream by 
a Clcpfyd a» fiphon d \ and has at each end / / ,  open pipes, o f exadUy equal bores, 

Í which deliver the water that runs along the canal e, alternately into the
C/c î ; hs tl'C , • i* 1 • I I- 1 I
Ihn. Cliíirle» veileiS g\y g 1-, m luch a quantity as to raiie the water rrom the mouth
Hamilton, of th e /¿jw/íj/ííj ;, to the top o f tiie /, exadtly in an hour. The

A79- canal e is equally poiled by the two pipes / 1 ,  /  2, upon a centre r i
IS* the ends of the canal are raifed alternately, as the cups 2 2 ,  are de-

T“4Ó which they are connected by hms running over the pulleys //.
A pril 24. * The cups 2  2, are fixed at each end of the balance m w, which moves 
1745-6. up and and down upon it’s centure v

rcfcrcncc anfwer to Fig. cc, c6, atui zy. foir.c b jin g  fccn in one, 
(¡J3J not comc in fight in the others.

n I ,



M I ,  w  2 ,  T he rd g eso f two wheels or pulleys, moving diíñrent ways 
alternately, and *fo fitted co the cylinder (by oblique teeth both in the 
cavity o\ the wh;^el, and upon the cylinder j which, when the wheel 
?; moves one way [ /. e. in the direilion ot the minute-hand], meet the 
teeth of the cylinder, and carry the cylinder with it j and, when ;z moves 
the contrary way, flip over thofe of the cylinder, the teeth no more meet
ing, but receding from each other ; or it may be done by catches of locks 
which require a longer defcription), one or other o f thefc wheels, 
continually moves 0 in the fame diredtion, with an equal and uninterupt- 
ed motion : for the contrivance is fuch, that the inftant one ceafes to a<5t, 
the other bt-gins, and fo on.

A  fine chain goes twice round each wheel, having at one end a weight,
.V, always out o f  water, which equiponderates with y  at the other end, 
when kept tloating at the furface ot the water in the vcírelj", which 
muft always be. I'he two cups 2 2, one at each end o f  the balance ;;; ot, 
keep it in till one of them is forced down by the weight and
impulfe of the water, which it receives from the ; each of
thefe cups z  z , has likewife a tantalus o f  it’s own h which empties 
it after the water has done running form and leaves the two cups again 
in equilibrio ;  ̂ is a drain to carry o if the water.

Fig. 56. reprefents the dial-plate, with the hour and minute-hands, the P'S- 5̂ - 
weight and float belonging to n 2. T he front o f  the tantalus in^  
marked s t /, o f  which s the mouth is i8 inches above the bottom ot tiie 
vcfiel F, and 18 inches below the top ot the tantalus t. i is the ifluinc les ^

f i  t  Í  • I  \ ‘ r  Í  t  . 1  / V » .  .  1 ® ®  p r c f i i e  c f  i k e
01 the tantalus, which dncharges the water out ot the veflTel g  into the cup cbpfydra. 
z ,  as foon as it runs over the top /, till the water finks as low as s.

The cafe u u inclofes the whole machine, except the cifl:ern 5̂ - 
that fupplies the fiphon which may be placed at any diftance from 
it, as is moll convenient, provided the ifiuing leg (/, o f  the fiphon ¡¡'¡ fuU di- * 
lengthened out fo as to give a conltant ilream into the canal e. This cafe 
u u fupports the axis o f the cylinder 0 behind, and the dial-plate be
fore ; in the centre o f  which turns the axis Oy with the index k at it’s extre
mity, being the minute-hand. The hours may bedefcnbed by two com 
mon wheels, as in ordinary clock-work. For cheap work, chains pafling 
round pulleys would do inttead of wheels with teeth.

The fhort leg o f the fiphon d is placed in a ciftern, with it’ s mouth The motim of 
fomcthing below the mouth o f  the wafte-pipc ; which ciftern is fupplied th  Clepfydra 
with a conftant ftreani, rather more than runs out at the fiphon d\ which 
overplus going oiF at the wafl:e-pipe, the water always remains at the 
fame height in the ciftern, and yet always delivers a conftant and equal 
flow into the canal e e ; confequently, there is not the leaft intermiflion.
A s  the end o f  the canal i ,  fixed to the p ip e / 1 ,  is in the figure the loweft, 
the water runs all through the p i p e / i ,  into the vefll'l 1, till it runs 
over the top o f  the tantalus t \ when it immediately runs out at i into the cup
2, at the end ot the balance w, and forces it down, the balance m moving on 
it’s centre v. When one fide of m is brought down, the ftring which conne<ft «i

V O L .  X . P a rti.  K k  it
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Obfervations determ inhg the Longitude at K in g ilo n ,

i t  t o / i ,  running over the pulley /, raifes the end / i ,  of the cana!^, 
( w h i c h  turns upon it’s ccnter r) higher than/ 2  ; confcquently, al! the 
water which conftantly runs through the fiphon d, inftantly runs through 
f  2 into g  2, till the fame operation is performed in that vciTcl, and fo 
on alternately.

A s  the height the water rifes in^ in an hour, v iz. from s to /, is equal 
to the circumference o f  n, the floaty rifing that height along with the 
water, lets the weight aft upon the pulley «, which carries with it the 
cylinder 0 *, and, giving a revolution, mak.cs the index k dercribe an hour 
upon the dial-plate. This revolution is performed by the pulley « i ; the 
next is to be by n 2, whilft n i goes back, as the water in g  i runs out 
through the tantalus for j  muft follow the water, as it’s weight increafcs 
out o f  water.

The axis 0 always keeps moving the fame w a y ; the index k defcribcs 
the minutes; the tantalus's muft be wider than the fiphon that the 
Vfflels g  g  may be fure to be empty as low as before the water returns 
to them.

C H A P .  VI. 

G E O G R J P H T a n á  N J  F I  G J  T  J  O N . 

OB/ervations I. T T ake this opportunity o f  laying before the two obfemtioiTs
determining |  proper for determining the dif^rence o f  longitude between London
*ofiLiñSon* King/ion  ̂which came to my hands fome time fince. They were made
in Jamaica. ^7 Macfarlane^ E f q ; ot Kingflon, F\ R . S. who is provided with a 
¿V Mr Ja. compleatc apparatus o f aftronomical inftruments, which he purchafed of

 ̂ Campklly Efq; A s this gentleman is well verfed both in the Theory
p Nov Jt̂ i’^i^iceofAftronomy; I think the following obfervations may bede- 

1̂ 50. ' on for fixing the longitude o f  Kingfton % efpecially as we have the
Nov. I. fame obfervations made at the houfe o f  M t G .  Graham in Fketfireet^

*7S°* Lond. *
h / //

Kclipfc «//¿f Beginning o f total darknefs at . ............................................ o i o í ;8
Moon, o a .  H ikI o f  tlie  c c h p fe  a t ............................................................................................
22, 1745. ^

^rarju C/ T he ingrefs o f  Mercury upon the fun could not be feen ; the fun bcing
otx horizon. ^

25» 1*743.  ̂difCO Solis, or the laft exterior contad, at 56' a. m.
By the firil oblervation of the eclipfe o f  the moon, compared with the 

fame eclipfe obferved here, Kingfton is found to be 5’' 6'  2 '' to the weft 
o f  London.

•  Sec V ol. V II I . p. 1-2  and 2C2.

And
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r.

Difcoveries o f the Ruffians on the Coajl o f Aña. 25 \
And by the ^ranfu o f  Mercury ncgleiling his parallax, Kingftonxi 

found to be 5 ' s ' 33 *
I'his laft is the moil to be depended on for fettling the longitude o f 

Kingjion\ bccaufe in all obfervations of an cciipfc ot the moon, an error 
o f  a minute or two may be allowed, arifing from the indiftinótnefs o f  the 
penumbra.

II. A s  you are defirous to hear fomething more particular conccrning Extra/i ora 
the Ruffian expeditions to the North and North-liail o f Afta  ̂ I will here f,om
give you an account o f  all that has come to my knowledge relating to the 
lame. But as I ihould, on the one hand, be very glad that thcfe obferva- 
tions might give any light concerning the paíTage now fought through o///-i- 
Hudfon's Bay  ̂ I ihould, on the other be very forry, if  M r Behring’  ̂opi- Imp. Soc at 
nion, who believed that the new land he had difcovered was joined to •‘ctai ĵirgh,
California^ ihould rather lead us to doubt o f  the fuccefs o f  that glorious cha*̂  ̂
undertaking. 1 wiíh, however, that a happy experiment may foon in- Wctiíein, 
torm us Certainly ot the truth. In the mean time you will not be forry Chap-am ar.d 
to b e  acquainted with the reafons upon which Behring'% fufpicions'^"- 
were founded, notwithftanding the objc<5fcioiis you have been plcuied 
make, and to communicate to me upon that head. Wales, con-

Firil, This new land, which he fell in with at the diftance o f 50 German a-> uin g  tht  

miles from Kamfchatka towards the eail, was followed by him, and coall- Î ii'covcric! of 
ed for a great way, though I cannot fay how far : from whence alone it 
will appear, that an abatement muft be made in the diftance o f  30®, or 
thereabouts, which you fuppofe to be between the laft known head-land N'*. 4S2. p. 
o f Califor?tia towards the weft, and the fartheft extremity o f  this new42‘ - Jan 
difcovered land towards the eaft.

Secondly, Capt. Behring having had the opportunity o f  obferving an 
eclipfe o f  the moon at Kamfchatka^ concluded from the fame, that that 10. 1746. 
place lay much farther off to the eaft, than is expreiTed in any map ; and RutJ Feb. 5. 
that, toreprefent it truly, it ought to be transferred into the other h e - * 746-7- 
mifphere, as it’s longitude is more than 180 degrees [ E .  from the líle o f 
Ferro'l. For this reafon Captain Bebrin¿% new land will be confiderably 
approached to the laft known ¡)art of California^ and will not indeed ap
pear to be many degrees from it.

W hat we have therefore ftill to hope is only, that in this unknown diftridl 
there may be found fome ftreight, by which the pacific fea  may freely 
communicate with Hudfon's Bay ; but i f  it íhall appear that there is no 
luch paiTage, it muft then be concluded, that whatever further progrefs 
may happen to be made through Hudfon's Bay  ̂ the opening at laft iiiuft 
only be into the frozen fea^ from whence there could be no pafTing into 
úitpacific oceany but by the neighbourhood of Kamfchatka ; and this way 
would without doubt be too long, and too dangerous, to be mafterM in 
the courfe o f  one fummer.

I very much doubt whether the Ruffians will ever publifli the particulars 
o f  their difcoveries, either luch as have been made from Kamfchatka towards I

K  k 2 America^

UÍI4D

L



252 Cmcernir.g the Dijiances bet̂ xcen A ñ a mid Am erica.
America^ or fuch as have been made upon the northern coafts o f  Afta, 
An;i indeed it is but very much in gí:n=ral that I know the fuccefs o f  this 
lalt txpedicion. What I óo was communicated to me by order of the 
Court, from the C oikge o f  Admiralty, tor me to n.ake ufc o f  it in the 
Geography o f Ruffta, which 1 was at that time charged with.

They pafied along in fmall veiTcls, coaíling between Nova Tiembla and 
the Continent, at divers times, in the middle o f fummer, when thofe wa
ters are open. The ñríl expedition was from the river Ohy ; and at the 
approach of winter the veiTels fiielter’d themfclves by going up the 
ntjka \ from whcnce the next fummer they returned to fea, in order to 
advance iurther eaftward •, wliich they did to the mouth o f  the Lena  ̂ into 
which they again retired tor the winter-feafon.

The third expedition was from this river, to the fartheil North-Eaft 
cape <Á Afia, But here they loft feveral of their boats, and a great part 
of their crew, fo as to be difablcd from proccding, and from makinj^ tlie 
whole tour, fo as to arrive at Kamfcbatka^

It was however thought, that a further attempt was then unneceiTary, 
becaufe Captain Behring had already gone round that cape, failing north
ward from Kamjcbalka.

The Ruffians have not attempted the paiTage round Nova Zemhla ; but 
as they have paifed between that land and the coaft d i Afia^ and as the 
Dutch did formerly difcover the northern coafts o f Nova Zembla  ̂ wc 
may now be well aflured, that that country is really an ifland.

 ̂ extremely obliged to you for the trouble you have taken, in
• ^ M lc -  correfponding with Prof. Euler * upon the Ruffian dilcovcries eaftward 

J)obbi in from Kamjcbalka^ and communicating to me the accounts he had o f  
land, to tie Behrin¿% laft voyage, and o f  his difcovery of the lands N . E. o f  Japon ; 
Ki-v ^/rCha which the Prof. could only have inaccurately, not having feen any journal 

to fix the Lat. and Long, o f  the countries he then difcover*d ; but fince 
Sf: Prof. Eulcr^ fway*d by the opinion of Captain Behrings feems ftill to be-
Priitce of lieve that the laft land he difcover*d is joined to California  ̂ which country is 
Wjiies, ten̂  ŷ ŵ known to be part o f  the continent o f Ameiica^ and not an ifland tin

being continuous to California \ \X\\\ in opinion
/u-«rAfu  ̂ ^  depended upon, I would candid-
W  America ly own, that there could be no paflTage from the N . \V. o f  Hudfon*s Bay 

p- to the weftern ocean of America^ without failing near 70*̂  of Long, the 
471. iMar. <jiilance o f  the N. E. cape o f  Afia from the N. W . o f  Hudfon's Bay  ̂ in 

Q  ̂ aimoft as far N. as the polar circle, before the paffage can be
TVi'̂ de to the pacific o c e a n which might therefore be very reafonably call’d 
an impradlicabJe pafi'age, as it could not poflibly be made in one fum- 
mcr, (if at all) and fince Prof. Kuler has been fo kind as to give me 
Capt. Behrtn¿^ reafons for iupporting his opinion, which are principally 
from cheJmall diftance he fuppofed it was from the the coaft he üifco-

•  See the preceding anide.
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vcred, to the wcftern A m m cm  coaft at California (which he imagined 
was much nearer his N. E. cap^ o f  AJta than it is in fa<5t) j I muft there
fore, in return to the ProfeiTor’s gootlneis, in communicating to me ai! 
he has known in that difcovery, beg leave to give you this further trou
ble o f communicating to the Frofeflbr my reafon for ftill diflenting 
from Behrin¿% opinion, that the land he difcovered laft was part o f  
the continent o f  America^ or continuous with Califoi'nia ; and if  he find 
the reafons for fupporting my opinion make it more probable, that 
there ftill may be a large opening betwixt thcfe new-difcovcred countries 
and California^ I am fenfibie it will give the ingenious and learned Pro
fesor great pleafurc, to think wc may yet hope for a paiTage by Hudfon's 
Bay to the wcftern American ocean, without being obftrufted with ice 
after paiTing Iludfon^s Streigbt.

T he ProfeiTor imagines 1 might have been led aftray, by notconfider- 
ing, that the N. E. cape o f  Afta is much more eafterly than has been 
laid down in any former charts j which is now known accurately, by the 
cciipfe o f  the moon obferved by Captain Behring at Katnfcbatka,

I have an abftradl o f  his Journal by me, upon his firft difcovery 
in 1728, and 1729, when he obferved that eclipfe, and the calculation 
of the long, from i t ; and ft-and by his long, he has fixed ; and allow 
that his N . E. cape is in the other hemifphere ; reckoning eaftward, 
eith'.T from Fero  ̂ as the firft meridian, or from London \ which laft I 
ihall follow.

Behring fixes his N . E . cape 126® 7 ' E . long, from Toholfki', and 
^oholfki is 86^ E. from Fero \ fo the cape is 212*  ̂ 7' E. o\ Feroy or a-
bout 194® E. from L on d on----- - By Captain Middleton's obfcrvation o f
Jupiter's Satellite at Churchill river in Hudfon's Bay, that river is 95̂  ̂
y i . trom London \ which, added to 194^, makes 289° ; confequently 
the N. E. cape o f  Afia is 71*̂  diftant from Churchill^ to complete 360^ \ 
which, in the lat. o f 65^, computing 8 leagues to a degree o f  long, o f  
which 20 make a degree o f  lat. the diftance betwixt that cape and Uud- 
fon's Bay would be 568 fuch leagues.

From the known long, o f  the N. capc o f  Japon in 40^ lat. which is 
pretty exadly known, from the obfervations made by the Jefuits at 
Peki?igy and is about 150° E. from London  ̂ and from the beft computed 
long, o f  California in 40^ N . Ut. it lies in 130^ long. W . from London  ̂
making together 280^, leaves 80° for the diftance o f  0//;ybr///Vj from 
Japon ; allowing 17 leagues to a degree o f  long, in 40^ N . lat. the di
ftance would be about 1360 leagues : by the fame calculation California 
mult be at leaít 7 or 800 fuch leagues from the N . E. cape o f A fia  *, fo I
that, in fo great a fpace there may be very great countries or iOands * , 
without fuppofing the new diicovercd country continuous to California^

•  T h e  *Japonfftt in their mnp* o f  the World printed in Jafaity have laid doA'n in thli 
\cry trail two iilnnds as Ijrge as Irelay>d̂  wiih titc names to tnem, as appeari in that map 
bought by Dr Kimpfer in in 1686 i nvw in Sir Ham Sh an t't  Mulcum. C. 71/.

and
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and might well allow of an open c-hannel or fea, from 50 to 100 leagues 
widf, between the diicovered coaft and California..

By the account given to Prof. Euler^ Btlmng failed fouthwardly to 
the iflcs o f J a p iu  and from tht-nce failed eaitwardJy 50 German miles, 
about x^o Englifli m i le s w h ic b  makes about 80 leagues, o f  20 to a 
degree. A t  that diitance from ^apon he difcovcred land, which he 
coailcd N. W . ftill approaching towards the N . E . capc, without going 
afhore, until he came to the entrance o f a great river j where fending 
his boats and men alhore, they never returned, being either loft, killed, 
or detained by the natives, which made his difcovcry incomplete ; his 
iliip being ftranded, and he afterwards died in an uninhabited illand.

A s no lat. nor long, are fixed by this account, I muft believe he fail
ed from Kamfcbaika S. E. perhaps more foutherly than to 50^ la t . ; and 
there found land N . E. from Japon; otherwifc, by coafting it N. W . 
he could never approach the N. E. cape, which is, at leaft 40® Jong.
E. ot Japon\ and if he made land So leagues E. o f  Japon  ̂ he muft have 
Tailed N. E. to make the N. É. cape. 1 have thereiorc reafon to b“Iieve 
this coaft was part o f  that he faw in his firit voyage, where he loft his 
anchor; and is the coaft Gama difcovcred, and the Dutch afterwards 
called the Company s Land^ E. o f the ftreights o f  Uzicez^ which is at leaft 
7 or 800 leagues W . o f  any known land America^ and above 1000 
near the Jat. oí Japón : fo that, if  I íhould allow 700 leagues ior coun
tries or illands E. of his new-difcovered coaft, there might ftill be a paf- 
lage ot 100 leagues for the fouthern or pacific ocean to communicatc 
with lludfon's Ba\\ and to caufe fuch great tides and currents, as are 
found on the N. W . o f  Hudfon's Bay ; as alfo a free pafiage for the 
whalts, which are feen in all the openings N . W . o f that bay, and are 
caught there in numbers by the EJkmaux favages: for, as thefe don’t 
20 m by Hudfon's Streigbt from our Atlantic Ocean, it cannot be pre- 
lumcd that they lliould go  up by Japon towards the N , E. capc, and 
from thence go 70°, or above 560 leagues, to Hudfon's Bay, and be 
there in June, and, after ftaying until Sept. return again the fame way 
to the fouthern ocean, to pafs the winter. — N ow , as Behringov\\y coaft- 
cd at a diftance, he could not poiTibly know whether it was a continent, 
or great iQand ; the laft o f  which feems the moft probable: however, a 
few months now, if  our ilups return fafe, will give us a certainty on 
one fide or the other j altho’ I am fanguine enough to believe they 
have by this time failed thro* and difcovered this fo much wifhed for 
pailage.

Thefe, Sir, arc the reafons I have ftill to expe<ft fuccefs in the at
tempt 1 have promoted; and, i f  you think it may give any fatisfadtion 
to Trof. Euler, to know the reafons that fupport my belief o f  a practica
ble fafe pafiage, be pleafed to communicate it to him, with my com
pliments for the trouble I have given him by you, and accept o f  my 
bcft acknowledgments for your favours.

2^^ Concermvg the Dijlances betunen Afia and America,

IV. It
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IV. It is now fomc time finctí I received from M . de U ifle  part o f a Akturfrcm 
/nap o f  the world, found among the papers o f  the fare Dr Kampfer. In ^
this map were feveral Cbinef€ charafters, fome well, fome ill written, G ..b i¡  Jrf.

which the late Prof. Bayer had attempted to decypher.------  In my an- ^c/Sfcr^^‘
fwcr to M. de Uijle^ I informed him that it was by no means a Cbinefe R .S . contain- 
w ork* ; that it could be o f no fervice to a learned European  ̂ fuch as he ingjcmeac- 
or you were ; and that M r Bayer'^ explanations were full o f  faults. I 
Aippofe that M , de Vijle\v^% already writ you my thoughts concerning it 
from Peterjhourg. You have poiTibly feen in feverai books, what the â fnĝ ,!fe 
Cbinefe know, and have fet down, concerning foreign countries : and there Chiticic. 
is no monument extant to prove, that before tiic arrival o f  the Jefuits r̂anjlated 
in this country, they had charts or maps o f  the world, any way r ^ f e m - ^  
bling that, which you Ibund among Kampfer's writings. s!'m. I) anh

It is now above 1600 years fince they tolerably well knew the northern F R. s. N*. 
and eaftern countries o f  I?tdiay and thofe which lie between Cbifta and the 494 P 3*7' 
Cafpian fea. On thefe different countries their hiftory affords feveral in- 
formations, which are not to be found in the Greeks Latiiiy or other hifto- g 
rians. They haci fome, but very confufed, notions o f  the regions beyond 9. 
the Cafpian fea; fuch as Syria  ̂ Greeee  ̂ and fome parts o f  Europe. P-cad Kcb. i .
Id o  not fpeak o f  the times o f  Gentchijkan and his fucceíTors ; for then ' 749* 
the Cbinefe were made acquainted with Ruffmy Poland  ̂ Germany, Hun- 
gary, Greece, ^ c .  from accounts given by their own contrymen who 
followed that prince, his Tons, and grandfons: but the monuments that 
remain o f  this their knowledge arc very confufed. A s  to the countries 
to the eaft o f  China, there are proofs remaining in books, that, above 
1700 years ago, the Cbinefe were well acquainted with the eaftern part of 
Tartary as far as the fea, and the river Ameur, Corea, and Japan. Their 
books fpeak alfo in general, and without fufficientiy entering into parti
culars o f  many countries to theE. and to the N. o f  Japan. W ith  regard to 
the monuments o f the Cape o f Good Hope, which have been mentioned by 
fome, there are none in China ; and if there have been any, they are now 
loft. It was from the Europeans  ̂ that the Cbinefe liave learnt the name 
and the fituation o f  the Cape [and you will foon fee a DiíTcrtation, where
in all this a&air will be circumftantially treated].

V . M y curiofity having lately led me to perufe feveral books on the art A  Utttr fnm
o f Navigation, I was fomewhat fuprized not to find in any one o f them a Ro
dear explanation o f  that moft curious paper f  written by that cxcellent̂ *̂̂ *®"̂ '®̂ '̂ ^̂  
Mathematician T>v Hailey \ who, not intending to write for bcgihners, i„  ̂ah7xpla ' 
himfelf confeiTcs, has drawn his conclufions in a manner, that fecms to nation of the 
ftand in need o f an expknatton, for the generality o f readers : and as the Hal- 
maritime people are not the b¿ft acquainted with mathematical knowledge,

* ! . » / ■• •  Analo ’̂i  of tht
Doubucfs jt IS the work o f  an European^ who was givmg feme notjon o f  Geography Logarjthmic

to a or i  or.jwrhsps.thac o f  .a CWw/i or Japanefe from memory 6f w iu t J'angcn» m
he had ^c¡\tá Uaiw Eurof>tam, or oF the map which he might hare fccn with ibem. mci:dian

.■f iiec Vol. I . Chap. vii. §. 38.  ̂ orfum of
It tht Secants.

ôme accoimt ^ th e  Krmvledge Geo^rúfh afmng the Chlncfc. 255
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it might have been expected, that fuch o f  the writers on Navigation with
in the laft 50 years who have undertaken to detnonlVrate the kvcral paits 
ot' their fubjed, would have removed the difficulties in the D. ctor’s [>a- 
per, inftcad o f  leaving them in the fame (late in which they firíl appcartd.

D r Hailey  ̂ in this tract, fccms to have had two chief points in view ; 
firft, to prove that the diviftom o f the meridian line in a Mercator's chatty 
Viere analogous to the logarithmic Tangents of the half-complements of the 
latitudes. And fecondly, Ho find a rule by which the tables of meridional 
parts might be computed from BriggsV, or the common logarithmic Tangents, 
I'he fbrm crof thefe.thc Doctor has clearly and elegantly proved: but lie 
has given rather too tew ftcps to íhew us clearly the iiivelligation of the 
Jatter.

Indeed in many o f  the treatifcs on Fluxions, it is íhcwn how to in- 
vcftigate a rule to find the meridional parts to any latitude: but, to under- 
ftand thofe methods, requires fome ikill in algebraical and Huxionary 
computations ; neither oí which are necellary in this bufmcls, by keep
ing CO the D odor’s principles, as will be evident from the following 
articles; fome o f  which arc already well known ; yet it was thought 
convenient to annex them to this dilcourfe.

I f  the circumference of a circle be divided into any number of equal parts by 
as many radii, and a line be drawn from the circumference cutting thofe 
radii, fo that their parts intercepted between this line and the centre be 
in a continued decreaftng geometric progreffion \ then w ill that interfering 
line be a curve  ̂ called the proportional fpiraU and w ill interferí thofe 
radii at equal ajigles.

This will be evident, by fuppofing the radii fo near to one another, 
that the intercepted parts o f  the fpiral may be taken as right lines; lor 
then there will be a feries o f  fimilar triangles, each having an equal an
gle at the centre, and the fides about thofe angles proportional.

The fame things f l i l l  fuppcfcd^ the parts of the circumference of the circle  ̂
reckoned from any one pointy may be taken as the logarithms of the ratio’s 
between the correfpciiding rays of the fpiral.

For thofe rays are a feries o f  terms in a continued geometric pro- 
greflion ; and the parts of the circumference from a feries of terms in 
arithmetic progreflion. Now the terms of the arithmetic feries being 
taken as the exponents o f t!»c correfponding terms in the geometnc 
feries, there will be the fame relation between each geometric term and 
it’s correlative, as between numbers and their logarithms. And hence 
the proportional fpiral is alfo called the logarithmic fpiral.

That proportional fpiral^ which interferís it's  radii at angles o f  4 5 °  produ
ces logarithms that are o f  Napicr’j  kind.

For,

An explanation of the Analogy of the Tangents,
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For, if  the difiercnce Ixtwcen the firil and fecond terms in the geo

metric feries was indefinitely fmall, and the firft ciiviTion oí the circum- 
fcrcncc was o f  the famt* magnitude ; then may that part o f  the fpiral, 
intercepted between the firft and fecond radiu he taken as the diagonal 
o f a fquare, two of whofe fides are parts o f  thofe radii: thrr for»: the 
fpiral which cuts it*s rays at angles o f  43°, has a kind of k^urithins be
longing to it, fo related to their correfponding numbers, that tnefma!!* 
eft variation between the firft and fecond terms in the geometric feries, 
is equal to the logarithm o f  the fecond term, a cypher being taken fo; 
the logarithm ot the firft. But o f '  this kind are the hyperbolical loga
rithms, or thofe firft made by their invrntor the Lord Napier : confe- I
quently the logarithms to that fpiral which cuts it’s rays at angles o f  45'^, !!
are o f the Napierian kind. ¡̂j

^be Ehnmh-Unes on ibe glohc are analogous to the logarithmic fpiral. A rtidc IV .

For every oblique rhumb cuts the meridian at equal angles : and it is 
a property in ftereographic projections, tliat the lines therein in tertó in g  
one another, form angles equal to thofe v/hich they reprefent on the 
I'phere. I'hereiore a prqjedion of the fphere being made on the plane 
o f  the equator, the meridians will become the radii o f the equator, and 
the rhumbs intcrfe¿ting them at equal angles, will become the propor
tional fpiral.

Hence, the arcs o f  the equator, or the diíTcrences o f  long, reckoned 
from the fame merid. arc as the logarithms o f  thofe parts of the corre- 
fponding meridians, intercepted between the centre and rhumb-line.

A  Sea Chart being confiru5ied  ̂ wherein the meridians are parallel to one .
anothery and the lengths o f the degrees o f latitude increafe in the fame 
proportion as the meridional diflances decreafe on the globes  ̂ w ill conjli'- 
tute a Mercator"*s chart \ wherein.  ̂ hefidcs the pofttions o f places having 
the fame proportions to one another as on the globes  ̂ the rhumb lines w ill 
be reprefented by right Unes.

For none but right lines can cut at equal angles feveral parallel right 
lines.

*
The divi/ions o f the meridian line on a Mercatores chart, are the fame as a Article V I- 

table o f the differences o f long, anfwering to each minute, or fmall differ
ence o f lat. on the rhumb line making angles o f  45  ̂ with the meridians.

For, in fuch a chart, the parallels o f  lat. are equal to the equator, and '
are at right angles to the meridians: and therefore a rhumb o f  45^ cuts 
the meridians and parallels o f  latitudes at equal angles *, confequently be
tween the interfedtion o f  any meridian and parJlel, and a rhumb cutting 
them at 45^, there muft be equal parts o f  the meridian and parallel in- 

V O L .  X .  Fart i. L  1 tercepted:
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tercepted : now, on the equator, or parallels o f lat, are reckoned all the 
lucceiiive differences of iongicudcs, and on the meridians the fuccefllve 
meridional differences o f  latitudes, or the divifions of the nautical m erid.: 
therefore on the rhumb o f  45®, the fuccefiive differences o f  long, are 
equal to the correfponding diviiions o f  the nautical merid.

Article v n .  The tangents o f the angles which different rhumbs make with the meridians  ̂
are dire^ly proportional to the differences o f longitudes made on thofe 
rhumbs  ̂ when the meridional differences o f latitudes are equal; ^r, are 
reciprocally proportional to unequal meridional differences o f latitudes on 
thofe rhumbs  ̂ when the differences of longitudes are equaL

For the meridional difference o f  lat. is to the diff. o f  long, j as radius 
is to the tangent o f the angle o f the courfe, or ot the angle which the 
rhumb makes with the merid. therefore, when the meridional differences 
o f  latitudes are equal, the differences o f  longitudes are as the tangents o f 
the court s : but, when the differences o f  longitudes are equal, the me
ridional differences o f  latitudes are reciprocally as the tangents o f  the 
courfes.

ArticIc V III . The logarithmic tangents o f the half-compleinents o f the latitudes  ̂ are ana- 
logons to the lengthened degrees in the nautical merid. liftê  in a Merca- 
torsos chart.

For, in the ftereographic projedion of the fphere on the plane o f  the 
equator, the latitudes of places are projtded by the half* tangents o f the 
complements o f  thofe latitudes, which half-tangents are the rays o f a 
proportional fpiral: now, if  a feries o f  fuccefiive latitudes be taken on 
any rhumb, the correfponding differences o f longitudes will be loga
rithms to the rays o f  the fpiral, or to the tangents of the half-complc- 
ments o f  thofe latitudes : therefore the differences o f  longitudes are as the 
logarithmic tangents o f  the half-complements o f  the latitudes: but 
{Art. V I., the lengthened degrees on the nautical merid. are as the dif
ferences o f  longitudes on the rhumb o f  45° ; confequently the logarith
mic tangents of the half-complemaus ot latitudes are as the lengthened 
degrees on the nautical merid.

Ari/ I. When the angle between the rhumb line and the merid. is equal to
43®, then the longitudes o f  places on that rhumb are eiq^reffed by loga
rithms o f  Napier's kind ; whofe correfponding numbers are natural tan
gents o f the lulf'Complements of the latitudes to arcs expreffed in parts 
o f  the radius.

e»rol. 2. Hence, to any two places on a rhumb o f  45°, the difference o f
Jong, or the meridional diff. o f  lat. is equal to the diff. o f  the Napierian 
logarithmic tangents o f  the half-complements o f  the latitudes o f thofe 
places, cftimated in parts o f  the radius,

.As

2j8* explanation o f the Analogy of the Tangents, & c,
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A s there may be an indefinite variety o f  rhumbs, nnd therefore as CW . 5. 
many different kinds o f  logarithms, confequcntiy every fpecics o f  loga
rithms has it’s peculiar rhumb, diilinguifliable by the angle it makes with 
the merid.; therefore, among thefe there are two kinds, whereto the 
ditfercnces of longitudes are the differences o f the logarithmic tangents o f  
the haif-compiements o f  latitudes, eftiinatod in minutes o f  a deforce ; 
one o f  them belonging to Napier's form of logarithmic tangents^ and 
the other to Briggs'sy or the common logarithmic tangents.

Ths common logarithmic tangents are a iahle o f the differences o f longitudes, Articlc IX. 
to every minute o f lat. on the rhmnb line r^aking angles •with the meridi
ans of 9"- jj

For, let z  reprefent the merid. difF. o f  lat. between two places on 
the rhumb o f  45'  ̂ ; or it’s equal, the difference between the logarithmic 
tangents o f the half-complements o f  the latitudes o f  thofe places, eiti- 
matcd either in parts of the radius  ̂ or in minutes o f  a degree. Then,

A s  the circumferencc in parts o f  the radius —  62831,853, ^ c .
'i'o the circumferencc in minutes o f  a degree =  21600.
So is a meridional difF. o f  lat. in parts o f  the radius “  z .
T o  a merid. diff. o f  lat. in minutes o f  a degree, =  0,34377468, í^c.

X z .

W hofe correfponding rhumb is diiurcnt from that which 2 belonged 
to *, and the angle which this rhumb makes with the merid. wil^bc 
iound by the following analogy from art. 7.

A s  the meridional difr. o f  lat. on one rhumb =  0,34377468, ^ c , z.
T o  the merid. difF. o f  lat. on a rhumb o f  45°, =  2.
So is the natural tangent of the rhumb o f  45°, =  10000.
T o  the natural tangent o f  the other rhumb, =  29088,821, (^c.
W hich tangent aniwers to 71°. i '  42"  ̂j and this is the angle that the |

rhumb line makes with the meridians, on w'hich the difFerences o f  the ^
logarithmic tangents o f the half-complements o f  the latitudes, in Napier's 
form, are the true difFerences o f  longitudes eflimated in fexagefimal 
parts of a degree.

Now Napier's logarithms being to Briggs'"?, as 2,30258, is to i.
Therefore, 2,30258, ^ c ,  : i : : 29088,821, ^ c .  : 12633,114 , ^ c . % 

which is the tangent o f  5 1 °  38̂  9 ' ';  and in this angle are the meridians 
interfcdted by^that rhumb, on which the dilFerences o í Briggs's logarith
mic tangents o f  the_half-complements o f  the lat. are the true difrcrcnces 
of longitudes correfponding to thofe latitudes.

yin explanation o f the Jinahgy o f the Tangents, &c. 2 ^

7he diff. between Briggs’.? logarithmic tangents o f the h a lf  complements Artidc 
of the latitudes o f any two places, to the merid. ¿iff. c f  lat* in minutes 
between thofe places, is in the confiant ratio o f  1263,3, to i ; or o f 
I to 0,0007915704, C£?t*.

X.
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For Briggs\ logarithmic tangents arc as the differences o f  longitudes on 
the rhuniib {//) of 51® 38' 9 " ;  whofe natural tangent is 1263,3, ^ c .

The nautical meridian is a fcale o f  longitudes on the rhumb {B) o f  45^ 
by Art. VI. whofe tangent being equal to the radius  ̂ may be cxpreiTed 
by unity. And the differences ot long, to equal differences o f  latitudes on 
different rhumbs, being to each other as the tangents o f  the angles thofe 
rhumbs make with the meridians. Therefore,

A s  the tangent o f A  38' 9") — *>^^33)
I 'o  the tangent o f  B  (45°) =  1,0000 ;

So is the difference o f  long, on y/, or the diff. between the logarithmic 
tangents o f the half co-latitudes o f  two places 

T o  the diff. of longitudes on By or the merid. difference o f  latitudes o f  
thofe places.
And hence arife the rules which are given in nautical works, for find

ing the meridional parts by a table o f  common logarithmic tangents.
This curious difcovcry o f  Dr Hallef%^ joined to that excellent thought 

o f  his, o f  delineating the lines, fliewing the variation o f  the compafs on 
the nautical chart, are fome o f  the very few ufeful additions made to the 
art 0Í navigation within the Jail 150 years : for if befide thefe, we except 
the labours o f  that ingenious artift M r Richard Norwood^ who improved 
the art by adding to it the manner o f  failing in a current, and by finding 
the meafure o f a degree on a great cicle, the Theory o f  Navigation will 
be found nearly in the fame ilate in which it was left by that eminent 
mathematician y\x Edward Wright \ who, about the year 1600, pub- 
liihedthe principles on which the true nautical art is founded; and iliewed, 
^vhat docs not appear to have been known before, how to eftijnate a ihip’s 
true place at iéa, as well in long, as in lat. by the ufe o f  a cable o f  me
ridional parts, firil made by himielf, and conffrudled by the condant at.1- 

. ■■ dition of the fecants, and which differs almoil infenfibly from fuch a 
table made on Dr Halley*% principles, contained in tlie preceding articles.

I lhall conclude this difcourfe with an article, which ahho’ it be fome- 
wliat foreign to the preceding fubjedt, yet, as it was difcover’d while I 
was contemplating fome part thereof, and perhaps is not exhibited in 
the fame view by others, it may not be improper to annex it in this 
p lace: which is to dcmonftrate this common logarithmic property, 
chat the Jluxion o f a mmher divided by that number  ̂ is equal to the fluxion 
o f the Napierian logarithm o f that number.

Fig. 59. B E G  be a logarithmic fpiral, cutting it’ s rays at angles o f  45^;
then, il A E  be takeiv-as a number, B C  will be it’s Napierian or hyper
bolic logarithm.

Alfo, let C D  exprefs the fiuxion o f  the logarithm B C \  and the cor- 
refponding fiuxion o f  the number AEy  will be reprefented by FG^ or 
it ’ s equal F E \  as the angles F E G ^ n á  F O E  arc equal.

N ow , A C  : C D : :  A E  : ( E F  = )  F G.

Therefore C D  — — x A B ,
A E

And

260 explanation o f the Analogy of the Tangent?, (:$c.
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And if  A B  be taken as the unit or term from whence the numbers 
begin:

F G
Then C D  =  — . E . D.

A L

VI. A  A A A  reprefent a trunk o f  timber, with a fquare hollow, throughmacliinc 
the centre o f  which paíTcs the fquare piece o f  timber B B .

A  groove on each fide, in which are placed the two pieces o f  iron CC\  
the foot.of each reiling on the pins D D ,  that pafs through the tru n k; anypart̂  in- 
the upper part o f  the irons are hooked to an iron pin at ¿', which paf- 'ventedbyMa- 
les through the fquare piece B B \  which piecc is loHowed between l l  'p̂  
and //, for the hooks ot the irons C C  to pafs up and down. H
"When the weight F  touches the ground, the two irons C C  fink the t r u n k B  

to G, which unhooks them at £*, whereupon they fall off, and leave/¡, Georgia, 
the trunk at liberty to float or rife up again to the furface. N®. 479. p.

A  machine ot thefe dimenfions, loaded with an iron ball, F , o f 12 
pounds weight, being let down in water 100 fathoms deep, will go down 
to the bottom, and the trunk will return in \' fented April

10. 1746.

Fig. 60.
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C H A P .  VII. 

M U S I C .

I. T N  compliance with your requeft, I here fend you fome o f  my o//if
1  thoughts on the various genera and ¡pedes o f the Greek Mufic. ous Genera 

W hat they were, and how far the dofi:rine of the Ancients in this refpcd: Specics
is reconcileable with the true nature o f  mufical founds, are, you know, 
queftions which have not a little perplexed the learned. dcm s.

That mufical intervals are founded on certain rations or proportions fome obferva- 
expreflibie in numbers, is an old difcovery. Nobody is better acquainted i»ons concern» 
with thefe proportions than yourfeif-, and I am not a little obliged to you ^
for the light you have herein given me. It is well known, that all mufical 
ratio's may be analyfed into the prime nun'ibers 2, 3, and 5 *, and that all john Chrifto- 
intervals may be found from the cd ave, fifth and third major \ which re- pherPcpufch. 
fpeélively correfpond to thofe numbers. Thefe are the Muficians elements, ^ ^  
from the various combinations o f  which all the agreeable variety o f  relations 
o f founds rcfult. This fyftem is fo well ibunded on experience, chat we may Moivrc, f .  
look upon it as the ftandard o í  truth. Every interval that occurs in Mufic R. S. N**. 
is good or bad, as it approaches to, or deviates from, wliat it ought 43»- p- 2̂ 0. 
to boon thefe principles. The doétrine o f  fome of the Ancients 
different. W hoever looks into the numbers given us by Ploh'm)\ will 
not only find the primes 2, 3, and 5, but 7, introduced. Nay 1746 W

he
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he feems to think ail fourths good, provided their component intervals 
may be expreíTed by fuperparticular But thcfe arc juiVly explo
ded conceics; and it Items not improbable^ that the contraíiiélions o f 
different numerical hypothefes, even in the age o f /IriJloxcuuSy and tlieir in- 
confiftency with experience, might lead him to rejeól numb;.rs altogether. 
It is pity he did : had he made a proper ufe ot them, wC liiould have 
had a clearer infight iiito the M u fx  ot his times. However, what re
mains o f the writings o f  this great Mufician, joined to my own obll-rva- 
tion and expcricnce, has enabled me, I hope, to tlirow ioine light upon 
the obfcure fubjcót o f the ancient fpecies ot Mufic.

By the manner in which Euclid and others find the notes ot their fcaie, 
it muft have been compofed of tones major  ̂ and Hence the
leven intervals o f one octave would be thus exprcUld in numbers,
*. f 6 9 9 ^ 1 6 9 9•i * Í ■ 5 *’ » > 4 5 • J *' • *

Some modern authors have from this inferred the imperfcdion o f  the 
Greek Mufic. I'hey aliedge we here find the ditonus  ̂ or an inttrva! equal 
to two tones major  ̂ expreíTed by inftead o f  the true third inrjor ex- 
prtfícd by As there can be no queftion o f  the beauty and elegance of 
the latter, the former therefore mult be out o f  tune, and out o f  tune by a 
whole comma, which is very Ihocking to the ear. In like manner the 
trihemitone o f  the Ancients falls fliort o f  the third miucr^by a comma ; 
which is alfo thedeficiencyoftheir hemitone or Z/w/w/í?, from the true fcmi- 
tone fo eifential to good melody. Thcfe errors would make their
fcale appear much out o f tune to us. This I readily g ra n t; and add, that 
it appeared out of tune to them ; fince they exprefsly tell us, that the in
tervals Icfs than the diatejfarGii or fourth, as alio the intervals botv/een the 
fifth and odlave, were dilionant and difagreeable to the ear. Their fcale, 
xvhich has been called by fome the fcala maxima  ̂ was not intended to 
form the voice to fing accurately, but was defigned to rcprefent the 
fyftem of their modes and tones, and to give the true fourths and fifths 
o f  every key a compofer might choofe. Now if, inftead of tones major 
and Ummâ ŝ  we rake the tones major and minor  ̂ witii the iemitone major  ̂
as the moderns contend we íhould, we ihall have a good fcale indeed, 
but a fcale adapted only to the concinnous conftitution o f  one k e y ; 
and whenever we proceed from that into another, we find 
fome fourth or fifth erroneous by a comma. This the Ancients did not 
admit of. If, to diminifh fuch errors, we introduce a temperature, 
we fhall have nothing in tune but the octave. W e fee then the fcale of 
the Ancients was not deflitute o f  reafon ; and that no good argument a- 
gainil the accuracy o f  their praftice can from thence be formed.

It was ufual among the Greeks to confidera defcending as well as an 
afcending fcale ; the former proceding from acute to grave, precifely by 
the fame intervals as the latter did from grave to acute. 'I hc firfi: found 
in each was ProJlambajjomenos. Thenotdiftinguiihingthefe two icales 
has led feveral learned Moderns to fuppofe, that the Greeks  ̂ in fome 
centui'ies, took the Projlsmbanometios to be the lowefi: note in their fyilcjn ;

and»
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and, in other centuries, to be the higheíl. But the truth o f  the matter 
is, that the Prcjlambanomenos was the loweft, or higheíl note, according 
as they confidered the afcending, or defcending fcale. T he diílinétion o f 
thcfc is conducive to the variety and perfe6tion o f  melody ; but I never 
yet met with above one picce o f  Mufic, where the compofer appeared to 
have any intelligence o f  this kind. T he compofition is about 150, or 
more, years old, for four voices; and the words are, Vohis datum eft 
nofcere myfterium regni Dei  ̂ cateris autem in parabolis ; «/ videntes non 
videant  ̂ &  audientes non intelligant. By the choice of the words, the au
thor feems to allude to his having performed fomething not commonly 
underflood.

I ihall here give you an oclave only o f  the afcending and defcending 
fcales o f  the diatonic genus o f  the Ancients, with the names for their 
fcvcral founds, as alfo the correfponding modern letters.

O f the various Genera ¿ind Species ^ M q ííc , ^ c,

A
Afcending.

9
Proflambanomenos

B
Y

Hypate llypaton

C
'iT  r  

9
,  Parhypate Hypatoft

D
T

Lychanos Hypaton

E
T

Hypate Mefon

F
9

Parhypate Mefon

G
T

9
Lychanos Mefon

a
T

Mefe

Defcending.

8

ft
T

s
•T

S

V

%
TT

i

f

e

d

c

b

a

G

W here you fee tfte fame C'reek names ferve for the founds in the afccnd- 
ing and defcending fcales.

in the odbive here given, four founds, viz- the FroJlambammenoSy Uy- 
pate Hypaton  ̂ Hypate Mefcn, and Mefe^ were called flabiles, from their 
remaining fixed througiiout all tlie Genera and Species.

The other four founds being the Parhypate Uypaton, Lychanos llypaton 
Parhypate Mefon  ̂ and the Lychanos Mefon^ were called mobiles  ̂ becaufe 
they varied according to the difierent fpecies and varieties o f  Mufic.

1 come now to determine the queílion, what thefe different genera and 
fpecies were. You know, that by genus and fpecies was undcritood a di- 
vifion o f  the diatejfaron, containing 4 founds, into g intervals. T he 
Greeks conftituted 3 genera  ̂ known by the names o f  eniannonic, chroma* 
/;f, and diatonic. I ’he chromatic was fubdivided into 3 fpecics, and the 
diatonic into 2. T he 3 chromatic fpecies were the chromaticum molky the

fefquialterum.
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fifquialterumy and the tonlaum. The 2 ¿iatonk wtxo, xkitdiatGnu
a m  mollê  and the intotfum ; lb that they h;ui fix fpecies in ail. Some 
oF thefe arc in iifc among the Modems, but others are as yet unknown in
theory or prac1:icc.

I now procsfd to define all thefe fpcdes, by determining the intervals, 
o f w h i c h  they fcvcraliy confifted i begining by the diatonkum tnUnJum  ̂
as the moll caly and familiar.

'i'hc diatonkujii intenfum was compofed o f  two tones, and a femitonc: 
but, to fptaic cxa£tly,"it confirts o f a fcmitone a tone w / w ,  and
a tone mijjor. I'his is in daily practice *, and we hnd it accurateiy defi
ned by Didywiis in Ptolemy^ Uarmonks pabliilied by Dr W illis,

I 'h e  next fpecics is the diatcnkum moUe, as yet undifcovered, as far as 
appears to me, by any modern author. It’s component intervals are, 
the femitone major  ̂ an interval compofcd of two femitones mincr  ̂ and 
the complement o f  thefe two to the fourth, being an interval equal to a 
tone jnajoi'y and an enbarmonk dkfts,

'I'hc third fpecies is the chrcmatkum toniaunu it’s component inter
vals are, a femitone major-, fucceeded by another femitonc major; and, 
lailly, the complement o f  thefe two to the fourths commonly called a 
fuperfiuous tone.

I'he fourth fpecies is the cbromatuum fefquialterumy which is confti- 
tuted by the progreíTion of a femitone major-t a femitone minor  ̂ and a 
third minor, I ’his is mentioned by Ptolemy, as the chromatk o f Didymns, 
Examples among the Moderns are frequent.
■ The fifth i'pecics is the chromatkum moUe. It’s intervals are two fub- 

fequent femitones minor  ̂ and tlie complements o f thefe two to the fourth ; 
that is, an interval compounded o f  a third mhwry and an enbarmonk 
diejts. This fpecies I never met with among the Moderns.

The fixth and Jaft fpecies is the enharmonic. Salinas and others have 
determined this accurately. It’s intervals are, the femitone minor, the 
enharmonica, dtefis and the third major.

Examples o f four o f thefe fpecies may be found in modern pradlicc. 
But I do not know o f  any Theoriil who ever yet determined what the 
chromaticum toniaum o f the Ancients w as: nor have any ot them perceiv
ed the analogy between the chromaticum fefquialtermn and our modern 
chromatic. 'V\\t enharmonic, fo much admired by the Ancients, has been 
little in ufe among our Muficians as yet. A s  to the diatonicum intenfum 
it is too obvious to be miftaken.

Arifioxenus and others often mention the tone as divided into 4 parts, 
and the femitone into 2 j thereby making 10 divifions or diefes in the 
fourth. And this is true, if  wc confider thefe founds in one tenfion; that 
is, cither afcending or defcending: but, accurately fpeaking, when we 
confider all the or divifions o f  the fourth, both afcending, and de
fcending, we lhall find 1 3 ;  5 to each tone, and 3 to the femitone major. 
But then it is to be obferved, that fome o f  thefe divifions will be lefs than 
the enharmonk diefts; for, i f  we divide the femitone major into the femi

tone
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tone nihwr, and enharmonic á kfis : afcending, for inílance, £ ,  F,
and then divide in like manner defcending, t\  £ ,  we fliall have the
kvc\\ióx\c major divided into three parts thus, b f ’, ^ E , F \  where
the interval between t F  and is Icfs than the enharmonic diefis be
tween £  and and between £ an d  F , is aseaíily proved.

N ow , if  wc fuppofe thefe fmall intervals equal, by increafing the leail: 
divifion, and diminiihing the true enharmonic diefis  ̂ we íhall then have 
a fourth divided into 13 equal parts-, and, confequently, the oftave di
vided into 3 fuch equal parts; which gives us the celebrated temperature 
o f  Huygens  ̂ the mort perfefkofall.

From this it appears, that the divifion o f  the o<5tave into 3 1 parts, 
was neceíTarily implied in the dodtrine o f  the Ancients. The firft o f  the 
Moderns who mentioned fuch a divifion was Don Vincentinoy in his book 
intitled IJ  Antica Mufica ridotta alia moderna praUtca, printed at RomCy.
1 5 5 5 , An  inilrument had been made according to his notion v 
which was condemned by Zarlino and Salinas  ̂ without fufficicnt realbn.
But M r HuygenSy having more accurately examined the matter, found it 
to be the beit temperature that could be contrived. Though neither this 
great Mathematican, nor ZarlinOy Salinas  ̂ nor even Don VincentinOy feem 
to have had a diftincl notion all thefe 31 intervals, nor o f  their names, 
nor o f their neceíTity to the perfccblon o f  Mufic.

I muilobferve to you, that I received^ fome time ago, a manufcripc 
from Florenccy where a Mufician of that city had rightly named thefe in
tervals o f the o£tave. 1 found their names, you know, many years ago.

in Uuygens^% temperature the tones are all equal: but, in a true and 
accurate practice of finging, they are not fo. And I muftadd, that the 
tone divided in every fpecies muil be the tone minor % for the divifion 
o f  the tone major is harJfli and ineieganc. So that, in the divifion o f  the 
fourth, it is to be obferved, that in every fpecie.s, the tone major muft 
either be an undivided interval, or make part o f  one.

Y ou  may perhaps wonder how the foregoing dodrine can be found 
in the writings o f  the Ancients, fince the diftinftion o f  tones into major 
and minor is no where mentioned in their writings. But it is to be ob
ferved, that tho* the terms do not occur, yet the thing icfelf was not 
unknown to them. I own, they have not exprcíTed themfelves fully *, 
yet, from the whole o f their writings come to our hands, I think the 
doétrine before laid down may be well fupported. But, as it would re
quire fome time to put this in a ju il light, I muft defer it to another 
opportunity.

II. I think the inclofcd paper is the efFc61: o f  great ingenuity fram
much thought •, and as the fubje¿t-matter o f it may tend to give great ^
improvement and pleafure to many, not only in our ov/n country, but ^
every-where, I hope my prefenting it may not be thought improper, that s/ Barcholo- 
it may thereby be printed and publifiied to the world. mew’j H of

filfí!, to the
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A l a x i m  II.

It was invented and written by M r Creedy a Clergyman, who was 
efteemcd, by thofe who knew him, to be a man well acquainted with 
all kinds o f mathematical knowledge. And was fent me by a gentleman 
of very diftinguifhed merit and worth.

A  demonftraiion of the poffibiiily o f making a machine that Jhall write ex
tempore Voluntaries, or other pieces o f  Mufic, as faft as any majier 

fljall be able to play them upon an organ, harpficord, ^ c . and that in a 
cbaratler more natural and intelligible  ̂ and more exprejftve o f all the varie
ties thofe inftruments are capable o f exhibiting^ than the charaSier nô jo 
in life.
A ll  the varieties thofe inftruments afford fall under thefe 3 heads : 

Firfi^ The various durations o f  founds, commonly called minims  ̂ crotchets  ̂
& c . Secondly, I 'he various durations o f  filence, commonly calicd refis. 
Thirdly, The various degrees o f acutenefs or gravity in mufical founds, as 
A  re, B  w/‘, &c.

Strait lines, whofe lengths are geometrically proportion’d to the vari
ous durations o f  mufical Ibunds, will naturally and intelligibly reqrelent 
thofe durations. Ex. gr.

O f the various Genera and Species o f Mufic, ^ c.

=  O  

=  Q

- =  t

The firit (being 2 inches) reprefents a femihreve.
The fecond is 1 inch, and denotes a minim.
The third is half an inch, and fignifies a crotchet.
The fourth is a quarter, and anl'wcrs to a quaver.
The fifth is an eighth, and ftands for a femiquaver.

Maxim III. The quantity o f  the blank intervals, or difcontinuity o f  the lines, will 
cxaftly rcprefcnt the duration o f  filence or refts. Ex. gr.

=  Q V •

M a x i m  I V .

I*ig 6 1 . 

P r o b l e m .

— = i M ' V n
The different degrees o f  Mufical founds, as Gamut., A  re., B  im, & c. 

may be reprefented by the different fituations o f  thofe black lines upon 
the red ones or faint ones.

To make a machine to vjrite Mujic in the aforefaid chara^er^ as fa fl as it 
can be play'd upon the organ or harpficoi'd, to which the machine is 

fixed.
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That a cylinder may be made by the application o f  a circulating, not 

a vibrating, pendulum  ̂ to move equally upon it’s axis tlie quantity oi 1 inch 
in a fccond o f  time, w!.i( h is about the duration o f  a minm in allegro's ;

Suppofe the cylinder a to be fucb, and to move under the keys o f  an Fig 62. 
organ, as b-, r, i/, and nail points under the heads ot the keys, it is aia- 
niielt, that if  an organift play a mhtirn upon that is, i f  he prt fs down 
c for the fpace o f  a fecond, the nail will make a fcratrh û k̂ ü the cylin
der o f I inch in length, which is my mark for a minim.

Again, if  he relfc a crotchet, that is, i f  he ceafe playing tor the fpace 
o f half a fccond, the cylinder will have moved under the nails half an 
inch without any fcratch ; but if  the organifi: next prciTeth down d for 
the fpace o f half a fecond, the nail under d will make a fcratch upon the 
cylinder half an inch long, which is my mark for a crotchet. It will f
likewife be differenoly fituated from the fcratch that was made by £•, 
and confequently diftinguiihcd from it as much as the notes now in ufe 
arc from one another by their different fituation in the lines. {Vide 
Fig. 61.)

Thefe three inítances include all that can be performed upon an organ,
(j?c. (Maxim Í.)

Therefore it is already demonftrated, that whatever is play’d upon the 
organ during one revolution o f  the cylinder a (Ff£. 62.) will be infcribed
upon it in intelligible charaéters.----- 1 proceed to ihew how this operation
may be continued for a long time.

In Fi^. 63. /la, by r, are the lame as in Fig, 62. Let ;í be a long Fig 63, 
fcroll o f  paper wound upon fuch a cylinder as x. Let  ̂  ̂̂  í  be the fame 
fcroll brought over the cylinder a a, to be wound upon the cylinder>’ v, 
as faft as the motion o í a a ( which is determined by a pendulum) will 
permit.

It is manifcft, that whatever is play’d upon the organ during the wind
ing up of^_y will be written on the Icroll by the pehcils by d, ^ c .

A ll the graces in Mufic being only a fwitt fucceíTion o f  founds o f  
minute duration, will be exprcíTed by the pencils by fmall hatches geome
trically proportion’d to thofe durations. Ex. gr.

A  fingle Beat 

A  doub!e Beat

A  Shakt 

A  Turn

A  finglc Backfall 

A  double Backfall 

A  $bake and Turn

M m 2
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I f  a line commcncc exaétly over or under the termination of 
another, it is an indication ot a ___
Jlur % as ----- - " i j

So a fmall interval indicates the t *
contrary j as ------ ------

2^3 O f the variom Genera and Species of Mufic, ^ c.

Flat or (harp notes are implied by their fituation on the red lines; 
the natural notes being always drawn between them, v iz , in the fpaces. 
{Vide¥\% 6 1 )

T h e  fcroll may be prepared before-hand with red lines to fall under 
their refpeótive pencils It is the fureft way to rule them after ; though 
it is fcafible or poíTible to contrive that they may be ruled the fame in
flant the Mufic is writing.

T he places o f  the bars may be noted by two fupernumerary pencils, 
with a communication to the hand or foot o f  a perfon beating time.

Grave Mufic from briik, flow from fait, will be better diftin- 
guiihcd by this machine, than in the ordinary way by the words JJag Oy 
AlUgrOy Gravcy Preftoy & c. for, by thefe words, we only know in ge
neral this muft be flow or faft, but not to w'hat degree, that being left to 
the imagination of the performer; but here I know exadly how many 
notes muft be play’d in a fecond o f  time j viz. as many as are contain’d 
in I inch of the kroW per pcflulatum.

Laftly, whereas, in the ordinary way o f  writing Mufic, you have 
cither no charadler for graces, or fuch as do not denote the time and 
manner o f their performance, here you have the the minuteft particles of 
found that compofe the moft tranfient graces mathematically delineated.

N. B. Though, to facilitate the demonftration, I fuppofe the pencils to 
be fixed under the heads o f  the keys, and confequently to require a 
very broad fcroll to pafs under them ; yet I Intend the pencils a more 
commodious fituation, v iz, the motion o f  the keys to be communica
ted by fmall rods to them (which I know better how to do than to de- 
fcribe, the fcheme would be fo perplex’ d). T he pencils are to be 
made of fteel, and ranged in clofe order like the teeth o f  a fmall comb, 
fo that a very narrow fcroll will do. I can prepare the paper to re
ceive a very black impreíTion from the pencils at fo cheap a rate, that, 
at the expence o f  6 d. in paper, I can take in writing all the Mufic 
that the fwilteft hand ihall be able to play in an hour.
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T H E

Philofophical Tranfaétions
A B R I D G E D .

P A R T  II.

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

Phyfiological P A P E R  S.
C H A P .  I.

P H T S I 0 L 0 G 2'', M E T E O R O L O G T ,  P N E U u \ i:^ T IC K S ,

I. 1. electrical fparks from metals, fuch as iron and Ri
ver, are capable o f  kindling all fuch fluids as may be 
otherwife kindled by aflual flame. A n d this experi- 

^  ment fucceeds befl:, when the ej[entia vegetabilis
is held in a fpoon under the crofs ot a fword, whofe 

point is turned towards the clc6lrifying glafs ( T a b . U. Fig. 4 .)  * In 
like manner, the fame fpirits may cafiiy be fet on fire, by the fparks 
proceeding from an eleélrified tube o f  tin.

I'his experiment with the fparks coming from metals when made 
clcftric, was firil made by D r Ludotph^ oí Berlin \ who, towdrd the

•  In the Author’s original book.

AhftraSi o f  
•what is con
tained in a 
hook conctrn- 
ing Elcftrici- 
iy ,ju fi pub- 

at
LeipAc,
1744. by 
John Henry 
W inkler, 
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frcmkxx. 7 ; .  beginmiig of th e  prdenc year 1744, k in d le d , w ith  the fparks excited 
/tf Arr. 79. the friction o f a gla fs  tubt-, the ethereal fpiriis c/Frobenius. 'I'his 

P- was don e at tiic opcning^of the  Royal Academy  ̂ aiid in the prcfence of
^66. June h u n d ra is  o t  perioiis. I h is  a cco u n t w as not o n ly  related in ihc

Ikrlin Gazette^ o f  the 30th o f  A  ayhñ.-, but has been fince confirmed 
21. 1744. b y  ffveral kttíT S, fent Irom  £e7*/i  ̂ to L í/f/r, to Count Manteuffely im

m ediately  after the experim ent.
iMr Marfcall, who now ftudies here, alfo communicated to me a let

ter he had received from Berlin concerning the íam e; and I have fince 
been alfo certified of it, by the account ol feveral men o f  learning, that 
had feen the experiment at Berlin  ̂ and that have fince vifited me at this 
place. I.aftly, iMr Reinhart^ who came hither about lail Eajier^ with 
Count Zelujki, Great Chancellor o f  Polandy told me, that the experiment 
was n o t  difiicult to be made j and that the liquor, calkd ^ h U a  ejfentia 
'vrgetiibilis *, n'/ight very readily be kindled by the eleclrical fparks. I 
immediately fent for fomc o f  that effence, and found the experiment fuc- 
cced to my wiíli.

Í  Ked-hot iron fets no fpirits on fire, tho’ held very near to thofe fpirits;
j but if thr.t iron is made eledric, its eleólric iparks very readily kindle ail
1 well-reitified fpirits.
% I'he fparks that proceed from the body o f  a man, made elc6lrical,
 ̂ kindle fpirits as quick as thofe from ekftrified metal, whether the bociy

o f  the man is rendered ekclric immediately by the glafs tube, or by the 
intermediate tube o f tin.

1 made this experiment with fuccefs upon myfelf, before !iis Excellency 
Count Miinteuffely at his houfe, about the m id d k o f  laíl M?,v, in the 
prefence o f  Profefibr o f Ilall^ and many others. Nei
ther myfelf, nor any ot the company, knew, at that time, that the 
eledric fparks, from the body o f  aman, were capable o f  kindling fpi
rits ; but, upon feeing the ^ dn ta  ejfentia I'egetabilis kindled with ex
traordinary quicknefs, by the fparks proceeding from an iron tube that 
•was ruily, one o f  the company ftarted the quelHon, whether the fparks, 
from the body o f  a man, might not poffibly do the fame ? Upon which 
I immediately ftept on to a frame, over which blue filken lines were ex
tended : I took hold with one hand of the ruily iron tube, and held the 
fingers o f the other over fome o f  the Quinta ejjhitia *, and the fparks 
from my fingers immediately ftruck with fuch violence into the filver 
fpoon that held it, that the ellence was in a moment fet all in a fiame.

This experiment, fo unexpected, gave the greatcft fatisfaction to all 
the company ; and an account of it was pubiiflied in the Leipjic Gazette 

Í o f  the 2 1 ft o f  May ; where it was alfo mentioned, that divers other
experiments, with the fparks o f  elcélrified metal, had already been made 
both at Dantzic, and at Berlin.

Dead fowls, pork, and veal, both raw and dreft, may be made eleélric 
by a tin tube, or by the hand o f  a man j infomuch that the fparks, pro-

*  i. e. Spirit o f  H'ine fo highly reilified, as, being pour’d upon gunptrwdtry and then 
being iet ou fire, will at lail Haih the gunpowder. C. M .

ceeding

2^0 ^  Ab¡lrrM  concerning E!c<5lr!city.
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O f  EkSfrtcal Fire, 271

cceciing from thofe fevcral bodies, will alfo kindle the fame efícnce. If  
fuch fluid bodies, as are ufually kindled by flame, are not fine enough, 
t h e y  need only be warm’d a little in the fpoon: or the fpirits may be 
lighted a little before, and blown out again, before they arc brought to 
the eleilrical body.

In this manner I have kindled, with the eledlrical fparks, camphorat
ed fpirits o f  wine, coloured with fafFron, the common EJfe}Hia vegeta- 
bilis; and even French brandy, and corn-fpirits, only taking the pre
caution o f  warming thefe liquors a little beibre.

Even oil, pitch, and fealing-wax, may be lighted by the eledric 
fparks, provided they arc before heated to a degree that is next to 
kindling.

2. After M r Du Fay had difcovered by accident, that an eleftrified O/Ekiirual 
human body, if  touched by anothernot eledrified, would emit fparks 
that pricked pretty fharply, thefe experiments were repeated in the 
univerfity o f Leipfic\ and inílead o f  the glafs tube which iVIr Gray and prof. Pul. 
M r Du Fay ufed, they applied a glafs ball, fuch as Mr lIa'j)kJbeeíor-Ord.Go\úxi%. 
merly ufed in his eledlrical experiments. On this occafion it was ob- i» a Utter t<y 
fcrved, that eledlrified bodies, efpecially thofe o f  animals and metals, 
emitted a fire fo fl:rong, that not only fpirit o f  wine moderately warmed, Gottingun, 
which fucceeds very eafiiy, but alfo other inflammable bodies, fuch as o a . k- 
gunpowder, pitch, brimftone, and fealing-wax, being rirft well heat- i744-̂ *'’-47> 
cd, may be fet on fire. I relate thefe laft experiments on the credit o f  P- ^̂ 9- 
another; but the former lean  affirm on my own experience whilÍL t̂ he 
glafs ball, thro’ which an iron axle paffes, is turned fwiftly round, 10, i744-s- 
there is put upon it as near as pofllble an iron tube, made o f  iron plates 
tinned over, near an inch in diameter, and 3 or 4 feet lo n g ;  and laid 
horizontally on lines o f blue filk : and to keep the tube from doing any 
hurt to the glafs ball as it turns round, I put into it’s hollow extremity 
fome bundles of various forts o f  thread, fome plain, and others covered 
with gold or filver, the extremities o f which whilíl they touch the ball, 
amongft other pleafant pb^nomena  ̂ make the force in the iron tube 
much ftronger. T he other extremity o f  this tube is held by a man, 
who ftands upon a cake o f  pitch 2 or 3 inches thick, poured into a 
wooden vefifel: and then the eledtrical force is fo difi'ui'ed thro’ his whole 
b o d y; that any part o f  it will attraét and repel alternately leaf-gold 
and other light botlics, and if  any part, cither o f  the iron tube, or o f  
the eleftrified perfon, is touched by another not eledrified, it will emir 
fparks, that are extremely pungent. It will often happen alfo, that i f  
the eledlrified perton (landing on the p'tch has a iword on, fparks 
will be emitted from the extremity o f  the íhcath, even of their own 
accord.

Let the perfon who fi:ands on the pitch hold a gold or filver laced 
hat under his arm, and let another not electrified touch the edging, and 
he will feel a fmart ftroke and pain in his arm. I f  a perfon not electri
fied holds highly rcdtiiied fpirit o f wine, moderately warmed, in a

fpoon.
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í; fpoon, and an c l c f t r i f i c d  pcrfon brings his finger, an imn key, or the

point o f a fword near the i'urface of the fpirit, it will immediately be 
inflamed. If  an eleibrified pcrfon holds a fpoon with fpirit o f wine in 
his hand, and one o f  the company puts his finger near it, the fame 
e f f c d  will follow. I f  2, 3, or 4, ftand upon pitch, and join their hands, 
or unite by the mediation of a cord, iron tube, & c . the laft will per
form the fame with the firftand fecond.

I I do not mention other newly difcovered fhanomena^ relating to the
! attradlion and rcpulfion o f  the ckdrified body. I fliall only add, that
' when the glafs ball is turned round, a hand muft be ufed, that is dry,

and not too hoc; for nothing has yet been found equal to a human 
hand.

I AUttrrfom 3. It Came into my head laft night, to try whether the effluvia o f  an
ihr Rev. cxciced glafs tube would not kindle Phofphorus ; and having been ufing 
Hen. Miles, my tube for the fake of a little excrcife, I took a fmall bit o f about a 
D  Ü. F.R qC gjj i(jng, which has lain by me thefe ten years; and having 
a»ker nothing at hand convenient for holding it, I roll’d it up in a fmall piece
F^r]'s. fl/ o f white paper*, and applying it to the excited tube, it immediately
firing Phoi'- took fire, emitting a confiderabic quantity o f  flame and fmoke ; alter
phorüs hs fome time I quenched it, by dipping it into water, which was ready

for that purpofe; and taking it out again without ftaying any longer 
R,ali\^ch ^  fatisfied it was not on fire, 1 applied it as before, when it
7. 1744-5. fuddenly took fire, as at firft : this I repeated in the fame manner for 

6 or 7 times with the like effcdt *, tho’ the Phofphorus could not be 
drained o f the water, efpecially as the paper about it was wet.

The room in which 1 made the trial was not abfolutely dark, having 
a dull fire (tho* without any candle); the tube I ufe is about 2 feet v 
long, the diameter o f the bore nearly one inch, the thickncfs about 
o f  an inch, hermetically fealed at one end (which fort are, by the way, 
moft convenient for rubbing): the Phofphorus was held generally about 
5 inches from the tube ; but once or twice bringing it nearer, I could 
perceive a continued ray o f  light from the tube to the Phofphorus. 
Some occafions calling me away in the midft, I could not be more ac
curate ; but I would not omit to tell you one obfervation I made, upon 
pretty fmartly exciting the tube, that the corrufcations o f light were 
larger, more fubftantial, and o f  a more regular form than I had ever 
oblervedthem before, this happened, not when the Phofphorus was ap
plied, but in the intervals. Whether any o f  the fumes o f  i]\c Phofpho- 
rus, which remained in the room, might contribute hereto, I cannot 
tell, tho* it is not very likely, 'I'ho* 1 never made many trials with 
Phofphorus, yet as I am not infenfible, that fome folid kinds o f  it will 
be inflamed by the mere adion of the air upon it, when it is taken out 
o f  the water in which it is ufually k e p t ; I was therefore minded to try 
whether the air would have that efi êcl upon mine, and accordingly took 
it out o f the water, with a forceps, and laid it down on a íhclf, fo as 
nothing touch’d it but the inftrumcnt which held it, but I could not

perceive
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perceive the lead glimmering o f  light, tho’ the place was fufficientiy
dark, after it had lain there for the fpace o f  half an hour, which Í 
thought long enough to fatisfy me, that it was not kindled by the 
a6tion o f the air upon it in the above-mentioned experiment.

A  reprelVnts the tube which I held in my right-hand, and cxcit d l'*g- r -
with my left, having on a glove, which 1 find more convenient for me
in rubbing it. 1 iliould obferve, that my method then was to rub it 
fmartly for about half a fcore times up and down ; and then giving it 
one briik ilroke, beginning at the end from me, upon difcharging my 
hand quick from the tube, the corrufcations o f  light appear’d as mark’d 
« and /3, both in fize and form : fome allowance may be thought rea- 
fonable to be made for one’s judgment in fuch a cafe, the motion being 
fo very fudden, and the fbanomen&n fo foon difappearing. B u t!  in
tend to repeat the experiment whenever the temperature ot the air lhall 
be favourable, which I don’ t find it to be this morning. I forgot ro 
mention, that, during this trial, I found the effluvia troublefomc to my 
eyes to a great degree, occafioninga very fenfible fmarting pain, which 
did not go off for ibme tim e; tho’ I never defignedly brought the tube 
near my face. This was the firil; time o f  ufing this tube.

4 . § 1. Hollow glafs balls, and veilels ot glafs, which are rubbed K fw  oK̂ fr̂ ja- 
by rotation and application o f  the hand, excite fuch an Hleólricity in tilcc-
metals and perfons near them, that the ele6Vrical fparks, which are emit- 
ted on the approach o f  a body void o f Eleélricity, burlV out in a continual
ftream. Lat. iVoK

Pub. Ord. and Re¿lor o f  t^e U^ivtrjity o f  Lcipfic. Ibid. p. 307. Vref. Mar. 21, 174.4.

§ 2. But if  the glafs tubes and vcflTels are rubbed up and down, the
fparks are emitted by intervals.

§ 3. For the more convenient rubbing o f the tubes, I have caufed a iinds of
machine to be made after the following manner. Four columns arc in- Kledncujr
ferted into a plank a b e d .  On the tops g  h o f  the 2 middle ones e and 
f  are fcrewed little planks, the middle pare o f  which is hollowed, fo as  ̂
to fit the convexity o f  the glafs tube. T o  thefe little planks others o f 
the fame kind hollowed in like manner are fcrewed. One o f thefe 
columns with its little planks is reprefcnted in Fig, 3. where i k Hiews 
the lower plank, I m the upper one, and n 0 the fcrcws that í'aílen them. 3- 
The cavities o f  the upper and lower plank are fo lined with buck-lkin 
and hair, as clofcly to embrace the glafs tube, which is to be drawn 
backwards and forwards. T h e  extremities o f the tube q q are armed Fig. z. 

with brafs cafes, which are cemented to them.
T o  the cafes are annexed rings, to which are faftened hempen cords, 

one o f  which q r is drawn thro’ a hole of the column / «, and the other 
q f  o v e r  a pully .v faftened to the column ^ 2:. "i'hen the glafs tube, 
being drawn backwards and forwards by two perfons, abundantly com
municates the Elcdricicy excited therein to an iron tube a ,3 , placed in

V O L .  X . Part ii. N  n nets
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nets o f  filk. T o  the extremity o f  the iron tube « arc tied filv?r 
threads, which touch the glafs tube between the two columns e g  and/ L  

§ 4. And tho’ the fparks excited by the rotation o f  a glafs ball flow 
continually on the furfaccs o f  metals; yet thofe which aril'e from glaj's 
vcflcls drawn to and fro are more vehemently pungent, provided chat 
thefe vefiels are o f  the fame magnitutlc with the balls, and the glafs is 
equally good.

§ 5. The eifftrical fparks alfo, which are raifed on the furfaces o f
metals by the drawing o f  glafs tubes, txceed the iparlys txcitcrd by the
turning round o f  glal's velfcls.

§ 6. Glafs balls rubbed by the hand as they are turned round fliew
more Elcclricity, than by the application o f  a leathern cufhion.

§ 7. In experiments made cither by turning the ball, or drawing the
tube, there is need of three perfons. But in ufing the Turners wheel
there wants only one.

7htmtthf>d § 8. I call that E l e d l r i c i t y w h i c h  is raifed by one glafs veílel,
of incrtafing ijall, or tubc; doubUy which is raifed by 2, triple by 3, quadruple by 
EJedrtcit). ^

§ 9. 7 'he Eiedricity, which I raifed by the attrition o f  2 glafs balls, 
of the diameter o f  -f-  ̂Paris foot, was fo great in water, fnow, and ice, 
that the eleitrical fparks flying from thcic bodies have íét fire to pure 
fpirit o f  wine warmed.

In water the experiment is made 2 ways. For either the fpirit is ap
plied in a fmall fpoon, and hanging from an eledrified iron tube: or 

f' elfe a finger dipped in warm fpirit o f  wine is extended over water in u
i tin veiTel, but; at a certain diftance from the furface o f  the water. T o

the vdfel, covered with a filken net, is added an iron wire, which 
roaches to the glafs ball, tube, or vciTei, in the eleiftrical machine. 
Snow and ice alfo are laid upon the filken net in the tin veiTel.

§ ro. T o  make the Kleftricity flill greater, 2 machines are fo placed 
as to have each of them 2 balls, which communicate the Elciftricity to 

Kig. I. the fame iron tube. Over each machinéis laid a filken net a to
which the iron tubc c d \% joined, which extends near the machine 2 iron 
arms, b e f  and b d, g  to which filver threads are joined touching 
the balls in i k I m.

If infiead o f  balls I make ufe o f glafs cups, which as they are turned 
round are rubbed by cufhions ; I add no filver threads to the iron arms, 
to touch the vefiels. For I have found, that by adding thcfe the Hledri- 
city is diminifhed.

l-:carici- § II . The machine with the glafs vefiel, and a man that turns the 
ty, 'ivL-en it glal's veflTel with his foot after the manner of theTurners, reft upoVi filken

nets large enough for the machine and the man to be at a confiderable 
from ^hich  diftance from the wooden fides, ro which the nets are faftened.
it fir ji pr9:eeM^i is dimin-JiitJ.

5* § 12- When the glafs veficI as it turns is rubbed by the cufliion, not
only the iron tubc placed on the tubc and nearcft the vcfiel, but alfo the

man
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matiand the macKinc difcovcr a ccrtain Eledricity, by which light bo
dies under a glafs ball, which another mail holds in his hand, are vari- 
ouily moved.

§ 13. T h e  fame happens, if  a ball is made ufc o f  inftead o f  the vcfiel; 
and the perfon, who applies his hand as it turns, (lands with one foot on 
the machine, and the other on the filken net.

§ 14. But when things arc thus conilituted, and the iron rube ¿ is l'íg. lo. 
placed on the filken net near the glafs veiTcl or ball, another tube c d 
is added, and extended in fuch a manner as to touch the machine in 
the fparks, which before were excited, ceafe, and the attrafting force 
is greatly diminiílied.

§ 15, T he machine, by which Eleftricity may conveniently be excited E'e r̂icity 
in vacuoy and propagated thro* a glafs bail into the air, and communi- 
cated to all forts o f  bodies, is reprcfented in Fig. 6. 6.

It coniifts o f  a glafs veffel a h  c dy to the bafcs of which a c and h d 
are cemcntcd brazen plates, to one o f  which a c is annexed a wooden 
arm i / .  In this wooden arm and another plate b d arc conical cavi
ties, into which little axles may be put, which being in form o f  a fcrew 
are faftened into the Tides of the metallic fupport ghikltn^  which 
being furnifhed with a male fcrew m ?/, may be inferted into a female 
fcrew in the orb o f  the pncumatical machine. I 'h e  male fcrew paiTts 
thro* a hole o f  abcntelailic plate. T o  the foot o f the fupport Im  a 9-
plate fjo IS fcrewed, the upper part o f  which p  q being lined with buck- Fig 7.
Tkin and hair approaches the glafs vclTel.

Into the ball a é c d h  infixed a perforated metalline cylinder thro’ 6.
the cavity o f  which a piece o f  catgut is paflcd. This catgut is wound 
about the wooden arm e f  within the ball, and has a button which fa- 
ftens it to a bent ebllic plate perforated at the end r f  t. T he catgut is 
let out of the bell thro’ a hog's bladder open on both Tides. One part 
o f  the bladder is bound about the metalline tube^", and tied with a 
piece o f  packthread ; and the other u is Itrongly iaftcned between 2 
knots made in the catgut. T he bladder is wetted, fo that after it has 
been wiped on the infide with a linen cloth, it may eafily be extended 
or contraded. On the outfideof the bladder appears a certain part o f  
the catgut u by the drawing o f  which the glafs veiTel may be agitated 
and rubbed under the bell.

§ 16. In a fquare iron veffel « |3 7̂  (?, which is placed either in a filken Fig. 7,8. 
net extended over a hollow glafs veffel a b  c d̂  Fig. 8. or upon refin, or 
fealing wax, and has an iron ftile y  i, annexed to it and extended to
ward the cuihion, are placed fmall bits o f  leaf-gold. I 'o  a moveable 
metalline cylinder  ̂n, which may be thruft thro’ the middle o f  the 
neck o f  the bell, is annexed tranfvcrfly an iron wire « 5 ,̂ 2 or g lines 
diftant from the pieces o f  leaf-gold, which leap towards it, as foon as 
the glafs veflci, on the air being drawn out o f  the bell, is agitated, and 
rubbed by the cuihion.

1,
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§ 17. In the other perforated fide o f the bcU a fmall glafs tube is 
fixed, thro’ which an iron wire, x A Í, reaches to the middle o f the glafs 
vcffcl, an exceeding fmall fpace being between the vtfiel and the wire. 
T he tube and the wire are fo ftrongly cemented with ica!i:ig-wax, that 
no airean penetrate. And that it may be all driven out, the moveable 
cylinder is covered with fuet, where it touches the neck of the bell. 
On drawing the catgut x u g ,  the wire not only conceives Eleiilricity
i'rom the agitation and attrition o f the vefíei, but alfo propagates it 
thro* the giafs tube ftopt with fealing-wax, and communicates it to bo
dies laid on filk, which touch the wire on the oiitfide in x, fo that the 
metals emit elcdlrical fparks in the dark, on the approach o f  bodies void 

I ot lilcótricity.
( § 18. T h u s  alfo Eleilricity excited without is communicated to the
! wire, and pervades thro* the fcaled tube, and emits fire in the dark at

the end ot the wire within the bell, and attraéls the leaf-gold on theI ^
iron veficl.

I Vfe e f  th f  ^ ip . Between the 2 anterior columns ¿  and r  i/, are fufpended glafs
« »:atHnc Jc‘  vefítris or balls e and / ,  and an elatlic plate i k is put into the upper
: poftctior column, and a wheel is added to the fide.

A  cargut faftencd to the elaftic plate in k is wound round the longer 
arms of the velTels, and faftencd to the moveable plank b I mn.  Thus 

I the glafs velTels may be turned round.
J § 20. in order to turn a glafs veflel or ball, a cord 0 f  qr\% brought
I round the wheel, and the wooden pullies of the veíTcls or balls, and

may be ftraitened or loofened by means o f  a fcrew applied to the hinder 
1 part o f  the machine.

§ i i*  The anterior columns arc faftened by 2 braces, from which 2 
; perforated cylinders Hand out, in the hinder part o f which a very fmall

column is fixed, in which again two little cylinders covered with buck-
>: fliin with hair underneath is fattened : but in the fore part an inftrumenc

in which filken threads are extended, to which an iron tube with 2 arms 
is faftened. This tube is held by perfons ftanding on filken nets to be 
ele<5lrified. Into this tube if  a fword is put, which hangs by the hilt 
with a filken thread, the eledrical fparks will be emitted trom it’s ihell, 

j Fig II. and kindle fpirit o f wine in a fmall fpoon. So what I call an eleitricaJ
I ilar * is laid on a large filken net, and conncdted by means o f  an iron
] wire with the brachiated glafs tube, annexed to a fmaller net near the
* veflels or balls. As foon as the glafs vefiTels in turning receive the fric

tion ot the cuihions, or hand, the rays o f  the ftar emit fhining ftreaks in 
the dark, and when the ftaris turned round, dcfcribe a.lucid circle.

§ 22. When the vcflt ls are turned round, filvcr threads, touching 
the vciTcls are joined to the arms o f  the iron tube. Thus a continued 
ilream of Kleéiricity is obtained. But on the contrary the Eledricity is 
diminiihcd, if the extremities of the vefiels, as they turn, have filver

• v>te tiiC A£:a Gi/mani(a, or Literary Memoirs ^ G erm a n y , V ol. II. p. 123.
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threads added, which touch the vefiels. In like manner i f  cuihions are 
applied inftead o f  the hand, the Eieitricity decreafes.

5. A  hollow globe o f  glafs, o f  6 or 8 inchcs diameter, being fwifcly AbfiraSi of a 

turned round upon it’s axisy by means o f  a large wheel, in the manner 
iVlr Haukjbee ôvrvitx\Y advifcd-, and being rendered as electrical as pofli- 
ble by the application of a dry woollen cloth, or rather o f  a very dry phih/.atth  ̂
hand ; if, whilft in this fwift rotation, it be brought near the end o f  an Acad nf 
iron bar, fufpcndcd by ftrings o f  filk that arc exceedingly well dried, Wiriembsrg. 
fuch an clcélric power will be communicated to the iron, that upon '̂^ Ĵ  ̂
touching the other end o f  it with one’ s finger, not only fparksof mutatedhTh 
in the ufual manner, will be emitted very brifkly, but even blood will Biker from  
be drawn from the finger j the íkin o f  which will be burft, and a wound Kllis. anJ 
appear as if  made by a cauftic. trpjaudout

I. If highly rc¿tified fpirit o f  wine heated in a fpoon, the ethereal ^ 
fpirit o f FrobcniuSy oil o f turpentine, fulphur, pitch, or refin melted, be n=«. -̂6. p.

iron bar, inftead o f  one’s finger, the fparks proceeding 419. Apr.¿«rf.
n^^.Read

applied to the 
therefrom will fet it on fire inftantly.

3. A  chair being fufpended by ropes o f  filk, made pcrfetlly dry, a 
man placed therein is rendered fo much cledlrical by the motion o f  the 
above-mentioned globe, that, in the dark, a continual radiancc, or 
corona o f light, appears incircling his head, in the manner faints are 
painted.

4. If  feveral fuch-likc globes, or ele<5lric tubes, arc brought near the 
man fufpended in the chair, the motions o f the heart and arteries are 
very fenfibly increafed \ and if  a vein be opened under the operation, 
the blood that comes from it appears lucid like pbofpbonts^ and runs 
out fafter than when the man is not eledrify’d.

5. W ater, in like manner, fpouting from an artificial fountain fuf- 
pended by filk lines, fcatters itfelfin luminous little drops; and a lar
ger quantity o f  water is thrown out, in any given time, than when the 
iountain is not made ele¿tric.

N. B. I f  3, 4, or 5 glob;s be employed, the efirefl will be proportionably 
better : and M. V Ahhé Nollet has found, that globes or tub.̂ s made 
of glafs, coloured blue with zaffer^ are preferable to others; for 
when the glafs is blue, the experiments fucceed in all weathers; where
as, in damp weather, the white glafs lofes much o f  it’ s eledric power.

6. In the late edition o f  the works o f  the Hon. M r Boyle, *  is a letter 
from M r C/rty/£?«, dated June 22- 1684. at James city \k\ Virginia in 
which he gives M r Boyle an account o f  a ftrange accident (as he calls i t ) ; 
and adds, that he had inclofed the very paper Colonel Digges gave him 
o f  it, under his own hand and name, to atteft the truth; and that the 
fame was alfo aflerted to him by Madsktn Digges  ̂ his lady, filler to the

* Vol. V . Page 646,

A  lilttr  f r  in  
tbi Ht'V 
ilenrv
D. D . F . R . S ,  
to tkt Prci. 
containing 
Obiervations

EmanadOD̂

wife
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from human v/ife of Major and daugliter o f the Lord Baltimcre^ to whom this
^ ''p *  accident happened.
nvithfomT ' This paper, very unhappily, came not to hand till after M r
’Remayhon works were printeci; and therefore coiiJd not be inferred with M r Cldy- 
Kieflricity. ton'% letter: but, having fince met with it, I prefeht the following exail
IbtJ p 44J. CQpy o f

“  Maryland^ A m o  i6 8 j.
Jure 13, “  There happened, about the month o f  Ncvemhr, to one Mrs Su~
K-ii- fanm h Sewally wife to Major Nic. Sr^all o f  the province abovefaid,

“  a ftrangc flaíliing o f í'parks ('feem*d to be o f  fire) in all the wearing 
“  apparel fiie put on, and fo continued till Candlemas: and, in the 
“  company of íeveral, •viz. Captain John Harris  ̂ M r Edward Branes  ̂
“  Captain Edward Poulfon, & c. the laid Sufamiah did fend feveral of 
“  her wearing apparel; and, when they were ihaken, it would fly out 
“  in fparlcs, and make a noife much like unto bay-leaves when flung 
** into the fire; and one fpark litt on Major SewaWs thumb-nail, and 
“  there continued at leaft a minute before it went out, without any 
“  h eat: all which happened in the company o f

JVm. Diggesy

* “  M y Lady Baliimcre, her mother-in-law, for fome time before 
“  the death of her ion C^dlius Caheri, had the like happened to her •, 
“  which has made Madam Sm all much troubled at what has happened 
«  to her.”

“  They caufed Mrs Sufanna Sewall one day to put on her fifler 
“  petticoat, which they had tried beforehand, and would not
“  fparkle; but at night when Madam Sewall put it oír, it would fparkle 
“  as the refl: o f  her own garments did.**

The celebrated Bartholin of Copenhagen  ̂ in his colledion o f  anatomi
cal hiftorics that are unufual, i" which he intitles Mulier fplendens  ̂ gives 
us a parallel inftance in a noble lady o f  Verona in Italy  ̂ which, he fays, 
he had from an account oí the phenomenon publiíhed by Petrus a 
Caflroy a learned Phyfician o f  the fame place, in a fmall treati¿ inti
tuled De Igne Lamhente. There is this circumftance not mentioned in 
Mrs SewalPs cafe (tho* perhaps it would have happened, if  trial had 

ij been made, as well as in the cafe o f  the Italian lady) j which I think
not improper to niention, in Bartholin'% own w ords.----------“  ut quo-
“  tiens leviter linteo corpus tetigerit  ̂ fd n tilU  ex artubus coptofe profdianty 
“  cunElis domefticis confpicu^y non ¡ecus ac ft  e /dice excuterentur'" A t  
the conclufion o f  this relation he refers us to a book o f  his, intituled. 
B e Luce Animalium^ for more inftances o f  thefe lucid effluvia i and

•  T h e  additional lines arc not in Color.el Diggts's hand, but fcem to be in iMr 
Ciajtons.

+ Cent. III. H ill, ixx,  |j H;ft x i i .
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fays, he has there ihown the caufe o f  them at large; but, as I have not
yet got a fight o f  that book, I can fay nothing further----- - only, that
in the fecond Cent, o f  the hiílories alwve-mentioned, * he afferts, that 
he has provM, in his book de Luce  ̂ & c . that light is connatural or in
nate to all, as well vegetables as animals.

There is another author, D r Smpfofty who publiflied a Philofophical 
Difcourfe o f Fermentation, dedicated to the R .  Soc. i 6 y ^ .  who takes 
notice o f  light proceeding from animals, on the frication or pedlation 
(as he calls it) o f them ; and inftanccs in the combing a woman’s head» 
the currying o f a horfe, and the frication o f  a cat’s back *, the two laft 
o f which are known to mofl. I cannot tell whether it be material to 
add, that, according to this gentleman’ s hypothcfis, he would aífign 
t!ie principles o f fermentation, which he fuppofes to be Acidum &  Sul
phury as the caufe o f  thefe lucid effluvia in animals. H is hypothecs I 
may not take upon me to judge o f ;  but I humbly apprehend, the 
properties o f the effltma in animal bodies are many o f  them common 
with thofe produced from glafs, Í^c.\ fuch as their being lucid, their 
ihapping, and their not being excited without fome degree o f  fritítion, 
and, I prefume, I may add, Eleélricity for I have, by repeated trials, 
found a cat’s back to be ftrongly eleétrical when ftroak’d.

P .  5 . In the account o f  fome of the earlier eleilrical experiments made 
by M r Gray ‘h, we arc informed, that heeleélrified feveral other bo
dies, befidcs animal fubftances, by drawing them between his thumb 
and fingers *, in particular, Jinen o f  divers forts, paper, and fir-íhav- 
ings, which would not only be attradled to his hand, but attrad all 
fmall bodies to them, as other eledric bodies do. N ow , notwithftand- 
ingthis laft circumftance o f  their attracting, as well as being attract
ed, may it not be queftioned, whether, in this way o f  trial, it appears 
that they are electrical bodies, or Eledtrics ptr fe  ? Is it not doubtful 
(fince his fingers muft be excited confiderably in this experiment) 
whether he did not communicate EieClricity to them from his hand, 
rather than excite it in them ? I have no doubt but that the principie 
is inherent in many other bodies befidcs animal, pofiibly, in all bo
dies whatever ; but as it is allow^l, I fuppofe generally, that animals 
have a greater quantity o f  it refiding in them, than other fubftanccs, 
there feems room to admit the doubt I have mention’ d, which I 
iubmit to the confideration of fuch as are curious in experiments o f 
this kind.

7. T he Society having heard, from fome o f  their correfpondents i n  Expfrimrfj/t 

Gen/ianyŴ  that what they call a vegetable quinteíTcnce had been fired by 
Llec^.ricity, I take this opportunity to acquaint you, that, on Friday

Hift. X ! i -  ' the nature
Sec Vo!. V .  Fart ii. Chap. I. Seft. III . i .  

t, bcc the preceding Articles.
cveiiing
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evening laft, I fucceeded, after having been difappointcd in many at- 

e/'K!earicity; tcmpts, in letting Ipirits o f  wine on fire by that power.
Will. Wat- . preceding part o f  the week had been remarkably warm, and the

'̂■y ’ which nothing is more necefiary towards ciie fuccefs 
477. p. o f elc(5trical trials : to thcfo I may add, that the wind was then cailerly, 

481. A u g  and inclining to freeze. I that evening ufed a glafs fphere, as well as*a 
^^■*745 tube; but I always find myfelf capable o f fending forth much more 

fire from the tube than from the fphere, probably from not b-^ng iuffi- 
hi^tofthf R. ciently ufed to the laft.
s./v/.7tr« 1 had before obferv’d, that, altho* * non-eledlric bodies made elec-
Miir. z8, W trica l,  lofealmoft all that Eledricity, by coming either within or near 
Xrti contact o f non-eleSlrics not made eleilrical. It happens ocherwife

X r« -  with regard to Elecirics per fe, when excited by rubbing, patting, 
thm. becaufe trom the rubbed tube I can fometimes procure five or fix flaihes
y i  U t t e r  to  from different parts ; as though the tube of 2 feet long, inftead o f  b : -  

Ei- continued cylinder, confifted o f  five or fix feparate fegments of
P̂ r. r ! s cylinders, each of which gave out it’s Eledricity at a different explofion.

Mar. The knowledge of this theorem is o f  the utmoft confequence towards
27» <74>- the fuccelsof eledrical experiments ; inafmuch as you muft endeavour, 

by all poflible means, to colled the whole o f  this hre-at the fame time. 
Prof. Hollman feems to have endeavour’d at this, and fucceeded, by 
having a tin tube; in one end of which he put a great many threads, 
whofe extremities touch’d the fphere when in motion, and each thread, 
collected a quantity o f ele¿trical fire, the whole o f  which center’d in the 
tin tube, and went off at the other extremity. Another thing to be ob- 
ferved is to endeavour to make the fiaflies follow each other fo faff, as 
that a fecond may be vifible before the firft is extinguiih’d. When you 
tranfmit tlje eleftrical fire along a fword, or other inftrument, whofe 
point is iharp, it often appears as a number of diffeminated fparks, like 
wet gunpowder or wild-fire : but if  the inftrument has no point, you 
g e n íT a i ly  perceive a pure bright fiame, like what is vulgarly call’d the 
blue bally which gives the appearance o f  ftars to fired rockets.

The following is the method I made ufe of, and was happy enough 
to fucceed in. 1 fufpended a poker in filk lines ; at the handle o f  which 
I hung feveral little bundles o f  white thread, the extremities o f  which 
were about a foot at right angles from the poker. Am ong thefe threads, 
which were all attracted by the rubbed tube, 1 excited the greateft eleftri- 
cal fire 1 was capable, whilff an affiftant, near the end of the poker, 
held in his hand a fpoon, in which were the warm fpirits. Thus the

•  I  call EleSlries per fe .  or originally thofe bodies, in which an attra^ive
power towards light i'ublbnccs is calily excite 1 by friéUon ; fuch as glafs, amber, lulphur, 
icaling-wax, and niofr dry parts o f  animals, as filk, h air/an d  luch like. 1 call 
£>¡e¿iric¡y or conductors o f  Íile¿iricity, thoie bodies in which the above property is not at

- i l l  n r  v f ^ r v  H l a K r l i /  r > í ' r r í * n r í ! \ l p  • f u r U  d e a d  I l l C t n ! ?  a n d

Fhilof. r̂anf.

thread
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ail. or very flightly, perceptible; fuch as wood, arimals living or dead, metal?, and 
vegetable fubüanccs. See Qray, Du Fay, Dt/jguUers^ Wbrlery in the



thread communicated the Electricity to the poker, and the fpirit was fired 
at the other end. It muft be obfcrvM in this experiment, that the fpoon 
with the fpirit muft not touch the poker *, if  it does, the Elc¿tricity, 
without any ñaíhing, is communicated to the fpoon, and to the aiHilant 
in whofc hand it is held, and fo is loft in the floor.

By thefe means I fired fcvcrai times not only the ethereal liquor or 
Thlogifton o'i Frobemus^ and reélificd fpir*t o f  wine, but even common 
proof fpiric. Thefc experiments, as I before obierved, were made lailT-V/- 

night, the air being perfectly dry. Sunday \ivowcc\ wet, ¡íná Mot:dijy 
iomcwhat warm •, fo that the air was full ot vapour, wind S. \V. and 
cloudy. Under thcfc difadvantages, on Monday night I attempted a- 
gain my experiments ■, they lucceedcd, but with infii'.itely more labour 
than the preceding, becaufe o f  the unñtnefs o f the evening for fuck 
trials.

I lately acquainted you, that I had been able to fire fpirit o f  j  ktterto th  
Phlcgifto7t of FrobeniuSy and common proof fpirit, by the power o f  Roynl Socie .

Eledlricity. Since which (till yeftertiay) we have had but one very dry 
fm eday, *viz. Monday^Apr, \^. wind E. N . E. ; when, about 4 in 
afternoon, I got my apparatus ready, and fired the ipirit o f  wine four 
times from the poker as before, 3 times irom the finger o f  a peribn 
eledrified, ilanding upon a cake ot wax, and once from the finger o f  a 
fecond perfon ftandmg upon wax, communicating with the firil by means 
o f a walking-cane held between their arms extended. T he horizontal j!
diiVance in this cafe between the glafs tube and the fpirit was at leafi: ten 
feet. *

Y ou  all know, that there is the repulfive power o f Ele6tricity, as weli !
as the attra<5i:ive; inafmuch as you are able, when a feather, or fuch- 
like light iubftance, is replete with Electricity, to drive it about a room, 
which jway you pleafe. This repulfive power continues, until cither 
the tube lofes it’ s excited force, or the feather attracts the moifture from 
the air, or comes near to fonie non-eledtric fubOancc*, i f  fo, the feather 
is attracted by, and it’s Electricity loll in, whatever non-eleCtric it comes !
near. In electrified bodies, you fee a perpetual endeavour 10 get rid o f  
their Electricity. This induced me to make the following experiment.

I placed a man upon a cake o f  wax, who held in one o f  his hands a ,
fpoon with the w*arm fpirits, and in the other a poker with the thread. '
I rubbed the tube amongft the thread, and eleCtr'rfied him as before. I 
then ordered a perfon not electrified to bring his finger near the middle 
o f  the fpoon*, upon which, the Raih from the fpoon and fpirit was violent 
enough to fire the fpirit. This experiment I then repeated three times.

In this method, the perfon by whofe finger the fpirit o f  wine is fired, 
feels the ftroke much more violent, than when the eleCtrical fire goes 
from him to the fpoon. This way, for the fake o f  diftinCtion, v/e will 
call the repulfive power of Electricity.

The late D r Defaguliers has obferved, in his excellent DiiFcrtation 
concerning EleCtricity. ‘ That there is a fore of cawicioufnefs attending 

V  O  L . X . Part ii. O  0 ^  thclc
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‘  thcfe experiments, cr lomething unaccountable in their pha^nc 
‘  menâ  not to be reduced to any rule. For fometimes an fxperi-
* ment, which has been made fcvcral times fucceifivcly, wii] ail at 
‘ once fail.* Now 1 imagine, that the greatcft part, if  not the whole 
o f  this matter, depends upon the moiiture or drynefs o f  the a ir ; a 
fudden though flight alteration in which, perhaps not fufficienc to be 
obvious to our faculties, may be pcrceived by the very fubtle fire of
Hledlricity. For,

iH, I conceive, that the air itfelf (as has been obferved by D r De- 
fagulicrs) is an elcdric per fe, and of the vitreous k in d ; therefore it 
repels the Eleitricity arifing from the glafs tube, and dilpofes it co elec
trify whatever non-cleétrical bodies receive the effluyia irom the tube.

2dly, That water is a non-eledric, and, of confequence, a conductor 
o f  EleAricity. This is exemplified by a jett o f water being attracted 
by the tube, from either elccT:rics per fe  conduding Eledricity, and non- 
eledlrics more readily when wetted; but what is more to my prefent 
purpofe, is, that i f  you only blow through a dry glal's tube, the moi- 
fture from your breath will caufe that tube to be a conductor o f  Eleótri- 
city.

Thefe being premifed, in proportion as the air is replete with watery 
vapours, tlic Eleftricity arifing from the tube, inftead of being conduc
ed, as propofed, is, by means o f  thelc vapours, communicated to the 
circumambient atmofphere, and difllpated as faft as excited.

This theory has been confirmed to me by divers experiments, but 
by none more remarkably than on the evening o f  the day I madethofe 
bcfore-mention’d *, when the vapours, which in the afternoon, by the 
fun*s heat, and a brifk gale, were diflipated, and the air perfeftly dry, 
defcended again in great plenty, upon the abfencc o f  both, and in the 
evening was very dam¡). For between fevcn and eight o’clock, I at
tempted again the fame experiments in the fame manner, without being 
able to make any o f them fucceed ; though all thofe mentioned in this 
paper, with others o f lefs note, were made in lefs than half an hour’s 
time.

I am the more particular in this, being willing to fave the labour of 
thofe, who are deíirous o f making this kind of trials. For, although 
ibme o f  the leffer experiments may fucceed almoll at any time, yet Í 
never could find, that the more remarkable ones would fuccced but in 
dry weather.

AUtterfatie in fome papers I lately did myfelf the honour to lay before you, I ac- 
Ko;-aI Socic- quainted you o f fome experiments in Eleélricity ; particularly 1 rook 

r.otice o f having been able to fire fpirit o f wine by what I called the re- 
»74i pulfive power thereof; which I have not heard had been thought o f  by

any o f  thofe German gentlemen, to whom the world is obliged for ma
ny furprifing difcoveries in this part o f Natural Philofophy.

H ow  far, Ílriífliy fpeaking, the fpirit, in this operation, may be faid 
to be fired by the re^ulfive power oí Elecbicity, or how tar tiiat power,

which
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wlúch repels light fubHanccs when fully impregnated with Elcdtricity, 
fires the fpirit, may probably be the fubjedt o f  a future inquiry ; bur, 
as I am unwilling to introduce more terms into any demonilration than 
what are ablblutely nccellary for the more ready conception tliereof, 
and as inflammable fubftanccs may be fired by Eledlricity two different 
ways, let the following definitions at prefcnt fuffice o f  each o f  tliefc 
methods.

But firft give me leave to premife, that no inflammable fubfi:ancc!! 
will take fire, when brought into or near the contact o f  eleflrics per fe  
excited to Electricity. This effect mufl: be produced by non-eledlrical 
fubfl;ances impregnated with Electricity received from the exciting elec
trics per fe. But to return :

ijt^ I fuppofe that inflammable fubftances are fired by the attra(5i;ive 
power o f  Eieftricity, when this effe<5t  arifes from their being brought 
near excited non-elecfcrics.

idly  ̂ That inflammable fubftanccs are fired by the repulfive power 
of Eleólricity; when it happens, that the inflammable fubilances, being 
firft eleélrified themfelves, arc nred by being brought near non-eleélrics 
not excited.

This matter will be better iüuftrated by an example. Suppofe that 
either a man ftanding upon a cake o f  wax, or a iWord fufpencled in filk 
lines, are cleótrified, and the fpirit, being brought near them, is fired, 
this is faid to be perl'ormed by the attradive power o f Eleélricity. But 
if the man ele6lrified, as before, holds a fpoon in his hand containing 
the fpirit, or tiie fame fpoon and fpirit arc placed upon the fword, and 
a perfon not eledrified applies his finger near the fpoon, and the fpirit 
is fired from the flame arifing from the fpoon and fpirit upon fuch ap
plication, this I call being fired by the repulfive power. O f  the two 
mention’d kinds I generally find the repulfive power ftrongeft.

Since my laft communication, the I'pirit has been fired both by the 
attractive and repulfive power thro’ four perfons ftanding upon ele6tri- 
cal cakes, each communicating with the other, either by the means o f  a 
walking-cane, a fword, or any other non-ele¿tric fubftance. It has like- 
wife been fired from the handle o f  a fword held in the hand o f  a third 
perfon.

I have not only fired Frohenius's PbUgifton^ rectified fpirit, and com
mon proof fpirit, but alfo Sal 'volatile olecjum  ̂ fpirit o f  lavender, dul
cified fpirit o f  Kitre, Feony-water, D a fffs  elixir, Heheiius'^ ftyptic, 
and fome other mixtures where the fpirit has been very confiderably di
luted ; likewife diftilled vegetable oils, fuch as that o f turpentine, le
mon, orange-peels, and juniper; and even thofe o f  them which are 
fpccifically heavier than water, as oil o f  faflTafras; alfo refinoiis fub- 
ftances, fuch as balfam Caph'iy and turpentine ; all which fend forth, 
when warmed, an inflammable vapour. But expreffed vegetable oils,
as thofe o f  olives, linfeed, and almonds, as well as tallow, all whofe
vapours arc uninflammable, I have not been able ytt to fire ; but thefe

0  0 2 indeed
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indeed will not fire on the application o f  lighted paper. B.fides, if 
thefe laft would fire with lighted paper, unlels their vapours were m- 
flammable, I can fcarce conceive they would fire by E leftncity; becaufe, 
in firing fpirits, fcff. I always perceive, that the h lea r^ .ty  inaps be- 
fore it comes in contaft with their furtaces, and therefore only fires
their inflammable vapours. , n. • r  -c

A s an exckcd non-elearic emits almoft all its fire if once touch d by 
a non-eledtric not excited, I was defirous o f  being fatisfy d, whether or 
no the fire emitted would not be greater or Ids in proportion to the vo
lume of the elcftrified body. In order to this, I procured an iron bar 
about 5 f « t  long, and near 170 pounds in w eight; this l eleanficd 
lvin<r on cakes of wax and refin, but obferved the flames ariimg there- 
tronT not more violent than thofe from a common poker. In making 
this experiment, being willing to try the repulfu'e torcc it once hap- 
nen’d that whilft the bar was at one end e tó n iy in g ,  a (poon lay upon 
the other; and, u p o n  a n  afliftant’s pouring lome warm ipirit into the 
iboon, the eleftrical flalh from the Ipoon Inapped, and fired the nrft 
drop of the fpirit; which unexpededly fired not only the whole jett as 
it was pouring, but kindled likewife the whole quantity in the pot, m 
which I ufually have it warm’d.

I find in firing inflammable fubllances from the finger o f  a man 
ftandin-- upon wax, that, c^ieris paribus, the fucceis is more conftant, 
if  the man, inftead of holding the thread (the ufe of which I commu
nicated in a former paper) in his hand, the thread is fufpended at the 
end of an iron rod held in one hand, and he touches the fpirit with one

of the fingers of the other. -  . , , • u j  /u j  1
I f  a man, ftanding upon the eleftrical cake with a dilh or deep plate 

o f  water in one hand, and the iron roil with the thread in the other, is 
made eleftrical, and a perfon not eleftrified touches any part either of 
the plate or water, the flaflies o f fire come out plentifully •, and where- 
tvcr you brins your finder very nciir  ̂ the rifes up in u little concj 
from the point of which the fire is produced, and your finger, though 
not in aétual contad, is made wet. T he llxme experiment fucceeds 
through three or more people. , , , ,

In firing inflammable fubftances, the Perfon who holds the fpoon m 
his hand to rcceive the eleftrical fiafhes, when the finger o f  the eicftri- 
fied perfon is brought near thereto, not only feels a tingling in his hand, 
but even a flight pain up to his elbow. T h is  is moil perceptible in dry 
weather, when the Elcdricity is very powerful.

'I'here is confiderable difficulty in firing eledlrics per fe, fuch as tur
pentine and balfam Capivi, by the repulfive power o f Elearicity *, be- 
caufc, in this cafe, thcfe fubftances will not ptrmit the Elcélricity to pais 
through tht*m ; therefore, when you would have this experiment fuc- 
cted,'^thc fingf-r o f the perfon who is to fire them, is to be applied as 
nc-arto the edge aspoíTibkof rhefe fubftances when warmed in a fpoon, 
that the fiaftics from the fpoon (for thefe fubftances will emit none) may

fn.ip.
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fnap, wliere they are fpread the thinneft, and then fire their effluvia.
This experiment, as well as fcvcral others, ferves to confute that opini
on, which has prevailed with many, that the Eleclricity floats only up
on the furt'aces o f  bodies.

It' an cleilrical cake is dipp’d in water, it is thereby made a conduc
tor of Electricity j the water hanging about it rranfmitting tiie cledtrical 
effluvia in fuch a manner, that a perfon itandi.ng thereon can by no 
means be electrified enough to attract the Icai-gold at the fmalleft dif- 
tance ; though the perfon Handing upon the iame cake when dry, at
tracted a piece o f  fine thread hanging at the diltancc o f two feet from his 
finger. W c  muft here obfcrve, that the cake being o f  an unétuous 
fubftance, the water will no-where lie uniformly thereon, but adhere in 
feparate íw/íTíTíí/ ;̂ fo that, in this inftance, the Eleétricity jumps from 
one particle o f  water to another, till the whole is diffipated.

From the appearancc o f  the threads, amongil which I rub the tube,
I can Irequently judge, though the fpirit may be many feet diftant from 
them, whether or no it will fire ; bccaufe, when the peribns ítanding 
upon the wax are made eleftrical enough to fire the fpirit, the threads 
repel cach other at their lower parts, where they are not confin’d to a 
confiderable diftancc; and this diltance is in proportion as the threads 
are made eleétrical. \

If two perfons ftand upon eledtrical cakes at about a yard’s diftance 
from each other, one of which perfons, for the fake o f  diftinétion, we 
will call y/, the other i f  y/, when cle6trified, touches By lofes al- 
moft all his EIe<ftricity at that touch only, which is received by i>\ and 
flopped by the elcdtrical cake : if is immediately electrified again to 
the fame degree as before, and touches By the fnapping is lefs upon the 
touch *, and this fnapping, upon electrifying Ay grows lefs and iefs, till 
By being impregnated with Ekdtricity, though received at intervals, the 
fnapping will no longer be fenfible.

'i'hat glafs will repel and not condudt the Eleétricity o f glafs, has been 
mention’d by others, who have treated or tiiis iiibject j but the experi
ments to determime this matter muft be conducted with a great deal o f  
caution-, for, unlefs the glafs tube, intended to condudt the EleCliicity, 
be as warm as the external air, it will feem to prove the contrary, unlefs 
in very dry places and feafons. Thus I fomecimes have brought a cold 
though dry glafs tube near three foot long into a room where there has 
been a number o f  people ; when, upon placing the tube upon liik lines, 
and laying fomc leaf-filver upon a card at one end, and rubbing another 
glafs tube at the other, the filver has, contrary to expedation, been 
thrown off as readily as from an iron rod. A t  firft I was furprizedat 
this appearance ; but then conjeótur’d, that it muft arife from the cold- 
ncfs oi the glafs, condenfing the tloating vapour o f  the room. In order 
tiien to obviate this, I warm’d the tube fufiiciently, and this .citeCt was 
no longer produc’d, but the filvcr lay perfectly itiil. i

Jf
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If a number o f  pieces o f  finely fpun glafs, cut to about an inch in 
length, little bits o f fine wire o f  the lame length, o f  what inetal you 
pleaiV, and fmall cork-balis, are either put all together, or each by rhem-
ll-lvcs, into a d r y  pewter plate, or upon a piece o f  poliíhcd metal, they 
make, in the following manner, a very odd and furprifing appearance. 
L et a man, ftanding upon eledlrical cakes, hold this plate in liis hand, 
with the bits o fg la is , wire, detached from each other, as much as 
conveniently may be ; when lie is ele¿trified, let him caufc a perfon 
itanding upon the ground to bring another plate, his hand, or any 
other non-eledtric, ex a d ’y over the plate, containing thefc bodies. When 
his hand, tiff, is about 8 inches over them, let him bring it down gent
ly : as it comes near, in proportion to the ftrength o f the Electricity, he 
will obferve the bits of glafs firft raife themfelves upright ; and then, if 
he brings his hand nearer, dart direitiy up, and ftick to it without fnap- 

. ping. The bits o f  wire will fly up likewife, and as they come near the 
hand fiiap aloud; you feel a fmart ftroke, and lee the fire arifing from 
them to the hand at every ftroke : each o f  thefe, as foon as they have 
difcharged their fire, falls down again upon the plate. 'I'he cork-balls 
aifo fly up and ftrike your hand, but fall again direétly. Y ou  have a 
conilant fucccfiion o f  thefe appearances, as long as you continue to 
oleclrify the man in whofe hand the plate is held ; but i f  you touch any 
part either o f  the man or plate, the pieces o f  glafs, which before were 
upon their ends, immediately fall down.

Some few years ago, S\r James Lowther brought fome bladders fill’d 
with inflammable air, collefbed from his coal-mines, to the Royal Society, 
This air flamed, upon a lighted candle being brought near it. This in- 
ftammability has occafion’d many terrible accidents. M r Maud, a wor
thy member o f  this Society  ̂ made at that time, by art, and lhew*d the 
Society  ̂ air exadly o f  the fame quality. I was defirous o f knowing if this 
air would be kindled by elc6lrical fiaíhes. I accordingly made fuch air, 
by putting an ounce o f  filings o f  iron, an ounce o f  oil o f  vitriol, and four 
ounces o f water, into a Florence flaflc •, upon which an ebullition enfued, 
and the air, which arofe from thefe materials, not only fill*d three blad
ders, but alfo, upon the application o f  the finger o f  an eleflrified per- 
ibn, took fiame, and burnt near the top and out o f  the neck o f the 
flaik a confiderable time. When the fiame is almoft out, fliake the fiaik, 
and the flame revives. You muft, with your finger dipped in water, 
moiften the mouth of the flaik as faft as it is dried by the heat within, 
or the Electricity will not fire i t : becaufc the fiafk, being an eleftric^fr 

/ i,  will not fnap at the application o f the finger, without the glafs being 
firft made non-eled:ric by wetting. It has fometimes happen’d, if  the 
finger has been applied before the inflammable air has found a ready exit 
from the mouth o f  the flaik, that the flaih has filled the flaik, and gone 
ofi  ̂ with an explofion equal to the firing o f  a large p ifto l; and fometimes 
indeed it has burft the flafk. T h e  fame effeit is produced from fpirit o f  
fca fait, as from oil o f v itr io l; but as the acid o f  fea-falt is much

lighter
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lighter than that o f  vitriol, there is no neccíTity to add the water in this
experiment.

Thofe who are not much acquainted with Chemical Philofophy, may 
think, it very extraordinary, that, from a mixture o f  cold iubftances, 
which, both conjunflly and feparately, are uninfiammablc, this very 
inflammable vapour iliould be produced. In order to folve this, it may 
not be improper to premife, that iron is compounded of a fulphureous 
as well as a metallic part. This fulphur is fo fixed, that, after heating 
the iron red hot, and even melting it ever fo often, th;: fulphur will not 
be difengaged therefrom : but, upon the mixture o f  the vitriolic acid, 
and by the heat and ebullition which are alnioll* inilanrly produced, the 
metallic part is diíTolved, and the fulphur, which beiore was intimately 
connedtcd therewith, being difengaged, bccomes volatile. This heat 
and ebullition continue, till the vitriolic acid is perfectly faturaced with 
the metallic part o f  the iron •, and the vapour, once fired, continues to 
flame, until, this faturation being pcrfedcd, no more o f  the fulphur 
flies oil.

I have heretofore mentioned, how confiderably perfeitly dry air con
duces to the fuccefs o f  thefe experiments; but we have been lately in
formed, by an extract o f  a letter, that Abbe Nolei was o f  opinion, that 
they would fucceed in wet weather, provided the tubes were made o f 
glafs tinged blue with zafFer. I have procured tubes o f this fort, but, 
after giving them many candid trials, 1 cannot think them equal to their 
recommendation. I firil: tried one of them in a fmart fliower o f rain 
after a dry day, when the drops were large, and the fpirit' fired 3 times 
in about 4 minutes: the fame efFcfl fucceeded, under the fame circum- 
ftances, from the white one ; but, after 3 or 4 hours raining, when the 
air was perfectly wet, I never could make it facceed. A nd, to illuilrate 
this matter further, I have been able, when the weather has been very 
dry, with once rubbing my hand down this blue tube, and applying it 
to the end of an iron rod 6 feet long, to throw oíF fcveral pieces o f  leaf- 
filvcr lying upon a card at the other end of this r o d ; whereas I never 
have been able to throw it otF by any means in very wet weather. Be- 
fides, I am o f  opinion, that, after the eJedrical fire is gone from the tube, 
the tube has no fliarc in the conducting of it ; my fentiments on that 
head I laid before you in a former paper ; for if  the filk lines are wet
ted, they difiufe all the Electricity ; and the fame efiedls happen, when 
the air is wet, be your glafs o f  what colour it will.

It may not be improper here to obferve, that zaffer, which is ufed by 
the Glafs* makers and Enamellers, is made o f  cobalt or mundick calcined 
alter the fubliming the flowers. This being reduced to a very fine 
powder, and mixt with twice or thrice it’ s own weight of finely pow
der’d flints, is moiftened with water, and put up in barrels, in which ic 
foon runs into an hard mafs, and is called zaflTer.

A  dry fponge hanging by a packthread at the end o f  an eleffrified 
fword, or irom the hand o f  an cleilrificd man, gives no figns o f  being

made
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made elediical : if  it is well foak’ d in water, wherever it is touchM, 
you both fee and feel the eleflrical Iparks. Not o n ly  fo, but. if  it is fo 
tiill o f  water that it falls from the ipor.ge, tholb drops in a dark room, 
receiv’d upon your hand, not only ñafli and fnap, but you perceive a 
pricking pain. I f  you hold your hand, or any non-eleClrical fubftanccs, 
very near the water, whicli had ceafed dropping when the fponge was 
not ekctrified, drops again upon it’s being electrified, and the drops fall 
in proportion to the receiv’d Eleilricity, as though the fponge were 
gently fqueez’d between your fingers. I was defirous to know if I was 
able to ele£trify a drop o f  cold water, dropping from the fponge, enough 
to the fpirit i but, after many unfuccefsiul trials, I was torced to 
dcfift-; becaufe the cold water dropping from the fponge not only cool’d 
the fpirit too much, but alfo render’d it too weak : likewife every drop 
carriid with it great part o f the Eledlricity from the fponge.

I then confiderM, in what manner I could give a tenacity to the wa
ter fuirxicnt to make the drops hang a confiderable time and this I 
brou-^ht about by making a mucilage o f  the feeds ot ileawort. A  wct 
fponge then, fqueez’d hard, and fill’d with this cold mucilage, was held 
in the hand o f  an eleftrified man, when the drops, forced out by 
the Eledlricity, aifiiled by the tenacity o f  the liquor, hung lome inchcs 
from the fponge ; and by a drop o f  this, I fired not only the fpirit of 
wine, but likewife the inflammable air befbre-mentioned, both with and 
without the explofion. W hat an extraordinar)» effed is this, that a drop 
o f  cold water (for the feeds contribute nothing, but add confiitence to 
the water) ihould be the medium o f fire and fiame ?

Camphire is a vegetable refin, and, o f  confequcnce, an eleilric per fe. 
This fubftance, notwithftanding it’s great infiammability, will not take 
fire from the fingi-r o f a man, or any other body electrified, tho’ made 
very warm, and the vapours arife therefrom in great abundance \ be- 
caufe, neither eleÓlrics fer  fe  excited, or eledrified bodies, exert their 
force by fnapping upon elcitrics fCy though not excited. If  you 
break camphire fmall, and warm it in a fpoon, it is not melted by heat 
like other refins j but, if  that heat were continued, it would all prove 
volatile. T o  camphire thus warm’d, the finger o f  an ekélrified man, a 
fword, or fuch-like, will, in fnapping, exert it’ s force upon the fpoon, 
and the circumambient vapour o f  the camphire will be fired thereby, 
and light up the whole quantity expofcd. The fame experiment fuc- 
ceeds by the repulfive power o f  Electricity.

A  poker, thoroughly ignited, put into fpirit o f  wine, or into the 
diftillcd oil of vegetables, produces no fiame in either. It indeed occa- 
fions the vapors to arife from the oil in great abundance •, but if you 
ele¿trity this heated poker, the cle<5trical Haílies prefently kindle flame 
in cither. The experiment is the fame with camphire. Thefe experi
ments, as well as the following, fufficiently cvincc, that the cledtrical 
fire is truly fiame, and that extremely fubtil.

I have
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I have matie fevcral trials in order to fire gunpowder alone, whicli I 

tried Ixith warm and coid, whole and powder'd, but never could fuc- 
cced : and this arifcs, in part, from it’s vapours not being inflammable,
^nd in part from it’s not being capable o f  being fir’d by flame j unlcfs 
thciiilphur in the compofition is nearly in the itate o f accenfion. This 
wc ice, by putting gunpowder into a fpoon with reftified fpirit, which,
■whpn lighted, will not fire the powder, till, by the heat o f the fpoon 
from the burning Ipirit, the fulphur is almoft melted. Likcv. ifc, ii you 
hold gunpowder ground very fine in a fpoon over a lighted candle, or any I
other flame, as loon as the fpoon is hot enough to melt the fulphur, you 
fee a blue flame, and inilantly the powder flaihes off*. T he lame effedts 
are obfervtd in t!ic Pulvis fuhniimns^ compofed o f  nitre, fulphur, and 
fixed alkaline fait. Befides, when the gunpowder is very dry, and ground 
very fine, it (as you pleafe to make the experiment) is cither attradled 
or repeli’d ; lo that, in the iirfi: cafe the end o f  your finger, when elec
trified, fliall be cover’d over with the powder, though hekl at fome 
diftancc ; and in the other, if you eledrity the powder, it will fly off ac 
the approach o f  any non-ele6tiificd fubftance, and fometimes even with
out it- But 1 can, at pleafure, fire gunpowder, and even difcharge a 
mufket, by the power o f Eleclricity, when the gunpowder has been 
ground with a little camphire, or with a few drops oí fome inflamma
ble chemical oil. This oil fomewhat moiílens the powder, and prevents 
it’s flying away : the gunpowder then being warm’d in a fpoon, the 
electrical flaflics fire the inflammable vapour, which fires the gunpowder: 
but the time between the vapour firing the powder is fo fliort, that fre
quently they appear as the iiinie, and not fuccefiive operations, wherein 
the gunpowder itfelf feems fired by the Electricity : and, indeed, the firil 
time this experiment fucceeded, the flaih was fo fudden and unexpedl- 
ed, that the hand of my airillant, who touch’d the fpoon with his finger, 
was confiderably fcorch’d. So that there feems a fourth ingredient ne- 
ceflÜiry to make gunpowder readily take fire by fiame ; and that fuch a 
one as will heighten the inflammability o f  the fulphur.

In common cafes, the lighted match, or the little portion o f  red-hot 
glafs, which fails among the powder, and is the refult o f the collifion 
from the flint and fteel, fires the charcoal and fulphur, and thefe the 
nitre. But if to thefe three ingredients you add a fourth, v iz ,  a vege
table chemical oil, and gently warm this mixture, the oil, by the warmth, 
mixes intimately with the fulphur, lowers it’s confiitence, and makes ic 
readily take fire by fiame.

In thefe operations, notwithftanding I always made ufe o f  the fineft- 
fcented oils o f  Orange-peel, Lemons, and fuch-like, yet, upon theleaft 
warming the mixture, the rank fmell o f  balfam (/. e. o f the ready fo- 
kition ot fulphur) was very obvious.

V  O  L .  X . Part ii. P  p  8; » As
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Ur vn Ix- 8. * As water is a non-elerftric, and o f  confcqut*nce a conduilor o f

a.-td Hleélrícity, I had rcafon to brlicvc-, that icc was endow’d with the fame 
Oh(i>--vathnu properties. Upon m akirg the* txptrimcnc I ioui-id my conjcifturcs not 

without foundation; for, upon dtrctriiying a pitcc o f icc, whtrc-cvcf 
i i .  the icc was touch’d by a non-trlc£tric, it iiafhc-d and fnapptrd. A  piccé
I'cb. i-4f. o f icc aifo, held in the hand of an cltclrifyM man, as in the beforenricn-

jiontci proccflVs, fired warm fpiric, chcintcal vegetable oils, camphirc,
and gunpowder prepared as before. But here great care muil be taken, 
that by the warmth o f  the hand, or of the air in the room, the ice does
net melt; if fo, every drop o f  water therefrom confiderably diminifhes
the received lilcélricity. In order to obviate this, I caufed my aíTiítant, 
while he was ek-étrifying, to be continually wiping the icc dry upon a 
napkin hung to the buttons o f his coat i and this being eleftrified as 
well as the ice, prevented any lofs of the force o f  the Eicdricity. The 
experiment will Jlicceedlikewife, if, o f the ice, you eledrify the
fpirit, and bring the ice not cleélrifií d near them. 1 muft obfcrve,
that ice is not fo ready a conductor o f  Kleclricity as w ater; fo that I 
very frequently have been difappointed in endeavouring with it to fire 
inSammable jubilances, when it has been readily done by a fword, or 
the finger o f a man.

In my firil paper I took notice o f  my having obferved two diíFerent 
appearances o f  the fire from eleélrificd fubftances ■, viz, thofe large bright 
fiaihes, which may be procured from any part ot clcftrified bodies, by 
bringing a non-eledtric unexcited near them, and with which we have 
tired all the inflammable fubllances mention’d in the courfe o f  thefe ob- 
fervations ; and thofc, fike the firing of wet gunpowder, which are only 
perceptible at the points or edges o f  excited non-eledrics. Thefc laft 
alio appear diftercnt in colour and form, according to the fubftances from 
which they procecd : for, from poliíh’d bodies, as the point o f  a fword* 
a fiiver probe, the points o f  fciíTors, and the edges o f the fteel bar 
made magnetical by the ingenious D r Knight, the eleóbrical fire appears 
like a pencil o f  rays, agreeing in colour with the fire from Ecyle'% Phof- 
phorus; but from unpolilhed bodies, as the end of a j*)oker, a rufty 
nail, or fuch-likc, the rays are much more red. T he difference o f co
lour here, I am o f  opinion, is owing rather to the different reflexion of 
(tie cledlrical fire from the iurface o f  the body, from which it is emitted, 
fhan to any difference in the fire itfelf. Thefe pencils o f  rays iffue fuc- 
¿eíTively as long as the bodies, from which they proceed, arc exciting; 
but they are longer and more brilliant, if you bring any non-eleitric 
not excited near them, though it muft not be clofe enough to make 
them fnap. I f  you hold your hand at about two or three inches diftance 
from thefe points, you not only feel fucceffive blafts o f  wind from them,' 
but hear aifo a crackling noife. Where there are feveral points, you 
obferve at the fame time feveral pencils o f  rays.

•  This Paper is reprinted, with fomc mifiakes, in N^. 484. p. 695, ^  / 7 .
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It appears, from experiments, that befides the feveral properties that 
Elcdricity is pofleísM o f  peculiar to itfeJf, it has fomc in common with 
xnagnctifm anti light.

In common with EVlagnetifm, Ele¿l:ricity counteraílí, and in light Tub- Prop. i. 
flanees ovcrcomcs the forcc o f gravity. I.ike that extraordinary power 
likcwifc, it exerts it’s force :rt vacuo as powerfully as in open air, and 
this force is extended to a confiderable diilance through various fubftan- 
ces o f  dificrcnt textures and denfitics.

Gravity is the general endeavour and tendency o f  bodies towards the CoRot. 
centre o f the earth : this is over-come by the magnet, with regard to iron, 
and by Eledricity, witli regard to light fubftances, both in it*s atcraclion 
and repulfion; but Í iiavc never been able to dilcern that vortical moti
on, by which this eíFed was faid to be brought about by the late D r 
VefagitlierSy and others, having no other conception o f  it’ s manner o f 
adnig than as rays from a centre, which indeed is confirmed by feveral 
experiments: one o f  which, very eafy to be tried, is, that i f  a fingle 
downy feed o f  cotton-grafs is Sroppcd from a man’s hand, and in it’s 
fall comes within the attraction o f the rubbed tube ; the down o f  this feed, 
wiiich before feemed to ilick together, feparates, and forms rays round 
the centre o f  the feed : or if  you fafcen many o f  thefe leeds, with mu
cilage ot gum-arabic, round a bit o f  (tick, the down o f  them when 
electrified, which othcrwife hangs from the ftick, is raiícd up, and forms 
a circular appearance round the ilick. A s thefe light bodies aredireded 
in their motions only by the force imprefied upon them, and as their 
appearance is conftantly rad'taiim  ̂ fuch appearance by no meai>s fquares 
with our idea o f  a vortex.

Some have imagined a polarity alfo, when they have obferved one 
end of an excited glafs tube repel light fubftances, and the other attraft 
them ; but this is a deception, arifing from the whole length of the tube 
not being excited, but only fuch part o f  it as has been rubb’d ; fo that 
as much o f  the tube as is held in the hand remains in an unexcited ftate, 
and permits light fubftances to lie ftill thereon, thougli forcibly repelPd 
at the other end. This attradive power o f  Electricity a¿ts not only up
on non-cle£trics, as leaf-gold, filver, thread, and fuch-lik^, but alfo 
upon originally-elcdrics, as filk, dry feathers, little picces o f  glafs, and 
refm : it attrad all bodies, that are not o f the fame ftandard o f  Elec- 
trity (if I may bp allowed the cxprefilon), as the excited .body from 
which it proceeds. I found no body, however denfe,' whofe pores 
are not pervious to Elcdtricity, by a proper nunagc;ment, not even gold 
itfelf.

In common with light. Electricity pervades glafs> but fuffers no r f̂jrac- p^or. IL 
tion therefrom ; I having, from the moft exact obfervations, found it’s 
direction to be in right lines, and that through glaíTes o f  diitercnt 
forms, included one within the other, ?nd large ^aces left between cach 
glafs.
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COROL. This rectilineal direction is obfcrvablc only as far as the Electri

city can penetrate through unexcited originally-electrics, and thofc per
fectly dry ; nor is it at all material, whether thefc fubflances arc tranf- 
parcnt, as glafs; femidiaphanous, as porcelain, or thin cakes o f  white 
wax ; or quite opaque, as thick woollen cloth, as well as woven filk of 
various co ours ; it is only necefiary chat they be originally-electrics. But 
the cafe is widely different v/ith regard to non-electrics ; wherein the 
direction, given to the Electricity by the excitcd originaily-electric, \% 
alter’d, as loon as it touches the fiirface o f a non-electric, and is propa
gated with a degree o f fwiftnefs icarcciy to be meafured in all poiTiblc 
directions to impregnate the whole non-electric mals in contact with it, 
or nearly fo, however different in itR lf; and which muff o f  necefilty 
b  ̂ terminated by an originaily-electric, before the Electricity exerts the 
Icail attraction ; and then this power is obfervcd firft at that part o f the 
non-electric the moil remote from the originally-elcctric. Thus, for 
example, by an excited tubt: held over it, leaf-gold will be attract- 
ctl through glafs, cloth, held horizontally in the hand of a man 
(landing upon the floor, and this attraction is exerted to a confiderabic 
riiftance. On the contrary, the rubbed tube will not attract leat-gold, 
or other light bodies, howtver near, through fiiver, tin, the thinneft 
board, paper, or any other non-clcctric, held in the manner before- 
mentioned. But if you rub the paper over with wax melted, and by 
that means introduce the originaily-electric therein, you obferve the 
Eleñricity acrs in right lines, and attracts powerfully. And here I 
mult bi*g leave to remind you, not only o f  the former corollary, but 
o f fome of the former experiments alfo j by which it appears, that al
though, to make a non-electric exert any power, we mud excite the 
whole mafs thereof, yet we can excite what part, and what only, o f an 
originaily-electric we pleafe. Thus we obftrve, that leaf-gold, and the 
iced o f  cotton-grafs (which grows upon boggs, and is a very proper 
fubject for thefc inquiries), are attracted under a glafs jar made warm 
and turned bottom upwards, upon which are placed books, and fcveral 
other non-electrics j and that the motions o f the light bodies underneath 
correfpond with the motions o f  the glafs tube held over them, the Elec
tricity fceming inilantaneouHy to paTs through the books and the glafs.

,But this does not happen, till the Electricity has fully impregnated the 
non-electrics, which lie upon the glafs i which received Klcctricity is 
ilopped by the gfafs; and then thefe non-clearics dart their power di
rectly through the upper part o f  the glafs, after the manner o f  origt-

•  rh a vc  conftantiy obfcrved, that th f tícíírícaí artrftftion throogh glafi is much-tnore 
po-verful wlicn ihc t$ made warm, chan whe» cold. This tilcct may proccod from 
ft twofoM caufe : «varm. .riffyjiiOfs .nfjt condeofe tbe ^vater the aú> which
makes the gUfs» as has been before dcasoaficatcd,, a conductor o f  E!e£lricity : fecondly, 
as heat en!argc5 the dimenfions o f  all kriowVi bo^es, and) conftqOenity cauC^ theji* con- 
ftitucnt parts to recede from each other, the ele¿lrical f lu v ia ,  paíTmg infírait 
pfObably, a more ready paíTag*; through iheir pores.

nally-
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nally-eleflrics. But i f  the thinncft non-clcccric, even the fineft páper, 
as I before mentioned, is held in the hand o f  a man at the fmalleíi 
diitance over the leaf-gold, and the Electricity is not flopped, not the 
leaft power will be exerted, and the gold will lie ftill. I muft here re
mark likewife, tliat tl'.is law of Klectricity is fo conftant and regular, 
chat I have not found one deviation from it j fo that even the quickliiver,
Iprcad thin, as it ufually is at the back o f  a plate of a looking-glafs, 
will prevent the pafling thro* o f  the electrical attraction, unlcfs itopped 
by an originally-ele^tric This penetration of the eleitrical power 
througii originally-ele(5lrics is much greater chan has hitherto been ima
gined, and has caufcd the want o f fuccefs to great numbers o f  experi
ments. I have been at no fmall pains to determine, how far this pov;- 
er can penetrate tlirough a dry originally-eleólric ; and Jiave found, by 
repeated trials, that either in a cake o f wax alone, or o f  wax and refm 
mixed, when the Klciftricity is very powerful, it has palled, 1 fay, in 
llrait lines through thefc cakes o f the thicknefs o f  2 inches and A  ; but 
1 never could m.ike it aét through one o f  2 inchcs and vV ; for in this 
it was perfedly Hopped. So that the cakes commonly made ufe o f  to 
ilop the Kleftriciry, by being too thin, fuffer a confiderable quantity o f 
the eledrical power to pervade them, and be loft in the floor. I make 
no doubt if  the electrical power could be more increafed, it would 
penetrate much further through thefe originally-eleélric bodies.

Eledtricity in common v.’ith light likewife, when it’ s forces arc c o l- P r o p . III. 
Jected, and a proper circction given thereto, upon a proper object, pro
duces fire and flame

The fire o f Electricity (as I have before obferved)' is extrcnrely d c-C oroi;. 
licate V and fcts on fire, as far as I have yet experienced, only inrtam- 
mable vapours. Nor is this fiame at all heightened, by being fu¡)er- 
induced upon an iron rod, red-hot with coarfer culinary üre, as in a 
preceding cxpvrixiient ¿ nor diminiOied by being directed upon cold wa
ter Elowcver I was defjrous o f  knowing, if this flame would be 
afrected by a flill greater degree o f co ld ; and in oruir to determine 
this, i  made an artificial cold j by which the mercury, in a very nice 
Thermometer adjufted to fcale, was.deprelled in about 4',
from 15° above the freezing point to 30^ below i t ; that is,, the mer
cury fell 4 5 ’ . From this cold mixture, when electrified, the llaihes 
were as powerful, and the firoke as fmart, as from die red-hot iron.
I could have made the cold more intenfe, but the above was fafficient 
for my purpofe. This experiment feems to indicate,, that the fire of 
Electricity is affected, neither, by the prcfence or abfence o f other fire.
For as red-hot iron, by Sir I  Newion*s fcaleof hcac, is fixed at. 1-92 ,̂ 
and as the ratio between Sir degrees and FahrenbcW^ rs js 34 1̂0
180, it mcelTarjly follows^ thdt the diffvrenee o f  heat between che.Iwt 
iron a;id the cold mixture is .and'ficverthelcfs this vaíbdiíference
makes do alteration in xhe appearance o f  the elcctricaf ñame. ;W e find 
iikewife, that as the firej the rtfractionoi'thcrays:o£')igiit
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O/* E  L  E  C  T  R  I C  I T  Y .
by a Lens  ̂ and brought to a Focus  ̂ is obferved, firíV, at forne fmall 
diftance fVom their furfaces, to fct on fire combuftible fubftances; 
the fame cíFect, as I have before obfcrv’d, is produced in like manner 
by electrical ilanie.

I may perhaps be thought too minute in fomc o f  the before-mention
ed particulars but, in inquiries abiirufe as thcfe arc, where we have 
fo little a pricri to direct u?, the grcatclt attention mull be had to 
every circumftance, if we are truly defirous o f  inveftigating the laws 
o f  this furprifing power. For, as hai been faid upon another occafion, 
by my ever honoured friend Martin Folkcs  ̂ Klq; our moft worthy 
Prefident  ̂ “  That Electricity feems to furnilh an incxhauíliblc fund for 

inquiry : and k\rt phienomtna fo various, and fo wonderful, can arife 
only from caufes very general and extenfive; and fuch as mult have 
been defigned by t!ie Almighty A u t h o r  of nature for the produc
tion o f  very great efrects, and fuch as are of great moment to the 
fyfl-em o f  the univerfe/*
9. The favourable receprion wherewith you honour’d fomc pa|>ers I 

laid lx*forc you fome rime fmce, relating to Electricity, emboldens me 
to trouble you again upon the fame fubject : and I am the more encou- 

. raged fo to do, as the progrefs o f  our difcoveries therein, both here 
’ and abroad, has been fo rapid ; that what, little more than a year ago, 
w'c conceived to be the re plus ultra o f our inquiries, is now regarded as 
mere rudiments.

O ft. tsc. 1747. Read O ft. 30. í 7^6.

It were trefpafTmg too much upon you, to recount the great number 
o f experiments I have made *, for which reafon I íliall only take notice 
o f  fuch as are either in themfelves ílriking, or tend to illuilrate fome 
propofition.

A t the beginning o f  laft fummer I caufed a machine to be made for 
electrical purpofes ; the wheel whereof was four feet in diameter. In the 
periphery of this wheel were cut four grooves, correfponding with four 
globes o f  ten inches diameter, which were diipofed vertically at about 
3 inches diftance from cach other. One, two, or the whole number of 
thcfe globes might be ufed at plcafure. 7 'hey were mounted upon 
fpindles o f  two inches diameter, and their mean motion round their 
axis was about i i o o  times in a minute. A s it is next to impoflible to 
have thefe globes blown and mounted perfectly true, I order’d the lea
ther cuihions, with which they were rubb’d, to be ftuffed with an elaftic 
fubftance (curled hair) that the globes in their rotations might be as 
equally rubb’d as pofiible. Y ou  might likewife caufe the globes to be 
rubb*d by the hands o f  your aíTiftants ; but under a certain treatment (of 
which hereafter) the cuihions excite equally ftrong. T h e  leather cuihi
ons were now and then rubb’d over with whiting. A s  a miniite detail 

,o f  the parts o f  this machine would take up too much' o f  your time, I 
' have Jierewith laid before you a draught thereof. ■

I lined

lUllEIL



ao

0/  E  L  E  C  T  R  I C  I T  Y . 295
I Ikicd one o f  tbcfe globes to a confidrrable thicknefs, with a mix- 5 4- 

ture o f  wax and rtTin, in order to obfcrvt whether or no the Electricity 
would be the foontT or more flrongtrly excited; but I found no cliftc- 
rcnce in the power of this globe Irom the others, which were without 
this treatment.

The power o f Electricity is increafed by the number and fize of the § S* 
globes to a ceitain dec ree ; but by no means in projxjrtion to their num
ber and fizc : thcreiorc, as the bodies to be cicctniied, will contain only 
a certain quantity o f  Elcdricicy, o f  which more largely hirreafter ; when 
that quantity is acquired, w'hich is fooneit done by a number o f globts, 
the furcharge is diliipatcd as tafl. as it is excited.

Aiter the globes had been a few times ufed, I found myfelf mafter o f  § 6. 
a much greater quantity o f  eleitricai power, with much Itfs labour to 
myfelf, than wlicn 1 ukd only tubes. I could attract and repel light 
fubilances at a much greater diftancc than before; fire fpirits o f  wine, 
camphire, and all other fubílances whofe vapours %vere inflammable, with 
great eale, and at any diilance, with xion-elcdlrics placed upon origí- 
nally-elfélrics ; 1 could fire them, I fay, at all times ; though not 
equally eafy, when the weather was moilL

1 difcovcr*d with this machine, and communicated to fcveral Mem- § 
bers ot this ¿VaV/v, leveral o f the experiments faid to be firft made by 
M . le Mcnnier at Paris^ before the letter communicating them w'as re
ceived by our Prt/ide)U from thence.

1 order*d ar.otner machine to be made for a friend o f  mine, which § g, 
carried a globe of 16 inches diameter. I united the power o f this large 
globe with that o f  3 o f  the others before-mention’ d, and found the 
ftrokes trom the excited non-eledrics not increafed according to my 
expedation. In two experiments indeed, where the difiipation o f  the 
whole power o f  thefe globes was vifible as fail as it was excited, the 
eíFeíl o f  this additional globe was very confiderable. The firft was, 
when two pewter plates were held, one in the hand o f  an electrified 
man, and the other b.y one itanding upon the floor: when thefe plates 
were brought near each other, the flalhes o f  perfectly pure and bright 
flame were fo large, and fucceeded cach other fo fait, that, when the 
room was darken’d , I could difliindly fee the faccs o f  13 people who 
flood round the room. The other was from a piece o f large blunt wire 
hanging to the gun-barrel; from the end o f  which, when eledrificd, and 
any black * uon-ek6lric unexcited was brought near, though not near

*  In the coarfe o f  thefe obfervations, whenever I  mention either origínnfiy-eíeéirfcs or 
non-clcflrics, I always undcriUnd the whole gtnus o f  cach» 'I'hus u hen I mention a man 
placed upon originali) «clcdrics, i  «m indiSercnt whether he is (uiperK^cd either in lines o f  
dry filk, hair, or wool ; or (which is much more coovenicot) if  he fta.'jds upon g)uis, 
wax, refm, pitch, fulphur, (jfr. or upon different mixtures o f  thcfc, i f  o f  a {^Aictent 
thicknefs. As we are now mailers o f  a greater ele^rical power than heretofore, 1 have 
iound the E leclrkity pfrv*de, tho‘ in very linall quantit)', originaMy-OiCilrics o f  above 
íúur loches diameter.
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enough CO caiiTcijhap, a bruOi o f  blue lambent totally difft.%
ra x  irop.i tíic fornii-r, was very coni];icuoiis when the room was tlark^ 
ot' more an inch long and an inch thick. I mention that what iw 
ht*id,:'.eur cl'.c bottom of the wire Ihouiii be black, btcaufe then you fee 
ihis t1atne'more*ili:irp. Here the phofphore.'.l Imt-li mi<̂ ht be perceived- 
;:t a ccnfidcrable dillar.cc, i f  the back ot your hand wa? brought ib near 
this wire as to occaiion a fnap, and tluf.-. inaps w:-re received for fonw. 
lir.ic, you woiiUl Icil them Jikt io many piu dturcs upon yeur Ikin, oc- 
cafioning red Ipots, which have laftcd ¿4 hours. . ,

if, when a ptrlua^is'clectrijictl, ne bnp^s liis iiand upon the qloaths 
of one that is not, tliJy both have a ri;nf;itK;n exaftiy 'rflcmbllng that of 
many pins running into;the ikin, v/hich^pntinucs as lojig as the globes 
;ire in motion. 1 h;s is nioft perceptible wh^n the cloaths are ot thin 
woolit'n cloth or fiik, anjmaí Jubilances; lefs fo, when of linen or cot
ton, which are vegetable.

h fome oil ot tiij-ptntine is fet on fire in any ycíul .hdd in the hand 
of an ekctrilied man, the thick fi î^kg that .arifcs therefr.om receiv’d 
;^ainil any non-eledric of a l.irgc lurUce, hejd in the |iand of a fccond 
man itanding upon an electrical cake ; this üpoke, I fay, at a foot dif- 
tapce from die tlame, will carry wich it a fufiicient quantity oí t i t d r i -  
city for the fecond man to lire any inflammable vapour. . I'he elqclrical 
ftrokes have been likewife perceptible, upon the touching the fecond 
man, when the non-cle¿lric held in his hai>d.has been in thefmoke o f  the 
oil of.turpentine between 7 and 8 feet above the fiame. Ilere. we find 
the.frnoke o f  an originaily-eloilric a condu<ftor.ot' Mleílñcity.

Likewife if  burning fpirit o f  wine be fubftituted in the place o f  oil o f 
turpentine, and i f  the end of an iron rod in the hand o f  the fecond man 
be held at the top o f  ^he flame, this fecond man will kindle other warm 
fpirits helti near his finger. Here we find that flame condu<fts the Elec
tricity, and does not perceptibly diminiíh it’s force.

Thefe two experiments demonftrate, that the opinion o f  thofe is erro
neous, who fuppofe theeledrical effiuvia to b e  o f  a fulphureous nature*, 
and that thefe themfelves are fet on fire at the fnapping obferv’d, when 
you bring non-eleélrics unexcited to thofe that are. I f  their opinions 
were true, the eledlrical effluvia íhould be deftroyed by the flame in both 
the preceding experiments; the contrary o f  which is obferved.

I now proceedto take notice o f  that furprifing efi:'ect,that extraordinary 
accumulation o f the electrical power in a phial o f water, flrft difcover’d by 
VvokfíovMuJfchenhroekyTi man born to penetrate into thedeepeft myfteries 
0Í Philofophy : and I hope 1 ihall ftand excufed, if  I enter into a minute 
detail o f  the circumftances relating thereto. The experiment is, that a 
phial o f  water is fufpended to a gun-barrel by a wire let down a few in
ches into the water through the cork ; and this gun-barrel, fufpended in 
filk lines, is applied fo near an cxcited glafs globe, that fome metallic 
fringes inferted into the gun-barrel touch the globe in motion. Under 
thefe circumftances a man grafps the phial with one hand, and touches

the
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tlie giin-b.irrel with a finger o f the other. Upon which he receives a 
violent fljock through both his arms, elpecially at his elbows and wrids, 
and acrofs his brcaft. This experiment fucccods befl, c<eUris paribus-^

1. When the air is dry.
2. When the phial containing the w'atcr is o f  the thinneíV glafs.
3. When theoutfideot the phial is perfe¿tiy dry.
4. In proportion to the number o f  points o f non-electric contact.

Thus if you hold the phial only with your thumb and finger the 
fnap is fmall ; larger when you apply another finger, and increafes 
in proportion to the grafp of your whole hand.

5. When the water in the phial is heated; which being then warmer 
than the circumambient air, may not occafion the condenfing the 
floating vapour therein upon the furface o f the glafs.

From thefe confiderations it is to be obferv’d, that this effcéf arifes § 14..
Irom electrifying the non-eledlric water, included in the originally-elcc- 
tric glafs i lo that whatever tends to make the outfide o f  the glafs non- 
eieólric by wetting it, as, a moift hand, damp air, or the water from 
the infide o f the phial, defeats the experiment, by preventing the requi- 
fire accumulation of the eleélrical power.

That a gun-barrel is abfolutely neecfiary to make this experiment fuc- § 15. 
ceed, is imaginary ; a folid piece o f  metal o f  any form is equally ufefui.
N or have I yet tound, that the flroke is in proportion to the quantity 
of eleélrified matter •, having obferved the ftroke from a fword as vio
lent as that from a gun-barrel with fevcral excited iron bars * in contadt 
with it. ;

I have tried the effeft o f increafing the quantity o f  water in glafles § 16. 1

o f different fizes, as high as four gallons, without in the lead increafing !
the ftroke. If i* filings o f  iron are fubftituted in the room o f  water, the 1
eíFeél is confiderably ielfenVi. If mercury, much the fame as water *, 
the ftroke is by no means increafed in proportion to their i'pecific gra- . ■
vities, as might have been imagined ||. !

T he phial Ihould not be lefs than can conveniently be grafped. I gene- § 17- 
rally make ufe o f thofe, which hold feven or eight ounces, and fill 
them about four fifths with water; and the ftroke from one ot thefe, 
under the fame circumftances, is equally ftrong with that o f  a Florence |
flafk held in the hand, w'hich I have fometimes made ule of-, though

•  I f  o f  fix ir.cn touching each other, and Handing upon or¡ginalIy-c!e¿írics, one touches t
the gun barrel, the wiiole are eicdrifieci j all thcfc then inuil be confider’d, a$ <o much
excited non-ilcflric matter. From the aggregate o f  all thcfc, not more fire is vifible upon ^
the touch than from cither o f  them fingfy.

f  For a further account o f  the filings o f  iron, made ufe o f  in this experiment, feo 
Art. 28. 5 >4* * *

I In this experiment, and in others, wherein we aflert, that the flroke is not increaf- 
cd in proportion to the (jaan:ity o f ele-ilrified m atter; itm uft always be undeillood, that 
the cxcited non cleflrics thcmfelvcs are touched, without being contained in originally* 
eleilrics, as water in the gIaf  ̂ j for otherwife (as will hereafter be fpecified) the cffcifls o f
different quantities o f  matter will be very different. > t
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|l the g\afs o f  this laft is equally thin with that o f  the phial, and the qiian-
[I iity  o f  water four times as much. T h a t  the ílro k c  therefore is not as the
>i quantity ofv;ater clcdlrificd, is evident fiom  this experiment. T h i s f a d

does not depend upon my ju d gm en t alone, but likcw ife upon the opi- 
I nions o f  feveral learned M em bers o f  this Society  ̂ w ho have experienced

the greater and lefs quantity o f  water.
;  ̂ ,3 If a dry tw ig  o f  birch, or any other w ood, be run through the cork

tnilcad o f  the metallic wire, the ftroke is not greater than is ufually felt 
from the gun-barrel without the application o f  the water. I 'h e  llroke 
is likewife ieíTcn*d, i f  the phial is held in the hand with a g lo ve  on.

 ̂ ly. A fter  the gun-barrel and phial have been fufficiently excited, which
is done in a few feconds, the furcharge is diíTipaced ; fo that the conti
nuing the motion o f  the macliine ever fo long after the faturation is com 
plete, docs not increafe the electrical force.

 ̂ 20; T h e  force o f  the ftroke from the electrified phial does not increafe in
proportion to the dimenfions o f  the glafs, or the number o f  globes 
employed. I have been ftruck as forcibly with one phial from a globe 
o f  7 inches diameter, as when 1 made ufe of, at the fame time, one o f  
16 inches, and 3 o f  ten. I have been lately informed, that at Ham
burgh  a fphere was em ployed for this purpofc a Flemijh  ell in diameter, 
without the expected increafe o f  power.

W hen the phial is well elcdrified, and you apply your hand thereto, 
you fee the fire flaflies from the outfidc o f  the glafs wherever you touch 
it, and crackles in your hand.

 ̂ 22. T h e  phial may be electrified by applying the wire therein to theglobe
in motion *, after which, i f  it is grafped in one hand, and the wire

I touched with a finger o f  the other, the ftroke is as great as from the
[ gun-barre!. I f  you only bring your finger near the end o f  the wire

without touching it, you obfcrve the fame bruih o f  blue flame, as from 
! the wire hanging to the gun-barrel, before taken notice of. T h is  in-

ftantly difappears upon touching the wire, though you do not receive a 
fhock, unlcis at the fame time you grafp the phial. 

i  23. i f  you grafp the phial with your hand, and do not at the fame time
touch the wire, the acquired Electricity o f  the water is not diminiíhed. 
So that, unlefs by accident or othcrwife the wire is touched, the elec- 

’ trified water wiil contain it’ s force many hours, may be conveyed feveral
j' miles, and atccrwards exert it’ s force upon touching the wire.
?! 5 24. If, when the machine is in motion, the phial is hung upon the gun-

barre!, no increafe o f  the ftroke is perceived upon touching the gun- 
barrel with your finger, unlefs at the fame time the phial is taken ia 
the hand.

j  25. If, when the gun-barrel and phial are excited, you grafp the phial
with one iiand, and touch the gun-barrel v/ith a piece o f  any metal held 
in the other, tbe íliock is as great in your arms as though you touch- 

li( ed tiK gun-barrel with your l in g e r ; but not the lead llio ck  is feit, if,
initcad o f  ¡riCtal, you touch the gun-barrel with a piece o f  dry wood.

I have
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• f  have felt a very great ílroke, wlien Í himg two phíals to the gt'n-  ̂ 26. 
barrel, and, grafping them both, brought my forehead near it. T he 
Ihoclc then was fo violent, that I feeni*d Itunn’d, as though (truck on 
the head with a great (lick, end Í have never lince chofen to repeat this 
experiment, 'i'his increafe o f  the ekftrical force was owiiig to the ad
ditional phial, whereby the points o f  non-eledric contaft v/ere aug- 
inented.

I.ikewife if a perfon place<l upon originally-ek'ilrks, grafps two § 27. 
phials, as before-mentioned, and a fecond pf-rlon, (landing upon the 
tioor, touches any part o f  his body, a very flight ílroke only is per
ceived. But if the fecond perfon, while the globes are in motion, pla* 
ces one o f  his fingers upon the hand, or any part o f  the naked body of 
the firll, and at the fame time touches the gun-barrel w'ith his other 
hand ; both feel a (liock equal to that juft now mention’d, but more 
tolcrabk*, becaufe not felt in the head, in the arms only, and acrofs 
the breath In this experiment, it is not neceilary that the outfide of 
the glafles held in the hands fliould be dry, as in the former expe
riments j becaufe whatever by the moiflure is communicated to the man, 
is (lopped by the originally-eleÓlrics upon which he is placed. If, in- 
lleatl o f  his hand, you gently touch the firft perfon*s cloaths, you only 
perceive a fmall llroke upon your finger; but if  you prefs his cloatlis 
clofe to his body, you frequently pcrceive a double í lro k e ; the one,
Oight irom his cloaths ; the lecond, a violent íhock from his body.

Upon Ihewing fome experiments to Dr Bevh, to prove my alfertion § 23. 
that the (Iroke w'as, cateris faribus^ as the points o f  contact o f  non- 
eleí5lrics to the glafs, that ingenious Gentleman has very clearly demon- 
ilrated it likewife by the ibllowing experiment : he wrapped up two 
large round-bellied phials in very thin lead fo clofe as to touch the 
glalfes every-where, except their necks. Thefe were filled with water, 
and cork’d, with a ilaple o f  i'mall wire running through each cork into 
the water. A  piece ot ílrong wire about 5 inches long, with an eye at 
each end, was provided,and at each end o f  this hung one o f  the phials o f  
water by the Imall ilaple running through the cork. A  fmall wire loop 
then was faHen’d into the lea<i at the bottom o f  each phial, and into thefe 
loops was inferted a piece oi ílrong wire like the former. It then thefe 
phials were hung acrofs the gun-bsrrel and electrified, and a perfon ftand- 
ing upon the floor touched the bottom wire with one hand, and the gun- 
barrel with the other, he received a moil violent iliock through both Jiis 
arms, and acrofs his breaft.

Thefe phials may be concealed, and the fliock be more univerfal, in  ̂ 29. 
the following manner: the phials may be placed in a corner of the room, 
and any thing laid over them, fo as not to touch the upper wires ; then 
a very fine wire mull be fufpended to the gun-barrel, and failen’d to the 
upper ílrong wire. A  fecond piece o f  fmall wire, o f  a fufiicient length 
to reach irom the phials almoft under the gun-barrel, nuiíl be faílen- 
ed to the lower ílrong wire, and this may be conceard under a fioor-

Q^q 2 cloth.
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c3oth. T h e  phials then are eleftrificd j and i f  a perfon, placing his 
foot upon the fioor-cloth over the wire which comcs irom  the bottom o f  
the phials, touches the gun-barrel, he receives a m oft terrible Ihotk. 
T h e  firft time I experienced it, was when the phials were fully elcdlrifi- 
ed, and both m y ieet were placed upon the wire. U p on  receiving the 
ilroke from the gun-barrel upon m y finger, it feemcd to m e, ufed as I 
am to thefe trials, as though m y arm were ftruck o ff  at m y flioulder, 
elbow, and wrift *, and both my legs, at the knees, and behind near the 
ankles. So that, to try the effeóts o f  this experiment, you m uft be 
careful o f  not electrifying the phials too much. If a dozen or m ore o f  
thefe phials, or one very large bottle, w e reco vcr ’ d over with thin lead 
in the above manner, and ftrongly eleélrificd, and this E k d r ic i t y  were 
difcharged by a man at once in the manner here mention'd, I Ihould
dread the confequences. 

y .  W e  muft obferve, that this ihock is not felt, unlefs the wire, com ing
from the bottoms o f  the bottles, is touched ; and then not, i f  the flioes 
are dry, and of confequence originally-elcttric. In this experiment we 
fee the efieits o f  the increafe o f  the points o f  c o n ta c t; and it feems the 
more furprifing to thofe who are not acquainted with the caufe, when 
the wire is concealed under a floor-cloth, that the m ovin g  o f  their icet 
only one inch, íhould occafion them, all other circumllances appa
rently the fame, to feel a violent íh o ck , or none at all. A  thick carptt, 
inftead o f  a fioor-cloth, is liable to prevent the fuccefs o f  this experiment, 
lor the fame reafon as dry ihoes. T h is  experiment may aptly enough be 

i called, the fpringing an eleftrical mine.
J 31. If, in the former experiment, the lower fmall wire is fatten’d to an iron

rod i and if, when the phials are ever fo ftrongly excited, that rod is held 
t in the hand o f  a man itanding upon the floor, and with it he touchcs the

gun-barrel, he perceivcs no m ock, for rcafons prefently to be afTigned.
' But i f  he takes this iron rod in one hand, and touches the gun-barrel

with the other, he then is violently ftruck. \ Y c  muft here obitrve, that 
the violence o f  the ftroke is always felt in our bodies, in proportion to 
the loudnefs o f  the explofion, and the quantity of fire feen. Therefore, 
as both thefe are equally perceptible, whether the E k ctric ity  pafies only 
thro’ the iron, as in the lirft of thefe inftar.ces, or thro’ our todies equally 

j with the iron, as in the ft'cond; we conclude, that in both there is
 ̂ the fame degree o f  eledtrical force. B y  the firft o f  thefe methods you

arc capable o f  m aking others fenfible o f  the electrical force, without feel- 
in g it  yourftlf. T h is  experiment, as well as the laft, will adm it o f  infi

jo nue variation.
 ̂ 3̂ * If a man, ftanding upon an eleCtrical cake, takes the phial fufpended

to the gun-barrel in his hand, by thefe means he acquires fome ekdtrical

{
power ; for if , under thefe circumftances, he touches the gun-barrel, he 
only receives a flight ftroke. I f  then, without having had any co m 
munication with unexcited non-eleétrics, he touches the gun-barrel again, 
the globes being yet in motion, he receives no ftroke at all.

If
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I f  to the gun-barrei an e g g ,  cither raw  o r  boiled, is fufpendcd by a S 33- ^
piece o f  wire, and a perfon, g rafp in g  the cleólrified phial in one hand, 
brings the palm  o f  his other near the bottom  o f  the e g g ;  at that inftant 
he receives a fm art ftrok e, and his hand feems full o f  a m ore red fire 
than isu fu a lly  obfcrved. In this experim ent the ftroke  is m ore confined 
to  the hand w ithout ll io ck in g  the arms, than when y o u  touch the 
gun-barrel it fc lf ;  it m ore relem blcs a ftroke  o v er  the hand w ith  a 
ferula.

I f  any num ber o f  people ftand upon originally-eledtrics, and com m u -  ̂ 34. 
nicate w ith  each other b y  any non-ele£tric m ed iu m , efpecially metal, 
they are by thele means all equally  ele6l:rified j and i f  a perfon ftand- 
in g  upon the floor, and h o ld in g  the phial o f  water hanging to  the gun- 
barrel in lys hand, touches the perfon furtheft from  the gun-barrcl, the 
w hole  num ber receives a íliock  equal to  any one touching  the gun-barrel 
fingly.

I f  a num ber o f  perfons, how  great foever, (land upon the gro u n d , § 35. 
com m u n icatin g  witli each other as before, the firft o f  which grafps the 
phial, and the laft touciies the gun-barrel, the w hole num ber receive a 
ih o c k  like the former. T h is ,  w e  are in iorm ’d, M . k  M om ie r  at l^aris 
com m unicated through a line o f  m en, and other non-eledtrics, m eafuring 
nine hundred toifes.

Several experim ents Ihew, that the eledtrical forcc alw ays defcribes a  ̂ 36, 
c ir c u it ; e. g .  i f  a man holds the eleilrified  phial in one hand, and touches 
the gun-barrel w ith  the other, he feels the ft\ock in no other parts o f  his 
b ody than in his arm s, and acrofs his breaft. S o  that here w e fee the 
eleétrical p ow er d an s  retlijfimo curfu  between the gun-barrcl and phial.
T h is  is m ore particularly dcm onftrated by the fo llow in g  experim ent, in 
w hich, th o u g h  the tw o  lines o f perfons m ay be o f  any length, w e  only  
fpecify, that each confifts o f  4 , for the fake  o f  perfpicuity.

O f  one line, let A  touch the gun-barrel, ftanding upon w ax, and i  37- 
com m unicate w ith  B C D  likcw ifc  ftanding upon w ax. O f  the other^’jg 
line, let i take  the eledtrified phial in his hand, and jo in  w ith 2, 3, and 4 , 
all ftanding upon the floor. If ,  under thefe circum ftances, the firft line 
is eleótrificd, and 4 touches Dy all e igh t arc ftruc'k through. I f  4  
touches C , D ,  th ou gh  e led rified , feels nothing, and the rem aining feven 
are ftruck^ fo that here D  is left out o f  the circuit. I f  4  touches 5 , 
only fix feel the íh o ck , and C  and D  feel n o t h in g ; and thus you  m ay 
proceed to w h o  m u ft always neccftarily feel, i f  either h im felf or any 
ot his line is touched. Ir, when both lines are as before-mentioned, D 
touches 3, 4  is left o u t o f  the circuit, and the rem aining feven feel the 
ftroke. I f  ¿ 'to u ch e s  2, the circuit confifts o f  five, Z), 3, and 4  being, 
th ou gh  under tlir fame circum ft iiices, left o u t ; alw ays o bferving, h o w 
ever thefe circuits are d ivcríiíied , that-^, w h o  touches the gun-barrel,
*ind I , w ho holds the phial, arc certain to  feel the ftroke.

T h is  experim ent m ay be reverfed, the lines being as before, in the fol- S 38. 
lo w in g  manner, whereip likew ife  this circuit is always obfcrvable. L e t  A

touch
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touch the gun-barrcl as before, and D  liold the wire o f  the e k d rif icd  
phial in his ^ngcr. Lot 4 graip the phial, and i touch B  then /-/ feels 
npthir.g, being Icfn out o f  tiic circuit, and t h e o t lu r  ftven ;uc ílruck. 
i r  4  touch^'i CV:tÍK"  ̂ y/and B  feci nothing, the circuit confiflm g o f  the 
rcnuin'ing ii.v B ut it is to be o bfp rvai, as in the ibrnuT experiment, 
that 4, w iiografps the phial, and A  who hold^ the wire, m u fto f .n e -  
ceíüty be a,!\yay  ̂ in the circuit. 1 have been the more particular in t!iis 
matter, as it dcmonftrates the courfe o f  the elcdtrical power to  be in the 
ipo(t qirccc manner between the gun-bi^ncl and the electrified phiai.

Lil^ewife, i f  a ^erfon, Handing upon an orlginally-eledric, touches 
the gun-barrel with his right hand, a piece ot wire being placed round 
his left leg, and a fccond perfon, ftanding likewife upon the w ax, takes 
hold o f  the extremity o f  this wire^i then let another perfon, Handing
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§ 39

44

neareft courfe o f  ihe eledlrical power.
 ̂ 40. I f  any number o f  perfons communicato b y  pieces o f  wire, and if, any

one o f  them brings together the ends o f  the tw o pieces o f  wire io his 
hands, upon the gun-barrel’ s being touch'd, he will perceive no ílroke. 
But i f  the ends o f  the wires are but a  ̂ o f  an inch afunder, he will be 
ihaken in both his arms*, becaufe then his body will become part o f  
the circuit.

 ̂ +'• li ,  when any ngmber o f  perfons join hands, or com municate by any
metallic médium Handing on the floor, one grafps the phial, and- joins 
with the reft;  U|>on the gun-barrcPs being touch’d by the laft perfon o f  
the line, the whole number are ftruck, and he who grafps the phial, as 
Ibrcibly as th? red. But i f  tw o phials are em ployed, and lie grafps 
them both, with a piece o f  w ir e o f  fufficient length held between his fin
gers, which wire touches both phials, and it*s end is taken hold  o f  by 
the fecond perfon o f  the line ; i f  then the laft perfon touches the excited 
gun-barrci, all in the line are violently ílru ck, except the perfon \vho 
grafps the phials ; but he feels little or nothing o f  the ilroke.

 ̂ 42. T h e  ftruke is very violent, when a wire is put round the naked
head, or under the  peruke, and the perfon grafping the phial touches 
the gun-barrtl with the ends o f  the wire, or it he holds the wire between 
his teeth.

5 43. I f  a perfon, Handing on the eledrical cakes with gold  or filver lace up
on his coat, takes hold ot the gun-barrel, and another perfon grafping 
the ekcT:rificd phial touchcs the bottom o f  the lace, the perfon eledrified, 
i f  he holds down his head, feels the blow under his chin. T h e  lace in 
this inftance has the fame eíFeíts as a piece o f  metal *, at the end ot
which, if placed in the fame manner, you would necefiariiy feel the 
Hroke. ^

I now proceed to fliew, by what Heps, in m y inquiries into the nature 
o f  E le ilr ic ity , I difcover*d that the glafs tubes ^nd globes had not the

electrical
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eleñrical power in themfclvcs, but only ferved as the firft movers and 
determiners o f. that power.

Several months fince, I obferv’ d that, by rubbing a glafs tube, while  ̂ 45. 
ilamliiig upon a cake o f  wax, in order, as I expeíted, to prevent any o f  
the electrical power irom  difchargvng itfelf through m e into the floor i 
contrary to m y cxpeétation, that power was fo much lelTen’ d , that no 
ihapping was to be obfcrv’d upon another’ s touching any part o f  m y  
boay. But i f  a perfon not electrified held his hand near the tube whilft 
it was rubbing, the fnapping was very Icnfible. T h is  I fliew’ d to feve- 
ral M em bers o f  the Society  ̂ and others, w ho did m e the honour 
to vifit me. Afterwards I met with an experiment o f  the fame kind, in 
a treatile publiili’d by PrófcíFor Bofei intitled, R ecb erch es f u r  la cattfe et 
fu r la v er ita b le  th eorie de l 'FJeSiricitéy which that ingenious gentleman 

Yays, had given him great trouble by it’ s oddncfs. T h e  experiment is, 
that, i f  the clcdtricai machinc is placed upon originally-eleftrics, the man 
who rubs the globes with his hands, even under thcTe apparently favourable 
circumilanccs, gives no fign oí being electrified, when touched by an un- 
excitcd non-clcClric. But it another perlón, (landing upon the floor, does 
but touch the globit in motion with the end o f  one o f  his fingers, or any 
other non eleétric, the ptrlbn rubbing isinftantly eleftrificd, and that very 
itrongly. T h e  folucion ot this feemingiy contrary to the al
ready difcover’ d Jaws o f  : lectricity, had terribly tormented him ; but 
however he has given us the foliow m g, which he m odeft.y calls a plaufible 
fubterfuge rather thanalbiution-, v iz ,  that a power cannot a£t at the fame 
time with all it’ s v igour, when one part o f  it is already employed ; as a 
horfe, who already draws an hundred pounds, cannot draw an additional 
weight as freely as if he had not been loaded at all. T h a t  the hand e x 
cites the virtue already in  the fphere •, therefore i f  the fame power im 
pregnates the man, there remains none for the globe. I 'h a t  tm: virtue o f  
the globe then cannot be communicated at the fame time to the man, by 
w hom  it is created. 'I'hat he, who gives it, cannot receive it himfelf.
From  theic, and fuch-like confidcnitions, it appears to him, that the man 
upon the ground, who holds his fingers to the globe in motion, inflead 
ot his di’miniihing it’s electrical force, throws that force back again over 
the man, who excited it. I 'h a t  the finger in this cafe feems to operate 
as an electric fe r  fe^ and drives back the eleCtrical power.

1  have feen an account of *  M r  yiUamaml  ̂ lately printed at t h e ( 46. 
wherein he takes notice o f  úú?,^háencmenon. H e  tells us, that as part o f  
the ekétrical power o f  the globe paifes o ff  by the frahic, upiSn which 
the globes are mounted, into the floor, and diiTipated thereby ; he con
ceived, that i f  the machine, and the man who rubb’ d the globe, were 
placed upon pitch, to prevent this difiipation, tiie 'fire of Electricity 
v.ould be more ftrong. But the confequehce is extrt,moIy odd and un- 
cxj:éet'ed *, for contrary happens ; and the éleétricál jjov.'ur is confi* 
cerably diminifhed, and-fometimes there is evert none at all.

Biblhthejuc Britannique pour Its mois ele Janvier, F ev ru r, ei Mars, 1747.
1 tried



S 4 7 . I tried this experiment feveral times with m y  machine, and the man, 
who turns the wheel thereof, mounted upon the eledrical cakes. I f  the 
air was dry, and rhe machine placed at i'ome diftance from non-ele¿liical 
lubiVances, as the iides o f  the room, cnairs, and I'uch-hke ; after one or 
tw o fmall fnaps, the gun-barrel, fupported by filk lines, and hanging in 
contait with the globes, w ouki, tho* tiic machine were in motion a con- 
fidtrabie time, attract no light fubftances, nor emit any fire. T h is  in
duced me to conceive, that the electrical power was not inherent in the 
g!afs, but came irom the floor o f  the room ; and i f  the fact were fo, 
the gun-barrel Ihouid inap upon m y touching any part o f  the machine. 
I 'h e  confequence fully anfwer’d m y conjectures; tor while I flood upon 
the fioor, the globes llili in motion, I put one hand upon the frame o f  
the machine, and touched the gun-barrel with one o f  the fingers o f  my 
other. U p on  this, fire iifued, and the fnapping continued as long as I 
held m y hand upon the machine, but ceafcd upon taking it off. T h is  
at once proved to me, that the electrical fire paiTed fr©m the fioor thro’ 
m y body to the machine. I then order’d the man to put one o f  his 
feet from the wax upon the f io o r; which, as foon as he complied with, 
cauicd the Electricity to fnap at the gun-barrel, and this ceafcd upon his 
replacing his foot. Here I found, that the elcctrícal power came through 
the man.; and that, in thefe inftances, eitlier m yfelf, or the man who 
touched the fioor with his foot, was to be regarded as an additional part 
o f  the machine communicating with the fioor. T h e le  confiderations led 
me to make the following experiments.

I f  m y conjccturcs were well founded, and i f  the electrical power, the 
man and the machine being placed upon originally-electrics, went through 
m y body to the machine, a fine wire, held in m y hand at a few inches 
diifance, ought to be attracted by any part o f  the machine. 7 'his fuc- 
cceded accordingly, but the attraction Jailed a very fmall fpace o f  time, 
and the wire again hung perpendicularly trom m y  finger, though the 
globes continued in motion. I'his induced me to believe, that the gun- 
barrel, and the other non-clectrics fufpended in contact with the globes, 
would only contain a certain quantity o f  the electrical ic th e r ; and if 
this were the cafe, the attraction o f  the wire to the machine would be 
continual, i f  the electrical power found again a communication with the 
fioor, as the wire was the only canal o f  communication te w e e n  the fioor 
and the machine. W hereupon I placed one o f  m y fingers upon the 
gun-barrel, and held a wire near the machine with m y  other hand, and 
lound, that as long as m y finger continued upon the gun-barrel, the 
wire was attracted, but no longer.

Here we find, that one caufe o f  the electrical attraction is the current 
o f  the electrical a;ther fetting to the machine through the wire ; and this 
current is ftopped from tw o caufes i one, when there is no difcharge 
thereof from the gun-barrel, the accumulation being com plete ; the other, 
when other currents are opened, that is, when the machine is touched in 
other parts.

In
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Ill thcfo, aiul the fubfequent experiments, I always fuppofc the air § 50. 
very d r y ; for i f  it is not, and the filk lines, which fupport die non- 
electrics, are wetted thereby, the electrical pow er will be difcharged along 
thein, and the wire will be conftantly attracted, as 1 have frequently on 
purpolc exjperienccd and this difcharge is in proportion as the hncs arc 
more or Id's wetted.

I f  a man ftands upon the machine placed upon originally-eiectrics, § 51, 
and the gun-barrel with the other non-electric-s arc fufpended as ufual in 
contact with the globes, no Electricity isobfcrved in that man ; but i f  a 
wire, hanging to the wainfcot o f  the room , touches the gun-barrel, or 
a man {landing upon the fioor applies his finger thereto, the man upon 
the machine emits fire copiouQy ■, and either himlelf, or the man who 
turns the wheel o f  the machine, fires inflammable fubftances. But this 
effect is no longer obfervable, when the wire, ^ c .  are rem oved fron\ 
touching the gun-barrel. So that, in this experiment, tlie ufual courfe 
o f  the Electricity is inverted ; and that power, which, in m oit other in- 
ftances, is brought by the w ood-w ork  o f  the machine to the globes, 
and by them difcharged upon the gun-barrel, is now brought b y  the 
w ire to the gun-barrel, and from  this the globes throw it all over, not 
only tlie machine, but any non electric in contact with it, i f  the E le c
tricity is (topped. In this experiment, i f  an iron rod, {landing upon the 
fioor, is inclined againft tJie loops o f  the filk  lines which fupport the 
gun-barrel, in fuch a manner as not to touch the gun-barrel, the electri
cal fire, which pafics from the iron rod to the gun-barrel, inflead o f  be
ing fupplied conftantly, comes in by fnapping lb long as any unexcited 
non-electric communicates w ith  die machine, but ccafes upon it’s be
ing rem oved : and if  the air is very  d ry , and none o f  the Electricity 
conducted down the filk lines, the fiiapping from the iron rod to the 
gun-barrcl will frequently correfpond to the touching o f  the wooden ina- 
chinc with your fingers, and ftop upon your taking them off. A n d  this 
experiment will look  much like m agic, even to thofc w ho are acquaint
ed with the operations o f  E lectr ic ity ; for i f  the perfon who turns the 
wheel o f  the machine, and Hands upon the cakes, be properly inilruct- 
ed : upon your bidding the gun-barrel fnap, he only puts the toe o f  his 
fiioe upon th e  floor, and it fnaps immediately, and continues fnapping 
as long as he keeps it there *, but i f  you order it to ceafe fnapping, he 
almoft imperceptibly replaces his foot upon the cakes, and it ceafes^
T h is  may be repeated as often and as long as you pleafe.

M an y experiments demonilratc, that ii the Elei'tricity is not ilopt, no \ 2̂. 
fign o f  it*s prefence, cither by fire or attraction, is obfervable in the 
non-ele¿lric bodies fufpended to the globes : that is, although ever fo 
great a quantity be determined by the globes overthefe bodies, the E lec
tricity paflTes o ff  from them rivo  to the floor, from whence it 
c a m e : but i f  the E le c lr id ty  is ftopt, it is then accumulated upon thefe 
non-ele£krics; but this can be done only to a certain degree, as is mani- 
feft from  a former experiment. A n d  if, when this power is accumulat- 

V O L .  X . P a r t i i .  R r  cd.
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cd, a man ftandlng upon the floor touches now-and-then the non-elec
trics with his finger, the E lcftric ity , -which is here accumulated, fnaps,, 
and the fire is always obfervable. B ut this fnapping is not, when the 
e i e i k r i c a l  power pafies o f f  continually, as from apiece ol blunt wire hung to 
the fufpended gun-barrel, and the hand o f  a man brought near it without 
touching ; whereby the elc£trical power becomes vifible, like a fine blue 
conc o f  flame, with it’ s point towards the wire. W h e n  the hand is 
placed ar a proper diftance, the blaft, like that o f  cold air, is therefrom 
very manifeft. I f  you do not determine the Eleétricity b y  thefe means 
to  a point, the diíTipation o f  it is general, and from all parts o f  the ex
cited non-eic6Vric ; W  i f  you  do, b y  bringing your hand near the wire 
as before-mentioned, you fee the manner ot it’s being difcharged into the 
floor, and fo into the earth. T h efe  fafts l>eing fo, i f  m y conceptions 
are true, that tire glafs globes circulate the electrical fire, which they re
ceive from their friction againft the cufliions, or the hand o f  a man, and 
which is conftantly fupplied to tiiefe laft from  the floor j tlie ingrefs o f  
the electrical fire, i f  the machine, ^ c ,  are placed upon electrics 
ought to be vifible, as well as the egrefs under the fame circumiVances ; 
and this is demonftrated b y  experiment. F o r  if, while any unexcited 
non-electrics touch the gun-barrel, the globes being in m otion,.you bring 
your finger, or a piece o f  wire near any part o f  the w ood-w ork  o f  the 
machine, but more efpecially the iron axis o f  the w h e e l; you obferve 
the brufli o f  blue flame fet in from it to  the w ood-w ork. W e  always 
obferve, in this experiment, that the lambent flame from the end o f  
the wire paíTcs diverging into the machine, and this continues fo long  
as the gun-barrel is touch’ d. So  that here the oflice o f  the globes ex- 
a<5tly tallies with that o f  the heart in animals ; which, as long as the 
quantity o f  blood is ilipplicd, propels it into the arteries, and thefe all 
over the fyilem  ; or that o f  the pum p in hydroftatics. In the fame man
ner, by the attrition o f  glafs tubes, the eleélrical power is brought from  
the body o f  the man who rubs the tube ; and he is conftantly taking in 
a fupply from the floor.

 ̂ 53. W h a t  I here call the elc6lrical rcther, is that atmofphere which fur-
rounds both cxcited originally-efcftrics, and excited non-ele£trics. T h a t  
this is extended to a confiderable diftance, appears, from a fine thread, 
or piece o f  cotton-grafs feed, being attradted at fome diftance from them , 
as iar as which, it is prcfumed, this atmofphere extends. H ere indeed 
it is only perceivcd b y  it’ s cfi^éls upon thefe light fubftances : but at 
the bruih o f  flame from the end o f  the wire before-mention’ d , from 
fome bran ly ing  upon a fiat piece o f  metal in contact with excited non-' 
cledrics, your hand being held over it, and in many other experiments, 
it becomes manifeft to you r feeling as a blaft o f  cold wind. Y o u  feel 
it liktw ifc in a lefs degree, when a glafs tube is well excited, and brought 
near your face. I f  no unexcited non-elc6tric is near, this atmofphere 
ftrm s to be determined equally over all the excited non-ele£írics in con- 
t.i(^ with the m achine; but i f  a non-eleclric uncxcited is brotií^ht near,
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the greatefi: part o f  rt is determ in’ d  that v/ay ; and hereby the attrac* 
tion at an y other part o f  thcfe excited non-eÍe¿lrÍcs is confiderably di- 
iTiiniflied. H e n ce  the caiife o f  the repulfion o f  E le c tr ic ity , w h ich  does 
not operate, until the cleélrical iether is fufficiently accum ulated. T h is  
elfl<5trical repiilfion is í lro n geít  in thofe parts o f  the excited  non-elec* 
tries, where unexcited non-ele<5trics are b rou gh t near them  ; for b y  t h d c  
the eleftricai blail, w h ich  othercwife is general, is particularly  deter- 
nwned to  the Hoor.

Before I procced further, Í m u ft b e g  leave to  explain w hat I call the § 54. 
accum ulation o f  E le ¿ lr ic ity .  T o  p u t a fim ilar cafe : as w e take  it for 
granted, that there is always a determ inate quantity  o t  atmoi'phere fur- 
roun din g  the terraqueous g lo b e , w e  conceive, when w e  fee the m ercury 
in the barom eter very  lo w , that there then is a lefs accum ulated colum n o f  
this atm ofphere im pendin g  o v e r  us, than when w e fee the m ercury  high.
In like manner, when w e o b fe rv e  that the e led rificd  gun-barrel attracihs or 
r e já is  on ly  v e ry  lig h t fubftances at a v e ry  fm ali diftance, oi- that the 
fnap and tire therefrom  are fcarcely p erce p tib le ; w e conceive then a 
m uch lefs quantity  o f  elefcrical atm ofphere íljrroim ding the ^un-barrel.
I 'h is  ix)wer being m ore o r  Jeis, w e call the greater o r  lels degree o f  the 
accum ulation o f  H lc itr ic ity . 'I'his is on ly  attainable to  a certain poiiU:, 
i f  you  eleélrify ever io l o n g ; a k er  w liich, unlefs, otherivife diredied, 
the difiipation thereof is general. T h e  phial o f  water o f  Mujfchenbroek 
feems capable o f  a greater degree o f  accum ulation o f  E leótricity , than 
any th in g  w e are at prefent acquainted w ith  : and w e fee, when, b y  
holding the wire therec^' to  the g lo b e  in m otion, the accum ulation being 
com plete , that tlie furcharge runs oH' from  the point o f  the wire, as a 
brufli o f  blueH am e. A  m ethod has been difcover*d here b y  MrCrtw/£>ff, 
b y  w hich  the quantity  o f  accum ulated E lectric ity  m a y  be meafured to  
great examinéis. T h e  manner o f  m eafuring is this : when the phial is 
fufficiently eleétrified by a p p ly in g  the w ire  thereof to the glafs  g lo b e , 
and w hich  is kn ow n  b y  the appearance o f  the brufh o f  ilam e at the end 
o f  the w ire, as beforc-m ention’ d  ; hang a Hender piece o f  v/ire to  the 
fufpended gun-barrel for this jjurpofe  detached from  the globes. U p o n  
you r ap p ly in g  the wire o f  the eleilrified  phial to that h an gin g  to  the 
gun-barrel, you  perceive a fm ali fnap ; this y o u  difcharge by touching 
the gun-barrel w ith you r finger, w hich  likew ife  fnaps : and thus alter- 
nateiy eledtrifying and difcharging, you  proceed until the whole EleCtri- 
c ity  o i  the water is dilTipated ; w hich  fom etim es is not done, under 100 
difcharges. I f  you d o  not difcharge the E lectric ity  every  tim e, the fnaps 
from  the wire o f  the electrified phial to the gun-barrel arc icarceiy per
ceptible. In proportion  to  the num ber o f  ftrokes, you  eftimate the 
quantity o f  the acquired E ledtric ity  o f  the water. T iia t  you co u ld , by 
fto p p in g  the E le ftr ic icy , excite non-ele¿lrics ; and, by accu m u lating their 
p o w e r, m ake them  exert m ore force than ori^ inally-cleilrics w ould at 
any point o f  tim e, was that capital d ifcovery  ot the late M r  Gray ; and 
is to be regarded as the bafis, upon w h ich  all the prefent im provem ents
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o f  our kn o w led ge  in E le itr ic ity  are founded *, and till w hich  difco- 
v e r y ,  although Ibme o f  the effefts o f  E le d r ic i ty  were oblervcd  abova 
tw o  thoufand years a g o  * ,  little progrefs was made.

S 55. T h e  cleftrical asther is m uch m ore fubtil than co m m o n  air, and paf-
fes to  a certain depth th rou gh  all k n o w n  bodies. Jt pailcs m olt 
readily through metals, water, and all fluids, except rcfinous o n e s ; 
then animal bodies dead or alive, in proportion as they are m ore or 
lefs w e t ; then dones, w o o d , and earths. It  paíTes to  a certain th ic k ,  
nefs on ly  thro* refins, dry animal fubftances, w a x , and glafs. F o r  this 
reafon bodies are called eledtrics p er  f c ,  or non-eleiilrics not only for 
their rubbin g  the E le ftr ic ity  from  other bodies, but likew ife  as they 
perm it m ore or lefs o f  the electrical sether to  pals th rou gh  them . I 'h is  
asthcr has not only the property  w ith  air o f  m o v in g  lig h t fu b lla n c e s ; 
but it feems to  have anothei*, and that is elafticity,

 ̂ 56. T h a t  this fluid is m ore fubtil than com m on  air, is m ore particularly
demonftrated by it’ s pafiing th ro u gh  feveral glaíTes at the fame time-,, 
through any one o f  w hich, th o u g h  ever fo thin, air cannot pafs. It 
likew ife pafies, as I have m ention’ d before, th rou gh  all k n o w n  bodies* 
cxcept originally-electrics, and even th rou gh  tliefe to  a  certain degree, 
i t ’ s clafticity is proved b y  it ’ s extending itfe lf round excitcd eleítrics^ . 
and excited non-eledlrics, to  a con fiderabk  diilancc j as w ell as by it ’ s 
increafing the motion o f  fluids. T h is  is demonftrated by the experim ens 
w ith  a fm all glafs fiphon, where the elafticity o f  the e ledrical aether o v er
com es the attradion  o f  cohefion : I have frequently obferved this expe
rim ent does not operate, unlefs the greateft part, i f  not the whole eleC’̂  
trical blaft, is determined to  the floor through the w ater, by brin gin g  
fom e unexcited non-eleélric near the lon g  le g  o f  the faphon 'I ’hc 
ftream through this flender tube is m oft com plete , when the non-elec
tric is brought near, fo as when the room  is fom ew hat darkened, the 
ftream o f  water appears as a ftream o f  blue flame, m uch like  that from  
the blunt wire. 'I'his ftream is f to p p a i ,  either b y  touching any part o f  
the non-electrics in contact w ith  the globes *, b y  placing the m achine 
and the man w h o  turns the wheel upon electrics p er  fe^ by w hich  the 
current o f  the electrical a;ther from  the floor to the machine is prevented*, 
or by rem oving the non-ele¿lric from  the le g  o f  the fiphon, b y  w hich  the 
diflipation o f  the electrical aether i'rom the excited non-electric becomes

* 7heopbfofiusy who lived above 300 years before the date o f  ;he Chridian jE ra , take» 
notice o f  amber and the Lyn<urium  ̂ at(ra£ling not only draws, and ihavings o f  wood.
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•j* 'J'hcrc ¡5 one inllance, where the water will run o ff in a full ftream without bringing 

a non-elei^ric unexcited near tl>e long leg o f  the fiphon j and that i i ,  by fufpending a 
phial o f water, asufual to the gun-barrel by a wire, and by letting a glals fiphon through 
the cork into the water. When this phial is fufliciently ele£\rilied, the water therein 
runs off in a full ftream, though no non-eieflric unexcited is near; Lecaufe then the cur
rent o f  water through the liphon is the only w ay, by v^hich the I'urehargc o f  the Eleflri- 
<uy can be diiTipaied.
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general. So  that w e  find, that a lthou gh w e can repel l ig h t  bodies from  
niany parts o f  excited non-clectrics at the fam e tim e j the w hole  force o f  
the clectrical current is neccfiary, to  drive  o f f  fo ponderous a fluid as 
water. M a y  w e likew ife  not infer the elafticity o f  electrical aether, from  
the ingrefs o f  the blue flame from  the end o f  a blunt w ire  held near the 
axis o f  the wheel, or any part o f  the w o o d -w o rk  o f  the m achine, after 
the revolutions o f  the globes are ceafed ? Certainly w e fee an influx 
o f  electrical fire to all boJics, until their determ ined quantity is reílor- 
ed. Is not the elafticity o í  this aether dcducible likew ife  from  the v io 
lent ih o c k  w c feel in our bodies in the experim ents w ith  water ?

T h e re  feems to  be a quantity o f  this sether in all bodies. H en ce  the S 57. 

reafon w h y ,  th ou gh  the machine is placed upon electrics / i ,  a fnap
o r  tw o ,  as I m ention’ d beiore, is o b lcrv M  upon touching the gun-bar-r 
rel, when the m aclunc has been ibm e tim e in m o t io n : but after thefe 
no m ore is pcrceiv^d, i f  the f iik  lines are v e ry  d ry , and the electrical 
fupporters o f  the machine are o f  a requifite thicknefs. A s  foon as any 
non-elctcric unexcited touches the machine, this lofs is im m ediately re- 
Itored. A s  the cUctrical a:tlu'r, as has becn.fpecified, is an elaftic fluid, 
w herever there is an accum ulation thereof, there is an endeavour by the 
neareil unexcited non-electric t& r tílo re  the equilibrium. T h e  reftoring 
o f  this equilihrium  I take  to be the caufe ot the attraction o f  excited 
glafs tubes and globes, as w ell as that o f  excited n on -eie¿lrics; for 
here the blaft o f  electrical asthcr conilantly  fets in from  the neareil un
excited non-eledrics tow ards thofe excited, and carries w ith  it  w hat
ever lig h t bodies lie in it*s courfc. T h is  fetting in o f  the current o f  
cledlrical asther tow ards excited non-ele¿b:ics is likew ife  very  perceptible 
to  y o u r  feeling, as a blaft o f  cold w ind j i f  when you  are eledirified, y o u  
hold yo u r hand o v er  a plate v/ith lom e bran in it, b y  w hich  blaft the 
bran is carried againfl: you r hand. T h e fe  l ig h t  fubftances are again re
pelled b y  the blaft from  the excited bodies, as foon as they com e in coa- 
tacb, and fom etim es before. I 'h e  fucccifions o f  thefe alternate attracti
ons and repulfions are extrem ely q u ic k , fo that fom etim es your eye can 
hardly k eep  pace w ith  them . A n d  i f  you  pu t a glafs g lo b e  o f  about an 
in ch in  diam eter very  lig h t and finely blow n into a plate o f  m etal, and hang 
another plate over it ; electrify the upper one, and bring  the other under 
i : ,  and you  w ill find the ftrokes from  the alternate attractions and repulfi- 
ons *  alm oft too  q u ic k  for yo u r car. I have Icen a German^ w ho tra
velled  w ith a fm ali e le d r ify in g  machine, w h o, b y  a procefs o f  this fort, 
m ade tw o  fmall bells ring. O n e  o f  the bells was fiirpcnded to  an elec
trified wire, which was condu£ted w ith out touching  along the fides o f  
tlic r o o m a t  about an inch diftance, detached irom  this w ire, a little 
cl,:])pcr was h u n g  by-a f i lk  .iine ; at an equal diftancc from  this laft was

*  T h e  fallowing is an .'irgumcnt o f  the velocity likewife, with which thtfe little g’olx*-: 
arc aitraf^cd and repelled. Jf they arc let fnll from the height o f  iix feet or more uptjr 
a wooden floor, or a phte o f  metal, they are rardy broke ; hut by tlie attrdvkions ami 
repuliions o f  them between the pbtcs, though at the dilbnce only o f  I o f  an inch, the^ 
a if  trccocnt)y best ir> pij*ccs.
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hung another little bell, which communicated with the fides o f the room. 
A s  foon as the machine was in motion, the cleilrificd bell attradcd the 
clajjpcrj which immediately by therepulfive blait was blown off to the 
unexcited bell. By the time the fecond bell was ftruck, the former at
tracted again and this jingling o f the two bells continued not only dur
ing cl'.e motion of the machine, but fevtral feconds after ic was (lopped. 
This was occafioned by the I'mall volume of the clapper being able to 
convey away only a fmall quantity o f the eleítrical «ther at each itroke; 
by which it was fome time before the equilibrium was reftorcd.

' i 'o  dem onftrate lilcewife, that the reltoring this equilibritm is not im a
g in a ry , I fliall mention an cxperim eiK o f  M r  Wilfon^ w h o  has taken 
g re a t pains in thefc inquiries. T a k e  tw o  plates o f  any m etal, v e ry  
clean and d ry , w hofe furfaces are nearly equal •, hang one o f  them  to 
an y excitcd non-cle¿tric, and bring under it upon the other a w hole  leaf 
o f  filvcr. W h e n ,  which you  find upon application, the íilver leaf is 
attracted, lo w er the bottom  p l a t e ; i f  it is too low , you  w ill obferve 
the leaf fiiver }ump u p  and down ; i f  too h igh , it  w ill on ly  be attracted 
in part, and thereby difiipate the eleélrical p o w er. B u t i f  you  g e t  it 
at the proper diftance, w hich  w ill  v e ry  eafily be found upon trial, 
the filvcr will be p e rfe flly  fufpended at r igh t angles w ith  their planes, 
like  the trapezium o f  the G eom eters, and touch neither o f  the plates *, 
it w ill be extended likew ife  to  it 's  utm oft dimenfions. Y o u  frequently 
obferve, both  at the to p  and bottom  o f  the filvcr, the ele<5lrical fire* 
T h e  fame cñ td :  is produ ced, i f  you  reverfe the experim ent, by eleftri- 
fying. the bottom  p ate, and fufpending the other o v e r  it. N o w  I con
ceive , that the fpace occupicd by this leaf o f  fiiver, is that where the 
equiiibrium o f  the electrical a;ther is reílored j for i f  y o u  take aw ay  the 
under plate, thro’ which from  the floor the flux o f  this tether is fur- 
niihod, or i f  that j)late be placed upon an electric per fe, b y  whicli 
this flux is prevented likew ife, the filvcr leaf is b low n aw ay.

N o  body can be fufpended in equilibrio but from  the jo in t  aftion  o f  
tw o  different d ireilion s o f  pow er : fo here, the blaff o f  eleótrical ¡ether 
from  the excitcd plate blows the fiiver tow ards the plate uncxcited. 
T h is  laft, in it’ s turn, by the blail o f  e led rica l scthcr from  the floor fet- 
t in g  through it, drives the fiiver tow ards the plate ele¿lrified. W e  find 
from  hencc liliewife, that the d rau gh t o f  electrical fether from  the floor, 
is always in proportion to the quantity throw n b y  the globes o v er  the 
gun-barrel •, or the equiHbriim by w hich  the fiiver is fufpended,-could 
not l'>e maintained. Í once found, that a gentlem an, at that tim e an in
valid , w hofc ihoes were perfeétly d ry , and o f  confequence originally- 
clc6trics, and w ho was em ployed to hold the non»ele£tric plate th ro u gh  
which the s t h e r  was t o  com e from  the floor ; this gentlem an, I fay , did 
not turniih a luflicient quantity , becaufe o f  the drynefs o f  his Ihocs, to 
iiiaintain the equilibrium; and the fiiver was blown aw ay. B u t upon em 
p lo y in g  another to  this office, whofe ihoes w ere m ore w e t, the icther 
c a m e  readily through h im , and the fiiver was fufpended. I have

likew ife
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likew ife  found a w ooden pole, v e ry  d r y ,  not c o n d u ft  this aether fa il 
enough to  k eep  the filver ful'pended. It m a y  be im agin ed , that it is 
poiTible for the iilver to  be lufpended, w ith o u t fu p p o iin g  a fiux o f  the 
e led rica l icthcr from  the ncarcfl: unexcited non-eIc¿tric, as w ell as from  
the excited one \ that is, by the fim p le  electrical attraélion. B u t to  
obviate  this, it m uft be rcm c m lx re d , that the eleCtrified gun-barrel both 
attracts and repels ligh t fubtlances at the fame time. C an  this attraótion 
and repulfion be conceived w ith ou t the operation o f  the e led rica l sethcr 
both to  and from  the gun-barrel at the fame tim e ? D oes not this point 
o u t an afflux as w ell as an efñux ? A r e  not the e le ilrica l rcpulfions as 
ftron g  at Icaft as the attractions ? D o  n ot w c fee ligh t bodies, either be
tween excited originally-eleClrics, o r  excitcd non-eieétrics, and unex
cited non-elcitrics, dart lik e  a ball between tw o  rackets o f  equal force ?
It m a y  be faid perhaps,

1. T h a t  the fufpcndcd filver m a y  on ly  ferve as a canal o f  com m u n i
cation, which difcharges the Ele£tricity from  the cxcited  non-eIe6tric t o . 
the un-excitcd one*, and that when an originally-eleClric is placed between 
the low er plate in this experim ent and the floor o f  the room , that then 
the filver is attraiíted o n ly , until the lo w e r  plate is faturated w ith E le c 
tr ic ity , and no longer. I 'h is  is as m uch  as la y in g  that this eíFeót arifes 
iro m  E lectr ic ity , w ith o u t m entioning in w hat manner.

2. T h a t  this e fte d  is produced by the eleCtrical attraction, w hich  
g ives  tl)e iilver  a direólion towards the excited non-eleCtric, but that it is 
k e p t  dow n near the unexcited one b y  the force o f  g ra v ity . W a s  this 
the caufe,. the aCtion o f  g ra v ity  w ould  operate as m uch  thro* originally- 
eleCtrics as th ro u gh  non-eleCtrics.

B lit  I am  able to  p rove  the afflux experim entally , as w ell as the efflux, § 60. 
in the fo llo w in g  manner. W h e n  the filver lies ftill, th ou gh  the m otion 
o f  the globes is continued, between the tw o  plates, one fufpendcd to  the 
gun-barrel, and the other placed upon an eleCtrical c a k e , a perfon (land
in g  upon the floor needs on ly  bring  a Jmall glafs fiphon in a vcfl*el o f  
w ater, and ap p ly  the lon g  leg  thereof near the plate placed upon the 
w a x  ; for upon  this the filver is im m ediately fu fp cn d cd ; and the w ater, 
which before only d ro p p ed , now runs in a full ftream , and appears lu m i
nous * . D oes not, m this cafe, the currcnt o f  the water point o u t the 
direction o f  the currcnt o f  eleÓ rical anher ?

When the machine, are placed upon originally-eleCtrics, if  a j C:. 
man, ftanding likewife upon an oiiginally-clcCtric, touches the gun-bar- 
rcl while the globes arc in motion, he will reccive a fiiap or two ; alter 
which, though the motion o f the globe is continued, , he will pcrceivc

* This experiment is more elegant, i f  the upper plate, attrailing the filvcr, i; fufpend- 
tú  high enough for a perfon ilanding upon an originally-elcflric, convcnitntly to bring 
fnc other plate under it with Oiic hand, and to hold a pc\s ter plate in the olher. l i  ihc 
origjnally elcftric is fufRciently thick, the filver will not be iTuf|>cnded ; b ’U ;f  the gl^fs 
i»phoo in a fmall veffel o f  water is brought very near the pewter plate. iJie water runs 
*‘Uo the plate, and the £!ver ii immediately fufpcrKied.
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no niore fire from  the gun-barrel. W h ile  in this pofture, i f  he touches 
the w o o d -w o rk  o f  the machine wich one hand, and applies a f in g tr  o f  
his other near the gun-barrcl, at that inftant he receives the elcétrical 
ftrokes. T h e fe  continue as lon g  as he touchcs the machine, but ceafe 
iii:)on his rem ovin g  his hand therefrom . H e re  w e fee a circulation o f  
part o f  this m an’s cleclrical fire, which operates in the fo llow in g  man
ner. F i r l t ; T h e  man, by ap p ly in g  one o f  his hands to  the machine, 
becomes a pare th e r c o t ; and, by the m otion o f  the g lobes, part o f  the 
electrical fire, inherent in his b o d y , is driven upon the g u n -b a rr e l; but 
it is inllantaneoully reftored to him  again, upon his touching  the g u n - 
barrel w ith  his other hand. T h u s  he continues com m u n icating  the fire 
w ich one hand, and havin g  it reftored to him  w ith  the other, as lon g  as 
he pieafes. If, inftead o f  touching the machine or gun-barrel, he holds 
his finger near either or both o f  them , you  íée the fire g o  o u t, and re
turn b ack , as in a form er experiment.

S 62. be perhaps im agined, i f  one man touches the machine, h im felf
and the macliine both being placed upon the w a x , and i f  another, ftand- 
in g  upon the floor, conilantly, or b y  turns, touches the gun-barrel, that 
by thefe means the man upon the originally-eledtrics m ig h t be diverted 
o f  all his e k d r ic a l  fire, by conftantly continuing the m otion o f  the globes, 
as he receives then no fupp ly  fro m  the fioor. B u t the contrary proves 
true i and, after a confiderable tim e, the ftrokes from  the gun-barrel are 
as ftrong as at firft. B u t here w e m u ft obferve, that the gun-barrel fuf- 
pendcd w ill not contain probably at o n e tim e  part o f  the whole quan
tity  o f  this m an’ s electrical f i r e : therefore I conceive, that, as foon as 
this man has parted w ith any portion o f  his necefiary, his determined 
quantity, to  the gun-bairel by the m otion o f  the globes, he has it re
ftored to  hiin upon any wnexcited n on -eled ric ’ s touching the g u n - 
barrel, by havin g  the ufual c o u r fe o f  the Eledtricity * inverted.

§ 63. W e  fee, from  many experim ents, that d ry  w ood does not conduift
Elcclrkrity  fo-well.as that wliich is w e t ; and that the man ftanding u p 
on the floor, w h o  rubs the globes, excites the E lectric ity  ftronger than 
the cuihions. T h is  I had reafon to conceive was ov/ing not to  any other 
diflerence, than that o f  his being m o re m o ift ,  and, o f  confequence, m ore 
readily conducting the E k c c r ic ity J r o m  the floor. T h ercib rc  I order’ d 
m y  machine, and even the cufliions to be m ade d a m p , by caufing wee 

.cloths to be placed upon feveral parts th ere o f;  and found then, that tlie 
E k c lr i t i t y  w:as equally ftrong, as when the g lob e  was rubbed by the 
hand.

§ 64. It remains n ow , that I endeavour to lay before you  a folution w h y  our
bodies are fo fliocked in the experim ents w ith the electrified water ; the 
difficulty thereof I  confefs feem cd uníurm ountable, until I had m a d c ’tlic 
fo llow in g  difcoverits.

I.  T h a t  the E le é tr ick y  alw ays defcribcd a circuit between the elcClri- 
fied water and the gun-barrel.

* For a lurcher account of this matter, fee An. 28.  ̂ 7.
2. T h a t
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2. T h a t  the e lc ilr ica l fire cam e from  the floor o f  the room.
3. T h a t  it w o u ld  not pals trom  the floor q u ic k  en ou gh  to r  the per- 

fon to be fliaken, i f  his flioes were dry.
'I'hat the force w as incrcafed in proportion to  the points o f  c o n ta d  

o f  non-ck(5trics w ith the glafs containing the water.
Then the foUicion o f  this phicnom cnon became m ore cafy , w h ich  I 

take the liberty to  olTer.
1. 1 have endeavoured to p rove  b y  experim ent that a quantity  o f  

E lectric ity  is furnilliM  from  the neareft unexcited non-eIc¿trics equal to 
that accum ulated in excitcd  originally-eleélrics and cx c itcd  non-eleftncs.

2. T h is  being fo, w hen the phial o f  water held in one hand o f  a man 
is h ig h ly  eleólriücd, and he touches the gun-barrel w ith a finger o f  his 
other i upon  the explofion w h ich  arifes herefrom , this m an inilantane- 
o u fly  parts w ith as m uch  o f  the fire from  his b o d y , as was accum ulated 
in the water and g u n - b a r r e l; and lie feels the eíFeéis in both arm s, from  
the fire o f  his body rufliing through one arm to  the gun-barrel, and from  
the other to the phial. F o r  the fame rcafons, if, in the experim ent w ith 
the e lcd rica l * mine, a man places his r igh t foot upon tlie k)wer fm all 
w ire, and touches the gun-barrel w ith  his left arm , the electrical forcc 
is only felt in that leg and arm.

A s  m uch fire as this man then parted w ith , is inftantancoufly re
placed from  the floor o f  the roo m , and that w ith  a violence equal to  the 
manner in  w h ich  he loft it.

4. B u t this flux o f  elecftrical aether, either from  the floor to the man, 
or from  the man to the w ater, is prevented for rcafons fufiiciently o b v i
ous, i f  the glafs containing the w ater be t h i c k ; i f  the points o f  non- 
e le d r ic  contact are few ; i f  the man is placed upon o rig in a lly-e lectr ics; 
o r  (w'hich is the fame th ing) i f  the foies o f  his flioes are dry.

5. As wc find that the Eleélricity paflfes at Icaft equally quick through 
dcnfe mediums, which are non-ele¿trics, as through thofe which arc 
more lax and fpongy; may we not therefore conclude, that the caufe why 
we feel moft pain at the joints o f our arms, and in the tendons o f our 
heels +, arifes from the texture in the tendons and tendinous ligaments 
o f thofe parts ?

From a due confideration o f the pbanomena before us, I take the li-  ̂ 65. 
bcrty o f propofing the ibUowing queries ;

I .  W h eth er o r  no the eftVdts w e ob ferve, in bodies being drawn to 
and driven from  cither excited originally-eletStrics, o r  cxcited  non-elec
trics, arc to be attributed to the flux o f  e lc ílr ica l x t h c r  ^

•  Sec more o f  ihis in A rt. 28.
•j- This pain in the hccU is felt only ia the cxpetiiTient wiih the cicflrical m in e; and h 

is not perceptible only when you touch the lower finJili wire with your foot, bu: iiUcwifc 
i f  you (Und upon non c!c<itrics, which touch (his wire. It has been liroiigiy felt by a 
perfon Handing upon a pedelUl o f  Port/and ñont near ten inches in height, and upon one 
o f  m eiil more than two feet, l a m  o f  opinion, th atn om 'tfi o f  m eia l.o f dtmenfions 
ho.vever great, vvoub in the leaft prevent the progrels o f  the cleclrical power from tne 
water in the phials to the body o f  the man.
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2. W hether or no, that, which from it’s being firft difcover*d in 
amber, we call Electricity, electrical scther, eleétrical power, ^ c .  is 
any other than elementary fire ?

3. Whether or no this fire docs not appear in different forms, ac
cording to it’s different modifications ? Does it not, when diffufed un
der a large lurface, appear to affect us as air ? When brought towards a 
point, docs it not become vifible, as lambent flame ? W hen nearer ftill, 
does it not explode, and become the o^ect alfo o f  our feeling as well as 
o f  our hearing ? Altho’ it does not afíeft our fkin with the fenfation o f 
heat; does it not, by it’s lighting up inflammable fubilances, fliew it- 
fclf to be truly fire?

4. Whether or no this fire is not connefted intimately with all bodies 
at all times, though lead o f all, probably, with pure dry air r H ave we 
not found and feparated it from water, fiame, even that intenfe one o f 
oil o f turpentine, fnwke, red-hot iron, and ftom a mixture 30 degrees 
colder than the freezing point ?

5. H ave wc not proved it’s fubtility, from it’s pafiing through all
known bodies ?

6. M ay we not infer it’ s elaílicíty likewife from it’ s explofions, from 
it’s increafing the motion o f fluids, as well as from it’s efFe6t in the 
concuifion o f  our t>odies, when we difcharge it after we have accumu
lated it in water ?

7. M ay not the ele£trical machine, from it’ s ufes, be denominated a 
iire-purap, with equal propriety as the inftrument o f Otlo Guerick and 
M r BoyUy that o f  the air ?

8. Does not the power we are now mailers of, of feeing the repa
ration o f  fire from bodies by motion and o f  feeing it reftored to them 
again, and even after that motion has ceafed, caufe us rather to 
incline to the opinions o f  Homhcrg (a)^ Lemery the younger {b),

•  T h e  felting in o f  the fire to the glafs tubes and globes has always, in thefe cxperi- 
Qients, been viHble both from the hands and culhions, by which they were rubbed, fiuc 
a«, till now, this iirc was confidered as coming from the glafs, that» obferved upon the 
hands and cufhions, was always believed to be i'o much loll by running down the inilru- 
mcnts o f  friflion into the floor. I endeavoured to prevent this lof:̂ , by Handing upon 
ofiginally-cle¿lrlcí; and found, to my great furprize, that fo far from increafing the elec
trical power, by flopping what 1 conjeé\ured was fo much iofs, I could excite then no Elec
tricity at all in the tube and globes. This difappointment, which, 1 afterwards found, 
had occurred to MelT. B o /e  and A l l a m a n d ,  was the foundation o f  my difcovering the 
fource o f  the Eleilricity, and the manner o f  it% ingrefs to the machine.

( a )  I h m b t r g  du fouphre prineipe. M e m -  J e  I ’ A c a á .  R o v a U  d e t  S c i e n e e s t  17OJ. L a 
matiére de la lumícre e(l la plus petite de routes maticrcs fenfibles— elle palfe librement aa 
travers et par les pores de tous les corps, que nous connoiílbns — Que tout I'univers eft rem- 
pli de la^matiere de la lumiere— }*ai mieux donnc á notre fouphre principe le nom de ma> 
ticre de la lumicre. que cellc du feu. quoique ce foit proprement la mOsic chofc

( b )  ¿ /w ry  le iils. Mem. d e  I " A c a d .  1709. p. «;27. La maticre dc feu d o itetrc  re- 
gardée. comme un fiuide d’une certaine nature, ct qui a des proprietez pr.rticulicres, qui 
le diflinguent de tout autre fluide. Pag 8 .— Qu^ur.e maticre beaucoup plus fubtile et plus 
.agitt-e, qui remplit tous les vuides de Tunivers, ct ne trouve point Ies pores íi e'troits, qui 
ce lui Jaiflent un libre paíTage, coule inceflatnmcnt dass le? iieux cu elle eft cnfermce, e: 
entretient fon mouvemcn:.

s^Gravffand
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s^GravefarJ (c)  ̂ and Boerhaave (¿¿J, who held fire to be an original 
a diftind principle, formed by the Creator himfelf, than to thofc o f  our 
illuftrious countrymen» Bacon (e), Boyle (/), and Newton (g ), who 
conceived it to be mechanically producible irom other bodies ?'

9. M uil we not be very cautious, how we conned the elementary fire
which we fee iñue irom a man» with the vital flame and caMum imia- 
tum o l  the Ancients *, when we find, that as much o f this fire is pro
ducible from a dead animal as a living one, i f  both are equally replete 
with fluids ? 1 7 r

10. Whether or no it is not highly probable, that by incrcafmg the
number and fize o f the phials o f  water in a certain manner, you mif^ht 
not inftantly kill even large animals by the eleftrical ftrokes [h). °

I cannot conclude thefe papers, without congratulating that excellent s 66. 
Philofopher and learned Member o f  this Society the A bbe N olkt o f  
Paris, This gentleman, almoft two years fince, in a letter to Profcfíbr 
Boje (an extraci: o f  whicli this iaft pubii/licd with a work ( i )  o f  his 
own) without the knowledge o f feveral experiments fince difcover’d • 
at Icait none o f  his difcoveries have yet falJen into m y hands, did de- 
clare his opinion, (k)  that the E ledricity did not only procecd fron  ̂
the elearihed bodies, bur from all others about them to a certain dif- 
tance j (I) that the E lcdricity, as well irom bodies eledrified, as from

p / ' E L E C T R I C l T V . 3^5

(< ) s'Gra<vf/and Philo/oph, Ki*iuton Ittjiitutiones^ cap. i .  TgnU in corpora omnia quan
tumvis dcnfa ¿  dura peneirac — Corporibus fefc jungu— — ignem ad ccrtam diUan:iam 
a corporibus aitrahi— nulla novimus, quai igncm non contineix— non Ignis »que facilc 
corpora omnia intrat— — corporibus contentus in his a corporibus circumambicniibus re
linetur.— Mo:u celcrrlmo ignem affici poflc.

( d )  Botrhaavii Elementa Chem. de igrte  ̂ p 187. ít fc q  — Ipfe ignis— fempcr prai^cns 
cxirtit in omni ioco— imo vero in omni corporc, ctiam ranilimo, vcl Tolidlifimo» xqualitcr 
dilUibutus ha’ret.— Haud ergo potui dctcgcre, quod in rcrum natura tit vel ullum fpa* 
tium fíne igne.

Ibid. p. 2S3. Hue ufque conabar— tradere ca. qux vcriflima addifccre potui ile natura 
iliius ignis» quern cicmentaiem appellant philofophi. Ilium fcilicet, ita conflderando» 
prout creatus ipfe in rerum {natura; exIAet fcorfum, extra rcliqua omnia creata, qux- 
cunquc dcmum Tint, corpora.

( e )  V ide trafí.itum De forma caüdi.
( f )  Mechanical Origin n f Urat ntid Cold, fc¿k. 2.
(^ )  See Queries at the end o f  hi* Optics.
( h )  Monf. le at Paris icilied birds by th cfe ; and with 7ne, a linnet an d a

rat, much more than half-grown (the li.rgcll 1 was then able to procure) have been Hruclc 
dead.

( i )  Hechercbei fu r  la Caufi, et fu r  lo ^veritable 7heorie de t Eleélriciié. W ittcm - 
tcrguc, 1745.

(k.) ^9ye7i Nollet dam let Uechrrehet, t^c du M . Bofe, pag. xlv.— La maticrc clcc- 
triquc vient non feulemcat du corps -éledrifé, mai  ̂ auíTi de lous ccux qui font autour dc 
lui, jufques a unc certainc dlaancc.

Ibid. p. xlix.— Si vous pouvez vous convaincrc «omiBC moi, quc la maticrc q u iv a a u  
corps c!c6Uique vient primitivcment dc rous le corps environnans, dc Tair mcme, vous au- 
rcz bien plus dc facilite á explií^ucr lous les autrcs cfFcts.

( I)  Ibid. p xlvi. La maticrc c’célriquc, rant ccllc qui fon du corps ¿Icfírifé, quc 
celle qui vient des environs a cc mcme c o r p , fe mcut plus'fjcilcm ent dans Ies corps dcnfc 
quc dans Tair mcme.
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thofe which were nor, pafícd more readily through denfe mediums than 
a ir j  (m) that the HIcdncity is prefent in all bodies; (n) that this mat
ter always tends to an equilibrium  ̂and endeavours to occupy thofe fpaces 
in bodies, which have not their neceíTary quantity : all which uiTertions 
may now be proved by experiments.

S 67. You fee. Gentlemen, by my alVerting, that what we have hitherto call
ed eleélrical effluviay do not proceed from the glafs, or other ele¿lrics 
fe  ̂ I differ from CabeuSy Digby  ̂ Gajfendus  ̂ Brown^ Des Cartes  ̂ and very 
great names o f  the laft as well as the prefent age. M y  differing from 
them would be prefumption indeed, were 1 not induced thereto, Dy ob- 
fervations drawn from a feries ot experiments carefully condudted, to 
which many o f  you have been witneifes, and to whom I may therefore 
appeal, for taking what may fecm fo extraordinary a ftep. I have con- 
ftancly had in view that excellent maxim of Sir L Newton laid down in 
Iiis Opticsy that, “  as in Mathematics, fo in Natural I'hilofophy, the 

inveiligation o f  difficult things by the method o f  analyfls ought ever 
to precede the method o f  compofitton. This analyfis confifts in mak
ing experiments and obfervations, and in drawing general conclufions 
from them by induélion, and admitting o f  no obje¿lions againft the 

“  conclufions, but fuch as are taken from experiments, or ocher certain 
truths. For hypothefes are not to be regarded in Experimental Phi- 
lofophy. And although the arguing from experiments and obferva- 
tions by Índu¿tion be no demonftration o f  general conclufions; yet it is 
the belt way o f  arguing which the nature o f  things admits of, and 

“  may be look’ d upon as fo much the ftronger, by how much the in- 
duftion is more general.— By this way ot analyfis wc may proceed 
from compounds to ingredients, and from motions to the forces pro
ducing them ; and, in general, from eHcfts to their caufes, and irom 
particular caufes to more general ones, till the argument ends in the 
moft genera!.”  I am defirous, that what is contain’d in thefe papers, 

you will be pleafed to regard rather as the rude outlines o f  a fyllem, than 
as a fyftem itfelf; which, I am in hopes, men o f  better heads and more 
leifure will profecute : and i f  hereafter, from being poficircd o f more 
obfervations than we at prefent are mailers of, any opinions in thefe 
papers fliall be found erroneous, I at all times fliall be willing readily to 
rctrad them.
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I>.n F r 's . convenient length ; and exciting it with white-brown paper, or clean 
Air Hen. dry fiannel (I know not which is beft) I made the following trials.

j attempted to kindle common lamp-fpirits, both by attradion and 
a cleétrified perlón Handing on a cake o f  bees-wax, and fuc-

(t/t) JliJ. p. xlvii.
( La Ceicc matJCiC tend a Pcqi’ i.ibre, ct i ’emprefl'e de rcmplir Ies cfp.iccs,

<]ui Ic tfcuv:n: vtidci d o  parties dc Ton cr^xcc.

cecded.
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I made trial, at the lam e tim e, w ith m y glafs tube, and, \cane o f  blackcccdcd.—

think, kindled the fpirits more cafily. Perhaps, from Tome tircumftan- 
CCS hereaiter to b e  mentioned, this may, cateris-partbusy be brilrtô nc” '̂ '̂
CXpeétcd.  ̂ t U t i r U a l  t X '

I was then minded to repeat that experiment o f  the late ingenious and 
induftrious D r Dejagiiliers^ and others; by which it appears, that when 4-̂ 8. p. 27. 
any light body is put into aftatc o f  rcpulfion by vitreous EiccVicity, it 
is in a ftate of attraction in reJpect ot rtfmous Electricity, and fo c contra, J * 
This I found cqn(Vantly to hold good. - 1 made this trial with a down- 
feather, which was tied to the end o f  a penduious thread, which thread 1745-6. 
was tied to a filk line, faftened horizontally to the oppofite fides of the 
room, and alfo with a iinall piece of w'riung pap^r, o f about the fame 
diuunfions as the feather. Here I foutid the feather would retain the 
effluvia (whether o f  the tube or cane) about fiv<. or fix minutes longer 
than the paper would ; that is, tht; feather remained fo much longer in 
a ftate or rcpulfion T he time in which t!ie paper was in a (late oí re- 
puUion, after many trials, 1 lour.d to be about 2o\  more or lefs j at 
about which time the paper wouK: indcttl iomewhat fenfibly dechne the 
tube, but in a moment would be attrcdcd by them j and it 1 ftaid 
longer, I could not perceivc any repullive force remaining.

1 ought to tell you, that whc!* 1 by leveral trials, found out a- 
bout wiiat time the woui : be quiti* diflipatcd, 1 forbore making
any trials till then, lell that, by bringii.¿the tube or cane near the body 
of trial, 1 might communicate fr.ili tff.uvia, and perpc tii.ue the Hate o f  
repulfion longer than it would otherwife have beenj lo that, in the laft 
trials I made, I never came near wich t!»e tube, till full 20' alter the 
body of trial was put into a ílatv- er repulfion. 1 obfervcd not any ma
terial diflferenceof time bt tween the diílipaiion o f  the effluvia oí the glafs 
tube, and thofe o f  the v.ax cane, wh* n the fame body oí trial was made 
ufe o f for both : if  th-re w.is any tiiiarence, 1 think tht vitreous effiti- 
via  were the moít lafting.

I made another trial with the cane and tube in a dark room j being 
led to it from a fufj)icion I had, that the ejji.nic Irom the wax cane were 
groíTer, and more in qu.incity, thai. tnoie tr< ¡n chc glals tube ; and, up
on exciting both as quick as I could iucctfiion, i founci the luminous 
fffluvia  ̂ wh'.n I brought i^y forefing... near the wax, to proceed in a 
much greater quantity to the cane Irom ihe tip o f  my linger, tiian tliey 
did on the fame tr1.1l with the tube o f glais Ana 1 kveral times obfervcd. 
a fmall globular Ipot o f fire to appear tiril on my finger, from which 
ifiued regular iireams in form o f  a cometas tail.

When I made ufe o f  the glals tube, as the quantity was lefs, fo the 
fparks were finer, lefs in thicknefs and in length, out much r*jore ati t̂ivc; 
r.or did they proceed fo regularly towards tlie tube, nor make fo regular 
an appearance (being feldom, if  ever, altogether regular, as the others) i 
frequen:ly breaking in pieces, as i f  by collifion, or not altogether un
like the iparks from a brand in a wood fire, which has lain long without

being
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t ó n g  ftirred. Another difference 1 remarked was, that the refinous 
effluv ia  were more deeply coloured than the vitreous.

Whether it be not probable, that the refinous effluvia are more 
unctuous or fulphureous than the vitreous ; and becaufcnot ib a£tivc and 
nitrous, lei's apt to kindle inflammable ípirits, as 1 think I found them 
to be ?

J intreat I may not be confidcred as pretending, in the above trials, to 
cfrabliili laws, bur, as plainly relating matters ot fadt. Perhaps future 
trials may not confirm th f̂e.

I think it not a circumil^ncc too impertinent to be mentioned, that 
the trials relating to repulfion were made in a fmall room, and near a 
fire *, the air pretty moift.

Extraa of \ ani dubious whether [ did not cxprefs myfclf in a manner liable to be 
d  i îl -̂^nderftood, when 1 faid to this purpofc, th a t 1 w ou ld  not be under-

z z !  f lo o d  to eftablijh la'ivs by th e fore-m en tion ed  experiments^ but only to  rela te
‘ 745-6. \ and tha t fu tu r e  experiments m igh t not confirm  tb efe.  I did not in

tend this ihould extend to thur expc riment, which proves the difiercnt 
nature o f  vitreous and refinous effluvia  *, which I prcfume, may be con- 
fidered as invariable inherent properties fo that bodies, put into a 
llate o f  repulfion by the one, will be attraólcd by the other, But
the other pbanomena^  as depending on changeable circumíVances, the tem
perature o f  the air, the degree in which the electric bodies may chance 
to be excited, the quantity effluvia^  and {xrhaps others to us unknown ; 
x.\\t̂  oúiQxph en om ena  (I fay) otpending on liich like circumftances may 
be variable.

I beg leave to inform you, thatlhave been makingtnal with aftick o f 
fulphurofthe common fort, whichlmade o f  a convaiient fize,by calling 
it into a cofHn of paper, the irrfide being o f  writing paper : this, being 
cxcitcd, attracted the bunch o f  threads with great power, and kindled 
common fpirits as quick as ever I knew it done. This was after night, and 
I faw not what the day-light afterwards difcovered, that the infide round 
o f  paper adhered to the lulphur, and it had made it’s way thro’ the pa
per, which concealed the colour o f the paper, and it’s adherence, till next 
day ; however it performed as above.------This was broken, by an at
tempt to rtrip the paper off the ftick by a too officious perfon, with
out my knowledge. —  I then caft another with the fame fulphur, and 
an addition of freih, melted together in a wooden mould, which came 
out fmooth and w ell; but was perfuaded, againft my own judgment, 
to put a gun-rammer into the middle o f the mould, to ftrcngthen i t ; 
which ilick anfwL-r’d that end *, but, as 1 fear’d it would turn out, the 
•fulphur tho’ of a great thicknefs round the faid gun-itick, could by no 
means be excited to any tolerable degree. I therefore made a third, as 
the Hrft, which has the paper on it as before, but it performs exceeding 
well ; having fuffered m y L lf  to be electrified with it, upon the approach 
of a perfon’s finger to mine, I had by far the moft painful fenfation 1 ever

yet
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yet felt in any o f  thcfe experiments.— I believe a glafs tube might be 
beiV o f  all for a mould (but mine are o f  too fmall a bore;, i f  one could 
be añuretl it would not break.

I I .  I am under no doubt, but that experiments with fulphur ca~ E x tr a ffs0/ 

pable o f being improved, and hope fliorily to make it appear. I am f'lvo/etters 
Joth to venture my glafs tubes of tíint for a mould, but intend to pro-/'"’”* 
cure one ot common g la fs ; having lately had the misfortune o f  loííng ^^^^7eÍcc- 
my bell, in fo odd a manner, that 1 bdicve you will excufc mo i f  I t r o u - Experi- 
blc you with the account. ments. /¿/V.

I had been ufing it but a little time in the evening; and, before I laldP 53- DatfJ 
it up, having by me a rou.id ruler fmall enough to go into the bore, 
when it was covered wit!i a roll or two o f  brown paper, it came into Pcb̂  i-. 
my head to excite it, by rubbing it a lictle on the infide with the faid 174.J-6’ 
ruler and paper *, but not fiiiding any cffcdl o f  it, after a few minutes 
trial, not lb much as to attract tiie inulleft thread, I laid it in my win
dow in my ftudy on a parcel ot papers and pamphlets, where it ufed to 
be put i and next morning, as we were at breakfaiV, I heard a fnap, and, 
on turning my head, lound about t\vo inches o f  my tube broke o ff  very 
regularly. Upon this 1 took it, and placed it againft a cupboard-door, 
ercdy in a pocket ol Lather, that had been nailed up againft the door 
for fuch a purpofe. The upper end v/as tied to two thongs o f  leather, 
but not tight, only to prevent it’s ftirring thus it continued fafc till I 
went to bed ; but, in rhc morning, upon opening the faid door, I was 
furprifed to find my tube in ihivcrs, except about three inches, as if  it 
had been broke with a Imart biow of a hammer. T he cupboard is over 
the fire-place and fo near it, that I think it impoíTible it íhould ever 
have been quite cold ; and the wiiriow where it was firft put is fo near 
the fire, and it*s being laid on the feat o f  the window, a foot below the
faih, it could not be much afFe6lcd with the air from thence.------ T h e
weatlier was froily, but the tube Irom firit to laíl never out o f the room j 
and I am fure never had any blow.

T h e  Itick o f brimftone 1 laft made, with which I kindled lamp-fpi- 
rits fo readily, as I informed you bel'ore, was fct up in the foremen- 
tioned cupboard in an ertét pofture, has loft all it’ s eledric virtue, and
cannot be made to attradl a down-feather, or a fine thread.------ This I
know not how to account for, unlefs it be, that the cxpofing it to the 
air, by it’s not being wrapped up in any thing, may have deprived it o f 
it’ s power : for, if I mifrcmcmber not, Stephen Gray uíed to keep his 
i'ulphur conic bodies, caft in wine-glafs, in a box, and wrapt up in flan
nel ; however I ihall attempt to recover it a g a in .---- The cupboard h
fmall, and never cold.— M y ftick o f  wax kept in my defl:, not wrapt, 
wiil attract a thread at any time, without rubbing at all.

i.aft night, having feveral gentlemen with me, who were defirous o f  
feeing me fet fir;:toióme fpirits oí wmc, I was willing to try whether I 
could not kindle ths fame w ith in  icrcle; but, not being able to get one,
I attempted it with a thick picce o f ice, and immediately fucceeded, in.

prefence
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orefence o f  7 or 8 pcrfons ; and 1 tliink the fparks o f  fire from tiie ice, 
when the finger of a non-ekaric peribn was brought nigl» it, were as 
laro-“ and as powerful as any I ever law ; fo that I am fatisiicd the pow
er ot them is no ways diminiflied by the coldneis or the ice : and I doubt 
not but that, i f  the ice be kept from melting and dropping into the 
fnirits icc will kindle them as readily as any other fubftance ; the fpirits 
were luch as we ufe for the t^'a-kettle laiiip, and far Irom being or the

o!ie  circumftancc more I will mention, and releafe you.----- By acci-
d c n t ' o n e  of-the gentlemen approaching the etórified  perlón with his
hand near his fiioulder, the f-ia gentleman felt a very pungent Iroke on 
his tiefii thro’ his coat and wailko.it. which were both clota. 1 his 
was repeated feveral times, and in every one’s opinion (on whom trial 
was made) the renulfive llroke was as fmart as it is wont to be on the end 
o f  the finoer, when nothing intervenes •, and the feniation continued as 
lon^ I know not whether this lias been before taken notice o t ; it it has,
v o u T g o o d n e fs  w i i le x c u f e  m y  im pertinence

Sin?eiv,y former, I made an other trial, and fucceeded with all.the 
„ f e  imaginable; the fpirits kindling the very moment of my approach- 
in-T them with the lump o f  ice, which was an inch and • thick. Af- 
terthis I took a clamp o f  iron, fuch as is ufed for heating box-irons lor 
Jinoothing linen-cloths ; and having heated the fame red-hot applied it 
tothcfp irit, a s l l lo o d  o n  the cake o f  wax ekarified, holding the fame
i n a p A Í r o f  tong?. * i l

I did not, 1 confcfs, expect much from this tria l; and the event was, 
that I could not kindle the fpirits, during the time the rednefs continued 
in the clam p ; but, as foon as that difappcared, and it began to look 
blackiih, the fpirits were kindled as ufual.

1 fiiall not draw any conclufion Irom a finglc trial *, perhaps iome rea- 
(ons might bcafligned, why the red-hot iron did not kindle the Ipirits, 
provided one were fure this would always be the cafe ; and i f  the expe
riment were repeated with the fame conl'equence a good many times, one 
would venture to fay, that the heat o f  the iron contributed no power of
inflaming to the , r u  ̂ > r u

M y  tube I have ufcd o f  late is n ot m ade o f  the fine flint-glafs, but 
luch as com m on wine glaíTcS arc m ade o f  v ■ ■ j

I have got me a tube made o f  common green glais : this is exceeding 
li"ht in comparifon with othtrs-, and may be cxcited with double the 
tiTne’and pain required for the others, but yet not without warming it at 
the fire *, though this feems powerful enough to attraót the bunch of 
threads, yet I am not able to kindle any fpirits with it.

I have made thefe trials, that I might be able to determine which kind 
o f  glafs afíbrded the greateft quantity o f  effluvia  ̂ or at ieaft the itrong- 
eft, as near as might be ■, which may not be altogether unufcful to be 
known.

11. Mr
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12. M r  l*Allmmnd inclofed fom c m ercury in a tube c iofe-ftop p *d ; Z’ /rr/o/a

and, wiicn lie afterwards rubb*d this tube, it g a v e  a great deal more ligh t fff/rsm Mr
chan v h c n  the lam e had no m ercury in it.

W h e n  this tube has been ru b h ’d , after raifm g fucceflively ir*s extrem i- Foik« 
ties, that the m ercury m igh t ñow  from  one end to  the other, one Iccs a % ¡  1*. r ’ s. 
light ferpenting all a long  the tube *, that is to fay, the m crcury, as it  runs (o»cermng the 
along, is all luminous.

M r  V/tlUmand then m ade the m ercury run in the fame manner 
the tube w ithout rubbing it, and it fttll g a v e  fom e ligh t, but m uch g¡afifuhe,pn>  ̂
than before. T h is  la ll experim ent periuaded him , that the friótion o f  
the m ercury againit the glals m ig h t elcclrify  that g lafs, in the l ik e  manner E^ricity. 
as the rubbing o f  the hand. A n d  he has been confirm ed in the lam e no- 
tion by another exp erim ent: H e  brou gh t íóm e d ow n  near to  the tube, 
and then made the m ercury run from  one end to  the o th er; and the dow n N. s. Rea) 
was attrad ed , as the m ercury in it ’ s m otion patied by it. t'cb. 13.

I 'h c fe  experim ents he has repeated, and varied Icveral w a y s;  and they *'45 
have led Iiim to conclude, that the phofphorus o f  the barom eter, kn ow n  
tíiis great w!ii!e, is not lb  pro|x*rly a phofphorus^  as tlie effcét o f  the m er
cu ry  eleélrifying the tube o f  the barometer.

M r  I'AUamand has put m ercury into exhaufted tubes, and, when thefe 
are rubb’d , they g iv e  m uch m ore lig h t than b e fo re ; there then com e 
out from  them  on all Tides rays o f  very  lively  light. I have alfo feen at I

at M r  Mujfchenbroeck*^ the m echanift’ s, an exhaulled g lo b e  o f  
g lafs, w hich , when rubbed w ith the hand, feemed all filled w ith  a v e ry  
bright fire.

Several pcrfons have obferved, that when they had been eleétrificd, 
their pulfcs beat a little fafter than before. I have even m y fe lf  felt, after 
havin g  been electrified a pretty w hile together, a fenfation all o v er  m y 
b o d y :  but within thtfe tew w eeks, fom e perfons have felt v e ry  iliarp 
pains upon their being electrified.

T h e re  is an experim ent that M r  VAllamand has tried •, he eledrified  a 
tin tube, by means o f  a glai's g lo b e ; lie then to o k  in his left hand a glafs 
full o f  water, in which was dipped the end o f  a w ir e ;  the other end o f  
this wire touched the electrified tin tu b e: H e  then touched, with a finger 
o f  his right hand, the electrified tu be, and drew  a fpark from  it, when 
at the fame-inftant he felc a m oft v iolent Ihock all o v er  his body. T h e  pain 
has not been alw ays equally  iharp, but be lays, that the firft tim e he loft 
the ufe o f  his breath for fom e m o m e n ts ; and he then felt lb intenfe a 
pain all along his r igh t arm , that he at firft apprehended ill confequences 
from  i t ;  tho* it foon after w ent o f f  w ithout inconvenience.

It is to  be rem arked, that in this experim ent he ftood fim p ly  upon the 
floor, and not upon the cakes o f  refin. It docs not fucceed w ith  ail 
glalTcs; and th o ’ he has tried feveral, he has had perlei^t fuccefs w ith 
none but thofe o f  Bohemia. H e  has tried Fjiglifo  glailbs w ith ou t any ef- 
leél. T h a t  glafs w ith which it beft fucceeded was a beer-glafs.

M r  Muffchenbroeck  the proiefiTor has repeated his experim ent, holding 
n his hand a h ollow  lx)wl exceed ing  thin, full o f  w a t e r ; and he lays he
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■ cxpcricnced a m oft tcrribie pain. H e  fays, the glafs mtift not be at ali 
’ ■ ■ w e t  on the outfjcic.

Tart of a let-  ̂S' Y o u  qiicry, whether that fubtU fire which kincllcs Warm’ d fpirit o f  
/¿rfrom tht w inc, be rcfidcnc in fhe body from  which it eviden tly  lifues, and be kin- 
R<n}.pr died occafionaliy ? or, w hether it com es from  the excited tube pervading 

inftantancouily the body it is applied to ?  or, la il ly , whether there are 
F ^ S Certain principles in the air, whicii are thus agitated into an extem pora- 

<on(fr’̂ l'ñ¿ neons lig h tn in g ?  T lic fc  queries are certainly v e ry  com prehcnfive and 
dcí^rical fire important*, I w ifii I Were able to return you fom ew hac m ore futisfaflory

fuppofitions.
IV  174Í-6  ̂ incline to  think the e lcdrical and lum inous effluvia  to  b e  the fam e,
J?£fi//Feb.20. and not diftindt fubftanccs. M t' JlaukJI^ee feems to  d itlinguiili them,. 
I'rVs'C- in tim atin g, that jio  lum inous m atter v iou ld  be com m unicated from  an 

‘ ' excited cylinder o f  w a x  to  his finger, when brou gh t near to  the cylinder,
th ou gh  it attraitcd ligh t b o d ie s ; but it is to  be obfcrved, that thiíi c y 
linder o f  w ax was only a coat o f  w ax, o i  about h alf  an inch th ick , on a 
wooden cylinder o f  four inches diam eter; now I have always found m y  
ñ ic k  o f  w ax, which confifts o f  nothing elíé, to em it lum inous effluviat 
very  plentifully, and rather in a greater degree than the glafs tube.

I f  we conclude w ith  the E nglip  philofophers, that fire is mechanically 
producible from  other bodies, b y  collifion, attrition, or, according, 
to  Sir /. Nrjoton^ b y  pu ttin g  the fulphureous particles o f  bodies into a v e 
ry  ilro n g  vibratory m o t io n ; b y  which means they becom e hot and lucid, 

e. affc5  us w ith  ideas o f  ligh t and h e a t ; on this fuppofitioi) m ay w e not 
conclude, that the action on the glafs tube, v/hen it is rubbed, by p u ttin g  
the parts o f  it  into fuch a Tibration, and, confcquently, agitating v io len tly  
the fulphureous particles therein, m ay heat and kindle th em ? A n d  m ay 
it  not aifo be fuppofetl, that when the air is in a tlue date, nitrous or o -  
ther particles in the air m ay contribute to  the k in d lin g  them  ? o r ,  per
haps, rather that fubtÜ, aótive, elaftic fubftance, which Sir /. Nsv;Con 
luppofes to  be the caufe o f  the refra¿tion, iá c ,  o f  lig h t, and which co m 
municates heat to bodies, and is univerfally diffufcd ? I 'h efe  be
in g  thus agitated and conveyed b y  a non-electric b ody intervening, in a 
due quantity, to  the vap o u r o f  the warm ed fpirit, m ay be fuppofed to  
k in d le  th em , w ithout cxc itin g  any originally-rciident fire in the b ody im 
m ediately com m unicating w ith th e m ; the lum inous eff.uvia  from  the fin
g er , or ice, i^ c, when brou gh t near the inflammable b o d y, being, as far 
as w e can perceive, ot the v e ry  fame k in d  w ith thole which proceed from 
the t u b e ; o r  there is nothing appearing in them  w hich  m ay lead vs  to 
fufpcél they are not the very  fam e, th o ’ in a greater quantity  than what 
can com e from  tiie part o f  the tube y o u  approach w ith  the end o f  your 
finger.

i f  we conclude w ith  fom e o f  the foreign philofophers, Boerhaave^ i lcn i ’. 
herg^ Lcmery, s'Gravefand^  & c .  that fire is equally  difi-'ufeti throughout 
the univerfe b y j:h e  Creator, p erva d in g  the interltices o f  all bodies, and. 
that there is no are m echanically produ ced  d¿ novo  *, then, m ay w e not con

clude,
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r lu d e , that whereas, by attrition oí- the glais tube, there is produced a 
u very q u ick  and ftrong vibration o f  its p^rcs, which m u ftn cceiC ir ilya f-  
te f t  the fire contain’ d  in the vacuities, by com preirion and re laxation ; io 
that, as B oerbaave  exprelTos ir, there m u ít be, ih the bodies thus agitated, 
and in the fire contained in its pores, an excacdiiig  great m otion excited, 
and, together herewith, the furrounding fire from  both thefe caufes, m u if  
be agitated, and fo m uch  the m ore v io len tly , the nearer it i s ;  m a y  w c 
n ot conclude, that its force w ill be hereby fu/ñciently increafed to  kindle* 
the fpirit to  which it is c o n v ey ’ d ?

In this, as in the form er hy|X)thefis, I w ould  not cxcludc the elaftic 
materia fub tilis  from  being fuppofed the h avin g  an influence o a  the 
•via. W h ich fo ever  o f  the tw o  hypathefes w e em brace, you m ay perceive, 
c1>at I incline to  th in k , that the k in d lin g  fire rather proceeds from  the cx- 
cited  tube, I am  v e ry  fenfible I am in a  gre a t meafure g ro p in g  in tke 
<iark; but hope future experim ents will catt a Jight on this obfcure

14. Í this afternoon, on refic<5t in g  afreíh on M onfieur VAUmrtaa£% ŷi~ 
perim ent, refolved to  m ake  the fo llow ing trial, th o ’ 1 was in n o  doubt 
%\‘hac the iHlle w ould  b t :  I to o k  m y  tin tu b e,.w h ich  has tw o  arms to it, 
iiirec lly  o p p o fite  one to  an oth er; and at that diiVancefrom  one end o f  
th e  tube, w hich  is equal to  the I  n gth  o f  one o f  the arms, as y o u  m ay 

rji perceive by the figure in the m argin (not ^o trouble you
w ith the ufe it was m ade for, at prtfent)r this I fuf- 

'  ' pended by a  ii lk  line from  the ceiling ot the ro o m ,
• letting it hang dow n o f  a length convenient for m y  pur- 

-pofe. I then to o k  a china b;iibn, h o ld in g  better than 
a quart, anti, h avin g  neariy filkrd the fame w ith  water, 
I itood on the w ax ca k e , witli this baíbn o f  water in 

H jí2 m y  hand, lb  near the pendulous tube, that I cou ld  a p 
p ly  the bafon to  it w ith  con ven ie iice ; then, having: fuf- 
tered m yfelt to  be ¿^cdtfified^ held the bafon fo under 

?■ h be th e  tube, tiiat-the low er end dipped an inch m ore or
thc'arüís, Watti*:' û 5©n-tbis, a pci-fon approached one

Wt f ’tbe baibn* of ^ d  o f  the arms w ith  the fpirit o f  wine in a fppon,
watorwswhcM. • aVid it  was im m tdiateljf kindled w ith vehem ence; and at

the lam e tim e I received o n - o n e o f  m y  fingers that held 
the bafon a  pu ngent ftroke^ and chat ftroke  was g iv e n  ;thc v e ry  initant 
ot time the ihap was at the fpoon^ o r  an y other objeét that was-applied. 
I h c  wind .was than S . and hard rain, a s m o f t  par^t.of the <lay^  ̂ and yet, 
it one  were difpofed to  in d u lge  im agination, the feemed to  aá:
m o r e ,^ o n g l y  than is ufual. I th in k  theri: be no doubt, but that
water is as g o o d  0̂ medium  o f  Com m unication to  the fffiuvia^  as any i'ul>- 
je ¿ t;w iia tev cri  :for, that a l l th o ie  w hich  e m i t  to  tlae spirit were conveyed 
to  th e  tube b y  the w ater, I am  certain ; fince the tube d ip p ed  in the cen
tre, and was then m otionlefs fo that it ne^'er caiiic fo near the bafon as
tootcqvc-any #^íí#t;^:ffoíTí it. ■ ■ ■ ; ■ * ■ -

' F t ; :  1 5.  A s
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A Utter from  1 5. A s  vo u  wcrc the 0!ily perfon w ho ever fiiewed m e any c t ó r i c a l  ex-
------Mr p en m en ts, and have been (o k in d, according to  you r w onted candour, to
John Eilicot, ireeiy upon this and all other like occaíions; I think it proper to

a c co u n to f  what I have th o u gh t o í  towards gain in g  a far*

TreL7h ifJ -  ther infight into  the nature, pow er, and laws o f  Elcdbricity.
IfSirUal cfHu- F rom  the tim e I law ihofe experim ents at your houfe about 3. years ago^ 
via. N^ 479. I iittle or no opportu nity  o f  m a k in g  any m yfe lf , until within this 
P.9Ó Mar. w h en , h avin g  g o t  lom e good  utcnfils, I  repeated, o r  imitated
t-46 m oft o f  the trials I had heard o f, w ith fuccefs. A n d  particuJarly having
Mar. 6. heard, that M r  Gray g a v e  an account o f  balls cauied to  m o v e  round one
•■45-6. another b y  means ot elc¿lrical effluvia^ 1 was very  defirous o f  feeing fo de-

Jightful a  fight. A n d  th o u ^ i 1 was difappointed in m y expectation o f  a 
circular m otion, y e t  I found it eafy to m ake tw o  balls a¿t upon cach other, 
in a very  entertaining manner, for a long tim e ; and that with I'uch a con- 
ilan cy and regularity, as to  the effect, that 1 apprehend one m ay thence 
deduce a g au ge  or ftandard, w hereby to  meafure electrical powers, and 
com pare  the cjuantities and lircn g th  o í the virtue infufed into, or remain
in g  in, non-electrical bodies after g iven  times, ^ c .

T h is ,  together w ith a great defire to  be ab letoeftim ate  and com pare the 
cfFects o f  experim ents w ith fom e certainty, and to d o fo m e th in g  m ore than 
a m u fe m y fe lf  and friends w ith  the feveral furpr'tfing/>¿^wí?wf«í2 which thofe 
experiments produce, led m e, about l o  d ays a g o , to  th in k  o f  a m ethod, 
w hich, for au gh t 1 k n o w , is quite new , and fcems to  prom ife i'ak to  af
ford  m uch  new  l ig h t :  it is to  try  or w eigh  the ftrength o f  the electrical e f‘  
fluvia^  v irtue, or p o w er, by caufing it to act u[)on a balance.

1 found, tlie firft d a y , that this metiiod anfwered even bc*yond m y ex- 
peftation y fo  that feveral non-electrical balls placed fucceíTively under
neath one o f  the fcales, and then im bued w ith eleCtrical virtue the c o m 
m on  w ay, w oukl prcfentiy caufe that fcale to  defcend .2, 3, 4 ,  or. 5  
inches, and feem to  cleave, for 10 o r  m ore feconds o f  tim e, to  the fcve- 
ral bodies lb placed wnderjieath, ibm c h ayin g  m uch greater effect than o- 
thcrs. W h cn ce  it appeared, that' there was a fufRcient latitude for c o m 
paring very  different forces, i f  any fuch there were. A t  the next and 
only opportunity I have had fince (m y  apparatus  im d e  m ore corn^ 
m odious), I ufed flat inilead o f  ̂ o b u la r  bodies*# and then 1 found the ef  ̂
feéis fa r  m ore confjderable; fom e o i  them , w hofe  upper furface was a- 
uout 3 inches fquare, h avin g  attracted and held dow n one fcale, when 
there \y.ere about z o o  grains w eigh t in the other.

I 'h o u g h . 1 am  tem pted to  com m unicate fom e things, which I have a l
ready o b fe rv c d  by this n)^r)s, w ith  m uch delight,. 1 referve them  at prc- 
fent for a farther oxam inacion; defiring  in the mean tim e, that y o u  wiH 
com m unicate o r  d iv u lg e  tlús in iuch manner as y o u  th in k  proper (only 
concealing m y name)» th^t others, w h o  m ay have an inclination, m ay 
purfuc and im p rove  the hint. A n d , for the cafe o f  fueh, 1 m uft add, 
that the ftrings o f  that fcale which is to  be actcd on> n>ull be lo n g , and 
non-electrical, an.l, 1 th in k , thick*, that there m ay be a ready paffage

for
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for: the elc6i:rical virtue to  run o f f  as faiV as it is rectivcd . Inftead o f  a btafs 
fcalc-pan, I ufed a flat piecc o f  c o r k ,  filed v e ry  fm ooth and even, efpe- 
cially on the under furfdce, 'I'he other fcale needs no alteration, provided 
the Itriflgs- be made o f  f iik , as ufuaJ, and fhort enough to  k eep  that icalc 
wut OÍ the reach ot the ekdtric  virtue, which is to  a¿t upon the tornier. I f  
the beam were three o r  fou r feet lon g, the llrings of both fcales m ig h t be 
o f  a length, w iüch would m ake it Icfs troubleibm e to  p u t in and take  out 
weights.

1 m ounted the attracting bodies upon fm all taper iticks, about 2 ; feet, 
whofe th icker ends had a toot w hich  ftood upon 2 cakes o f  bees-wax full
10 incnes th ick  in all.

I  iorbear to  delcribe the pretty little fim pie inftrum ent you furniihed 
m e w ith at m y  firlt letting out-, I leave that to y o u rfe lf;  on ly , as it has jj
no name, 1 take the liberty to call it an c le ffr ica l needle. E v e r y  body, 
w h o  delights in luch m atttrs, will thank >ou for it ,,  i f  it were only for 
the am ulem ent it w ill furniíh to r ib m a ; y hours, after being but oncc wcU 
fcafoned, or tin£lurcd with e led rica l effitivia.

B ut, 1 th in k, tiiis little inilrun^ent, and tlic balance together, cannot 
fail o f  inform ing us fartherconcerniag the properties o f  K le é lr ic i ty : fuch 
as, how  lar it agrees- and difagrees w ith m a g n e tifm ; whether it paflcs 
th rou gh  the fubltance, or on y along the furface o í bodies-; whether i t  
proceeds in any, and wjiat particular dire¿lion, or has any particular ten
dency ; in w h at particular bodies the m oft o f  it m ay be collected and re
tained-. and how  lo n g v  how  far the figure, lize , denfity, or colour o f  
bodies m ay be concerned 1 whether, as thcfe effiuvia  m ay be felt, heard 
and feen, they m ay lik^wife be weighed ; and m any other matters, which 
will o ccu r to the diligent obferver.

16. O n  m y  m ak in g  ufe o f  one o f  m y  boxes filled w ith pitch , w ax , 
l i e ,  for the perfon to be eledlrified to  iiand upon, after ufing it a fittle 
while fuccefsfully, 1 g o t  the man w ho afíiíled to  w ipe the furiace o f  the 
pitch, i i c .  w ith  a d r y  clean cloth,; fufpcdting, from  the place it had F k. S. to Mr 
Itood in, fom e dam pnefs m igh t thereon. T h is  being done, for m y  Hen. ftikcr,
J'atiiifaction I let up the box o n  one hde, and held a thread o f  trial at k  ̂
pro[)cr diltance, and fouiid it to attrad't and repel the fame : but,,on 
ring it dow n, and ib n d in g  upon it, by no means could it be m ade zp-¿^/envaiian; 
pear- that I was e led rificd , or an y other perfon w ho ftood  thereon after? /?'*</■ p- 5 .̂
W'ards. I  tlwreupon toolc another box o f  the fame, fort, but made ufe 
o f  it w ith out-w iping it, and it perform ed v.»cll. T h is  I have not yet rc* I 
peated, but intend to  d o  it.

In a pint-bottle o f  ftint-glafs I have fome fmall picces o f  braft- leaf, and 
the bottle her-metically fcalcd^ U p o n tr y m g  whtither the excited tube w o u ld  
ri|.u^ afFefc the faid Jeaf, 1 was at.firll dif-ppoirited-in m y expeclationa^ 
tor ihjoV tin; tube was,-fo well excised, as that, up0 5 brin gin g.it  uear-ci?e 
jt?9uie, l lro n g  and lout! foaps were g iv en , th irc  was hardly any íénfvble 
m otion ia t h c  brafslcaf*. t i l lT th o u g h t  o f  w arm in g,th e  bo:ck; the fire; 
wiU then there was a coofideríiblc n(?t;wh3? 1 txpect<;d before 1

made
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m adé -¿hy tria!. - tíut I fufpcél the b&ttlc to  be iod th lfekr for, on tr/ i í ig  
a cOminon flaiík, which w e i<faled:án»hc fire, che kát which Ih a d  p u cm  
W3S very  í lr o n ^ y  both aítra¿lc<*; ahiá repelled a great -many times.
' ‘O n e  odd circuAiílance I w l í  cbll y o u ,  aíid dctaiíi you  no longer : U p 

on m y litcingícivthé lu be haííilyiby. chance, I o V e rv c d  the leaf to  be 
j^W eviully attrUdtfd by the fídes>f)ü^hc botrls Ot'fiafk next to the-tube f 
tWs putiiny o'rf t-fyling p u rp o iv if  Hvhat the efiPcíéfe wowid be, if, when a 
perVon held cttuer in his hand fidcways, fo as the neck was parallel with 
the horr/.oii i r  c00k ch(3excící?d'rübe, ahd m oved -it u p  and dow n towards 
and'lVom the ñoorV'ftt? '3 ^^-4 lncli#siitmm the* bottle^ fucceirivcly, as faft 
as I could, w ithout hazarding m y lir ik in g  a g a in l l i t ;  upon w hich  the 
¿raí^éieaíwás as fucceílíveiv bctrafteü’and fep^lííd, or feemcd to fo llo w  thc 
motion 0Í thfe tube, or was alfijíted» as it w ould:'have been i f  I had beat 
oite air upon it^ ih o * 'in  a v e r f  interior degree^ you will iu p p ofe-i 
and thus it would-bt,V i f  the tube was held at a-greater diftance j and in 
c-heilaik, Í  Gurricd m y hand fo (is that'the tube defcribed a circle about . 
it, at the diilance o f  6 or 7 inches, th e -w h o le  o f 't h e  leaf w ould be put 
into a contlant, i-egular gyration, which would hold as Jong iis I could 
weil'coi'.cinue tité motion. -I'his feemcd to me-ftrarige, that it 1 brought 
the tube near, and rem oved the lam e Howly, > no motion (efpecmily m 
t'ae^buttle) wjSv^bferved, or w hat was next to  n o n e ; and yet that this 
1‘uddcn motion of- the tube ihould produce fuch an e f f a i t ; but I think 
it m ay be thus accounted fo r ;  while the tube is h e ld  near the botcle, 
for any rime, the Icaí-^irals is k ep t in a i l a t c 'o f  re p u lfio n ; and there- 
toi?e> luuler chat confinement in the bottle, is rootionlefs *, but on m y 
Ibdden withdraw ing the tube, tivs. fide o f  th e  giafs oppofite  th e 'ltu f ferves 
as an attractive to it, w!)ile the fide on which it lay repels i t ; and thus, 
by the motiort o f  the tube, mentioned, there is a:G0t>ttanc: fuoctfijon o f  
attraction and repulllon. - '' 01

ftiovd Jt m ay be-hardly worth while to tell yotr, th a t  ! fired com m o n  fpiric 
Uttrr, i/rtW'Of wilie, at the diltancc o f  25 feet^ %\\t effluvia  being conveyed-by g per- 
Apr \b. . Ions and 2 laths o f  deal, tyed together thus : t-he p^rfon to be ele6trified 

' ; immediately ílanding on a cake o f  w ax , ami h o ld n ig  one end o f  the lath,
an< t̂her perfóiv ílanding about the- m iddle o f  the diftance on another cake, 
and fupporting the lath, and a th iid  perfon at the further endj w h o  held 
the other end ot the lath, and fire-;! t h e f p ir i t ;  and fom etim as-hekl the 
ip oon , while a fourth |X*rfon fired thoiii by repwlfioh. In this experim ent,

, ' inllead o f  com m on thread, I ufed f i lv ir  and g o ld  cwift, or what< I think,
the ladies call plate *, and 1 have reafon to  think ttós m uch better than 
the former. '• • ‘ i i

■ -1 am fd 'far fpom being o f  A b b é  N oJfeís mimty that I tbirtk no-Tóit o f  
g lflfe* is 'p ro o f againit the efie<i][« óí-^-tnoiíi: air. - I-eoficlude th'is irom  
M r  Watjbn% expirim encs and m y  ow n.— I told y^U'btfore whet-e í  k ip t  
m y  tu b e ; and le a n  aíTure yo u , I finetas great aiJdifiifencc aS 'can  
b^.in cIk: fame tube, bctw£<en <vh9t-iit is o h e d a y  and the next,-even whert 
1  have^een no great reaibn to  ejcpe<ftj from  fltiy-itfifibki •Chdñg'é’-ih *thc
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3ir, it íhould be fo." B ü t w hence arifcs thdt w c cali m oiílnefs in the áir ?
I  háVe m any tim es k n o w n , that the w in d  b e in g  N .  and N .  E .  and tho* 
it ha!i mined all day-jiiCeffaiitly, the air has been as d ry  (fo  far as I could  
ju d g e  f r o m  natural 'h yd rom eters , and from  n iy  tube; as in a iair d ay  *, 
aivd than fome fa if  days, -drier, by the iam e indications.

I begin CO th in k , 'th a t ,  by* carcíul -praítice, the glafs tube m a y  be 
brought to be a g o o i i 'hygrómctei^ for the air. 1 w iih  the theory o f  the 
air were m ore diligiírífíy and acewratriy cOnfídered certainly it has been 
n c g U ’d t c d  ; fo M r  Lcifke th o u gh t, a little before he died ; and faid, the 
iiriperfeifc difcourfe oMMi* which ■ was printed after his deceafe,
was the beft account W  havi.  ̂ And- what' has been done fince ?

I was g o in g  to  tell y o u  (for I w rite in a hu rry , that I m a y  not lofe 
the conveyance whicli offers), that I believe cuihions, the cafe hair
cloth, and the ftufHng ot horl'e-hair, m ay be m ade to  anfwer inftcad o f  
wax-cakes. I have one not 3 inch(.s tn ick  in the m iddle, even  when it is 
not com profled, which will d o  well.

1 7. W  hen I heard o f  MfMuJ/ehe^i^roeck's experim ent * ,  I tried the fame *, 'P-xtraa o f  a 
but I found great coiivuHions by it in m y  b od y. It put m y  blood into
great agitation ; fo th:u: I w as afraid o f  an ardent fever •, and was o b lig-  wini^icr^v ’ 
ed to  uie refrigerating medicines. I felt a heavinefs in m y head, as i f  \ Ut. 'iJt '. 
had a fione ly in g  upon it. It  g a v t  n x  tw ice  a bleeding at m y  nofe, to  Prsf. publ. 
which I am  not mclinrd. M y  wife, w ho had only received the electrical 
fiaih tw ice, fo u n d  lierfelf i o 'w eak  after it, that íhe could  hardly 
A  w e ek  after, fiie r e c o 'e d  only  once the e ied rica l flaih •, a few minutes r ó m w  
after it fhe bled at the nofe.

I read in the new s-paptrs from  Ba'lin. that they had tried thefe e led ri-  efe^s c f  
cal flafhes upon a bird, and had made it fuffer great pain thereby. I did 
not repeat this experim ent i for I chink it w ro n g  to g iv e  fuch pain to  liv- 
ing  creatures. 1 thereíorí* tak e , inllead o f  m e n o r  brutes, a piece o f  43c. 
nietal, and I put it upon a liand under the eíeélrical p ipe, which p ip e  2 n .M ay w  
propagares thtí E ledtncicy. T o  this metal is faftened an iron chain, *746.
which goes about the bottle w ith  w ater, m which the brafs wire is put, 
which wire is tallened ro the electrical pipe. - - ■

AVhen then the Ekíí-<MÍication is n-adf, the fpark? that fiy from  the 1-^6. Meaa 
pipe upon the nx-tal ai\' fo large and fo ftroi;g, that they can be feen 29- 
(even in tiie day timt^ ar’C heard at the diíbtnce o f  50 yards. T h e y  re- 
prefent a beam  like ligiitning, o f  a cle.;r and com p act line o f  f ire ; 
and they g iv e  a found that :righcens tlie peoj ir that hear it.

18. W h ile  fo m any g en tlim en  arc b b o u i in g  to fiiid o u t the ufes o f  E -  jitttterto
Icctricity, it has been m y  fortune to difcovei onei, at icafi:, of the inconvc* 
i'.iencies attending that p rop erty  in giafs. A n d  as it is fuch w hereby v a íl  ^
num bers, vt ry lik e ly , have been, and m a y  hereafter bC\ greatly  preju-
diced, I defire y o u  will mention w hat foliow s to the Royai Society % to  the Kíc¿lricii> 
em.1 tijat it m ay be publiilied, i f  they think p rop er, for the benefit o f  O' 
iKej-s, and particularly o f  thofc w h o  ufe the fea. turbs t h. mirincc*

Taut wUh the gun barrel iufpcndcd aa ihc iron bar. Sec above, Art. 5.
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Compafs, anJ i L w i n g  lately had occafion to  com par<stog«hcr'Cwo Gompafies ó (  a d>f- 
a!fo mice fcrenc m ake, the one havin g  a bare ncedU-, as ul'uals and the other a chart,
Jialanccs. manner that mariners com palfcs are com m on ly  made, I hap|x.*ncd
D aJu^~  to  w ipe o i f  wich m y finger fom c duít» wiiich lay upon the glafs o f  the for- 

m e r ;  and thereby put the needle, which was before at reft, into a violent 
diíbrderly motion, partly horizontal, arvi pa;tiy  vertical, or dipping.

12. 1745. Jevcrai repetitions o f  the lame thing, I ibuiid that the glafs, by lb
ijighc a touch, was at that tim e cxcited to E le c lr ic ity ,  fo far as. to diftucb 
the needle extrem ely.

The fame glafs being rubbed a very  little more \vith a  Hnger, a bit o f  
m uilin, or o f  paper, would a ttra d  either end o f  tlie needle, lb as toh p ld  
It to  the glafsi for feveral minutes, far o u t o f  the due ;iirection, according 
to what part o f  the glafs was m olt excited.

A n d  when tiic needle has for ibm e time adhered to  the glafs, and after
wards dropt loofe, and made vibrations, thole vibrations w ould not be 
bilTected, as ufual, by that point where the needle ihould rell, but either 
be made all on one fide, or be very unequally d ivided, by means o f  fome 
remains o f  electrical virtue in that part o f  the glafs which had attracted the 
needle; until at length, after 15  minutes or m ore, all the Electricity be
ing evaporated, the magnética! p o w er took, placc.

T h e  cure for this inconvenience, is to moiften the furface o f  tlie glafs: 
even ii wet finger will do  it im m ediately and eíTectually.

I need not fu g g e d , that the fame quantity of iriction will iw t  at all -times 
have the fame etíect upon thcfe glatfes, any m ore than it w ill upon the e- 
lectrical tubes but take the liberty to hint, that 1 have reafon to believe 
that glafs does, at fome timeSj become in fom e degree attractive w ithout 
any lri(5tion at a l l ; and m ay poiTibiy be excited by great conculFions in 
the air, fuch as thunder, or the dilcharge o f  great ordnance, and, 
i f  fo, m ay thereby difturb the compafs.

I m u ll however cbferve, that the mariners co m p afs  is m uch  lefs dan- 
geroufly m oved by w iping or exciting the glafs than the o t h e r b y  rea- 
Ion that the excited part o f  the glafs attra<5ts that part o f  the chart which 
lies nearelt, juft underneath, w ithout g iv in g  it fo m uch verticity , as it 
does to the other fort o f  com pafs w ith a bare needle. A n d  farther that 
the deeper, or the farther diitant the needle hangs below  th e  glafs, the 
Jefs difturbance it is likely to  receive, b y  w ip in g , ru b b in g  or othcrw-ife
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cxcitin g  the cover.
I ihall m ake no farther reflccVions upon thefe fa d s  than to obfervc, 

firft, that all the minute, irregular, reciprocating variations w hich  have 
been obferved in the dire¿lions o f  d ip p in g  and horizontal needles, as 
mentioned in fom e o í  the Tranfa¿Jions^ m ay probably have been caufed 
by the glalUs which covered the inftruments made ufe o f : and, fecondly, 
that the fiat pieces o f  g la ls , often placed under the fcales o f  an eifay- 
baiance, are likew iíé  very  capable ^ f  attracting, and m a k in g  even the 
lighter fcale preponderate, wht?re.the wJiole matter w eighed  is fo very  
fmall, I have not tried this laft, but do rem em ber, that M r  Ellicot^ a
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M em b er o f  y o u r  Societyy did fom e years a g o  fufpe^t, i f  not find it cer
tain, that fiich pieces o f  g 'a fs  did d ifturb  his balance, and had given  
him  a  v a i l  d e a l o f  trouble, upon a  fuppofition, that the beam  itfelf was 
defective.

It feems to  m e that a giafs ball, which has oftentim es been em - lixtraaofa 
ployed  for violent diílillations, and other ch ym ical operations, does fend 
forth the K ledlricity  incom parably m ore ftron g  than any other giafs . M;( t̂hias 
which never fince it*s m a k in g  had been cxpofcd to  a violent fire. A s  1 ¿ f e  9/Wil. 
am the firft that has mentioned this notable circiim ftance, be pleafcd totembc-rg. 
let m e have the honoiir o f  this im p rovem en t in the Philof. T ranf.

Ton. F  R.
o n  t h e  E i e f l r i c i t y  o f  g l a f s ,  t h a t  h m h t t n  e x p o fe d  t i j l r o n g f i r e s .  N * .  4 9 2 .  p. 189. Apr . 1-49. D a t e d  

M arch  1748-9. April 6 .  1749 .

20. T h e  electrifying glafs ufcd b y  M .  le M onnier is an o b lo n g  fphe- F.xt-ofiofa 
roid , whofe diam eter trom  pole to  po\e is 4  or 5 inches longer than that 
at the equator, w hich  is about 1 2 inchcs. E a c h  o f  thefe poles is term i- valcN^^dh" 
nated in a item , or portion o f  a hollow  cylinder, about 3 inches in length, íJ.vi.FoikeT 
and one in diam eter, fpirally em boílcd  on the outfide into a large maic^/^; V  R. s. 
icrew  : to  each o f  thefe m ale fcrews is adapted a fem ale fcrew o f  w ood, 
clofed at one extrem ity  w ith  a p ic c e o f  ftcel, excavated in the center, 
receivc the iteel p ivots  upon w hich  the eleiftrifying glafs turns. TiZntllafh 
T h e fe  fem ale fcrews o f  w o o d  are fo  form ed at their open  extrem ity , ««X 
that they g rafp  and co ver  as m uch at the poles, as nearly renders w hat ns. N r 4s r. 
appears o f  the glafs fpheroid a perfect fpherc : this with a defign, that 
the w o od  m ay fix the m ore e t ie d u a lly ,  and embrace the electrifying glafs.
F ro m  the exterior furface o f  one o f  thefe w ooden female fcrew s, a cir- juIy 4 . N . S .  

cular ledge rifes, and projeéts to  the height o f  about 2 inches i the am- 1746. R e a d ’ 

bitus o f  w h ich  led ge  is excavated, to  reccive the cord that turns th e elec-  ^3- 
trify in g  glafs. T h is  is w hat they ufe here inftcad o f  our tubes, and w ith  
furprifing eftedts, fuch as g re a tly  I'urpafs w h at you  have y e t  fcen in Eng
land. T h e  eledtrifying fpheroid is turned b y  means o f  a wheel about 4 
feet in diam eter, w ith  the Jame m otion, and e x a it ly  in the fame manner, 
as the fpindle is turned round by the fp in n in g -w h e e l: a llow in g  a due 
proportion to the fram e, upon which the glafs fpheroid is m ounted, that 
it m ay anfwer to  the wheel that turns it. I 'h e  fides o f  this fram e, which 
itand perpendicular to  the horizon, are near as ftrong and as large every 
w a y , as the pofts o f  an ordinary c lo fe t-d o o r; and, w ith  the ledges that 
jo in  them at to p  and bottom , tbrm a reCtangiilar parallelogram . I 'h c  
front o f  this frame is provided w ith  filken loops, conveniently difpofed 
in fcveral places, to  bring to , and fix at a con taft  w ith the elcótrifying 
glafs, wires, threads, packthread, or w hatever clfe is to  be eledtrified. 
in to  one fide o f  this frame, at about half it’ s height, the p iv o t that re
ceives one o f  the poles o f  the glafs fpheroid is fixed ; the other p ivo t, 
on the oppofite  fide, is a round long bar o f  iron, fcrewed into and paf- 
fm g through the p o ft, in order to  fix , or g iv e  liberty o f  rem ovin g  the

V  O  L .  X .  l^art ii. U  11 eleétritying
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electrifying glafs. T h is  bar o f  iron, for che convcniency o f  turning it, 
has another in the nature o f  a leaver, w hich  paiTcs through it's extrem ity 
at right angles with it. T h e  whole machine is mounted upon a floor o f  
boards, wheel, frame, glafs, and em p loys tw o men, the one to 
turn the wheel, the other to fit behind the glafs fpheroid, and ap p ly  the 
concave o f  each hand to it*s lower con vex furface ; for it is by this fric
tion that the E le i ln c ity  is excited.

W h e n  the electrifying glafs has been fome little tim e in  m otion, the 
perfon w h o  defires to be eleélrified, applies the extremities o f  the nails o f  
one hand, and (lands not upon cakes o f  w a x , as in England, but within 
the area o f  a fquare drawer or b o x  about five inches deep, and filled with 
five parts pitch, four o f  refin, and one o f  bces-wax ; I will not call it a 
com pofition, for they are not m ixed, but difpofed in the fo llow ing man
ner-, the pitch is placed next to  thefidcs o f the box, and riies alm olt to 
a level with them , the refin in the m iddle is level with the pitch, and 
the wax forms a thin furface, covering both to a level with the box it 
i'eJf; how ever, I fuppofe this to  be in itfcU very  indifferent, and that 
any one body o f  the eleitrics p er  f e  w ould anfwer equally.

T h e  peribn eltclrified by this machine not on ly  emits fire from  all 
parts o f  his b od y, upon the touch o f  another, with more v ig o u r, and 
in a much more feniible manner, than when electrified by a com m oii 
t u b e ; but fires alfo i'pirits o f  wine w ith  fuch cafe, that when the fpirits 
have been once but fim ply  fct on fire b y  a m atch o r  paper lighted, and 
the flame has been inftantly blown out, they w ill, w ith  that fmall de
gree o f  heat they have acquired, take fire upon his touch l o  or 20 limes 
fucceflively, without tailing once.

1 am  told here, that they have frequently attem pted in vain to  f i x  
fpirits with a com m on tube o f  g la f s ; fo that I believe the ufe o f  the tube 
has been more Improved in Efi^land than in any other place : but it is a 
dow nright llavery, and in it ’s effeéts many degrees interior to  this ma
chine. 1 ihould have thought, as this fo m uch exceeds in ftrength the 
com m on tube, that many glafs fpheroids, aéting at once upon the fame 
body, w ould have confiderably increafed the c ffc ó t; but M .  de Buffon 
tells me, that M . le M omiier had found, upon trial, that they anfwered 
not his expectations; fo that it m igh t fcem there is a n ep lu s u ltra  in the 
intenfity o f  Electricity, as w ell as in the heat, which is com m unicated to 
boiling water.

i f  the perfon electrified holds a fw ord in one hand, the cham ber being 
darkened, a continual flame ifiues out at the point, in fm ell and colour 
reiem bling the fum es ofpbofphorous, and near as ilro n g  as that o f  an ena- 
melicr*s lam p : with this difference, that when any other o f  the co m p a 
ny applits a hand, even to the very  point, where the concentred rays be
g in  to diverge, it burns not, nor is an yo th erw ife  fenfiblc to  the feeling, 
than as a continual blaít o f  wind.

'I'his is performed with a iquare bar o f  iron, about 4  feet in length, 
and *- an inch in th ick n e fs ; to  one extrem ity o f  w hich  is adapted, by

the
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the help o f  a fcrew, another piccc o f  iron beat flat, l ik e  the end o f  one 
o f  the legs o f  a pair o f  tongs. T h is  flat picce o f  iron being fcrewcd in, 
the bar is placed parallel to tlic horizon  upon a w ooden (land, and the 
(land within the area o f  the draw er or b o x , upon the pitch, rcfin, and 
bees-wax, as above. l ‘he extrem ity  o f  the bar, oppofite  to that, which 
carries the flat piece o f  iron, is covered w ith 3 or 4  lolds ot linen, to  pre 
vent any d am age that m ig h t happen to  the glafs  Ipheroid, in h itting  a- 
gainfl: it b y  accident, w hile it revolves round it ’s a x i s ; and the fame ex 
tremity is m oreover, for further fccurity , placed at the difbance o f  about 
’ o f  an inch from  the glafs itfelf, the cflect l)cing the fame in every ref- 
pedt, as i f  in contadt. I 'h e  operator then orders the bar to  be electrified 
by repeated revolutions o f  the glafs fpheroid, as a b o v e ; and places one 
finger upon the m iddle o f  the bar, to  prevent the com m unication o f  the 
E lectricity  from  one end to  the other, till he has covered the flat piece ot 
iron w ith as m uch faw -d u il as it will carry. Som e ocher ot the com pan y, 
in the mean while, takes u p , on the point o f  a knife likew ifc , a quantity 
o f  faw -duit, and holds it under the flat piece o f  iron, at about an inch 
diilance. T h e  cfl'ect is, that when the operator takes ofl:’ his finger, the 
fpheroid fl;ill continuing to  revo lve , the faw -d u it above is all repelled and 
blown oiF, and that under attracted upw ards. If, inilead ot faw -duft, 
you  place upon the flat piece o f  iron a Hnall fquare tin box filled with 
water, or any other vcfl'el m ade o f  a m atter non-eledtric -per fe^ 
particularly metalline, and endeavour to  draw  oft* the water b y  a ca
pillary fiphon : the water, in that cafe, w ill  fall d rop  b y  d ro p , as ufual- 
l y ;  but the infl:ant the bar is electrified, it w ill run in one continual 
rtream ; w hich, i f  the cham ber be darkened, w ill alfo appear luminous.
I ’his p lay o f  the water m ay again be ftiopped at pleafure, by the applica
tion o f  one finger to  the bar, as above. It the flat piece o f  iron be un- 
fcrewed and rem o ved , the E lectric ity  runs out at the extrem ity  o f  the 
bar, to  the eyes, in the appearance o f  a blueifli flame j to  the fm ell, like  

0 Í^ h d fp h o r u s and, to the feeling, lik e  a blaft o f  w in d ; as in the 
experim ent o f  the fword.

I'he m o il  furprifing  o f  all, is that o f  M r  Mujfchenhroecky im p roved  b y  Hxp. i V. 
M .  le Monnkr, A  m ufquet-barrel open at both ends, is fufpended pa
rallel to the horizon, by filken threads within r e a c h : and at the breech 
end, about 3 inches from  the extrem ity , is h u n g, b y  a r ing  o f  iron 
w orked  into the barrel itfelf, a fm ali iron chain about ; a foot in length.
A  glafs phial, refem bling in f ize  and fliape a co m m o n  vincgar-crcv/ct, is 
then prepared, full o f  w ater and w ell co rk ed , w ith an iron wire running 
through the c o r k  a lm oft to the b o tto m , and em erg in g  fom e tw o  or three 
inches above it, out o f  the top  o f  the phial. T h e  head o f  this wire is bent, 
to  catch in the low eft lin k  o f  the c h a in ; and is there to be fufpended, when 
it  has been cledtrified. F ro m  the m outh o f  t!ie barrel, w h ich  is pointed 
in a line parallel to the equatorial plane o í the re v o lv in g  fpiieroid, com es 
a lo n g  iron w ire, inferted inco the barrel itfelf, as far as y  o f  it's length, 
and thcnce proceeding till it touches the g la fs  fpheroid *, 10 a contact w ith

V u 2 which
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w hich it is dtrtermined by one o f  the filken loops I mentioned above in the 
dcfcription o f  the apparatus. E v e r y  th in g  l>eing thus difpofed, the gun- 
barrel is to be cleétnfied by repeated revolutions o f  the glafs fpheroid ; 
which is to be in a continual c o n ta d  w ith  the Jong wire that proceeds from  
it. T h e  phial is, at the fame tim e, to be ekctrified  b y  the operator, w ho 
takes hold o f  the b ody o f  the bottle, and applies to  the electrifying 
fpheroid the bent extrem ity o f  that wire, w hich  paifcs from  near the bot
tom o f  the phial th ro u gh  the co rk , as I defcribed above. T h e  operator 
iTiuft take care not to  touch the wire itfelf, while he endeavours to  eiecftrify 
the phial *, otherwife he w ou ld  be in the cafe o í one, w ho ihouid aim to 
c le d r ify  him felf, w ithout (landing upon fome one o f  the bodies, that are 
e l e d r i c s fe .  W h e n  the phial is fufRciently cle6^rified, which will be 
done in 8 or 10 revolutions o f  the fpheroid; for I would not have any 
one be too free in beftowing fuch an efficacy wpon it by too long an appli
cation, as m igh t perhaps, occafion his receiving a m ore violent Ihock than 
he w ould be w illing  to feel, particularly i f  the glafs fpheroid "has been 
any time in ailion , and is m uch heated thereby i the phial is then, I fay, 
to be fufpended by the iron chain, the glafs fpheroid continuing ftill to  
revolve about it ŝ axis, and to  eledb*ify the gun-barrel r the perfon then 
w h o  has courage enough to fufter the experim ent, for fo I muft: exprefs 
m yfeif, grafps the bottom  o f  the eleélrified phial with one hand, and w ith 
the other touches the gun-barrel. A t  that inftant, a great part o f  the 
nervous fyftem  receives a ih o ck  fo violent, that it w ou ld  torce the ftrongeft 
man to qm t his hold, and turn him half-round,

I rem em ber, am on g others o f  us, that tried the ex{)erimenr, was a boy 
o f  about 1 4 :  I aiked him , w hat he thought o f  i t ;  he told m e, that he 
im agined, the inftant he touched the gun-barrel, his arms had been broke 
ihort otT at the elbows, and tliat he had been cu t into tw o  parts ju f t  below  
the b re a ll; another o f  the com p an y, w ith a fort o f  pun, term ed it being 
broken upon the wheel. In e i fe d ,  fo far the boy was in the r igh t, that the 
ih o ck  in che arms feems to extend no farther than the elbows, and that o f  
the body no lower than the breait, w ith ou t affedling how ever in the leaft 
the head, or feeming to reach beyond the outw ard expanfion o f  the n erves; 
vet is it not to be termed a p a in ; for there is not the leaft fenfe o f  that 
fort in it, but a mere fudden convulfionary m otion, or rather a ftiock, 
which furprilcs m uch, and is indeed an uneafy, th ou gh  not a painful fen- 
fation.

In this experim ent, it is v e ry  rem arkable, how  greatly  the force o f  the 
com m unicated Kledtricity is augm ented, by the application o f  theeleélri- 
ñcd p h ia l; but the m oft furprifing circum ftance attending the ufe thereof, 
and which, I believe, is, am ong all the bodies that are fufceptible o f  E -  
le d ric ity , peculiar to this alone, is, that it lofes not entirely it ’ s efficacy 
under fcvcral m inutes; and I am told, that in a froft it will retain it for 36 
hours together.

iM. de Buffon, w ho informed m e that M . k M onmer was the i r f t  w ho 
difcüvcred thisparticular, has alfo afilircd m e, that this fam egentlem an had

frequently-
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frequently cle<5lrified the phial at hom e, and b ro u gh t it in his hand through 
many ftrects from  the c o lltg e  o f  Harcotirt^ to Iiis apartments in the k in g ’ s 
garden, w ith out any v e ry  lenfible dim inution of it ’ s efficacy. T h e  ufc 
o f  the e lcdrified  phial m ay be diverfificd  m any w a y s ;  am o n g  others, are J
fuch as follow.

W h en  the phral has been fufiiciently eleÓtrificd as above, the w hole  Ex?. V. 
com pany jo in  hands; the operator at one extrem ity o f  the line grafps the 
bottom o f  the ckctr ified  phial, and the perfon at the other extrem ity  
touches the w ire, which rifes above the co rk . A t  that inftant, the whole 
com pany receives a ih o ck , refem bling that in the experim ent o f  the gun- 
barrel, but not io i lro n g  *, for it fcems not at all to extend beyond the 
elbows.

T h is  is the experim ent, which abbc Nolki perform ed upon 180 o f  the 
guards, beiore the k in g ,  w h o  wcr<; all io fenfible o f  it at the fame inllanc 
o f  tim e, that the furprize  cau itd  thrm  alt to  fpring u p  at once*, as it w ill 
indeed force any perfon to  do that lubje6ls h im fe if  to the t r ia l ; though 
the convulñonary m otion icfelf, as I obfcrved before, reaches not beyond 
the elbow s: but the greater or lefler efícél depends entirely upon the 
longer or Ihorter application o f  the phial to the c la ilr ify in g  f jw ro id ; and 
I am credibly inform ed, that when due precautions have not been taken 
in this particular, fom e perfons have received fuch violent ih o ck s , as have 
benumbed, and im paired, to  a certaij; degree, the ufe o f  their arms for 
a day or tw o , beibre they p erfe ft ly  recovered them felves. I can affure 
yo u , h o w ever, from  m y  o w n  experience, that, w ith  the precautions I 
have already taken notice of, there is no manner o f  danger, th o u gh  at 
the fame tim e a fufficient efficacy m ay be com m unicated to  the phial, to  
gratify  any one’ s c u r io f i ty ; and in this particular I have been the m ore 
p ro lix , left any bad confequcnce fliould happen to  the unexperienced.

A n o th e r  experim ent w i:h  the electriried phial confifts, firft, in p lacing Kxp. VI. 
a wire fixed in a pedeftal, erc6t in a balbn o f  w ater, the Jiead ot w hich  
w ire  is bent, and rifes fom e 3 or 4 inches above the level o f  the w a te r;  
and then, in to u ch in g  the lurface o f  the w ater w ith  one hand, and the 
Handing wire witii the wire o l the eleilrified phial, which is grafped b y  
the other hand, as in the preceding  experim ents. T h e  effect o f  this is 
m uch more violent than that o f the iaft experim ent, and I th in k , exceeds 
even the fh ock  of the g u n -b a r r c l; fo that here the u tm o ft precaution m u ít  
be uled, not to  eleétnty the phial too m uch.

I obferved particularly  upon liie trial o f  this, that the operator, w h o  
appeared to  be v e ry  expert, and quite lam iliarized w ith every  form er ef
feci, ihew ed how ever fom e apprehenfion, and was u n w illing  to lead the 
w a y , as he had done in all the other.expciim ents.

I f  the e led rified  phial is held in the hand, and the cham ber is darkened, Ê tp. VII. 
the wire inferted in it is perceived to em it a itream o f  fire at it’ s extre
m ity  w ithout any d ifcontinuance; but i f  it is fufpended b y  a filken thread, 
the fiery eruption inftamJy ceafes.

T h i s



T h is ,  as a perfon w ould be apt to im agine, g ives  fom e infight into the 
rcafon o f  it*s rctenfion o f  E le ílr ic ity  ; the ambient glai's and filken thread 
being in the number o f  the e lcdrics  f e r  fe^ which h ave  a pow er o f  deter
m ining to, and confining in, any other k in d  o f  b od y, a com m unicated 
E le d r ic ity ,  though they are not fu fcep tib le o f it them fclves Y e t ,  as the 
French obferve very w ell, there arc fo m any o f  w hat they term  hizarreries^ 

j or unaccountable ph<cmmena^ in the courl'c o f  eleétrical experim ents, that
Í * a man can I'carce aíTert an> thing, in confequence o f  any experim ent, which
) is not contradiiled b y  ibme unexpected occurrence in an oth er: at icalt,

this is m y prefcnt thought o f  the m atter; and I am  the m ore confident 
in acivancing it, fince that I have learnt-your friend M . Buffon  is o t  the 
fame opinion, for whofe ju d g m e n t I have the greateft deference, I rem em 
ber he told me one day, when I had the honour o f  w aiting upon h im , that 
he thought the whole fu b je é lo f  E lt f tr ic ity ,  though illurtrated w ith  lb great 
a variety o f  experiments, very far from being yet fufficiently ripe for the 
c ila b lifi im e n to f  a c o u r fe o f  laws, or indeed o f  any certain one, fixed and 
determined in ail it’ s circumftances. A n  inftance ot this, am on g others 
that arc or may be found out, will appear in the fo llow ing  experiment. 

VÍJI. il'che non-eleftrified phial is placed upon a glafs falver, it acquires from  
the revolution o f  the fpheroid no E le d r ie ity ,  th ou gh  it ’ s wire is in con
tact with it all the tim e i unlefs the finger o f  fom e one in the com pany is 
approachcd v e ry  near to the phial itfelf: bur, in that cafe, it receives 
it v ifib ly  from  the f in g e r ; infomuch that, i f  the cham bcr is dark- 

I ened, you  will fee the electrical fire ftream ing out o f  the finger, and en
tering into the water, through the b o d y  of the glafs phial, which is there
b y  im m ediately impregnated with it; and this, though the hand ihould 
be placed even under the glaís falver itfelj-.

I H e re  w e fee an exam ple, where an ele¿lric/>ír f e  is fo  far from  term i
nating or excluding the pow er of E lc d r ic i ty ,  that it is even m ade a w i -  

f ilium o f  communication in circumftances where the wire, which is a non-
; electric pf’r  refufes to perform it’s exp eited  office. W h en  I fpeak o f

the power ot E lectricity in this cafe, I w ould not be underftood o f  the 
power o f  attracting light bodies, which is w ell kn ow n  to  be fcarcc fcnfi- 

I biy interrupted by a glafs medium^ as appears in the com m on  experim ent
o f  an electrified tu b i,  acting upon leaf-gold, in a cryftal bottle: though 
even this, i f  duly  confidered, m ight creare fom e difficulty ; but I w ould 

} only be underftood o f  that com m unicatcd vira.ie, which renders non-e
lectrics p er  f e  electrical. In one w ord, the fingularity o f  this experim ent 
is, that, b y  the addition o f the glafs falver, th e  wire and the water, both 
-ot- them non-electrics p er  íhould not be in the leaft afiected w ith o u t the 

jl approach o f  the hand, and fliould then receive the electrical fire from  it
J ' through a glafs medium', notw ithílandingthey are in the very  fame circun:-
*  -liaiwrcs, that a man is in, or any other n o n - e l e c t r i c f e ,  placed upon a
J c a k e  of wax and in contact with the electrifying fpheroid. N o w ,  that in
j  this experim ent the glafs falver has a confiderable effect, is very  clear.

F o r ,  it the phial is placed upon the table, or upon  a (land, w ith ou t the
falver,
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falver, a few  revolutions o f  the fpheroid w ill w ith  eafe com m unicate a 
ftrong E lectric ity  to  i t ; particularly if any one touches the table or ftand 
it is placed u p o n : and to kn o w  whetluT any degree o f E lectricity  has 
been com m unicated or not, the phial is to  be brought to the teil o f  any 
o f  the preceding experiments.

I f  the electrilieu phial is placed upon a table, and any light b ody is E x p .  IX. 
fufpended by a filvcr thread, within the dillancc o f  about 2 inchcs from  
the phial, w h at 1 law was a fmall brafs bell o f  a lap-dog*s collar, the phial 
will attract that lig h t  body to  it w ith force, i f  an yo f the com pany toucli 
the wire o f  the p h ia l ; b u t i f  the phiai itfelf is touched, it will repel it 
with a force equal to  its attraction in the form er cafe.

T h is  experim ent confirts in the com m unication o f  the electrical fire from  Exp. X. 
the glafs fpheroid to m any perlbns at oncc, as in England^ from  a tu b e ; 
with this only difference, that the com p.iny d o  not here jo in  hands, but J
are united to  each other b y  tak in g  hola o f  iron chains, which furprifnigly 
increafe the force o f  the com m uniLat-d If.lectricity: for it is to  be obferved, 
that, whenever t!ie com m unication is carried on by. a m etallic medium^ the 
cfieccs are m uch the m ore fcnfible.

T h is  experim ent is no- oth< r than what has been frequently tried in E xp. XI.
England^ the attraction o f  leaf-goSr. by a hollow  wooden g lob e, -to w hich  
Electricity is com m unicated, by a p a c ..thread o f  a very  great length fuf- 
pending i t ; after it has been conducted over filken threads croíTmg the 
chamber at feveral diilanccs, in a fort o f  fpiral, confifting o f  as m any 
turns as tlie place will adm it,

I had almofl: fo rg o t to ta k e  notice o f  tw o  pnrticulars, which were the 
confequences of fo m e o f  the preceding experimt-nts, and m ay in fome mea- 
fure ferve to  illuftrate th em : tht; o r  reg.irds the com m unication o f  E lec
tricity ; the other, it ’ s furpriling  forcc.

A t  the grand convent of the C.arthufians here in Pc.ris^ the whole com - 
munity form ed a line o f  900 toii^s, by means ol iron wires o f  a p rop or
tionable length, betwi:en every 2 ;  and, confequently, far exceed ing  the 
line o f  the i S o  o f t h e  guards abov;'-m ,m ion ed. T h e  effect w as, that, 
when the tw o  extrem ities o f  this long ’i îe m et in contact: with the electri
fied phial, the w hoie  com p an y, at th.-' fame inflant o f  tim e, g a v e  a fud- l
den Ipring, and all equally felt- the Jhocii, that was the confequence o f  |
the experim ent.

T h e  other phaenomenon was the refult o f  a late experim ent o f  abbé Nol- 
¡et's. H e  lixed, at the tw o  extrem ities o f  a brafs ruler, tw o  fmall birds, 
a iparrow and a chafH nch: this ruler had a nandle or pedeftal faftencd to 
the m iddle o f  it, for the convtnience o f  h o U in g  ir. W h en  both the gun- 
barrcl and the phiai had been fufficiently eiectrified, as in the 4th experi- 
nienc, he applied the head o f  the fparrow  to the fufptnded phial, and tliC 
head o f  the chaffinch to  the barrel. T h e  confequence, upon the firft trialj 
,was, that they were both  inftantaneouily ftruck lifclefs, as it were, and 
motionltfs, for a tim e o n ly , and they recovered fom e few  minutes after: 
but, upon a fecond trial, the fparrow was ftru ck  der^d, and, upon exam i
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nation, found livid w ithout, as i f  killed w ith  a fiaih o f  lightning* m o il 
o f  t!ie blood-velTds within the b o d y  being burft b y  the íh o ck . T h e  
chaffinch revivcci, as before.

2 1 .  T h e  author o f  this m em oir p r o p o f s  therein to examine thefc 
3 qucilions i that is to fay, how  is this elcétric virtue to be com m uni-

0/  E  L  E C T  R I C I T  Y.

the pubiie A s  to  the f i r i l ,  the author obferves, that this electric virtue is no other
m ntitgof to be com iiiunicated, but by the near approach o f  a b ody already
Sci^ccf J f  a d u a lly  pofícílcd o f  the fa m e : T h a t  the rule laid down by M .  du Fay\ 

(hat bodies n ever m e i v e  EUéJricity by communication^ unlefs they are fup - 
12 1746 hy ported  by bodies ek a rk  in th eir ĉ ĵn nature, docs not a lw ays take place, 
M. !c Monni- and that it is lubjc^t to great exceptions. F o r , firft, in the Leyden  ex- 

periment, the phial filled with water is ftrongly  electrified by com m u - 
UatAcaác-' iiication, even when carried in the hand, whi<± is not a body electric 
niy. 'aKii by naturc. Secondly, all bodies that are eleítrified by means o f  a phial 
f 'r . s . rer:- o f  watcr fitted to a wire, and which has already received a great degree 
vtunuaiedhy virtue by communication ; all fuch bodies, 1 fay, placed in any curve 

' '  connecting the exterior wire, and that part o f  the bottle which is

11. 1746.
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%the below the furface o f  tiie water, acquire E le ftr ic ity ,  w ithout being placed 
/¿/V p 290. upon refin, f i lk ,  glafs, or the like.

Dcc. T h u s  one m ay g iv e  a violent concuiTion in both the arms to 200 men 
all at once, w ho holding each other by the hand, fo form  the curve juft 
mentioned, when the firft holils the bottle, and the laft touches the wire 
w ith the end o f  his f in g e r ; and this, whetlier thefe perfons aiflually touch 
each other’ s hands, or whether they are conne¿ted b y  iron chains, that 
either dip in water, or d rag  upon the ground ; whether they are all 
mounted on cakes o f  refin, or whether they only ftand on the f io o r ; in 
all whicii cafes the experiment equally fucceeds.

E le d r ic ity  has in this manner been carried through a wire o f  the length 
o f  2000 toiles, that is to fay, o f  about a Paris  league, or near 2 Eng- 

miles tho* part o f  the wire dragged  upon wet grafs, w ent o ver 
charmil hedges or palifades, and over ground n ew ly  ploughed up.

T h ird ly ,  the water or the bafon in the Thuilleries, whofe furface is 
about an acre, has been electrified in the fo llow ing manner : there was 
itretched round half the circumference o f  the balbn an iron chain, which 
was intirely out o f  the water : the tw o extrem ities o f  this chain aiifwer- 
ed to  thofe o f  one o f  the diameters o f  the oétogon : an obferver, placed 
at one o f  thefe extremities, held the chain with his left hand, and 
dipped his right at the fame time into the water o f  the balbn ; w hilit 
another obferver, at the oppofite fide of the bafon, held the other end 
o f  the chain in his right hand, and a phial well eledriried in his l e f t : he 
then caufed the wire o f  his phial to touch an iron rod, fixed u p rig h t in 
a piece o f  cork  tiiat floated near the edge o f  the b a fo n ; at that inftant 
both obfcrvers felt a violent ih o ck  in both their arms. T h is  fame fact

was
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was agáin confirm ed, b y  experim ents m ade upon tw o  bafons at the fame 
tim e, that it m igh t appear diilin<ftly, that the ekdtrical cffiwvia did 
reatiy pafs along the fuperficies o f  the water.

F ou rth ly , it has Ixcn  contirm ed, b y  repeated com parifons, that a bar 
o f  iron placed in the above-m entioned cu rve, docs not at ail acquire 
ii^ore E le d r ic i ty ,  when it is fufpended in filken lines, than when it is 
held in the bare hand. W h en c& ic  appears, that, in this cafe, the conti
guous non-eiedtric bodies d o  neither partake o í ,  nor abforb in any w ay , 
the E leó b ic ity  that has been com m unicated.

Befidcs m any ftrong exceptions to  the rule laid dow n b y  M . du Fay\ 
the author adds another y e t i lr o n g c r ,  and indeed d ir e d ly  contrary to that 
rule *, w hich  is, that the fame phial o f  water, fitted with it ’ s wire, re
ceives either no virtue at all, or at leaft none that is fenfible, fo long as 4
it is either placed upon a ftand o f  glafs that is very  d r y ,  or that it  is fuf
pended b y  a filken thread, w h ilit  it ’ s wire refts upon the g lob e  ; and 
that, to m ake it receive the v irtue, the part o f  the phial which is below 
the fu r fa c e o f  the water, m u ft com m unicate w ith  fo m e  b ody that is not 
ele6Vric ; as is evident, when it is touchcd, whilfl: it  refts on the ftand o f  
glafs, w ith the finger, for it then inftantly becomes eleÓtric: and the 
lame will alfo happen when it is touched w ith  a peice o f  m e t a l ; but not 
when it is touched w ith  a tube o f  glafs that is dry.

T h e  electrical refts produce here upon the bottle an efteit fo con trary  
to  M . du Fay'% rule, that, i f  one places a phial, p e rfe d ly  well cleftri- 
fied, and which throw s o u t the pencil o f  fire cop iou ily , upon a dry ftand 
o f  glafs, or upon a line o f  f i lk ;  it ’ s ligh t im m etihiiely goes o u t, and it ’s !
K le itr ic ity  is as it were laid to fleep. O n e  m ay then i'ecureiy approach !
the finger to it’ s wire, and there will com e no elc¿lrical fparks from  it. I
T h e  author has even draw n out o f  it entirely both the wire and the co rk , ^
and has k e p t  it h a lf  an hour in his p o ck et, w ithout deftro yin g  the E le c 
tricity. B ut one m uft o n ly , in this cafe, touch the w ire, and not the 
phial itfelf 1 for in touching the tw o at the fame tim e, one returns to the 
Leyden ex p e rim e n t; but when one touches the phial o n ly ,  the E le c tr i
c ity  revives in the wire, and the pencil o f  fire difplays itie lf again, p ro 
vided one has not ftaid too l o n g b u t  i f  the wire only is touched, the 
body o f  the bottle becomes ftro n gly  e leftric , and draw s to it, trom  a 
coniiderable diftance, any ligh t fiibftances.

T h is  laft cafe g iv es  room  to  an experim ent that lo ok s  at firft like m a
gic  ; there was h u n g  u p  a little tin kling  bell by a filvcr wire, at the 
height o f  8 or 9 feet, and there was placed upon a glafs- ftand / w ell 
dried, a phial new ly e lc d r if ie d ;  the centre o f  the bell, and that ot the 
phial, were nearly in the fame horizontal line ; but the bell was be
tween 6 and 7 inches from  the furface o f  the phial. E v e ry  th in g  being 
in this ftate, the bell remained quite  ftill, it the ftand was very  d ry  ; 
but the inftant one either approached a finger, o r  any other non-eleCtric 
b o d y, to  the wire o f  the phial, the bell leaped to it  ; and one m igh t
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begin  again, and repeat the experim ent 20 times together, w ith out h av
in g  any occafioo to ncw-cJc6b*ify the phial.

W ith  regard to the propagation o t' E leé lr ic ity , the v e b c i t y  w ith 
w hich  the elciflrical m atter is conve}*ed, has been found too great to  be 
yet determined w ith any exadnefs.

T h e  author made an experim ent w ith  an iron wire o f  ^50 toifcs in 
length, and he was not abie to obfervc, that there paiTcd lb m uch as a 
quarter o f  a fecond o f  tim e, between the w ircsreceiv in g  the IlledriciLy at 
one end, and his feeling the ilio ck  in  both his arms at the o c h e r ; which 
infers a velocity  at leaft 30 times as great as that w ith which founds arc 
propagated.

In foeking what m igh t be tlic force which íliot forv/ard the e le ílr íc  
m atter, w ith fo m uch rapidity, through the len gth  o f  the wire, he at 
firft thought it m igh t be perform ed by the explolion o f  the fp a fk  o f  fire, 
which is pcrceived when the eledlrified phial is brou gh t into contaél with 
the wire conducting the eleiftric m a tte r ; b u t the fo llow ing  experim ent 
loon convinced him  iic was miftaken.

H e  difpofed horizontally a wire folded in tw o , upon lixies o f  f i lk ;  the 
w hole length o f  this wire was o f  1 3 1 9 feet, and the tw o  parallel halves 
were at the diftancc from  each other o f  about fix f e e t ; the E le d r ic ity  
was then com m unicated by means o f  a phial, and it preferved itfeJfin  
the wire for fcveral minutes, by reaibn o f  the filken lines upon w hich  
the fame was fupportcd.: a finger was then brought to  one o f  it^s extre
mities to take away the virtue ; and in the iam c inftant it  ceafed alfo ac 
the other extrem ity o f  the wire : fo that, in this cafe, the m atter in 
queftion returned to the finger, that is to  fay, marchcd backw ard, w ith 
the fame velocity  with which it was before ihot fo rw a rd s ; the eledtric 
m atter therefore now came towards the cxp lo five  fpark, for this fpark 
appeared upon the finger as foon as it ap])roadaed the end o f  the w'ire to  
take away it’ s K ie itr ic ity , and therefore it is not this fp ark  which íhoots 
forward the e lcitric  matter w ith  fo great a velocity.

T h e  lait part o f  the m em oir concerns the proportion in w hich  the 
eleftric matter is com m unicated to bodies o f  the fame nature. A n d  here 
the author firft cftabliihes, that it is not com m unicated to  hom ogeneous 
bodies, in proportion to their mafies o r  quantities o f  m atter, but rather 
in proportion to their furi'aces. Y e t  all bodies having equal furfaces do 
nor reccivc equal quantities o f  E le itr ic ity  : thofe receive the m oft, whofe 
furfaces arc extended the m oft in length. I 'h u s  a fquare ihect o f  lead 
receives a m uch Icfs quantity o f  E le d r ic ity ,  than a ftrip o f  the fame 
metal w ith a furface equal to  that o f  the fquare Hieet : iníom uch that 
the only w ay to  increafe in any body it’s faculty o f  receiving th e e le d ric  
virtue, is continually to  increafe it ’ s length.

Ohifr'-vathm 2 2. 1 lic world is m uch cb lig cd  to M . le M onmer for the m any difco- 
uponfo much vcrifs  he has made o f  the pow er o f  E le ¿ tr ic ity ; though the reafon o f  m y 

troubling  you w ith this paper at this tim e, is m y du*tcring; w ith that
gifntlciTian
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gentlem an in the conclufions which he deduces from  fevera! o f  ilic to
perijncnts contained in his m em oir.

O ne o f  the quertions propolcd to  be exam ined is» “  in what 
the cleélric v irtue is to  be com m unicated to  fuch bodies as yet hav^^ ,̂ ôn dcc- 

“  it not, and w h ich  are not capable o f  acquiring it  by bare fr i i l io n  tries, by vvm ^
o n ly ? ”  M .  le iMonnier ohk vvd s  hereupon, “  I 'h a t  no ocher maT)ncr 
is k n o w n , b y  wiiich tlie e le d r ic  v irtue m ay be co m m u n icatid , befides g f  

“  die near approach o f  a lx)dy aébually pofTefied o f  the fame : that the 
** rule laid dow n b y  M .  du Fay, tha t M ie s  n ever r e ce iv e  E k tiru ity  ¿v ’ 746 R»ad 

communication^ unlefs they are fupported  by bodies ek ^ ric in th eir ow n  Ja»- 2«;- 
“  nature, does not always take p la ce  ; and that i t  is liable to g-reüt exccp- 

t io n s : for, firft, in the I^ 'd en  experim ent, the phial filled w ith water 
“  is l lro n g ly  eleifcrified b y  com m unication, even when carried in the 
“  hand, w hich  is not a b o d y  elcd:ric by nature.*’

I ’o this I anfwer, that M .  du F a fs  rule is confirm ed b y  all rhe e x p e 
riments yet m ade pu blic , and even b y  tliat o f  Leyden  quoted by our \
author, or what is ufually called that o f  Profefibr Mujfchenbroeck. F o r ,  !
in this experim ent, is not the non-cle6tric water contained in and fup- |
ported b y  the glafs phial, which is eleélric in it 's  o w n  nature ? It’ s b?- j
ing carried in the hand is no m ore than it*s being placed on any other \
non-eleélric b o d y , and therefore is no p ro o f  againlt tlie genera! pofition.
It is w ell k n o w n , that i f  the phial is m ade n on -clcd ric  by w ettin g  it’s 
outfide, fo as not to  leave fom e inches perfectly  d r y ,  between it ’s m outh 
and that part w hich  is w etted, the water and phial part w ith  tiie E leftri-  
c ity  as fall as they receivc it, unlcfs it is flop p ed  b y  another electric p e r  j
f e .  B u t o f  this I treated at large, in a paper I lately did  myl'elf the j
Jionour to com m unicate. I

Secondly, our author mentions, “  that all bodies, which are eleélri- ^
“  fied by means o f  a phial o f  w ater fitted to  a w ire, and which has al- 
“  ready received a great deal o f  v irtue b y  co m m u n ication ; all bodies, í

he fays, placed in any cu rve  line, conno(5l in g  the exterior wire and '
that part o f  the bottle, w hich  is below  the furface o f  the water, a c 
quire E leé lr ic ity  w'ithout being placed upon refin, f i lk ,  glafs, o r  the 
l ik e :  that thus a violent concuílion m ay be g iven  to  200 m en all at j

“  o n c e ; w h o  h o ld in g  each other b y  the hand fo form  the cu rve  ju f t  
“  mentioned, when the firft holds the bottle, and the laft touches tiic 
“  wire w ith  the end o f  his finger ; and this equally , whether they are 
“  all m ounted upon cakes o f  refin, o r  ftand upon the floor : that the

E le ilr ic ity  has in this manner been carried through a wire o f  the |
length o f  2000 toifes, or near t  [- Englijh miles ; part o f  which wire ^
drasffcd upon wet crafs , w ent o v e r  hcdcics, paliiado’ s, and over land 
newly p loughed u p ,”
l*he experim ents in the fccond argu m ent d o  no w^ays invalidate M . du 

Fay\  r u l e ; for the fuccefs o f  them  depends upon k eep in g  whatcvL-r 
iorm s the cu rve  line mentioned h v  our author, whether it con fiib  o f  
m c n o r w ’ire, in a non-elc¿lr¡c ilate  : and ii w hatever form s this curve
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line acquires any degree o f  Eledlricity m ore than it’ s original quantity, 
which it is well known m ay be done, by being placed upon originally 
clcftrics, the effeft o f  the fliock  is proportionably leiTened. T h u s  if a 
m an, (landing upon cleótrics p er  fcy  applies his band to the phial o f  wa
ter, fufpendcd by a wire to  the eledtrihcd gun-barrel as ulual, this per- 
fon will acquire É le ñ r ic ity ,  which will be fufficiently perceptible in him, 
by his attracting light fubftances held near his body, o r  b y  his firing 
inflammable ones, when properly prcfcnted to him *, if, I fay, a perfon 
thus electrified, b y  app lying  one o f  his hands to  the phial, touches the 
ciectrified gun-barrel v/itha finger o f  his other, let the phial be e v e r fo  
ftron gly  clcétrified, he feels but a fiight llro k e  ; and this Itroke is greater 
or Ids, in proportion to the difference o f  the accumulation o f E k c t r ic i t y  
in the body o f  the man, and that o f  the water in the phial. T h u s  we 
k n o w  from  experiment, that though a confiderable quantity o f  the E lec
tric ity , in im pregnating the phial o f  water therewith, pervades the glafs, 
y e t  the lofs thereof this way is not equal to w h at com es in by the w ir e : 
therefore w e will, for the fake o f  a m ore eafy m ethod o f  explanation, fup- 
pofe, that the phial, when eleélrified in the m oft perfedt manner, contains 
a quantity o f  E le d r ic ity  equal to 10 ; that the m an’ s b o d y, b y  ftanding 
upon w ax, and touching the phial with one o f  his hands during it’ s E le c 
trification, contains a quantity equal to  7 : upon his touching  the gun- 
barrel w ith a finger o f  his other hand, he will receive a fm all Itroke only 
equal to 3, the difference o f  the Electricity  o f  the water and that o f  his 
b ody : and i f  lie touches the gun-barrel again w ithout rem ovin g  his foot 
irom  the originally eleCtric, the fi:roke will be fcarcely perceptible, on 
account o f  his body being nearly o f  the fame degree o f  E leélricity  w ith 
the water in the phial. So that here we fee that the violence o f  the 
ilio ck , to  be felt by whatever forms the cu rve  line, depends upon it ’ s 

I being, in the m oft perfeCt manner, free from any degree o f  E lectricity
. more than the original quantity, which is contrary to the opinion o f
I our author.

1 ‘hirdJy, M . Monnier tells us, “  T h a t  the water o f  the bafon o f  the
“  ThuiUerieSy whole furface is about an acre, has been e led rified  in the

|[ “  follow ing m an n er;
■ “  T h ere  was ftrctched round h alf  the circumfercnce o f  the bafon an
!| “  iron chain, & c , ”

T h e  water o f  the bafon in this experim ent was no m ore eleCtrified than 
the wire which dragged along the gro u n d , i¿ c .  was in the former. W h en 
I was firil informed, w ithout being acquainted h ow , that an acre o f  
water had been eleCtrified, 1 was am azed, and told the gentlem an who

Í
 acquainted me therewith, that i f  m y idea o f  ElcClricity was in the leaft

true, fuch an efi-'ect could not be produced, w ithout elcClrifiing the w hole 
terraqueous globe from  a larger mafs o f  matter. A n d  indeed, when I

I
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iieard M . le Monnier'% paper read I eafily faw  the d e ce p tio n : fo that, 
iiiilead o f  elcClrifying the whole quantity o f  water contained in the bafon,^

the
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the Ele<ftricity paíTed only through fo m uch o f  it as form ed a line be
tween the iron rod faílened in rhe floating c o rk , and the hand o f  th a to b -  
ferver which was d ip p rd  in the water.

T h e fe  experim ents ilill  m ore and m ore cílabliíh  the account I lately 
laid before you o f  the Elv6lricity*s always dcfcribing the íhortLÍl circuit 
between the clcétrified water and the gun-barrcl •, or (which is the fame 
thing) ihe wire o f  the dedlrified phial. A n d  this operation refpedls n e i
ther fluids or fohds, as fuch, b u t only as they are non-electric matter. 
T h u s  this circuit, in the preceding experim ent between the phial and the 
wire, confifted o f  the tw o  übfervers, the iron chain, the line o f  water, and 
the iron rod in the floating cork.

F o u rth ly , N'J. It M onnitr mentions, *' T h a t  it has been confirm ed, by 
repeated com parifons, that a Ijar o f  iron, placed in the above-m en 
tioned curve, docs not at all acquire m ore E le ftr ic ity  v/hen it is fuf- 

“  pended' in íiiken lines, than when it is held in the bare h a n d : whence 
“  it appears to him , that, in this cafe, rhe contiguous non-electric bodies 
“  do neither partake of, nor abibrb in any w ay, the E lectricity  w hich  has 

been com m unicated.”
T h e  cu rve  line before-m entioned, let it confift o f  w hatever non-elec- 

trics it w ill, uniefs the w hole thereof bv projx rly fupported, the c o m m u 
nicated E lectricity  cannot be accumulated : fo that the fufpending one 
part thereof in ñ lk  lines cannot be fuppofed to  produce any eftc6b.

T h is  gentlem an further obferves, “  'I ’nat the phial o f  water fitted to 
it’ s wire docs not receive the leaft degree ot E lectricity , i f  it*s wire, fuf- 
pcnded by a filk  üm' , is applied to the g lob e  in m otion, or if that phial 

“  is placed upon a dry giafs llahd.*’ T h is  M .  k  M onnier takes to be d i
rectly contrary to  M . du F ry's  ru le ; clpecially as the phial cannot be replete 
w ith  E lectric ity , uniefs, w hile it is exciting , fom e non-elcctric b ody 
touches the phial below  the water.

I 'h a t  the phial o f  watt r receives no degree o f  electricity in this cafe, is 
not ftriólly tru e : it receives as m uch as any other m afs o f  matter o f  the 
fame b u lk  w o u ld , under the fame circum ilances. F o r  we find, th a t w e 
cannot h igh ly  electrify the water, uniefs the í\le¿tricity from  the g lob e  be 
direiled through the water and phial to the non-electric in contact *, in 
which pafiage a great quantity then:of is accum ulated, l>y it’s not per
vading the glafs fo fa il as it is furniOied by the w ir e ;  and therefore we 
find, that when the water will contain no m ore, the fu r 'h a rg e  runs o f f  by 
rhe w ir e : fo that this experim ent, no m ore than thofc which precede, 
contradicts M . du Fay'^s o p in ion ; the thinncfs o f  the glal- perm itting  ie, 
not w h o lly , but partially, to  f lo p  the E lectricity . 'Fhis m atter is ex
plained further under experim ent the firfl.

I diin^r from  this ingenious author with relucl'ance, inalm uch as Igreat* 
jy  honour h im , not only for his clilcoveries upon t!ie fubjedl o f  E lectrici
ty , but alfo for the pleafure and iir .p rc/em ent 1 reccivcd in m y readinf; 
his learned and curious obfervation^ in -N atural i  l i i lo ry ,  made in the 
iouthern parts o f  Franccj where he accompanied M .  Caffird ¿e ^íhtoy in

. rrcafuriog
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f  ineaiiiring a degree o f  tlie m€ritiion. I 'lw fc  obl¿rvations arc pubiiihcd
* w ith  M . Caffm's b p o k : but as die reverfc o f  feverai o f  the opinions d d i-

vercd in his m em oir is experiniantally found to be true, and as the, dilco- 
v e ry  o f  truth, and carefully i'eparating it . i io m  decepción, /liould be the 
only aim o f  our p¡l:lolbpili^i^.g, Í take the liberty o f  lay in g  before you m y  
opinion thercOD-

Parf cfak t. z : .  H a v ij ig  an o{>er3tor at B riftd  with a g o o d  electrifying machine, I 
urfrvtn^ir  vi'as d tü rou s to elcccril'e a tree, and therefore fcnt him  the to llo w in g  for

kurus timts^ Im oiun i m a ju .s ficre .pk no ferru g in eo ,  and 
Citrina O etica .  The^? were i;oc chofcn with aiiy d e iig n ; their 

R.ikrr.f/2.5. being the leaft plants I had, was the only reaíon.
Pauti Dec. I prom ifed m y f d f  the p le^ yre  o f  feeing their leaves erected when elcc- 

■ trifed, but was difappointed, (whether it*s being the dorm ant feafon o f
• m igh t not be fom e hindrance, I cannot determine}

tricity «7 Vc- neither did the leaves Hag on their being touched. H o w e v e r ,  I was a-
. i;t;mi>lc;s. greeably recom pm fed b y  a ftream o f  fine ¡purple blue coloured ligh t,

/¿iV. p. 373. m uch refembling an am ethyit, that ilFued from  the extrem ity  o f  each-
upwards, o f  an inch in length, when the finger, or any other non- 

'  ̂ ek-i'tric, approached near it. I 'h is  colour 1 attribute to the w atry parti
cles in the earth, havin g  often obfervcd the v e ry  fam e colour iiiu ing  from  
the long leg o f  a fyphon. O n  pu ttin g  m y  finger on the gun-barrel to ttop 

; the E lectricity , the leaves o f  each tree had a trem bling m otion, whicii
remained tor Ibme little tim e, and im m ediately ceafed on w ithdraw ing 
m y finger from  the barrel, and adm itting  the E lectricity . T h is  conilantly 
liappened, as I put m y finger on or o ff  the barrel.

I'he ftitcba s  plant has a very  long hoary leaf, and bears it’s bloíTom on
a very  Imall, Hender, and alm oft naked item , rifing near a foot above
the body o f  the plant. T h is  ftem liad a motion g iv en  it, when any non
electric was brought within about tw o inches ofit^s fum m it, m uch like 
the vibration o f  the pendulum  o f  a c l o c k ; which vibrating motion was pa
rallel with the breech o f  the gun, quite contrary to the fame kind o f  m o 
tion I had before obferved in a needle, hangingpcrpendicularly  by a thread 
at the end o f  a g u n ; the needle always vibrating in the direction o f  the 
gun. T h e  motion o f  the plant and needle always continued as lo n g  as the 
glafs globe was cxciced.

I was alfo defirous to be fatisficd, whether E leé lr ic ity  coukl be propa- 
: gated  w ithout mutual contact, by fufpentling another gun in filk  cords,

about 2 inches from  contact, and the Electricity  was near as ilron® in the 
- fecond gu n  as in the firlh A t  the diftance ot between 3 and 4 In ches,

i t  was much abated, and fo it gradually dim iniihed, as the diilance in- 
crc-afed to near 6 inches, where it would fcarce attract a thread o f  trial.

, I prevailed on a man to be let blood, and rhejj piaced.him on a cake  o f
pitch, but could not be fcnfible o f  any increafe'of velocity  in his blood, 
b y  being electrized, as has been aíTerted.
■ Í had almofl- ibrgot to mention, tiiat the ftrokes I  received from  the

■ electrified garden-pots were more violent and painful to m y  fingers than
from  any other body I ever experienced.

M r
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M r B a h r ,  fince his receiving the above account, has had an opportunity 
o f  electrifying a m yrtle-tree, o f  betw een 2 and 3 feet in height, g ro w 
ing in A pot D u k e  o í  M ontague dXDitton -y in pre
fence o f  his G race , o í  the Pre/ident o f  the Royal Society^ and ftveral 

' other curious gentlem en *, w h o  found, that whenever the hand, o r  o- 
ther non-clectric b o d y , was brou gh t near the leaves, ilreanis o f  fine 

, : purple fire ifiued tíicrtírom , together w ith  a confiderabiy cold a i r ; and 
that the leaves w ould be attracted a tlb m cd ifta n ce , and m ove  v ig o ro u d y  

' towards a non-elcnric body.

24 Since I have read the Tranfa flion  *  w ith  refpect to  the fparkling Extraaofa. 
lady, w ho could comnnunicate a kind o f electrical fire to her garm ents,
I can g iv e  y o u  an inftarice nearly like lU o f  a Jady v/ho was furprized -
fuch an ^ e a r a n c e  fro m  a tíannel petticoat,, w hich  ih t  happened to ihake '
in the dark. B u t at laft, w c found that new  flannel, after fome tim e Coilinfon.
wearing, w o u ld  acquire this p r o p e r t y ; b u t that it k jft it by being f .  R S. con-

^ajkeá: ‘" f s
•' pt optrtj S/

i\tw \̂zx\m\ fparkling; in thf dati. N®. 433. p. 4.57. Mar. 1747. Newport, lile of Wight,
jait. 15.17467. ÁVííi .March 19 1746-7.

25. I fancy at laft this fp arkling  o f  the flannel,, and fuch-like  bodies, Partoft'W9 
will be found to  be quite e lectr ica l: and it is poiTible, I conceive, 
the acid fleam s o f  the folphur, burnt under the extended flannel in the 
time o f  -blcaching, m a y  unite them felves w ith  the oil (w ith  w hich  hair,y^rtr*//n  ̂o f 
as weH as horns, are found b y  analyfis to  be replete), and form  an animal Flannel, and 

fulphur, w hich , upon fri¿t?ion^ vibration, or any nimble a ^ tatio n  o f  thefc 
hairs, m ay becom e luminous, the darh!""

A n d  chat fom ething like  this m ay be in the cafe, feems n o t im probable; ^88. 
fince it hath been obferved, that this appearance hath happened m oft con- p 394- 
fpicuous in i t o f ly  weather ; in w hich  feafon there is generally  not only a ^  
greater pu rity  o f  the air, andabfence ot m oifture, but all hairy and horny 
fubftances (and hairs, you  k n o w , arc but fm allhorns) are m oreelaftic, and j?f^^junc25- 
confequenrly fu fcep iib leot, and capable o f  exciting, the (Irongell: vibrations. 1748.
A n d, on the contrary, the iixivial falts ufed in w aílú n g  m ay deitroy the 
fulphureous acid, and d ifc i i i ig r  the oil-, whence the hairs w ill  bccom e 
more* flexible and lim ber, and be rendered lefs fit for excitin g  the electri 
cal fire. A n d  the fanSe m ay happen when flannel is m uch worn, and by 
that means filled w ith  ch talcaün e w h ich  g o  ofl from  m oft ;oi
the higher o rd e ro f)  animals by tr a n fp in t io n ; which m ay difiblve the ani
mal iu lphur, weaken the fp r in g  o f  the hairs, and fo render tlie pha*nomC' 
non more difficult.

It ñiould have been m entioned, th at the flannel had been worn but few  ^ht/t.-enJut- 

days^ and that it was im.mediately upon Ih akin g  the unsicT-coat iro m  c îat

Jgnc I. 1-48.

. which
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w h ich  was w orn above it, that tiie fparks were em ittcti» and tliat their ap- 

1’ pearancc w¿s in a broad ilre a k  alm oft contiguous, atiendeti w ith a cracld ing
orfn ap p in g, like what m ay beobfcrved  on iiv jv in g th e  fingernim bly along 
o v er  the prime condudtor, when excited in the elg¿trifyiag m acliine; o f  
wiiicii the iady was able to form  a com parilbn, havin g  aiterwards Icon 
fome experiments o f  that fort,

' i ’his appearance returned, at the fame lim e, and on the fame occafion, 
z or 3 nights after, but more languid, till it was quite [q{\, ,

A iady, w ho was informed ot this, Icuened the furprize.(w hich  had 
been thought ahiio ll om inous) by alTiirmg, that ihe had fcen the fame
phsenomenoin often in new flannel, but never in any that had been long
worn or w a ih e d ; and that the flannel being rendered dam p with fea-wa- 

 ̂ ter, and afterwards dried, w ou ld  heighten the fiailiing, which ihe im-
1 puced to  the. fulphur ufed in bltiaching. H o w e v e r  that be, I lh a l l o n l y

obfcrve, that thefc fparklings had the crack h n g  criterion o f  e iedrica l fire i 
 ̂ and that hair and w ool, as well as filk , are .tleótrics p e r ^  und

Í unctuous and fulphureous bodies m ore e led ric  than others o f  the fame
j dcnfity.

D r hath obliged the public w ith a curious diíTcrtation on a fim ilar 
fubjcél, which I 'guefs w ould be particularly entertaining while y o u  are 

\ on this fptculation.
j Bartholin  fuppofes unéluous effluvia  to have a great ihare in thefe ap

pearances; his words are thefe, which I chufe to  quote ; the. b o ok  * De 
Luce Animalium being not very co m m o n ; “  Im o quod adm irationem  
.'-‘ excedit, collecta; olcaginoíi effluvii reliquias, l o n g o .interjecto ttni- 

! “  pore, in fcintillas rcfolvuntur: fi enim fafcias vel tícnias fcrico tcxtas,
Pi *■* led ufu dt'tritas, leviter excutiam us, igniculi fufcitantur fcintillíc;'*
I- -— and quotes a pafl^age out of Gefne^' De Herbis Lucentibus^ to  confirm
' his opinion.

' I 'h e  fame w'ritcr tells us, that Theodore Beza  was to  be feen in the
r dark, “  ob  fulgorem  externum circa oculorum  orbes j ’ *--------but whether

this light proceeded from the ball o f the eyes, or hairs o f  the brows
or lids, he does not mention.-------N o r  does that learned author fo exadt
in ibme other circumltances, in other exam ples ot this fort, as could  be 

Í wiihed. H o w eve r, I think what he fays o f  the D u k e  o f  deferves
a re m a rk .------“  Q u icq u id  fit, pro vero  habendum efl: quod de Carolo

V “  Gonzüga M antua  duce conitans fama tulit, levi per totam cutem  fadla
j ■ fr ié l i cn e  flagrantes fpecics exire folitas.”  — —  B ut here alfo it w tre  to be

wiihed he had let us kn o w  whetiu r this great man, o f  a m oft illuftrious 
fam ily, had not fom e particular hairy or fcaly texture or co ve rin g  to 

Í his ikin.
j| B y  this, I guefs, you arc excited to know  how  this author, w ho lived

ill about ICO years p ail, fo lvts  theie appearances, o f  which he had pro-
fefl"edly written. T a k e  it in his own w o rd s.-----

•  7bQ. BarthoHnui Dc Luce Hominum & Brutorum, lib. iii, H afnia  1669, 8®.

“  ArificteUs
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“  A rijhtelcs  (1- i. m . ex .)  d o c c b a t ~ q u o d  om nis natura ejus fit  cf-
345

“  naturalis, fingulari numinis confilio, elem entorum  m ixtioni adulta,
mole minor intercidat, &  extinguatur cum  fpecici non revocando cafu,

“  eo m odo confcrvari debuit, q u o  ferventur om nia, per infitam naturic 
“  potentiam fui generativam ,

26. In a b o ok  which I pu bliíhed  laft year in the GcrmaiJ tongue, w hen T>ifcr:ptior.
1 was fpcaking o f  MuffchenbroeclC% experim ent, and defcribing tlie increafe 
o f  it in glafs veiFcls, I made mention o f  a machine which made feveral 
fparks to appear and crackle, but did not at that tim e g iv e  any figure Jojicn . 
o f it. T h is  ekS irual pyrorganon^  as I call it ,  is reprcfented \nfig. 14. Winiilcr. 
T hrough the m iddle o f  a metalline r in g  a  filled w ith pitch, is fixed
the little metalline cylinder c  d. I 'h e  diam eter o f  the ring is a Paris  inch 
and 4 lines. I 'h e  cylinder appears on both fides at the diftance o f  an 
inch. T h e  diam eter o f  the cylinder mull: not be lefs, for fear th eE Ieélri-  &c i7dr 
city communicated to  the cylinder ihould  be diminiflied b y  touching the 
metalline ring. T o  this ring is foldered a metalline fo rk , at which the 5 ‘ * 
cochleatcd (lyle  is let into a w ooden cylinder e / ,  the low er extrem ity  c»*' 
which / ,  is fo form ed, that pafiing th ro u gh  a fiílurc o f  any plank, it 
may be fattened by a fcrew. Such a metalline cylinder, w ith a cochleatcd 
ftyle fixed into the pitch w ith which the ring  is filled, I call, for brevity, 
an ehU rical cylinder. T h e  dsS lrica lpyrcrganon  is com pofed o f  4 luch cylin- rig 1 f. 
(lers. T h e  cylinders are fo placed, as to have a llifficient fpace between 
them to collect the elcólrical fparks. W h e n  I w ould  excite them , I place 
the pyrorgancn  near ibm e piece of metal a  fufpended on filken threads 
and failened, leavin g  the ncceíTary fpace between the metal and the cylin 
der c. T o  the lafl: cylinder / ¿ * , 1 fallen d t g  a w ire reaching to a m e
talline vcfifcl 7 ,  full o f  water. W h en  thefe things are fo difpofed, as loon 
as the oblong metal a b  \% electrified, the eleclrical fparks ilafli out in the 
4 f])aces, and íhine in prop ortion , as the glafs  balls com m unicate more 
or lefs E led lric ity , by rotation  or fr ic t io n

Since the publication o f  the b o ok  above-m entioned, I have co n ilru d e d
2 electrical[pyrorgavay  one of w h ich  lias the forni o f  a w inged wheel, and 
the other w jth it ’ s fparks g iv es  the figu re o f  Charles's W a in .

T h e  conftrui^ion o f  the w inged wheel is as fo l lo w s : into a hollow orb Fig 16. 
or wheel o f  w ood  d d d d y  arc fixed 6 w ooden w ings c  d.  I 'h e  diameter 
o f  the whole wheel w ith i t ’ s nave, is i 3 inches, and that of the nave 6 
inches. T h e  w in gs c  d  ̂ w h ich  are 10  inches long, have filiures, in which
3 electrical cylinders m a y  be m oved  to and fro*, and faftnened. N ear 
the fattening, at the w in gs in the o rb  d d d d y  are made angular holes, in 
each o f  which another electrical cylinder is placed. T h u s  in the w inged 
wheel appear 6 row s, each co n fid in g  o f  4  eleitrical cylinders, keeping 
the dift^ances between them  w hich  are m oft convenient for exciting  the 
electrical Ip.irks. In the extrem ity  c  o f  each wheel is fattened a metalline

V O L .  X .  P a r t i i .  Y  y  inftrumenc
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inftrumcnt f / ,  confifting o f  3 parts, the extremes o f  which are joined to 
the m iddle in a right angle.

N o w  that thefe metalline inftruments m ay be righ tly  applied, in the 
pofterior fide o f  the w in g  at the end r, for 1 call that the antirior, \n 
which the eleftrical cylinders fparkle, a metalline button being faftened, 
leaves fome fpace between itfe lf and the pofterior fide o f  the w ing. T h e  
m iddle o f  the button is fiirniihed with a fcrew ^ . In the above-m en
tioned fpace is inferted the ihorter part o f  theinetalline inftrument. T h e  
other extrem ity is near the fourth cylind er; but is fo far diftant from  it  ̂
as is neceíTary for the eleftrical ñaíh to be excited between that part o f  the 
inftrum ent and the cylinder. H en ce  the other íhorter part m ay be m oved 
at w ill, and faftened under the button. T o  the buttons is applied, and 

, w ound about the pofterior parts o f  the w ings, a wire /' k, to  which,
1 when the eleébrical fparks are to be excited, in th e  place another me

tal;» is added, which reaches to  a metalline veiTel j ,  filled with water.
■ T h e  E leé lric ity , as foon as it is com m unicated to  the firft cylinder, paíTcs
i to  all the reft.

H ence it is neceíTary, in order to excite the fparks, that the metalline 
inftruments g  f  ihould always remain free from  tieifVricity, which is done 
by the metal ;*, joined to the wire i  that conduéts the E lectricity  to 

' the water. F o r  Ixjtween 2 bodies endued equally  w ith  E ledlricity , no
fparks appear. B u t the EleCtricity is com m unicated to the firft cylinder 
by the metalline ham m er (i, faftened to  the metalline axis ¿  which m ay 
be turned in the round holes o f  2 wooden colum ns d  e, by the handle/. 
T h e  apparatus o f  this ham m er is fhewn in Jig. 17.

Fig- 17. T h e  colum ns d e  reft upon the piece o f  w ood m which has a ftyle
fixed into the l id ^ ,  which covers the glafs veíTel faftened to it w ith 
pitch. I 'h is  glafs veifel, therefore, is neceflary, that the EIe6tricity g iven  
to the metalline axis b f ,  m ay be preferved b y  means o f  fom e wire hun<»- 
to it.

T h e  bottom  o f  the glafs vefíel b  is jo in ed  w ith  pitch to  the w o o d , to 
which a ftyle  is added, which m ay be inferred into a longer hole o f  the 
column / ky fo as to be faftened b y  a fcrew /, after the glafs veiTel iias 
acquired it's  due height, which is when the axis ¿  c is in the m iddle o f  
the nave o f  the wheel d d d d .  T h e  c ledrical cylinders are to  be placed in 
the orb and rings cdy  in fuch a manner, that the ham m er m ay have a fuf- 
ficient diftance from the firft eledlric cylinder to which it approaches, and 
tfie cylinders from  each other, to  excite the cylindrical fparks.

Fig. 16. In the fquare bafe 16. on which ftands the colum n / is
a fiíTure, in w hich, when the ham m er a  appears fufliciently through the 
n^ve o f  the wheel d d d d ,  the colum n / k is faftened by a fcrew.*^ T h e  
metalline fork is applied to the wheel d d  d  dy and fixed into the wooden 

i i  colum n j r ,  which is faftened in like manner in the fiíTure o f  the fquare
bafe m n op.  T h e  metalline axis b c,  protended through the nave o f  the 
wheel, is 21 inches high above the fquare bafe; when therefore, on the 
axis bc y  havin g  acquired the Ele(5lr ic ify ,  the ham m er approaches to any 

Í firlt
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firíl clcclriciil cylinder, 5 iparks appear in a frrait row  ahnoft at the 
fame time.

O n  turning the axis hc^ thofe rows o f  fparks appear in a circle. T h e  
fparks are fo brigh t as to be Teen by d ay-lig h t at the diílance o f  100 feet.
'1‘he man w ho tiirns the axis by it ’ s liandlc, o u g h t to  ftand upon a fub- 
(iance that d ots  not propagate E lcd lric ity , ior tear o f  diillpacing and 
lofing the E lcétricity .

Fig. 1 5. reprcfcnts the e lcd rica l 7 ftars, oxCharks\ W a i n ; in the table Fig. 1 
ah c d^  which m ay be elevated or deprellcd in the fiirure or the colunin 
f / ,  9elcctrical cylinders m ay b efo  placed, that 7 fparks m ay appear in the 
fame order in which thofe 7 liars appear in a d e a r  night. A  wire which 
receives the E ledtricity , is added to  the metalline cylinder when thefc 
fparks arc to  be ihewn. In the extrem ities o f  the third and fourth, the 
bent wire / is faftened, that the E lectricity  m ay reach to  the fifth and the 
reft o f  the cylinders. T o  the ninth cylinder is applied a wire reaching 
to che water in the metalline vefiel /, that the E leó lric ity , being difl-ributed 
through all the cylinders, m ay be propagated as far as is necelTary into a 
fubftance w'hich does not prtferve  it.

Thefe obfervations, th ou gh  extending no farther than to deligh t the eye,
J have ventured to o iler to you r iliuftrious Society , w ho have difcovered a 
wonderful pow er o f  nature to be concealed in fuch entertainments.

27. In the paper I did m y fe lf  the honour fome tim e fince to  com m u - A cdUaion o f 
nicate to  the Royal Society^ I to o k  notice, that, am on g the many other 
furprifing properties o f  E le d r ic i ty ,  none was m ore rem arkable, 
that the eledlrical pow er, accum ulated in any non -eledric  matter c o n - k .  so- 
tained in a glafs phial, defcribed upon it*s explofion a circuit through cicty ¿/W m  
any line o f  fubftances non-ele£trical in a confiderable d e g r e e ; i f  one 
thereof was in contact w ith  the external I'urface o f  this phial, and the 
other end upon the explofion touched either the ele¿trified gun-barrel,^^^,^^j^¿^. 
to  which the phial in ch argin g  was ufually connected, or the iron h ook  al-zurí-^Oct. 
ways fitted therein. 'I'his circuit, where the non cleétric fubftances, w hich  29. 
happen to be betv/een the outfide o f  the phial and it ’ s h o o k , co n d u it  
Electricity equally  w ell, is a lw ays defcribed in the fiiorteíl manner pof- 
l ib le ; but i f  th ey  c o n d u it  differently, this circuit is alw ays form ed 
through the beft condu(5tor, h o w  great foever it’ s length is, rather than 
through one w h ich  co n d u its  not fo w ell, though o f  m uch lefs extent.

It has been found, that in proportion as bodies are fufceptible o f  iiav- 
ing E le itr ic ity  excited in them  by friction, in that proportion they are 
lels fit to  conduct it to  other b o d ie s ; in confequence whereof, o f  all the 
fubftances w e are acquainted w ith , metals c o n d u it  beft the eleitrical 
powers *, for which reafon the circuit before fpoken o f  is formed through 
them the m oft readily. W a te r  likew ife  is an admirable co n d u ito r  ; tor 
the elcitricai pow er m akes no difference between folids and fluids as fuch, 
but only as they are non-eleitric  matter.

In order to g iv e  an idea o f  what is underftood by this circuit, w e will 
mention an exam ple o r  tw o , from  which all the other m ay naturally be

Y  y  2 deduced.
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deduced. I f  a ptrfon ilands upon a d ry  %voodcn floor wich a coated 
phial ever fo h igh ly  charged in one o f  his hands, and i f  another perfon, 
w ith o u t touching the firit, ítands but fix iuches from  him , and touches 
the iron h ook  ot the phial, neither o f  thcfii are (h o c k e d ; becaufe the 
floor between them , tho ’ the diitanco is fo ihort, will not con d u ft the 
K leitric ity  fufficiently q u ick . B ut i f  thefe tw o  pcrfons tread ujxm a piecc 
o f  wire laid between them , they each oi them tcel the elt<5trical co m m o 
tion in that arm , which touches the phial and h ook, and in that foot 
^vhich treads upon the wire ; the wire here conducting the E ltétricity  
q u ic k  enough, which the d ry  floor w ould not. 'J he circuit is here form 
ed b y  the coated phial, it’s h ook, fo m uch o f  the bodies o f  thefe two 
perfons as formed a cu rve  line between the wire, the phial, and h o o k , and 
the wire between thefe perfons. I f  thefe perfons fl'aiid upon, or touch 
w ith any part o f  their bodies any non-eledtrics, which readily con d u it 
F led lricity , the circuit is com pleted, and the efiedl is the fame : and this 
is occafioned by the Ihort fpace o f  time, in which the loaded phial is d is
charged, when any matter o f  what kind focvcr readily c o n d u ¿ lin g E le ílr i-  
city happens to be between the coated phial and it’ s h ook, and is fo con- 
nefted as to com m unicate with both upon the difcharge o f  the phial.

M . /i Monnier the younger at Parts^ in an account tranfmitted to  the 
Royal Society^ takes notice o f  his feeling the flroke  o f  the eledlrified 
phial along the water o f  tw o  o f  the bafons o f  the Tbutlleries (the fur- 
face o f  one o f  which is about an acrc) b y  means o f  an iron chain which 
lay upon the ground, and was ftretched round half their circumference.

U p o n  thefe confiderations it was conjectured, as no circuit had as yet 
been found large enough fo to diflipate the eledlrical pow er as not to 
m ake it perceptible, that i f  the non-ele¿lrical conductors were properly 
difpofed, an obferver m ight be made fenfible o f  the eledlrical co m m o 
tion quite acrofs the river Thames^ by the com m unication o f  no other 
m edium  than the water o f  that river. B u t as perhaps, in what relates 
to  E le d r ic ity  lefs than in any other part o f  natural P h ilo lo p h y, we fliouJd 
draw concJuiions but from  the ta d s  themfelves, it was determined to 
m ake the experiment.

T h e  m aking this experim ent drew  on m any others, and as the gen 
tlemen concerned flatter them felves that they were made w ith fome"^de- 

-^ ree  o f  attention and accuracy, they thought it not im proper to  lay a 
detail o f  all the operations relating thereto, before the Royal Society.

In order to try whether or no the electrical com m otion w ould  be per
ceptible acrofs the Thames^ it was abfolutely neceflary that a line o f  non
electric m atter, equal in length to the breadth o f  the river fhould be laid 
over it fo as to touch the water thereof in no part o f  it ’ s length ; and 
the bridge at Weftminfier was thought the m o il p ro p tr  for that purpofe, 
where the water irom  ih o reto  ihore was fom ewhat more than 400 yards.

A cco rd in g ly  m T u eJd a y Ju ly  14 , 17 4 7 . to fee the fucccfs and ailift 
in m akin g  the experim ent, there m tt  M. Folkes^ K iq ;  Pr, R. S. the 
R . M on. the E . Stanhope^ R ich. Graham^ E fq ;  Nkh. Mann^ E fq i  and

m y f c l f ,
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inyfclf, w ith proper perfons to  execute what was required o f  them  in the 
various parts o f  thcfc experim ents.

A  line o f  wire was laid along the bridge, not only through it ’s whole 
length, but likew ife  turning at the abutments, reached dow n  the ftone 
ftcps on each lide o f  the river low  enough for an obferver to  d ip  into the 
water an iron rod held in his hand. O n e  o f  the com pany then flood  
upon the fteps ot the IP'eftminfter fhore holding this wire in his left 
hanJ, and an iron rod touching the water in his right : on the fteps 
facing the form er upon the 8urry  fliore, another o f  the com pany took  
hold o f  the wire w ith his right hand, and grafped w ith his left a large 
phial alm oft filled w ith  filings o f  iron coated w ith fiieet-lead, and high
ly electrified by a glafs g lob e  properly difpofed in a neighbouring houfe.
A  third obferver (landing near the fecond dipped an iron rod held in his 
left hand into the water, and touching the iron hook o f  the charged phial 
with a finger o f  his right hand, the E lectricity  fnapped, and it’ s com 
motion was felc b y  all the three obfervers, but m uch  more by thofe 
upon the Surry fiiore. '1 he third obferver here was no otherw ife ne- 
ceiTary, than that the river being full, the iron was not lon g  enough to 
be fixed in the m ud upon the lliore, and therefore was in want o f  fom e 
fupport. T h e  experim ent was repeated feveral tim es, and the t le ilr ica i 
commotion felt acrofs the river •, but the gentlemen prefent being m uch  
molefted in their operations by a great concourfe o f  people, w ho m any 
limes broke the conduóling wire, and otherwife greatly incom m oded 
them, and the evening g ro w in g  too  d a rk  for the obfervers on diíFerent 
fides o f  the water to  fee each other, they were prevented from  diverfify- 
ing the experim ents, as was intended, and only confidered thefe trials as 
a ftill further encouragf-ment for them  to  profecute the inquiry at a more 
favourable op p ortu nity .

E arly  therefore on Saturday m orn in gjw i^  18 , there m et upon JVeft- 
minfter-Bridge the Pref. the K . H o n . the L o r d  Charles Cavendtjh, R tcb.
Graham^ E lq v  D r  Bevis^ and m yfe lf , w ith proper aíTiftants, A t  the 
preceding m eetin g, the eleÓtrical machine’ s being placed at iom ed iftan ce  
from the water being found inconvenient, the fo llo w in g  alteration was 
made in the difpofition o f  the apparatus.

A room  up tw o  pair o f  ftairs in a com m odious houfe neareft the bridge 
on the Surry fiiore was provided, in which was placed the e ledrical m a
chine w ith the gun-barrel fufpended in f i lk  lines. F ro m  this room  on 
account o f  it’ s h eigh t, the fignals on both  fides o f  the river were eafily 
obfcrvable. T h e  coated phial before-mentioned w ith  it ’ s iron hook was 
placed upon the feat o f  the w in d ow  o f  this roo m , and com m unicated 
with the gun-barrel b y  the means o f  a piece o f  iron wire. O ne extre
mity o f  another wire was likew ife  fixed into the bottom  o t the leaden 
coatmg o f  the phial, w hofe other extrem ity  reached thereirom  o v er  the 
bridge to the fteps upon the JVeftminfter fhore, the b ody ot the wire be
ing placed as m uch  as püfllüle upon the parapet ot the bridge. O ne or 
more obfervers cook cach other by the hand, th e firtt  o f  which m u iln e -

ceflarily
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ccñ an ly  take the wire in his left h:ind, and the laiV, upon the proper fig- 
nal g iven , either d ip  his right hand into the water, or (w hich  makes the 
p oftu ie  more agreeable) a rod o f  metal hcki therein. A n oth er wire hav- 
in g  no communication v. ich any o f  the form er, was let dow n from  che 

P bcTore-mentioned room , and dow n the fteps upon the Surry Ihore : one
¡! extrem ity o f  this wire was held in the hand o f  an obfcrvcr Handing up-
;; on thcic fteps, w ho dipped an iron rod held in his ocher hand into the
;; w ater: to  the other extrem ity o f  this wire was fattened a Ihorc iron rod,

with w hich, when the cli:¿trified phial was fufficiently charged, and the 
h fignal g iven , the gun-barrel was to be touched.
f  T h e  gentlemen, by this difpofition o f  the apparatus^ propofed to exa-
Í mine principally thefe 3 q u e it io n s: firft, whether or no the obfervers

Handing on each fide ot the river would perceive the e ledrical co m m o 
tion, each pu ttin g  an iron roti into che wacer ? Secondly, whether or no 
the obfervtrs on bodi lides o f  the river would feel the oledrical c o m m o 
tion, when the obferver Handing upon the IVeftminfter ihorc rem oved 
the iron rod held in his hand out of the water ? T h ir d ly ,  whether or 
no the eleélrical pow er was perceptible to th eob fervers  on both iides o f  

I the river, i f  the obferver upon the IVeftminfter iliore dipped his hand in-
co a pail o f  water, which had no com m unication w ith the water o f  the 
‘Thames.

¡ It was determined firft, upon proper fignals, to  difcharge the elec-
I  trified phial in che manner before-mentioned, the obfervers on each fide

o f  the river holding the iron rods in the water, and this experim ent was 
’ to  be repeated 3 times. T h is  was attempted accordingly ; and although

[: the obferver on the Surry íhore was each tim e fm artly ftruck, the Pr^~
f de»t, w ho obferved w ith the utm oft attention upon the fVeJlminfter
V ihore, gave  the fignal that he felt nothing. T h e  com pany was furprif-

cd  at this wane o f  fuccefs in the ex p e rim en t; but, upon exam ining the 
wire, which was laid over the bridge, it was found to  have been broken 
by fome accident, after it had palTed o v er  about ; part o f  the bridge. 
'I'he wire being refitted, it  was agreed to m ake the fame experim ent fix 
times m ore: this was done accordingly, and the eledlrical com m otion 
■was felt each tim e by the obfervers on both fides o f  the water, but m uch

il fmarter b y  thofe on the Surry fide. It  was then thought proper to  repeat
this experim ent 3 times more upon the fignal*s being g iven  : but, in 

:• m a k in g  the firft o f  thefe, the obferver in the room  w ith the machine,
*r difcharged the eleftrified phial, before the obferver upon the Surry íhore
3" had dipped his iron rod into the water, and therefore no efreifi: was per-

ceived by the obferver on the oppofite  ihore. T h e  eleélrified phial there
fore was again difcharged 3 other times, and the com m otion felt by the 

f obfervers on both fides o f the river.
Îjjl T o  examine the fecond queftion, no other alteration was neceíTary in

the whole apparatus^ than chat the obferver upon the U^eftminfier ihore 
I' Ihould not dip either his hand, or the iron rod held therein in the laft

experim ents, into the water o f  the river. T h e  eledlrificd phial then was

difcharged



difcharged 3 tim es w ith o u t i t ’ s cffe£ls being in th elcaft perceived by the 
obfcrvers upon th tW efim in fter  ihore  ; thole indeed on tiiat o f  Surry felt 
the ih o ck  as before.

In exam ining the third qutíüion;'Ú\c apparatus  in all other rcfpefts 
the fame as in the ia il •, excep t that the obfervcr upon the IFeftminfter 
fhore had a pail o f  water placed upon a wooden table, which flo od  
upon the ftone i lc p s , and into which he was to pu t his right hand upon 
the fignal’ s being g iven. T h is  was accordingly  done, and the electri
fied phial being difcharged 3 tim es, the eleftrical com m otion  was felt as 
before by the obferver upon the Surry ihore •, but not in the Icaft b y  him 
on the W eftminjicr fid^, w h o  lield his hand in the pail o f  water.

In ail thefc experim ents, e x ce p t in one before-m entioned, where the 
iron rod was not in the w ater, it was fou nd , that whether the obfervers 

IFeftminfter ihore, upon  the difcharge o f  the electrified phial, did 
or did not ieel it*s effects, they were always perceived not on ly  in the 
arnns o f  thofe upon  the Surry ihore, w ho form ed a line between the ex
tremity o f  the wire there, and the water o f  the r i v e r ; but by any other 
perfon, w h o  ftanding upon the ftone iteps, even where they were not 
wet, touched the wire w ith his hand. T h e y  were likew ife felt by a pcr- 
fon upon the IVeftminfter Ihore, ilan d in g  upon the w et Hone ilcps, w h o  
did not form  part o f  the line between the extrem ity  o f  the conducting 
wire and the water, othcrw ife than b y  touching the wire w ith  his 
fingers<

A s  was before-m entioned,, the obfervers upon the ¡Veftminfter ihore 
did not feel the effects o f  the difcharged phial near fo i lro n g  as thofe on 
that o f  Surry in the firfl: fett o f thefe experin^ents. W h e n  a line was 
there form ed b y  the jo in in g  hands o f  tw o  or m ore perfons, the firil o f  
which, on account o f  the fituacion, held the conducting  wire in his left 
hand, and the Iail touched the w ater w ith  an iron rod held in his r igh t, 
the effects were m o il  fenfible in the left arm o f  him  w h o  Iiekl the wire : 
they were indeed m anife illy  felt b y  them  all *, but this feeling was not 
great enough to  be called a ih o c k , bu t, as was v e ry  properly  expreffed 
by one o f  the co m p a n y , it rcfembled the pulfarion o f  a large artery.

F rom  the exam ination o f  the fir il and fecond queilions it appeared, 
that the obfervers upon  the W eftminfter iliore were not fenfible o f  the 
effects o f  the E le c tr ic ity , unlefs their bodies defcribed part o f  the circuit 
before fp o ken  o f ;  and this circuit here confiiled  o f  part o f the gun- 
barrel o f  the e lectrify ing  machine, the wire g o in g  from  this gun-barrei 
to the iron h o o k ,  the phial itfelf, the tail w ire  o f  this coated phial w hich  
reached therefrom  acrofs the bridge and dow n the ilcps on the Weftmhi- 
fte r  ihore, the line o f  obfervers between this wire and the iron rod which 
dipped in the w ater there, this iron rod, a fuppofed line of w ater drawn . 
quite acrofs the ^bames^ the obfervers w ith  tlieir iron rod on the Surry 
iliore, the iron w ire  g o in g  from  the r igh t hand o f  the Iail o f  thefe up 
into the room  where the e lectrifying machine vvas placed, and the ih o it  
iron rod to w h ich  one extrem ity  o f  this wire was jo in ed , and w ith  w hich,

in
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in m ak in g  the explofion, the gun-barrcl was touched. T h e  length o f  
this circuit, through which the E lectricity  was propagated was at leaft 
8 o o  yards, more than 400 yards o f  wliich was formed by the ftream o f  

P the n vcr.
F rom  tiic examinntion o f  the third queftion it appeared, that the elec

trical com m otion w ould  not be felt from  the obferver d ip p in g  his hand 
ill water o n ly , unlcfs that water was fo difpofed as to becom e part o f  the 
c irc u it ; and this experim ent was m ade, Icil the contrary m ig h t be fur- 
niifed.

l 'h ¿  obfervers upon the ¡yeftm in jier  ihore not feeling the elcftrical co m 
m otion equally ílron g  w ith thofe ot Surryy was ju d g e d  to proceed from  
other cuufes bcfides that o f  diftance. F o r  it m uft be confidered, that 
the c o n d u c in g  wire was a lm o il thoughout it*s whole length laid upon 
Portland  ftonc ftanding in water. T h is  ftone, being in a great degree 
n o n -e lfd ric , is o f  itfelf a co n d u d o r  o f  E le c tr ic ity : and this ilone ftand-

f
' ing  in water, no m ore o f  the E ie¿lric ity  was tranfmittcd to the obfervers

on t h e l l i o r e  than that proportion, wherein iron is m ore non
electric, and, confequently, a better co n d u flo r  o f  E ltó lr ic ity  than ftone. 
I 'h is  was made more nianifcft, from  obferving, that whether thecondué't- 
ing  wire upon the bridge was broke or no, and, confequently, whether 
the oblervers upon the Ihore felt tlie e ledrical com m otion or
no, not only the obfervers upon the Surry ihore, w ho w ith their wire 
formed purt oí the hne, felt the fliock  in their arm s; but thofe perfons 
w ho only ftood upon the ftone fteps there, and touched the w iie  with their 
fingers, felt the cleélricul com m otion in the arm oí that hand which 
touched the wire, ajid dow n their legs. F ro m  whence, and from  the 
perlón bifore  fpoken o f  feeling the eiedrical com m otion ftanding upon 
the wet ftone fteps o f  the fVeftminfier ihore, though not form ing part o f  
the line, but only touching the wire with his fingers, it was concluded,

; that, beficics t̂ *e large circuit U to re  fpoken of, there were form ed fcvc-
||| ral other fubordinatc circuits between the fame fteps o f  the Surry ihore,

and the bridge by means o f  the water ■, whereby that part o f  the ek¿lrical 
pow er, felt by the obfervers upon the Surry í\út o f  the river, and not by 

' thofe on the IVeJlminfter fide, was difcharged.
f D r  Bevis  having obferved, and which was likew ife tried here, that how-

tj ever well an eleclrined phial was charged, it’ s iron h ook  w ould  not fire
the vapours o f  warm i'pint o f  wine held in a fpoon and applied thereto, i f  
the perfon w ho held the phia!, and he w ho held the fpoon did not take 
cach other by the hand, or have fom e other non-eleélrical com m unication 
between them , it was therefore thought proper to try the efte<fts o f  E le c 
tricity upon fome warm  fpirit o f  wine through the large circuit before- 
mentioned. Accordi.^gly tlie obfervers being placed as before both upon 
ih^M'eJiminfteríiwáSurryñiovtSj nootheralteration was made in the bcfore- 
xnentioned apparatus^ than that the wire which conneéled the gun-barrel 
w ith the iron hook o f  the coated phial being laid afide, the coated phial 
itft if  was chiirged at the gun-barreJ, and then brouglit in the hands o f

an
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an obfervcr near the warm  fpirits in the fpoon, which was placed upon 
the ihort iron rod before-mentiont-d, which was conncdlcd w ith  the wire 
w h i c h  went to  the obfervers upon the Surry fiiorc. U p o n  prefenting pro
perly the iron hook, o i  tlie charged phial to the w srni fpirit, it was in- 
jh n tly  fired, and the electrical com m otion  felt by the obfervers on both 
fitics o f  the river.

It was then th ou gh t proper to  try the effects o f  the charged phial upon 
-the warm  fpirit, when the wire was d ivided  which was laid over the 
bridge: upon prefenting the iron h o o k  to the fpirit, a fufficient fnap was 
given to the fpoon to  fire the fpirit, but nothing fo fm art as in the for* 
m e r  experim ent, where the large circuit was com pleted.

It was then tried, w hat the eííe¿t w ou ld  be upon the fpirit, i f  the 
charged phial was diverted o f  it ’s lon g  wire which lay o v er  the bridge, 
and was only held in the hand o f  an obfervcr •, whilfl: the fpoon w ith warm  
fpirit was placed in contaifl ot the iron rod before-mentioned, to which 
the wire was connected, which w ent to  the obfervers upon the Surry 
Jhore; and the fpirit was fired w ith m uch the fame degree o f  fmartnefs 
as in the laft experiment.

In thefc and all the fubfecjuent operations, wires were made ufc o f  to 
conduit the Eledlricity preferable to chains, as it before by great n u m 
bers o f  experim ents had been fully p roved , tiiat w hatever diíTcrence there 
was in the b u lk  o f  the conduétor, that is to fay, whether it were a fmall 
wire, or a thick iron bar, the electrical (Irolces communicated thereby 
were equally f tro n g : and it had been further obferved, befides the difñ- 
culty o f  procuring chains o f  a requifite length for the prcfent purpofes, 
that the ftroke at the gun-barrel, when the E leftric ity  was condudted b y  
a chain, was ca ter is  paribus^ not fo ftrong, as when that power was con
ducted by a wire. T h is  was occafioned by the jun(ilurcs o f  the links o f  
the chain not being fufficiently clofe, which caufed the I'^lcctricity in it*s 
paiTage to fnap and ñafh at the jundtiires, where there was the leaft repa
ration i and thcfe lefler fnappings in the whole length o f  the chain lefTened 
the great one o f  the gun-barrel.

Encouraged b y  the fuccefs o f  thefe trials, the gentlem en were defirous 
o f  continuing their enquiries, and o f  k n o w in g  whether or no the c le d r i-  
cal com m otions were perceptible at a ftili greater diftance. T h e  'Nrjj 
R iver  near Stoke-NewhigtGn was th o u gh t moft: convenient for that pur- 
pofe*, as at the bottom  o f  that tow n, the twinings o f  the river are fo 
circumftanced, that from  a placc which w c will call A to  another By the 
diftance b y  land is about 8 oo  feet, but the courfc o f  the river is near 
2000. F ro m  J  to  another placc, w h ich  w c  will call C, in a right line is 
2800 feet, tbut the courfe o f  the water is near 8000 feet.

A cco rd in g ly ,  on Friday Ju ly  24 , 1747» there m et d>.t Stoke-Ne^vington 
the P r e f  o f  the R. Soc, the R . H o n . the L o r d  Cb, Cavendijhy the R e v ,
M r Birch, Jam es Burrow^  E fq ;  P eter  DavaU E fq i  M r. George Graham^

Jonesj E fq ;  Jam es L every  E fq ;  M r  Newcombe-, Charles Stanhope^
E fq; M r  irem hleyy  and myfcJf, w h o  were o f  the Rjoyal Society^ and D r

V O L .  X .  P art ii. 7. 7. BeDis.
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Bevis. T o  this gentleman the com pany were m uch obliged , not only for 
‘ Ij his great readincís in aífifting in a 1 the operations, but likewiil- lor the

' ufe o f  his e lcd r ify in g  machine, which from  it’ s fize was conveniently
portable. T h is  machine was n o w  placed in a room up one pair o f  flairs 
in a houfe near y/, and the fignals trom thence m igh t caliiy be pcrceived 
by the obfervcrs both at B  and C.

It was propofcd, firft to try the e ledrical com m otion  b y  the fame ob- 
fervers as at ¡Veftminfter-bridge, trom  A to the diftanct as bc-tore-mcn- 
tioned being about 8oo feet by land, and ^ ooo  by water, in order, if 
poflible, to determine the difference o f  the ftrcngth o f  the K le d ric ity  iclt 
there, and at the ilone bridge at fVeftminJter \ the difference o f  the 
length o f  the 2 circuits being about 4CO feet in favour ot that o f  the 
New R iver.

T o  m ake the experim ent, an iron wire was failened to the coating o f  
the glafs phial before-mentioned, and c o n d u c e d  irom  one o f  the w in cow s 
o f  the room over the R iver  w ithout touching the water j and from 
thence to By laying in it’ s w hole length upon the grals in the meadows, 
except where it pafied over a hedge. A t  i i ,  when the explofion was to be 
m ade, one or more obfervers were to  take  the extrem ity oí this wire in 
one hand, and touch the water o f  the river as before w ith  an iron rod 
held in the other. A nother wire was let dowji from  the other w in dow  o f  che 
room  ; one extrem ity o f  which was joined to  the fhort iron rod mentioned 
in the form er experiments, the other was held in the hand o f  an obferver 
at w hofe other hand held an iron rod dipped into the river.

It was abfolutely neccíTary that thefe wires íhould touch each other in 
no part o f  their length, otherwife the before-mentioned circuit w ould 
upon the explofion be completed from  their firft conta6t.

W h en  e v eryth in g  was thus difpofed, and the lignals g iven , the charged 
phial was exploded 8 times, and the eledlrical com m otion every  time 
Imartly felt by the obfervers both at A and B. W h eth er the line o f  ob
fervers at B  confifted o f  one or m ore, they were always I b u c k ,  and that 
m ore íharply than at fVeftminfier-bridge^ under tiie fame circumftances. 
O ne o f  the obfervers, tak in g  the wire in his hand, without having any 
communication either with any o f  the other gentlemen or the w ater o f  
the river, felt the iliock  in his feet.

It was then thought proper to m ake r igh t explofions w ith out any other 
alteration in the apparatus than that the obfervers at B  ̂ iliouid  Uand in 
the meadow at fome diftance from  the w ater, w ithout havin g  any com 
munication therewith other than that furniíhed by the ground. T h is  
was accordingly done, and the ftroke felt little i f  at all lefs than thofc laft 
mentioned. B u t the eleilrical ftrokes being felt fm artly at tfce diftance o f  
at lead 20 feet irom  the v/ater, oecaíioned a very perp lexing difficulty, 

I r  as it was impoíTible by this"'experiment to  determine with any certainty,
whether or no the eledtrical circuit was formed throughout the windings 
o f the river, or m uch Ihorter by the ground o f  the m eadows. T h e  ex
perim ent plainly ihew ed, that the m eadow -ground w ith the grafs thereon

condu(fled
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con d u ílcd  the Ele<5tricity  better than f to n c ; as it m u íl  be remembered, 
that the obfcrvers upon tiie ftone íleps upon tiie IVeftmivfier Jhore felc 
not in the leaft degree the eletftrical com m otion , when tlieir iron rod 
was not in the w ater, and theinielves ílo o d  upon the d r y  ilone ileps. 
But this tíT e d  was fuppofed to be o w in g  to  the m eadow -ground here 
being encompaíTcd on tw o  fidcs by the 'New River^ and on the other by 
a wet ditch, by both w hich  it was generally w ell moiltened. T o  folvc 
therefore this difficulty, a feries o f  experim ents were executed, o f  whicl; 
hereaitcr.

T h e  gentlem en then determined to  exam ine w hether the eleAricaJ 
commotionii were perceptible from  A t o C ;  a diftance not lefs than 2809 
feet by land, and near 8000 by water.

T o  execute this, to the form er wire, w hich  w as already condu6led to 
/i, another was added, which there croÜed the river w ithout touching 
the water •, and reached alm oft to 6’, where the firfi: o f  a line o f  gentle
men held, as before, the wire in one hand, and the laft d ip p ed  the iron 
into the water. 'I'he wire from  the machine to  A was as before. U p o n  
the fignal’s being g iven , the charged phial was exploded  10  times, and 
it’ s eñccts plainly th o u gh  but faintly perceived each tim e by fom e or o- 
ther o f  the obfervers, but never by them  all. T h e  e ledrical com m otion 
w a s  always felt by that obferver w h o  held the extrem ity  o f  the wire, but 
never by him  w ho held the iron rod in the water. It was in one experi
ment felt b y  the obferver w ho held the wire, not felt by the next, w ho 
held the hand o f  the form er, and yet plainly perceived by the third, 
who joined the fecond. T h o fe  w h o  did  not themfelves feel the eleólrical 
commotion here, did as at B fee the involuntry motions o f  thofe w ho 
did. T h e  obfervers at A felt the fliocks in the fame degree, whether the 
other obfervers were (lationed at B  or C.

T h is  experim ent further demonftrates the diftance to  w hich  the elec
trical pow er m ay be co n veyed : but the fame difficulty occurs here as in 
the.laft; to  w it, whether the circuit w as com pleted by the grou n d , or 
by the water o f  the river ?

T hefe  fame operations, w hich  iliew ed at how  great a diftance the elec
trical com m otion  was perceptible, fo lved  likew ife  3 queftions o f  a fub- 
ordinate nature.

Firft, W h e th e r  o r  no, ca ter is  paribus^ any difference occurred in the 
fuccefs o f  the experim ent, i f  the lo n g  w ire, inftead o f  being jo in ed  to the 
coating o f  the p h ia l, was faftened to  the ihorc iron ro d , w hich, u [^ n  
touching the gun-barrel, occafioned the e x p lo f io n ; and it the fliort wire, 
v/hich only  w ent to  the obferver at Aj a diftance from  the machine not 
more than 30 feet, was joined to  the coatin g  o f  the phial ? U p o n  trial 
no difference * was found.

* N o diñcrcnce is obfervcd when the clc^rical circuit is propagated through fubilanccs 
which readily condu£i E leílrícity ; i f  they conduil it in a lefs degree, the elcftrical commo
tion i$ mórt perceptible to the obicrvcr, who holds the wire, which comes from the chajgcd 
phial.

z z  2 Secondly.
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Secondly, W h t t h t r  o r n o ,  c e te r is  paribus^ any diíFercncc in the elec

trical com m otion would be perceived, when that pow er paiTcs through 
the arms o f  tw o obfervcrs, whofe bodies made part o f  the circuit, {land
in g  in the room near the e le ftn fy in g  m achine; one o f  which takes t h e  

extrem ity o f  the wire that g o fs  to the obfervcr at A in one hand, and 
touches the gun-barrel w ith the ihort iron rod held in his other hand? 
T h e  other obferver takes the extrem ity o f  the wire which goes to H or C 
in one hand, and touchcs the coating o f  the charged phial w ith his other. 
In feveral trials, w h e r e  c a c h  o f  th d e  obfervcrs frequently changed Ua. 
tions, no difference in point o f  ftrength was obfcrvcd in the cleclrical 
com m otion.

T h ir d ly ,  W hether or no thefe tw o obfervers h ft-m cntiontd  received 
the ihock  at the fame time ? T h e y  were feen to be both convulfed in 

the fame inftant.
Ju ly  2S. 17 4 7 , there met again at the fame place, to  proceed further 

in thcfe enquiries, the Prefid¿nt, the R . H on. the I .o rd  Ch. Cúvendijh, 
the i<e\*. Bircb, S\v Francis Dcjhivocdy Baronet, P ejer  Dcval^  Elq-, 
M r  ElUcoit, M r  George Graham^ R ichard Crcham^ K iq ;  M r  Robins^ 
M r  Shorty D r IVilbrabam, and m yfclf, w ho were o f  the Royal Society, 
and D r Be^'is.

'r h e  cle<5trical com m otion was firíl tried from  A to B before-men
tioned, the iron wire in it’ s whole length being fupported, w ithout any 
where touching thcr ground, by d ry  fticks placed at proper intervals o f  
about 3 feet in height. T h e  obfervers both at ^ a n d  B iiood  upon ori- 
ginally-eleftrics, and, upon the fignal, dipped their iron rods into the 
water. U p o n  difcharging the phial, which was feveral times done, they 
were both very m uch (hocked, m uch more fo than when the c o n d u c in g  
wires lay upon the ground , and the obfervers flood thereon, as in the 
form er experiments. T h e  fame experiment was tried with the obferver 
at Ay inftead o f  the iron rod, d ipp ing  a narrow flab o f  Portland  ftone 
into the water about 3 | feet in le n g th ; when the íh o ck  was felt, but 
not fo fevere as through the iron rod. T h is  demonftrated, as %was before 
fuggefted, v.-hy the electrical com m otion was not felt ilronger by the ob
fervers upon the weílern íhore o f  the IV eftmnfter-bridge; v iz .  that 
Pcrtland  ftone Handing in water w ill co n d u it  E ledlricity  very  con- 
fiderably.

T h e  gentlemen then tried what w ould  be the efFtól, i f  the ob ftrver  at 
B (lood upon a cake o f  w ax, holding the wire as before, and touched the 
ground o\ the meadow w ith his iron rod at leaft 1 50 feet from  the w a
ter; and i f  the obferver ufually placed near the river at Â  had his wire 
carried 150  feet over the river, as the form er, ilood upon an originally- 
elcdlric, and touched the ground with his iron rod. U p o n  the expiofion 
o f  the charged phial, w hich  was feveral times done, both the obfervers 
were fmartly f tru c k ; this demonftrated, that in thefe inilances the moift 
ground o f  the m eadows made part o f  the circuit. T h e  obfervers were 
diilant from  each other about 500 feet.
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T h e  obftrvcrs thtn , ftationed as in the laft experim ent, ftood upon the 

w ax cakcs as before, w ithout touching the ground w ith the iron rods, or 
any part o f  their bodies, and the charged phial was exploded 4  times.
T h e fc  were not at all felt by the obferver next to and w ithout the 
greateft attention, would not have been perceived by him next io A\ and 
then only in fom e o f  the trials, the feeling o f  the E le i lr ic ity  was lik e  that 
o f  a fmall pulfc between the finger and th u m b o f  that hand w hich  held 
the wire, 'i 'he loaded phial was again difcharged 4  times m ore, w ith out 
any ocher alteration in the difpofition o f  the apparatus^ than that the 00- 
fcrver next to B  flood upon the g r o u n d ;  when the e le ilr ica lco m m o tio n  
was perceived by that obferver, though not fo iharp as when the other 
obfervcr at the fame tim e ftood upon the ground. T h e  obferver next to 
A felt the tin gling  between his finger and th u m b , as before.

T h e  gentlem en were defirous o f  try in g  the elc(5lrical com m otion  at a 
ilill greater diilancc than any of the form er, through the water, and 
where, at the fame tim e by altering the difpofition ot the apparatus^ it 
m igh t be tried, whether or no that pow er w ould  be perceptible through 
the dry grou nd  only at a confiderable diftance. Higbhury^harn beyond 
ijlington  was thought a convenient place for this purpofe, as it was íitu- 
ated upon a hill nearly in a line, and alm oft cquidiftant from  2 ftations 
upon the River^  fom ewhat m ore than a m ile afunder by land, 
though fo llow in g  the courfe o f  that river, their diftance from  each other 
was 2 miles. 'I'he hill between thefe ftations was o f  a g rave lly  f o i l ; 
which» from  the late continuance o f  h c t  weather w ithout rain, was d ry , 
full o f  cracks, and confequently was as proper to determine whether or 
no the Eledtricity w ould  be conducted by d ry  grou nd  to  any great dif
tance, as could be dcTired. 'Phis hitherto had not been attem pted ; the 
m eadows in the irjftances before quoted co n d u flin g  the E le¿ lr ic ity , was 
fuppofcd to  be o w in g  to the m oifture o f  the ground. T h e  ftreets o f  
London^ when very  d ry , had been found to  condu6l it ftron gly  about 
40 yards, and the d ry  road at N^^vington about the fame diftance. A c 
cordingly, on lVednefda)\ Aug, 5 , 1747» there m et at Highhury’harn 
the R . H o n . the L.ord Ch. Cavendifl)^ the R e v . M r  B'trcb^ M r  Gecrge 
Graham^ R ich. Graham^ E fq ;  N. Mann., E fq ;  M r  Shorty DaniellVrayy 
Efq*, and m yfelf, \̂ \\o wcxc o í  x\\̂  Royal Society.^ a n d D r ^ ^ v j .

'i'he e lcálrify ing machine being placed up one pair o f  the fta irsin  the 
houfe at Higbbury-barn^ a wire from  the coated phial was conducted upon 
dry fticks as before, to  that ftation by the fide o f  tiie New River.^ which 
was to  the northward o f  the houfe. T h e  length o f  this wire was 3 fu r
longs and 6 chains, or 2 3 7 6  feet. A n o th er  w ire  faftened to  the iron bar, 
w ith  w hich, in m a k in g  the explofion, the gun-barrel was touched, was 
condudled in like manner to the ftation upon the N ew R iver  to  the fouth- 
ward o f  the houfe. I 'h e  length o f  this wire was 4  furlongs 5 chains and
2 poles, or 3003 feet. T h e  length o f  both wires, e x c lu fiv c  o f  their 
turnings round the fticks, was i  m ile, 1 chain, a n d 2 poles, or 5 3 79  feet.

For
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F o r  the m ore conveniently defcribing the experiments made here, w c  
w ill call the ftation to the northward Dy and the ocher E.

A t  this diilance the gcnilem cn proixifcd to try , firft, v/hether or no 
t!ic eledlricai com m otion was perceptible, i f  both the obfervcrs at B  
and Ey fupporced by orig inally-elcdrics, touched the c o n d u c in g  wire 
with one hand, and the water o f  the A w  R iver  with an iron rod held in 
the other? Secondly, whether or no that com m otion was perceptible, it 
the obferver at £ ,  being in all refpec^ts as before, the obferver ac D ,  ftand- 
ing  upon w ax, took  his rod out o f  the water ? T h ir d ly ,  whether or no 
that com m otion was perceptible to both obferv'crs, it the obferver at D 
was placed upon w ax, and couched the ground w ith his iron rod in a d ry  
g rave lly  field at leaft 300 yards from  tiie watci*?

A s  from  the ficuation o f  the ground, trees, S c .  neither o f  the ftations 
could  be feen by each other, or by the obferver at the eledrifying-m a- 
rhine, it was agreed to difcharge a gun as a fignal to get ready, and to do 
the fame, as near as m igh t be, halt a minute before each explofion.

In thcfe experiments, as well as the former, the coated phial was each 
tim e charged as high as it could be j fo that i f  the dfFercncc o f  the ih o ck  
to the obfervers was confiderable, it was o w in g  to other caufes more than 
CO the phiaFs being ditFerently eleólrified.

T o  trv the firft propofition, 8 cxplofions w ere made w ith the obfervers 
at D and £ ,  touching the water, and ftanding upon wAx, w ith their iron 
rods in the water. T h e  firll 2 o f  thefe were felt but w eakly  b y  the obferver 
at D ; but in the other 6 he was ftrongly iliocked. T h e  obferver at E felc 
nothing o f  the firft 6 explofions; when, upon examination, the wire was 
found broken by fome accident; but this obferver was ftrongly  ih o cked  
b y  the z lail. T h e  obferver at D being fhocked in 4 o f  thefe explofions, 
w hile in thefe 4  the obferver at £  felt nothing, was o w in g  to the circuits 
being formed by the ground between the obferver at D and the broken 
wire. U p o n  account o f  che wire’s being broken, the gentlemen tried
3 more explofions, when the obfervers at both ftations felt the eleftrical 
ihock.

T o  try the fecond propofition, 4  explofions were made w ith the o b 
ferver at i ) ,  (landing upon an originally«eIc¿tric, and takin g  his iron rod 
out o f  the water, the obferver at E as before, in  each o f  thefe the ob
ferver at D  felt a fmall pulfation between his finger and thum b o f  that 
hand which held the wire. T h e  obferver at E felt each o f  thefe as ftrong 
as before. T h is  being different from the obfervations made in the experi
ments o f  the laft trials at our form er ftations A and By and m any others ;  
where B  in the tame circumftances w ith E here felt the eleélrical co m m o 
tion only in a flight degree, was ow ing, as w e were afterwards inform ed, 
to  the impertinent curiofity  o f  the fervants o f  the gentlem en, and other 
voluntary obfervers, w ho, by touching the wire which w ent from  the 
coated phial to the-obferver at D ,  felt the fliock in their arms and ankles, 
and formed fubordinate circuits to  E. T h e  preventing theie people from  
touching the wires, was im p oifib le i as great part o f  them  could be feen

neither
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neither b y  the obfervers at the ftations, nor b y  thofe at the houfe, and 
their being m ore chan a mile long.

'I ’he 4  other cxplofions were made w ithout any other alteration in the 
apparatus^ than than that the obfcrvcr a t D  ftood upon the ground about
4  yards from  the w ater w ith out any com m unication therewith. I 'h e  ob- 
fcrver at E felt the fliocks in his arms as before *, but the obfcrvcr at D 
ftanding upon the ground v/as ih o ck e d  in the elbow  and w rift o f  that 
arm which held the wire, and in both his ankles.

T o  try the third propofition, 8 explofions were made w ith the ob- 
fcrver at D  ftanding upon an originally-ele¿i:ric with his rod in the water 
o f  the river as before; but the obfcrvcr at E  was placed in a d ry  gravelly  
ücld about 300 yards nearer the m achine than his latl ftation, and about 
lo o y a rd sd ilta n t  fro m th e  river. H e  there ftood upon the w a x jio ld in g t h e  
conducting  wire in one hand, and touched the ground w ith  an iron rod 
heki in the other. T h e  Ihock was each tim e felt by the obferver at Z), 
but fenfibly weaker than in the form er trials ; but the obfcrvcr at E felt 
them  all equally i lro n g  w ith the form er •, the 4  firft in his arms, when 
he ftood upon the w ax, and touched the ground w ith  his iron rod ; the 
other 4  in his arm and ankles, \\hcn he ftood upon the ground w ith ou t 
the iron rod.

In fom e o f  thefe experim ents, the obfervers at D felt a tin g lin g  as 
foon as they laid hold o í  the con ducting  wire. T'his was conjedtured to  be 
ow in g  to  the E le¿tric ity , w hich  conftantly runs oft'w hile the coatcd phi
al is tilling, and preferably b y  the w ire, as the beit conduótor.

F rom  the fevcn ty  o f  the ih o ck , the gentlem en, in i o m e o f  thefe tri
als, did not choofe to  have the E ledlricity  pafs through their bodies: 
but, as it was necefiary for  tííem to be fenfible o f  the different degrees 
o f  the eledtrical com m otions, they bound the condu(5tin g  wire round 
one o f  their thum bs, and touched the iron rod w ith the iore-finger o f  
the fame hand •, when the eleikrical com m otion  was felt only in fo m uch 
o f  the finger and thum b o f  that hand, as com pleted the circuit.

B y  the experim ents o f  this d a y , the gentlem en.w ere fatisfied, that rh i 
dry gravelly  ground conduóled the Ele<ii:ncity as ftron gly  as w a t e r , 
which tiiowgh otherwife at firft conjectured, they now  found i\oi to be 
ncceíTary to co n vey  that p ow er to  great d ifta n ce s; as w ell as that, from  
difference o f  diftance o n ly , the force o f  the clectrical com m otion  v/as 
very  little i f  at all impaired^ T h e y  were convinced ot the truth o f  the 
firft o f  thefe facts, not only from  both obfervers feeling the clcctrical 
com m otion in the 8 iaft experim ents, when the obferver at E was at fuch 
a diftance from  the, w ater, but alfo from  the obferver at D  feeling the 
ih o ck  fo ftrong in 4 o f  the firft 6  explofions, w hen the con d u ctin g  wire 
to E being broke at about 100 yards diftance from  the houfe, that o b 
ferver felt nothing.

In this laft inftance the circuit was form ed fro m  the phial by the o b 
ferver at D  and his wire, a line o f  grou nd  w hich  reached from  tlie ftation 
at D to  the broken wire that lay upon the grou n d , and fo m ucli o f  this 
wire as reached to the iliort iron rod, w hich  touched the gun-barrol in

m a k in g
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f m ik in g  the cxplofians. T h is  induced cUc gentlemen to conclude (as

from  many experiments ic was manifeft, that when the intervening fub- 
ftanccs conduct Electricity equally w ell, the circuit was pertorm cd in the 
fliortcft manner poíTiblc), that when the oblervers holding their iron rods 
in the river at D and E were both fhockccl, the E lectricity  was not con- 
v .y e d  by the water o f  the river, b-*ing tw o miles in length, but by land, 
where the diftance was only one mile in which fpace thiit pow er m uit 
neceíTarily pafs over the N r^ R iver  twice, through fcveral gravcl-pits, 
and a large ilubble-ficld. So that, adm itting the E lectricity  did not 
follow  the track o f  the river, the circuit from i )  to  £  was at leaft 2 
miles •, v iz .  fomewhat more than one mile o f  wire, which conducted 
the Electricity from the houfe to the ftations, and another mile o f  
crround, the íhortcíl diftance between thofe ftations. T h e  fame inference 
was now drawn with regard to the experiments at B, and C , in the

R iver M o r e  rccited ; v iz .  that as in all o f  them the diftance be
tween theobfcrvers was much greater by water than b y  land, the E le c 
tricity paiTcd by land from  one obferver to the other, and not by 
water.

From  the íhocks which the gentlemen received in their bodies, when 
the electrical power was conducted upon dry fticks, they were o f  o p i
nion, that from  difference o f  diftance fim ply confidered, as far as they 
had yet experienced, the force thereof was very little i f  at all impaired. 
W h en  they ftood upon originaily-elcctrics, and touched the water or 
ground w ith an iron rod, the eltrctrical com m otion was always felt in 
their arms and wrifts : when they ftood upon the ground , and touched 

» either the water or ground w ith their iron rods, they felt the íh o ck  in
their elbows, wrifts, and a n k le s : when they ftood upon the ground 
without the rod, the ftiock was always in the eibow and w rift o f  that 
hand, which held the conducting wire, and in both ankles. I 'h e  obfer- 
vers here being fenfible o f  the electrical com m otion in different parts o f  
their bodies, was ow in g  in the firft inftance to  the whole o f  it ’ s paiTing 
( b i c a u f e  the obferver ftood upon w ax) through their arms, and through 
the iron rod : in the fecond, when they ftood upon the ground, the E le c 
tricity paiTed both through their legs, and through the iron : in the 
third, when they ftood upon the ground w ithout either w ax or rod, the 
Electricity directed it*s way through one arm , and through botli legs to 
com plete the circuit.

T h e  gentlemen were defirous o f  d o l in g  the prcfent inquiry, by ex
am ining not oniy whether or no the electrical com m otions were percep
tible at double the diftance o f  the laft experiments in ground perfectly 
d ry , and where no water was near; but alfo, if poflible, to  diftinguifh 
the refpective velocities o f  Electricity and found. T o  execute this re
quired the whole fagacity and addrefs o f  the gentlemen con cern ed ; for 
they had met with very great difHculties in the laft d ay ’ s operations, where 
the wire was co n d u ae d  but little more than a m ile ;  all which could not

but
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but be greatly  augm ented b y  d ou blin g  that diílance ; becaufe it was ne- 
c e íü ry ,  that the houfe, wherein the e lectrifying machine was placcd, 
fliould be vifib lc  at leall at one o f  the iVations •, and that the fpace be
tween that houfe and the ftations, through w hich  the wire was conducted, 
ihould be very  little interfccted by hedges, roads, o r  foot-paths ; nei
ther iliould the wire in this fpace be fu b je it  to  be difturbed b y  the h o rk s  
or cattle, which were g ra z in g  ; nor o u g h t it to  touch in it ’s pafi-ige the 
trees o r  any other vegetables, w hich  at this feafon o f  the year were cve- 
ry-where luxuriant. T o  find a place w ithin a convenient diftance o f Lon
don w ith thefe requifites was not v e ry  e a fy ; but at laft, Sbooters-Hill was 
pitched upon, as the mofl: convenient.

A s  only  one ihow er o f  rain had fallen durin g the preceding 5 w eeks, 
the grou nd  could  not but be v e ry  d r y  ; and as no water was near, i f  the 
eledtrical com m otion  was felt by the obfervers at the ftations, it m ight 
be fafely concluded, that w ater had no fharc in c o n d u c in g  it.

Aiig.iAf.  1747- there m et at 6'¿í7í?/írj-//;7/for this purpofe, the R e v .

M r  Eircby the R ev. M r  ProfeflTor Bradley^ P eter DavaU  E fq ; M r  G, I
Graham, R. Grabam^ Hfq; M r  Nourje, George L ew is Scotty E fq ;  M r  
Shorty Charles Stanhope^ E fq ; and myí'elf, w ho w ere o f  the Royal Societ\\ 
and D r  Bevis.

It w as here determined (as the gentlem en w ere fatisiied from  m any o f  
the form er trials, that if, when the coated phial was difcharged, the ob- 
fervers at the ftations ftood upon originally-electrics, and touched nei
ther water nor grou nd  with iron rods, or any part o f  their bodies, the I
cledrical com m otion  w ou ld  be fcarcely perceptable) to  m ake tw elve ex- 
plofions o f  the coated phial, w ith  an obferver placed at the 7 m ile ftone, 
and another at the 9 m ile ftone, both ftanding upon w ax, and touching 
the ground w ith  an iron rod. T h is  num ber o f  explofions was th ou gh t 
more neceíTary, as the obfervers at tliefe ftations were not on ly  to  exam ine 
whether o r  no the E lectr ic ity  w ould  be propagated to  fo great a diftance ; 
but i f  it were, the obferver at the 7 m ile-ftone was by a fecond w atch to  
take notice o f  the tim e lapfed between feeling the ele¿lrical com m otion , 
and hearing the report o f  a g u n  fired near the machine, as clofe as m igh t 
be to the inftant ot m a k in g  the explofion : and therefore, to  exam ine 
this m atter w ith  the requifite exadtnefs, this num ber o f  explofions fhould 
be made.

T o  executc this, the e led b ify in g  machine was placed u p  one pair o f  
ftairs in a houfe upon the w eft fide o f  Shooters-H ill; and a wire from  the 
ihort iron rod, w ith w hich  the gun-barrel was touched in m a k in g  the 
explofions was co n d u íted  upon d ry  fticks as before into a field near the 
feven mile-ftone. I 'h e  length o f  this w ire, e xclu five  o f  it ’ s turnings 
round the fticks, was a m ile, a quarter, and 8 poles, or 6 73 2  feet. In 
great part ot this fpace it was found very  difficult to  fupport the wire, 
on account o f  our fcarcely being able to  f ix  the fticks in the ftrong gravel 
there a lm o ft w ith out any cover o f  foi! *, nor could  the wire in fom e places
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be prevented from  touching the brambles and buílies, nor in one field 
the ripe barley.

A n o tiu r  wire was lilcewife condufted upon (licks irom  the coated 
pliial to the nine milc-ftone. In tlús ipace, the foil being a ftrong clay, 
the wire was very w elllccured , aiid in it’ s whole length did not touch the 
bulhes. 1 he lengtli o f  this wire was 3868 feet. A s  m uch as the place, 
where the obiervcrs were Rationed in a corn-field, was nearer the machjne 
than the 7 mile-ftone, fo m uch were the other obitrvcrs  placed beyontl 
the 9 mile-ftonc» that their diftance from  each o th e r  m igh t be: 2. miles. 
I 'h e  40 feet o f  wire in thcfe 2 meafures exceeding 2 miles, was what 
connected the Hiort iron rod before-mentioned, and the coatcd phial, 
with their re fp ed ivc  condudting wires.

I 'h e  obfervcrs being placed at their refpediive ilations, the obferver at 
the machine proceeded in m akin g  the explofions o f  the coated p h ia l ; he 
having before placed an aififtant e x a ftly  in his view  before the window 
ot the hou fe,-w h o, upon the word o f  com m and, was to difcharge a 
m uiket. A s  foon as ever the flaíh was feen to co m e from  the m oiith 
o f  the g u n , the obferver difcharged the eledrified  phial. Wl>en 8 
explofions had been made, a fervant was fc n t , from  the gentlemen 
at the 7 mile-ftone g iv in g  an account o f  the wire’s being broken, and 
the (licks thrown dow n  b y  a man riding tiirough them ; that thc^cbfer- 
vcrs there had felt nothing ; and defired, as by this tim e the wire was 
replaced, that we ihould begin again. T h is  was com plied with, and 12 
other explofions m ade without further moleftation.

N o t  only the firil 8, but eleven o f  the laft 12 very  ftrongly  ih o ck e d  
the obfervcrs at the 9 m ile -d o n e : at the twelfth explofion the obferver 
on purpofe (tood upon the wax without touching the grou nd  w ith his 
iron rod, or any part o f  his body j and only felt a flight tin gling  in his 
finger and thum b that held the wire. In another o f  thefe experim ents, 
as the gentlemen liere were latisfied in tlieir own perfons o f  the ilrength 
o f  the ele¿lrical com m otion, they indulged 2 country-fellow s, w ho were 
by-ilanders, w ith feeling o n e : thcfe 2 w ith 4. o f  the gentlem en form ed 
a chain, the firil o f  them tak in g  hold o f  the extrem ity  o f  the wire with 
one o f  his hands. T h e y  all Hood upon the ground, and made no ule 
o f  the iron rod. U p o n  the explofion they were all fo ftron gly  ihocked  
in their arms and ankles, that the countrym en could  b y  no means be pre
vailed upon to try the experim ent again. W h y ,  in the firft e ight explo- 
iions, the obfervcrs here w cre ftn fib ie  ot the elc¿lrical com m otion, when 
the obfervcrs at the other ftation k i t  nothing, was explained in the form er 
experiments. T h e  obfervcrs at this liation, from  their fituation under 
the hill, and from  what w ind there was being againft it, never heard the 
report o f  the gun.

T h o u g h  the obfervcrs near the-,7 mile-itone from  the b r e a k in g o f  their 
wir.c, were not ienfibic o f  the S firil «:xplofions o f  the charged phial, 
thtry felt the other 1 2. 'I'his demonflrated to the fatisfaélion o f  the gen 
tlemen conccrned, that tiic circuit here form ed b y  the E le i l r ic i t y  was 4

• miles i
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miles.; w r .  2 miies o f  wire, and 2 miles o f  grou n d , the fpace between 
the cxtrem itiis  o í that wire. A  diftance w ithout trial too great to b e '  
crcdicod l .iH o w  m u ch iu rtlier  th e e led rica l com m otion will be pcrcepti- 
blc, fucuce obfervacions can only determine.

l*h c  élcétrical com m otion by the obiervers near the 7  m ile-ílone was 
but i l ig h t ly  f e l t ; not could it be otherwife expcéted, the wire in m any 
parts ot it’s length touching, as w-as betore-mcntloHtd, the m o iíl  ve g eta 
bles ; w hich, in as m any places as they were touched, formed fubordi- 
nate circuits. W e  find, in all other inllances, that the w hole quantity 
o f  E lc¿tric ity , accum ulated in the coated phial,' is felt equally through 
the w hole circuit, when every  pare thereof is in a great degree non- 
e le d r ic ;  fo here the whole quantity, or nearly fo determmed that 
w ay , was felt by the obfervers at the 9 m ilt-llon e  v^hilft tliofc at the 
other ftution felt fo m uch o f  their quantity on ly , as did not g o  throut^h 
the vegetables ; that is, that proportion only in which iibn is a greater 
non-elc(5bric chan the vegetables.

T h o ’ the eleftrical com m otions, felt by the obfiTvers near the 7 
m ile-ilone, were not ftrong ; they were equally con clufivc  in íhew ing 
the difference between the rel'pedivc velocities o f  K ledlricity  and found.

I 'h e  fpace through w hich  found is propagated in a g iven  tim e, has 
been v e ry  differently eftim atcd by the authors, w h o  have written con 
cerning this fu b je d . Robei'val g iv es  it at the rate o f  560  feet in a fe- 
cond ; Gajjhdusy at 1473*, M erfenne 14 74  ; Du Hame!^ in t h e H if t .  
o f  the Acad. Sc. P ar, at 1 1 7 2 ;  the Acad, d el Cimento^ at 1 1 8 5 ;  Boyle at 
1 2 0 0 ;  Roberts  at 1300 ; IValker at 1338 *, Sir /. N ewton  at 968 ; Dr* 
Derhanty in w hole meafure M r  Flamftead  and D r  Hailey acquiefced, at 
114 2 . B ut by the accounts fince pubiiíhed b y  M. Cajfini d eT bu ry  in 
the M em oirs  o f  the R. Acad, o f  Sciences at Paris  for the year 1738.' 
where cannon were fired at various as w ell as great diftances, under great 
variety o f  weather, w in d, and other circum ftances, and where the mea- 
fures o f  the diiferent places bad been fettled w ith the utmofl: exactnefs, 
found was propagated at a medium  at the rate only o f  103S French  feet 
in a fecond. T h e  French  foot exceeds the Englifi) b y  feven lines and a 
half, o r  is a s  107 to  1 1 4 :  and confequentiy 1038 French  feet are equal 
to 1 106 Englifl) feet. I ’he diircrence therefore o f  the meafures o f  D r  
Derham  and M .  Caffini is 3 4  French  36 Englifl) feet in a fecond f .  A c 
cording to this iaft meafure, the ve lo city  o f found, when the j| wind is 
ftill, is fettled at the rate o f  a mile, or 5280 Englifl) feet in 4'  ̂ ^

0/*E L E C T  R I C I T Y .

I C O .

*  T h i  author o f  this paper, from a great variety o f  experiments, is o f  opinion; th.it 
iré this and the like difpoiicions o f  the apparaiujy the elc¿lrical power, accumulated in the 
matter contained in the coatcd pliiai, is direiied upon the explofion thereof toward* both 
obfervers at the fame inftant.

+ M, C ajjin i du Thury afterwards meafured the velocity o f  found at /iiguemortes in Luk- 
gufdec, and found the obfcrvations there from thofe made about Paris vary only half a 
toiie in a fecond See Mfm. dt P Jcad. Royale des ĉicnces  ̂ pour P/tnnh 1739, P

ij Dr found, that when found was carried againft the wind, not only it’s dif-
tance but it's velocity warlefiened ; and in M . CaJJinVh Memoir, there is :;n experiment, 
where found being carried agninft the wind, which then blcvv very ftrong, was retarded 
near »*;. o f the ufual time in it’s progrefs.
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T o  return to  our purpofc i the length o f  the co n d u ilin g  wire from  the 

machine to  the obfcrvers near the 7 mile-ftone, was (as has been before- 
mentioned) a mile, a quarter, and 8 poles, o r  6732 feet: the length o f  
that to the 9 mile-ftone, 3868 feet. T h e  firft ot thefe meafures only 
was made ule o f  in the prcicnt operations concerning the velocity  o í E lec
tricity. In 12 difcharges o f  the coated phial, which were felt by M r  
G . Grabante M r  Shorty and Cb, Stanhope^ Kfa*. the obfervers near the 7 
mile-ftone, and w ho, by a fecond watch o f  M r  Gr¿z/)W s, meafurcd che 
tim e between feeling the eledrical com m otion, and hearing the report o f  
the g u n , w ith the utnioft attention and exactnefs i the tim e, I fay, be
tween feeling the eledrical com m otion, and hearing the rej>orc ot the 
c u n , was, at a mcdiumy 5" or 5'' A n d  as the gu n  was diftant 
from  thefe obfervers 6732 feet, it follow s, from  the experiments which 
have been made on the velocity  o f  found, that the real inftant o f  the 
difcharge o f  the gu n  preceded that o f  the obfervers hearing ic*s 
report, at this time when the ftrength o f  the wind was not fo great 
as to enter into the com putation, or preceded the inftant when
ihe elcdtrical com m otion was felt only o"  B ut this inftant was, from  
the nature o f  the experiment, necefiarily prior to  that ot the eledtrical 
cxplofion, which was not made *till the fire o f  the gun was aébually feen ; 
and therefore the time between the m ak in g  o f  that cxplofion, and it’ s 
being actually felt by the obferver, which m uft have been lefs than 

was really fo fm all, as not to  fall under any certain obfervation, 
when it is to  be diftinguiihed from  that, which m uft o f  neceflity be loft,, 
between the firing o f  the gun, and the eleftrical explofion itfelf.

In all the experiments, where the circuit was formed to  any confidera- 
ble length, though the coated phial was very  w ell charged, the fnap at the 
gun-barrel, upon the cxplofion» was not near fo loud as when the circuit 
is formed in a r o o m ; fb-that a by-ftander, though verfed in thefe opera
tions, from  feeing the flalh, and hearing the report, w ould im agine the 
ftroke at the ends o f  the c o n d u c in g  wire to  be v e ry  f l ig h t ; the contrary 
whereof, when the wire has been properly conducted, has alw ays hap
pened.

F ro m  a review o f  thefe experiments,, the fo llow ing obfervations m ay be 
deduced,
I. T h a t ,  in all the preceding operations, when the wires have been pro** 

p erly  conducted, the electrical com m otions from  rhe charged phial 
nave been very confiderable on ly , when the obfervers at the extremities 
o f  the wire have touched fom e fubftance readily conducting E lectricity  
with fom e part o f  their bodies.

II. T h a t  the electrical com m otion  is always felt m oft fenfibly in thofe 
parts of the bodies o f  the obfervers, which are between the conducting  
wires, and the neareft and the m oft non-electric fubftance; or in o- 
ther words, fo m uch o f  their bodies, as com es within the electrical 
circuit.

HI. T h at
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III. T h a t ,  upon thefc confidcrations, w c  infer, that the clcítrlcal power 
is c o n d u c e d  between thefc obfervers b y  any non-cle6tric fubftanccs, 
w h ich  happen to  be fituatcd between them , and contribute to form  
the eléctrica) circuit.

I V .  T h a t  the cleébrical com m otion  has been perceptible to  2 o r  m ore 
obfervers at confiderablc diftances from  each other, even as far as 2 
miles.

V .  T h a t  when the obfervers have been ih o cked  at the end o f  2. miles o f  
wire, w e  infer, that the e leitrical circuit is 4  m iles; v iz .  2 m ilis  o f  
wire» and tlie fpace o f  2 miles o f  the n o n -cied ric  m atter between the 
obfervers, whether it be w ater, earth, o r  both.

V I .  T h a t  the eleólrical com m otion  is equally ftrong, w hether.it is con- 
d u d e d  b y  water o r  d ry  ground .

V II .  T h a t  i f  the wires between the e le d r ify in g  machine and the obfervers 
are c o n d u c e d  upon d ry  flick s , or other fubftances non-eJeátric in a. 
fligh t degree o n ly , the efFedts o f  the e ledrical p o w er  are m uch  greater 
than when the wires in their progrefs touch the g ro u n d , m oift vegeta
bles, or other fubftances in a great degree non-eledric..

V III .  T h a t  b y  com parin g  the refpeólive velocities o f  E t ó r i c i t y  and 
found, that o f  E leélricity,. in any o f  the diftances y e t  experienced, is 
nearly inftancaneous.

I ihal! conclude this paper with obferving, that it was th o u gh t con ve
nient t® lay a detail o f  all the operations relating to  thefe experiments be
fore the Society ; in confequence o f  w hich  the gentlem en m ay m ake them - 
felves ju d g e s ,  how  far the deduflions here recited are warrantable from  
the experiments.

*  T h e  gentlem en concerned were defirous, i f  pofllble, o f  afcertaining 
the abfolute velocity  o f  E le ftr ic ity  at a certain d iftan ce; becaufe, al
though laft year, in m eafuring the re fp e d iv e  velocities o f  E ledlricity  and 
found, the tim e o f  its progrels was found to  be v e ry  little, y e t  w e  were 
defirous o f  k n o w in g , fm all as that tim e was, whether it was m eafurablej 
and I had th o u g h t o f  a m ethod for this purpofe.

A c c o rd in g ly ,  Augufi 5. 1748 . there m et at Shooters-Hill for this pur- 
pofe, the P r e f  o f  the R, Súc, the R e v , M r  B irch, the R e v .  M r  Profefibr 
Bradley, Jam es B urrow , E fq ;  M r  Ellicot^ M r  G. Graham, R ich. Graham,
Elqv the R e v . M r  L awrie, Charles Stanhope, Efq*, and m y  felf, w h o  were ot 
the Royal Society, D r  B evis, and M r  G rifchow , a m em ber o f  the R» Acad. 
o f  Sciences at Berlin,

It was agreed to  m ake the eleftrical circuit o f  2 m iles, in the m iddle 
o f  which an obferver was to  take  in each hand one o f  the extrem ities o í  a 
wire, w h ich  was a m ile in length. 'J'hefe wires were to  be fo difpofed,

•  Thefc experiments to meafure the abfolute velocity o f  Elcftricity were made whilft 
this paper was at the prefs > but as they had fo near a rclatio.1 to the experiment» made thc 
preceding year, it was thought proper to infcrt them here.

that'
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that th}s‘ obfervcr bem g placed upon the floor o f  the room ' nrftr the elcc-* 
tr ify in g  machine, the other oblervcrs in ^ h i  h é  áble'IA éiie íame v ie w  to  
i'ec the explofion o í  the charged phiatj and the obíervér holding the wires, 
and m ight take notice ot the time lapfcd between the^-liifcharging the 
phial^and the convulfive motions o f  the arms o f  the ohferver in confe'-- 
quence thereof i inafmuch as this tim e wouki fhew the v e fc c ity 'o f  E leélri-  
c ity , through a fpace equal to  ciic length o f  the wire between the coat
ed phial and this obfervtT. *

'I he electrifying machine was placed in the fame hpiife as it was lail 
year. W e  then found ourfclves greatly enf>barrailcd by the wire’ s being 
conducted by the fide o f  the road, which we were com pelled to, on ac
count o f  the fpace necellary for the meafuring o f found: but fo great a 
diftance from  the machine w a sn o tn o w  wanted, though th ecircu itth ro u g h  
the wire was intended to be at leail 2 miles. W e  had difcovered b y  our 
form er experim ents, that the only caution now neceffary was, that the 
wires conduéted upon d ry  fticks fliould not touch the ground , each other, 
or any non-eIe£lric in aconfiderabledegree in any part o f their len gth : i f  
they did not touch each other, the returns o f  the wire, be they ever fo 
frequent, imported little, as the wire had been found to condu¿t E le d r i-  
c ity  fo m uch better than the fticks. It was therefore th ou gh t proper to  
place thefe fticks in a held 50 yards diilant from the machine. T h e  length 
o f  this held being 11 chains, or 726 teet, 8 returns o f  the wire from  the 
top to the bottom  o f  the ñcid made fomewhat m ore than a m ile, and 16  
returns more than 2 miles, the quantity o f  wire intended for thcEle<Stricity 
to  pals through to m ake the experiment.

W e  had found laft year, that, upon difcharging the ele¿lriñed phial. 
I f  tw o  obfervers made their bodies part o f  the circuit, one of which 
grafped the leaden coating o f  the phial in one hand, and held in his other 
one extrem ity o f  the conducting w ire j  and i f  the other obferver held the 
other extrem ity o f  the conducting wire in one hand, and to o k  in his o- 
ther the Ihort iron rod with which the explofion was m ade; upon this 
explofion, I fay, they were both ihocked in the fame Inílant, w h ich  was 
that o f  the explofion o f  the phial. I f  therefore an obferver, m a k in g  his 
body part o f  the circuit, was fhocked in the inftant o f  the explofion o f  
the chargcd phial in the middle o f  the wire, no doubt w ould  remain o f  
the velocity o f  Electricity being inftantaneous through the length o f  that 
whole wire. B u t if, on the contrary, the time between m ak in g  the ex- 
plofion, and feeing the convulfions in the arms o f  the obferver holding 
the conducting wires, was great enough to be meafured, w e then ihould  
be able to  afcertain it’ s velocity  to the diftance equal to half the quantity 
o f  wire em ployed only, let the manner o f  the E lcd ric ity*s  d ifcharging 
itfc lf  be what it w ould.

It  has been a queftion w ith  fome, w h o  have confidered this fub- 
jcCt, whether the EleCtricity, in com pleating the circuit from  the matter 
contained in the glafs, pafied, either by the wire in the m ou th  to  the 
coating o f  the glais, the contrary w a y  by the coating to the wire in the

m outh,
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m outh, or othtfrwife dirc<5tcd it ic if  both w ays at once ? T h a t  the E le d r lc ity  
in uft pafs oiF one o f  thefe a w ays was certain, as the explofion would not be 
com plete, unlefs in the in lu n t  thereof fo m c m atter v e ry  non-cle6lric Gom- 
iTiunicatcd between tlic wire in the m outh, and the coating o í the glafs.
Unlefs therefore the o bfcrvcr was placed in the centre o f  the condudling 

-wires, it m igh t be objeóted, that the experim ent was not made w ith  the 
cxaitnefs neceflary ; I w a u fc  an y pcrfon, w h o  was o f  opinion that the E -  
leélricity diredtixi itfe lf from  the m outh o f  the glafs  to  the coating, mtight 
object, i f  the w ire  from  the ih o rt  iron rod to  the obferver was only half 
the length o f  that between the obferver and the coating o f  the glafs, that 
the E lectric ity  in the tim e found, palfed only  th ro u gh  the ih o rt wire, and 
_^ice v er fa .  B ut if, as it was here thought, proper^ the obferver was 
placed in the centre o f  the conduéting wire, let the-direition o f  the E le c 
tricity be w hat it w ould , no diiference could  happen in the refulc o f  the 
experim ents, i f  made w ith the neceflary caution^ becaufe, i f  the cfFcdts 
in the m iddle and both ends ot the wires were inílantaneous, the conclu- J
fion therefrom w ould be very  obvious.

T o  m ake the experim ent, the fame phial filled w ith  filings o f  iron, and 
coated .w ith  flieet-lead, whicji was ufed laft year , w as placed in the w in- 'i
dow  o f  the room  near the machine, and was connc6ted to the p rim e con- í
dMClor by a .piece o f  wire. T o  the coating o f  this phial a wire was 
f4ftcned, which,, being condudted upon d r y  -fticks to the bcfore-men- 

.júpned; field, was carricd in like manner to  the bottoirj, and being con- i
ihus from  the bottom  o f  the field to  th e .to js  and from  the' top  

pp the bottom  7 other tim es, returned again into the room , and was held 
in one hand o f  an obferver near the machine.. F ro m  the other hand o f  
ti^is o b fcrverj another wire o f  the fam e length  w ith  the form er was-con- 
d u d c d  in the fame manner, and returned into the room , and was faftened 
to  the iron rod w ith  which the explofion was made. T h e  w hole  -length 
o fth c fe  wires» allow ing 10 yards for their turns round tjhe fticks, am ount- 
c iU o  2 miles and 6 chains,- o r  12 2 7 6  feet. :
. . A s  the night preceding thefe experim ents had been v e r y  rainy, care 
was taken ,-by  filk  lines properly difpofed, tiiat'Xhe. wires in their paifage

• ifOm the wiixiosv of the houfc m igh t n ot.tou ch -tke.w ood  ther«of; lelt, 
fvoai the m oiftu te  ot. th is  w o o d , the ele¿kricd^ circuit m ig h t  be ihort- 
e n ^ .  . . .  - : ' : ' . - •• •: * - *

: W h e n  oJl parts o f  the /̂»̂ i??̂ /?/j!/j w e re 'p ro p crfy  djrpofcd, fevcral expio-
lioiiü o f  phial were miade; and. ic wks invariably ;feen, that
tin? obf^rvec.hj&Ming in each hand ontf o f  th e ’extrem ities o f  thcfe wires, 
was convulfed in both  his arms in the inftanc o f  m a k in g  the exp lo - 
fions. ., -V

Inftcad o f  one, 4  men were then.-iplaced, W d i n g  each other b y .th e  
nand near the macl^ine, the f it l i  o f  w hich  helcl in his r ig h t  hand one ex- 

't r e m it y  o f  th e  .wire, and tl ê k f t  man the other in his left. T h e y  were 
all feen convulfccl in the inftarit o f  the explofion. E v e r y  one w h o  felt 
it, com plained o f the fcverity  of the Ih ock.

I t
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It was then defircd by one o f the gentlemen concerned, that an explo- 
fion fhould be made with the obferver holding only one o f the wires. This 
was done accordingly •, but the obferver felt nothing, the phial difcharging 
itfclf in a different manner to what it did before, on account o f the cir
cuit’s not being completed.

It was then tried, whether an obferver would be ihocked upon the 
difcharge o f the phial, i f  the 2 wires at their extremities flightly touched 
each otlier, whilft an obferver at the fame time held one o f  thelc about a 
foot from their ends in each of his hands? Upon trial he felt nothing, 
though the phial exploded very quick, becaufe the iron wire conduóted 
the Ele¿lricity better than the body of the obferver.

It was then tried, whether or no, as the ground was wet, ifth eexplo- 
fion was made with the obferver holding the extremity o f  each wire ftand- 
ing upon the ground near the window o f the houfe, any difference would 
arifc in the fuccefs o f the experiment? N o difference was found, the ob- 
i'crvcr being ihocked in the inftant of the cxplofion as before, in both 
his arms, and acrofs his breail.

Upon thefe confidcrations we were fully fatisfied, that through the 
whole length o f this wire, being, as I mentioned before, 12276 feet, the 
velocity o f Ele^lricity was inftantancous.

As it was found lail year, we obferved again, that although the elec
trical commotions were very feverc to thofe who held the wires, the re- 
i>ort o f the explofion at the prime conductor was little, in comparifon o f 
that which is heard when the circuit is íhort. From whence it was con- 
jeólured, that the very loud report, in the experiment o f Leyden, is con- 
fincvi to a very íhort circuit.

Fig. iS . The prime conductor. the filk lines. C, the coated phial.
D , it's hook communicating with the prime conductor. £ £ ,  the wire 
reaching from the coating o f the phial to the left hand of the obferver, 
being more than a mile in length. F, the placc o f the obferver. 
a fuppofed line, drawn upon the explofion through his body and arms. 
G G , another wire, o f the length o f EEy which goes from the right hand 
of the obferver to H. i/ , the ihort iron rod to make the exploíion.

 ̂ I. ¿8. The Jail paper contained fome accounts o f what had been done
Some/urthr gcntlcmen, o f the Scdety  ̂ in order to examine, not only to what
in̂ itiriet int9 diilance the clectrical power was perceptible, but alfo to inveftigate, as 
the nature neaf as might be, the refpeélivc velocities o f Elc^ricity and found: 

E ltflricity indeed is the fu&ect o f the prefent paper, yet, as it relates to 
fythe/ameJ* ment i oned in the former, ¡thought 
ihid p 95* proper to feparato them.
R ta d ]zn . 2 1 . 1747*8.

$ II. I took notice, in my feguel to the experiments relating to E leilri-
city of an obfervation o f  the ingenious ProfeiTor Bofe of IVittcmbergy 
v iz , ‘  that if the ele¿lrilying machine is placed upon originalJy-clcdtrics,

•  Ar:. 9.
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« the man wlio rubs tho’globe with his hands, even under thcfe appa- 
‘ rcntly favourable circumitances, gives no fign oFbeing ele6trifcd when 
‘ touched by an unexcited non*cÍe¿tric. But if another perfon, ftanding 
‘ upon the floor, does but touch the globe in motion with the end o f one 
‘ o f his fingers, or any other non-électric, the perfon rubbing is inftantiy 
‘ ekítrií^c!, and that very ftrongly/, -I'his experiment, almofl: a year 
fmce, Dr Bevis carried further, by placing whatever non-eleólric touch
ed tile globe as a conductor, whether it were a man or a gurt-barrel, upon 
originally-eletlrics. If then, cither the rhan who rubbed the globe, or 
he whooniy held his finger near the equator thereof, were touched by 
any perfon (landing upon the iioor, a fnapping from either o f them, I 
fay, was perceptiblci upon that touch

A s in my fc-qucl 1 had aiferted, and by many experiments therein liad  ̂ Hi, 
endeavoured to evince, that. Contrary to the received opinion, the Elec
tricity was not derived irom glafs, the air, or other electrics I
was defired to confidcr how far this experiníent did not prove the reverfe 
c f  that aflertion ; inafmuch as neither the man who rubbed the globe, 
or he who touched it with his finger, from their being here both flip- 
ported by originally-eledtrics, coukl receive any fupplv from the floor ; 
and yet both o f them fnapped upon the touch o f a perfon not llipported 
by ek'ólrics fer  fe. Many experiments had proved that the Eleétricity 
was not derived trom the glafs ; and tiierelbre it was concluded, by Dr 
Bevis  ̂ and feveral' others to whom this gentleman fliewcd the experi
ment, that the Kle<5tricity here was communicated to the perfon rubbing 
from the air, by means cither o f the fufpendcd gun-barrcl, or o f the man. 
who touched the globe.

I was by no means fatisfied with this conolufion, as being dirc(flly con- S IV. 
trary tommiberlefs facts. From acareful confideration therefore o f the ex
periment itfelf, from comparing it’s eífeéls with thofc o f f. veral others, 
and, in general, from furveying ail the properties o f  Ele(5tricity we arc 
hitherto acquainted with, 1 gave the following as my opinion.
1. That what we call E-lectricity is the effeél o f a very fubtile and 

elaftic fluid, diifufed throughout all bodies incontadl v/ith the terra
queous globe (thofc fubftances hitherto termed M fftrics per / i  pro
bably excepted), and every-where, in it’ s natural Ilac*; oi the fame 
degree o f denfity.

2. That this fluid manifefl:s itfclf oniy, wlien bodies capable o f receiv
ing more thereof than their natural quantity are properly difpofed tor 
that purpofe; and that then, by certain known operations, it's cfFcáls 
ihew themfelves by attrafting and repelling hght fubfl’ances, by'a 
fnapping noife, fparks o f fire, direited towards other bodies, 
having only their natural quantity, or, at leail, a quantity leís than 
thofe bodies from which thefe fnappings, ¡>roceLd.

3. That no fnapping is obfcrved in bringing any two bodies near each 
other, in which the Electricity is o f the fame denfity, but only in 
thofe bodies in which the denfity o f this fluid is unequal.

V O L .  X . P a r t ii .  B b b  4. That
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4. That this fnapping is greater or lefs, in proportion to the different 

denfities o f the Eieélricity in bodies brought near each other, and 
by whicli fnapping each of them becomes o f the lame ftandard.

5. 'I'hat glafs, and other bodies, which wc call Electrics fe  ̂ have 
t!;e projjtny ot taking this fluid from one bofly, and conveying it to 
ai.otnLt, and that m a quantity hifficicnt to be obvious to all our 
Ai.fcs.

6. 'I'hat, in the experiment in queftion, tlie reafon why no fnapping is 
oblirvtd by a perlón upon the Boor touching him who rubs the globe 
With his hands lUnding upon wax, without at the fame time fomc 
other non-clc¿tric iup^xjrtcd by originally-elcdrics, or otherwife being 
in contad with the globe, is owing to whatever part o f this man’s 
natural quantity o f Hlcdricity, taken from himfeif by the globe in 
motion, being reftored to him again by the globe in it’s revolutions j 
there not bcmg any other non-eledtric near enough to communicate 
the t  Icdricity to and that therefore, in this fituation, the Eleélricity 
o f chis man fufters rio diminution o f it’s denfity.

7. 'I'hat the fad is otherwife, when every thing elfe being as before, ei
ther a gun-barrel fufpended in filk lines, or a man fupported by wax, 
or fuchiike, is placed near the globe in motion ; becaufe then, what
ever part o f the Eledricity o f the perfon rubbing is taken from him, 
is communicated cither to the other man or to the gun-barrel, thefe, 
from their fituation, being the firft non-elc6trics, to which the Elec
tricity taken from the perfon rubbing can be communicatcd.

8. That, under thefe circumftances, as much Eleftricity as is taken from 
the perfon rubbing, is given to the other; by which means the Elec
tricity o f the firft man is more rare than it naturally was, and that of 
the laft more denfc.
7 ‘hat the Electricity in either o f  thefe perfons is in a very different 

ftate o f denfity from what it naturally was, or from that o f  any per
fon ftanding upon the earth; this laft being in a middle ftate between 
the two other perfons; that is, he has not his Eledricity fo rare as the 
man rubbing the globe, nor fo denfe as that o f him fupported by elec-

Í tries per fey and touching the equator o f  the globe.
10. That therefore tlie fame effect, a fnapping, is obferved, upon bring- 

I  ing any non-eleétric near either o f thefe perfons, from very different
caufes : for it is apprehended, that, by bringing the non-clectric near 
him, whofe Electricity is more rare, this lhapping reftores to him 
what he had lo ft; and that, by bringing it near him, whofe Elec
tricity is more denie, it takes off his furcharge, by which means their 
original quantity is reftored to each.

S V . This folution o f this pĥ n̂omenofiy without allowing any part o f  the
Electricity of either o f thefe two perfons to be furniihed by the cir
cumambient air, was latisfaaory, not only to the gentleman who pro- 
pofed it, but to many o f  the Royal Socicty  ̂ excellent judges o f this

matter,
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niattcr, to whom I ihcwcd tlie experiment: and this the more fo, aS it 
is to be obfervcd, that if, under the before-mentioned circumftances, the 
perfon rubbing the globe was touched by him who held his finger to the 
globe, the fnapping was much greater than i f  either o f them touched a per
fon ftaiiding upon the flo o r; as the denfity o f  the Electricity between 
thefe two perfons was fo much more different than that o f either o f them 
to him on the floor: whereas did their Electricity proceed from the air, 
from their being both eJectrifed they ought not to fnap at all from their 
touching each other ; or, admitting they did touch each other, they 
both of them, upon a fuppofition that they did receive their Electricity 
alike from the air, Ihould manifeft the accumulation thereof, and fnap 
upon the touch o f a man ilanding upon the floor, the contrary o f wliich 
invariably happens.

A t this time 1 am the more particular concerning the folution o f this  ̂ VI. 
fingular appearance, as M r CoUinfon, has received a paper concerning 
Electricity irom an ingenious gencleman, M r Franklin^ a friend o f his 
in Penjyhama. This paper, dated Ju?ie i. 1747, I very lately pe- 
rufed, by favour of our moil worthy Prefident. Am ong other curious 
remarks there is a iike folution o f this fact ; for though this gentleman's 
experiment was made with a tube inftead o f a globe, the difference is no
ways material. A s this experiment was made, and the folution thereof 
given, upon the other fide of the Atlantic Ocean U'fore this gentleman 
could pofiibly be acquainted with our having obferved the fame fact 
here, and as he feems very converfant in this part o f Natural Philofophy,
I take the liberty o f laying before you his own words. i

* I .  A  perfon (landingon wax, and rubbing a tube, and another perfon !
‘ on wax drawing the fire ; they will both o f them, provided they do |
‘ not Hand fo as to touch one another, appear to be electrifed to a perfon
‘ (landing on the flo o r; that is, he will perceive a fpark on approach- j
‘ ing each of them with his knuckle.o i

‘ 2. But if  the perfons on wax touch one another during the exciting ‘
‘ o f the tube, neither o f them will appear to be electrifed. J

* 3. If they touch one another after the exciting the tube and draw- 
‘ ing the fire as aforefaid, there will be a ftronger fpark between them,
‘ than was between either o f them and the perfon on the floor.

‘ 4. After fuch a ftrong fpark neither o f them difcover any Electri- 
‘ city.

‘ Thefe appearances we attempt to account for thus :
* W e fuppofe, as aforefaid, that electrical fire is a common element, o f 

‘  which every one o f thefe three perfons has his equal fliare belbre
* any operation is begun with the tube, who (lands upon wax,
‘  and rubs the tube, colh cts the electrical fire from himfclt into the 
‘  glafs ; and his communication with the common flock being cut off 
‘  by the wax, his body is not again immediately lupplied. B , who

B b b 2 ‘ (lands
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‘  (lands upon wax ükewife, paíBng his knuckle along near the tube, 
‘ receives the fire which was collected by the glafs from A \  and his 
« con^imunication with the common ftock being cutotr, he retains the 
‘ additional quantity received. T o  C (landing on the floor, both ap-
* pt-ar to be eieccriied : For he, h.iving only the middle quantity o f 
‘ elcctrical Hrc, rcccivts a fpark upon approaching By who has an over 
‘ quantity, but gives one to /U who has an under quantity. JT^and 
‘ B  approach to touch each other, the fpark is rtronger i l>ecaufe the 
‘ diifcrence between them is greater. A itcr fuch touch, there is no

. ‘ ipark between cither ot them and C, bccaufe the electrical fire in 
‘ all is reduced to the original equality. U they couch while elcdri- 
‘ fuig, the equality is never deiiroyed, the fire only circulating. I lence 
‘ have arifen ibine new terms among us. W e lay, E. (and bodies 
‘ alike circumilancca) is clectriled pofitively ; negatively ; or, 
‘ rather, B  is elcctriftd 'pluSy minus. And we daily in our cxpcri- 
‘ ments electrifc plus or minuŝ  as we think proper. T o  cleccrife plus 
‘  ov Miinuŝ  no more needs be known than this; that the parts of the 
‘ tube or fphcre that are rubbed, do in the inftant o f the friction at- 
‘ tract the electrical fire, and therefore take it from the thing rubbing. 
‘ The fame parts immediately, as the friction upon them ceales, nre 
‘ dil'pofed to give the fire, they have received, to any body that has 
‘ Jels. Thus you may circulate it, as M r Watfon has lliewn * ; you
* may alio accumulate or Tubftract it upon or from any body, as you 
‘ connect that body with the rubber, or with the receiver, the com- 
< munication with the common liock being cut off.*
The folution o f this gentleman, in relation to this phanomenony fo 

exactly correJ'ponds with that which I offered very early Jail Tpring, that 
I could not help communicating it.

In Se¿l. 51. and 62. of my iVqutl, from not having confidered this 
experiment in a ftatical view, and from not then imagining the velocity 
o f Eiedricity fo great as we fince have found it, I concluded, that the 
fnapping obfervcd, if a perfon Handing upon the floor touched the man 
ftanding upon wax, who turned the wheel o f the electrifying machine 
piaced likcwife upon wax, to be owing to the inverfion of the ufual 
courfe of the Eledricity ; as that liwpping was only confl:ant, when 
the gun-barrel fufpendcd in filk lines was touched by non-elc¿trics. As 
from divers experiments I had found that FJtdricity was not furniíhed 
by dry air, by many more that it could not comedown clean filk lines ; 
and as, from his fnapping. the man upon the wax argued the prefence 
o f Eleilricity, I cona-ived that this could happen no ether way, than 
that the rubbing o f the globe by a cuiliion or tiie hand of a man, gave 
it a lunefs to take o(F tl>e Eledricity, iorniflxed by the Rifpended gun- 
barrel irom the non-elcqlric upon the floor; and lodge it upon the ma
chine, and upon the man who turned the wheel thereof. But the cx])e-

* i'te An. 9. } 64.
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riment o f circulating the eltétrical fire *, where the bruih o f blue flame 
from a blunt wire properly difpofcd, can always be feen to pafs diverg
ing into the machine, though not fo, when brought near the gun-barrel 
under the moil favourable circumftunccs; as well as the txperiment be
fore-mentioned brought to fliew that the ElcÓtricity came iiom  the air, 
have induced me to change my opirúon; and inftcad o f the courfe o f 
the Elcdtricicy being inverted, thfphienomena arofe, as far as I am capa
ble o f judging, from the man who turned the wheel of the eltdtrifymg 
machine having iefs than his original quantity o f Electricity, and the 
gun-barrel from naving m ore: to thcfe add, that the perfon, who 
touchcd thefe while ftanding upon the fioor, had a quantity different 
from cach of thefe, that is, his natural quantity.

I beg leave to correct alfo wliat I mentioned in my feq̂ uel-, in relation  ̂ V III. 
to my luggefting, that, in the explofion o f the charged phial through the 
body o f a man, or other non-eleclrics, as much Eleélncity as was taken 
from his body, was immediately replaced by theftoor o f the room upon 
which he itood : I having fince found, that the charged phial would 
explode with equal violence, if  the hook o f the wire, which is uilially 
run through the cork o f the phial, was bent in fuch a manner as to 
come near the coating o f the phial, without any other non-eie6tric being 
near, I'rom wliich fuch quantity could be fupplied.

] take notice o f  thell, inafmuch as, notwitiiftanding the very great  ̂ IX. 

progrefs that has been made in our improvements in this part o f Natural 
Philofophy within thefe few years, poílerity will regard us only as in our 
noviciate •, and therefore it behoves us, as often as we can be juftified 
therein by experiment, to corrcdt any conclufions we may have drawn, 
if others yet more probable prefent themfelves.

I laid down and confidered largely in my fequel, that the ítroke from § X. 
the phial, in the experiment of Leyden  ̂ w'as not in proportion to the 
quantity of matter contained in the glafs, but was increafed by the quan
tity o f matter in the glafs, and the number o f points o f non-electrical 
contact on the outfide o f  the glafs. This faót I have purfued further, 
and increafed thereby the eledlrical explofion toan  aftonifliing degree.
I 'o  this end I procured 3 cylindrical phials blown very thin, about 17 in
ches in height and 4. in.diameter ; after thefe were coated within an inch 
ot their necks with fncet-lead, I put into each 50 pounds ot leaden Ihot.
I chofe this form for the glaiTes, that the matter therein contained might 
be expofed under as large a furface, as could conveniently be obtained,
Thefe giaflfes were placed near each other in a convenient part o f my 
room, and did communicate with each other by means ot a fmall iron 
rod lying upon ail their mouths, and touching pieces of itrong wire ituck 
into the ihot contained in them : by this management one ot theie could 
not be eleélrifed without commuriicating with the reft. The leaden coat
ings o f thefe glalTes were alfo conntCfced together by fmall wires, all 
which centered m one tail wire j fo that, when the matter contained in

thefe
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thcfc  ̂ gbíTcs was replete with Ele6tricicy, which was done by a wire 
troin the gun-barrel faftcncd to the iron rod lying upon their mouths, 
the whole quantity o f Elcétricicy here accumularcd might be difcharged 
at once by touching the gun-barrcl with an iron rod t'aftened to the tail 
wire. When the glallcs are I'ufficientiy elcÓtrifed, if the room is dark, 
you will fee bruíhes o f blue ñame from feyeral parts o f the conducing 
wire i and thefe indicate the proper time of making the explofion. Thefe 
glaíTes, from the ihinnefs o f their Gdes, and from the weight of their 
kaden fhot, are very liable to burft; and if  one o f them happens to have 
the leaft crack in any part o f it’s furface, which is under the lead, none 
o f them can be elc6trifed ; all the Elcdricity pafiing off by that crack. 
T he eleótrical explofion from 2 or 3 o f thcle giaffes is not double or tre
ble to that from one o f them"; but the explofion from three is much 
louder than that from two, that from two much louder than that from one. 

S xr. The experiment ju it mentioned induced me to imagine, that the ex
plofion from thele phials was owing to the great quantity of non-eleftric 
matter contained in them : and whilft I was confidering o f fome certain 
method o f aíTuring myfelf whether the faét were fo, Dr Bevis informed 
me, that he had found the eleétrical explofion to be as great, as when 
he had accumulated the fclcélricity in a half pint phial of water, by the 
following method. H e covered a thin plate o f glafs, o f about a foot 

j; fquare on both fides, with leaf-filver •, this he made to adhere to the
V glafs with very thin pafte. A  margin o f an inch was left on both fides 5

otherwifc, upon eledtrifying this plate, the Ele¿lricity would be prevent
ed from being accumulated upon one of it’s furfaces, by being propa
gated from the filv’er on one fide to that o f the other. When che glafs 
plate was thus prepared, if  it was placed upon a table in fuch a manner, 
that when fully ele¿lrifcd by a wire or fuch-like from the prime conduc
tor, a perfon touched the under furface with a finger o f one o f his hands, 
and brought one o f the fingers o f his other near the upper furface thereof, 
or near the prime conduétor, he was ihocked in both his arms and acrofs 
his breail. The fame effed happened, if, when this plate was eleélrified 
in the before-mentioned manner, a perfon holding it in his hand by the 
margin, and without touching the filver, prel'ented it, even fome time 
after it had been taken from the prime conduftor, to another perfon who 
touched the under furface with his finger, and held it there till he touch
ed the upper furface with a finger o f his other hand,

 ̂ X II. This experiment was fufficiently convincing, that the greatnefs of the
eledlrical explofion, in my former trials, was not owing folely to the great 
quantity o f noa-ele¿tric matter contained in the glaíTcs; as the explo
fion from the glafs plate fiivered was occafioned by about fix grains of 
filver, upon which the Eleébricity was accumulated; more efpecially 
as this explofion was equal, if  not fupcrior, to that from half a pint of 
water contained in a thin glafs as ufual, uiider the moit favourable cir- 
cumilances.
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A sca ch o f the furfaces o f  the glafs plate ju il mentioned meafured 64^ XIII. !

fquare inches, I was dcfiroiis of purfuing this inquiry further ; and ac- !
cordingly procured a cylindrical glafs jar blown very thin, o f  16 inches ]
in height, and 18 inches in circumference. I'his I caufcd to be covcred \
both within and without with leaf-filver, to within an inch of it’s top.
T his glafs with it’s margin made very clean (upon which the fuccefs o f 
the experiment confiderably depends) was iully eleilrifed by the means 
o f a piece o f chain, let down to the bottom o f the jar, by a wire from the 
prime condudtor *, and the explofion made by it’s being placed upon a 
plate o f metal, to which was falVened a wire connefted to an iron rod, 
and this rod was brought near fome gilded leather lying upon the prime 
conduitor. I'his explofion -\\̂ s equal to that from the 3 glaíTcs before- 
mentioned, containing 150 pounds o f leaden íh o t; though here the 
weight o f the filver lining the internal furface o f the glafs, upon which 
the Eledtricity was accumulated, did not exceed 30 grains. So much of 
the internal furface o f this jar, as was covered with filvcr, amounted, as 
the furfaces o f cylinders are as their length multiplied by their periphery, 
and allowing 36 fquare inches for the bottom, to 306 fquare inches. If 
this explofion was made in a dark room, the corufcations within the jar, 
at the inftant o f the explgfion, were extremely brilliant.

W hen this jar is fully ele(5lriied, if, inftead o f making it explode, you 
only bring the ihort iron rod, with which the explofion is ufually made, 
near a piece o f gilded leather lying upon the prime conductor, though 
not near enough to make the glafs explode at once, you hear the Eledtri- 
city, accumulated within the jar, efcape with a noife very like that of a 
fmall heated iron bar quenching in water.

The great explofion from the jar before-mentioned, when fo little S XIV. 
non-ele¿tric matter was included therein, has caufcd me to be o f 
opinion, that the eifed o f what we call the experiment o f Leyden is 
greatly increafed, if  not principally owing, not fo much to the quan
tity o f non-ele¿trical matter contained in the glafs, as to the num
ber o f points of non-eleclrical contad * within the glafs and the

•  Bodies having the power o f  readily condu£ling Electricity feems to depend very lit
tle upon their fpcciiic gravicy fimply conüdered : metals, for inAancc, and water, are in a 
great degree non-clcdtrics, and con(cquently condud Eleilricity the bell o f  any fubftances, 
that have yet f;i!len under our notice ; whereas the ca/cet o f  metaU, though very denfc 
bodies, and very greatly more fo than water, prevent in a great degree the quick propaga
tion of the elc^lrical power So that a phial coated within and without with cerufe, i. e. 
the ralx o f  lead, and c)e¿lrifed, did not, upon the application as ufual o f  one hand to the 
external furfacc thereof, and touching the prime coiidudor with the other, occafion any 
Ihock, or make any explofion more than the Ample flroke from the prime conduflor.
T h e feme obfervation holds good with regard to red lead, litharge, and lunar cauUic or 
th e itf/x o f filver, none o f  which fnap, when ele^riied. For the fame reafon, tilings o f 
iron, which are ruily, i .e .  have their furfaces convened into a are much Icfs proper 
to be put in glaiTes to make the experiment o f Lryden, than thofe that are not ; inafmuch 
as thefe latl caufe a much louder explofion than the firll. T h e  making ufe o f  rufty filin g  
o f  iron was the occafion o f  my mentiouing in my fequtl  ̂ i6 . that the Aroke from thefe 
was lefs than that from w a te r; the contrary o f which 1 afterwards found true, when fil- 
úig! o f  iron not rully were fubílituted.

denfity
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denfity •  oF the matter conftitutlng thofc points, provided this matter 
be in it’ s own nature a ready conductor o f Kicdricicy. Fot this reafon it 
is prcffumed, that I'o much of the lead contained in the flior in the before- 
mentioned (XpiTimenr, only concurred to make the ekftrical explofion, 
as touched the internal furface o f the glafs : as a great part o f this iur- 
face was without contadt, occafioncd by fuch of the iliot as prefented 
themfclves thereto, touching, from their fphcrical Hgure, only in one 
point, there confcquentiy remained without contact comparatively great 
ipaces between each ihot. This dcfedt was obviated by the univerial con- 
taót of the filver, and thereby was occafioncd the greater, expiofion.

$ XV. i he following experiment has fome relation to the preceding. If  a
phial of warm water, without being coated with ilica-lead, or other 
non-electrical matter, is electrifed by connecting it to the prime conduc
tor ; and a ring of fmall wire, in lieu of the ufual coating, is put round 
this phial, the wire being continued of a fuííicicnt length to touch the 
prime conductor; upon difcharging the phiai, you have a flight explo- 
lion, and a Haíli of fire feems at that initarc to fill the glals. Hut if 
this experiment is made in a very dark room, and with great attention, 
this flafh in the phial will not then feem to procced from the whole quan
tity of water contained therein ; but, as iar as the fuddennds of the ex
piofion will permit the eye to follow it, wiJl be feen to occupy only the 
internal furface o f the phial.

5 xvr. I ordered another glafs jar as large as pofiible to be blown, fo that the
glafs thereof might be very thin ; and after many attempts ot the glafs- 
makers 1 procured one, the iieight of which was 22 inches, the peri
phery 41. This was covered within and without, leaving a margin 
of an inch at top, with leaf-brafs. As much of the internal furfacc as 
was covered amounted to 1129 fquare inches. But the difHculty I met 
with in procuring this glafs, was fuiHciently recompeníed by the great 
incrcafe of the expiofion therefrom, when fully electrifed, and difcharged 
in the fame manner as the glafs jar before-mentioned. The report was 
vaflly louder; all the attendant phanemona greatly exceeded anything 
of this kind I was betore acquainted with. As the quantity o f  metal 
within this jar did not exceed 2 drams, this experiment gives further 
weight to my opinion before-mentioned § 14. in relation to the manner 
of increafing the effects of the experiment o f Leyden \ and from what 

phanemona o f that furprifing experiment principally proceed •, viz. 
not from the volume of the prime conductor, nor from the quantity of 
non-electrical matter contained in the glafs, but from the number of 
points of non-elcctrical contact both within and withoutfide of the glafs, 
and from the denfity the matter conftituting thofe points.

♦ I hercrofore, mrtk noticr, how much the cffecl o f  this oxpcrimcnt defended upon 
thf quantity o f non clci'^ric contail upon thcou ’ fide o f the glafs.

+ Though the dcnfisy o f the matter conlliruii g  thcfe po:nis proceeds from their num
ber in a mathematical fenfe, y «  in a popukr one Í take the liberty to ¿iiiinguiíh them.
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It m uft be obferved, that, ctrtcris -paribuŝ  the eleflrical cxplofion is S XVIJ. 
greater from  hot water includod in glaiVes than from  cold ; and fronrv 
thcfc glafs jars warm ed than when they are cold.

The explofions fvom che.Íarge glailcs juft mentioned fully ek'flrifed, a i § XVIII. 
well as from fmall ones under the fame circumflancfs, wiH not be confi-’ 
derable, unlefs the ciicuit, frequently mentioned in my writings upon 
this fubjeit, be completed ; that is, unlefs feme matt; r, non-elc£lric'm 
a confiderablc degree, and in contuft, with the conrngs o f tlie pl’.ials, is 
brought into contact, or nearly fo, with fuch non-elt(5trics as commu
nicate with the matter contained in the phials them fclv« When indeed 
the circuit can be completed, the explofion from the large glaíTis is 
prodigious ; the whole quantity o f Eleftricity therein accumuiatt-d, or 
nearly fo, Ixing difcharged in an inilant. But the fail is otherwifc, if 
the circuit is not completed, and the iron rod in the mouth o f one oi 
thefe phials is touchcd by a non-elc6tric (the hand o f a man, for inftance) 
not in contadt with the tail wire : for then there will be no explofion, no 
Ihock; but the perfon, approaching his finger near the iron rod, will 
fee a fuccefllon o f imall fparks, more intenfcly red than that large one 
fcen, when the phials explode at once •, and the pcrfon making the ex
periment, will feel a very pungent pain, but confined to that fitigei* 
which touches the iron rod. This fucceíTion o f fparks continues, until 
the Electricity accumulated in the phials is nearly exhaufted. So that 
the explofion from any given quantity o f L'leftricity, accum.ulated as be
fore-mentioned, is greater or lefs in proportion co the time expended in. 
making that explofion ; in like manner as a given quantity of grained 
gunpowder rammed hard in a piftol, is almoft mftantaneoutly fired, and 
that with a great report; when the fame quantity o f gunpowder rubbed 
fine, and rammed hard, takes a confiderable time in burning as a fquib, 
and makes no cxplofion.

The caufes why the charged phial will not explode quick, without § MX. 
the Elcdricity therein defcribing a circuit through fubftances non-cÍt¿lric 
in a great degree, may be very difficult to be affigned. It is fufiicient 
for us in the prefent inquiry, to be aíTured o f it’s bring a certain, an in
variable la w : and in order to prove, that the Eie<flricity, upon the ex
plofion, paiTes with it’s whole force through the circuit o f non-cU*6lrics, 
contrary to what has been fuggcfted, 1 made the following experiment.

I procured 2 fm all fquare iron bars, o f  about 14 inches long : an inch § XX. 
at each end o f  thefe I caufed to be bent at right angles. I 'h e le  iron bars 
were fupported in fuch m^inner (by fubftances whether originally-elec- 
tric, or not, was no w ays material) that each o f  their ends came withm 
about o f  an inch o f  fom e warm  fpirit o f  wine, or eficnce o f  lemons, 
in 4 fpoons placed upon a table. I then fufpended a com m on coated phial 
filled w ith  filings o f  iron to the gun-barrel, the tail wire o f  which reached 
to a table at a few feet diftance, and was placed under a brafs w eight 
vyhlch fupported the handle o f  the f ir f to f  the fpoons: over this fpoon, 
at the diftance jü ft  mentioned, I placed one o f  the fquare iron bars, and

V O L . X . i^art ii. C c c ct
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at it’s other end was placcd another fpoon : this fccond fpoon touchcd 
the handle o f thp third, which was placed under one end o f the other 
fquare bar, wliofe other end came near to the fpirit in the fourth fpoon, 
the handle of which lay upon a weight *, and under this was placed a 
wire conneded to the ihort iron rod, with which the explonon was 
made, when the coated phial was charged. When the phial was well 
charged, if  the fpirñ o f wine fent forth vapours, and the Iquare iron bars 
were at a proper diftance from it; upon «laking the exploiion at the 
gun-barrel the Eledlricity fnapped between the fpirit and the iron bars, 
and the fpirit was fet on fire at the fame inllant in all the fpoons. It 
fometimcs happened, that lome o f them only were fired. I f  the iron bars 
•were too near the fpirit, it was not fired, though the circuit was com
pleted ; becaufc then no eleilrical flame fnapped between the rods and 
I'pirit ; that efíed happening only, when the parts o f  the non-elec
trics defcribing the circuit are not in immediate contaft *, on the other 
hand, if  tlie fpace left between the bars and fpirit was too great, the 
circuit could not be compleated, and there would be no explofion.

S XXI. T h is  experiment will fecm more furprifing in the fo llo w in g  manner.
When the apparatus is difpofed oi as before, the tail wire from the 
coated phial, before it readies to the table, is faftened to an iron rod 
ftanding in a pail o f water: another iron rod is likewife placed in the 
fame pail o f water, and a wire from this laíl reaches under the weight, 
which fupports the firfto f the bifore-mentioned fpoons. From beneath 
the weight which fupports the handle o f the tourth fpoon, a wire reaches 
to an iron rod ftanding in a fecond pail o f water, in which is placed alfo 
another iron rod, to which is fattened another wire connefted with the 
(liort iron rod, which is employed to make the explofion. W hen, 
with this difpofition o f the apparatus, the charged phial is caufed to ex
plode, the fpirit or ciTence ot lemons in fome or all o f the fpoons is fet 
on fire; to accomplifli which, the Eledlricity muft necefíarily pafs 
through one of the pails of water, and poflibly through both. But here 
it muft be underftood, that the pails o f water ftand upon a dry wooden, 
floor i tor if they ftand upon one that is wet, or upon the ground, the 
circuit will be, for rcalons frequently mentioned in the courfe o f thefe 
inquiries, completed between the two pails, where the non-cle6lric mat
ter is continuous, and be prevented from paiTmg by the fpoons where it 
is not lb ; and this will defeat the fuccefs o f the experiment. The num
ber o f fpoons in the manner b.-lore-mentioned, and their diftance from 
each other, may be varied as far as is thought neceifary. T he circuit 
may likewife be direéled through any number of men, provided that 
each of them holds in one of his hands a fpoonful o f warm fpirit, and 
brings one o f the fingers of his other hand at the proper diftance to the 
fpirit held in the hand o f the perfon next him : by thefe means the ex- 
ploflon o f the charged phial will iet on fire the fpirit in feveral o f the 
ipoons at the fame time, provided the pcrfons employed hoki their 
hands fufficientiy fteady.

This
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experimenis to kindle infiannmable fubftances by Eleélricity hitherto at
tempted both here and abroad, either the fpiritor the non-ele6tric, where
with it was intended to be fet on fire, were placed upon originally-eleiflrics.
But here, on the contrary, although both one and the ctlier are placed 
upon non-eleótrics, we fee the fame effect produced. Nor is the elec
trical power leiTtned, by exciting fcveral different quantities o f flam e; 
in doing which, it paíTcs fo quick as to prevent the pofiibility, in feverai 
fpoonfuls o f fpirit, fired by the fame operation, of determining which 
o f them was on fire firrt : And though we know from it*s effeAs, that 
the Eledtricity goes through the whole circuit o f non-clc^rics with it’ s 
whole vigour, it’ s progrefs is fo quick as not to affcét, by attraéling or 
otherwife, light fubftanccs difpofed very near the non-electrics, through 
which it muft neceifarily pafs.

I would here recommend to thofc gentlemen o f the Roy/jl Sccieiyy who § XXIII 
laft fummer meafured the refpeébive velocities o f Elcdricity and Sound, 
a procefs ot this fort to be executed at a proper rim e; whereby tliey 
would be able to a very great nicety to afcertain the abfolute velocity of 
Eleilricity. For it may be contrived, that a man may be placed in the 
fame room with the eleélrifying machine, taking hold o f a wire in each o f 
his hands : thefe wires may be fo managed, that by means o f the eleftrical 
circuit, the man holding them may be made fcnfible o f the eleétrical 
commotion, even under the eye o f an obferver at the machine •, though 
before the Eledricity can arrive at the perfon holding the wires, it will 
be obliged to pafs through whatever large fpace ihali be thought conve
nient for the obfervation. The time then fpent between the explofion of 
the charged phial, and the perfon holding the wires feeling the electrical 
commotion, will give the abfolute velocity p f  Electricity to great ex- 
actnefs *.

A s my inquiries upon the fubject o f Electricity have always tended as § X X IV . 
much aspofllble to the analyfis thereof, I have often obferved, that if, 
when the electrifying machine Hands upon the floor, the globes thereof 
are rubbed with their culhions, or with hands covered with originally- 
electrics o f  a fufHcient thickncfs, and perfectly dry, no Electricity will 
be perceptible upon the touch o f a gun-barrel fufpended in fiik lines, and 
touching the globe in motion, or upon the touch o f any other fubftiinces 
fupported by electrics per fe  j or, in other words, there will be no ac
cumulation o f Electricity. The only originally-electrics fit for this ex
periment (as all unctuous fubftances, as wax, refin, and fuch-like, tliough 
electrics per fe  ̂ by fticking to the outfide o f the glafs render it unfit to 
excite Electricity from other bodies) are to be obtained from the animal 
kingdom : and o f thefe only fuch as do not partake, from their manu
facture or otherwife, o f any non-electric fubftances. Ih o fe  of this fort,

*  This has been fince put in excccuiion. See the preceding Art.
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which I have tried, and always with the fame fuccefs, when perfectly 
dry, have been filk (woven or not;, velvet, hair-cloth, woo!len-cloth, 
and the dry íkii.s o f rabbets drefild in their fu r ; and the event has 
been the faiiit*, whether thefc fubftances have been rubbed under 
a greater or a lefs degree of friction : and fcarce any Electricity has 
been perceptible, when thofe parts o f thefe fubftances, which immedi
ately are in contact with the globes, have been rubbed over with dry 
chalk, a non-electric fubftance. But the iuccels is difftreric, when theíé 
originaily-elcctric fubftances have lain in damp placts, or have been held 
over the fteam o f warm water; bccaufe then the water imbibed by 
thefe fubftances, fcrves a s a  canal o f communication to the Electricity be
tween the hands or cuHiions and the globes in the fame manner, as the 
air, replete with vapours in damp weather, prevents the accumulation 
o f Electricity in any confiderable degree, by conducting it as taft as ex
cited to the neareft non-electrics. On the contrary, moft fubftances of 
the vegetable kingdom, whofe form makes them fit for this treatment, 
though made as dry as pofíible, furnifli Electricity, though in different 
quantities. I have tried hemp, linnen-cloth o f various kinds, paper 
both o f Jinnen and hemp, cotton in the wool, fuftian, cotton-vclvet, 
and many others o f this clafs. I have covered at one time the cufhion, 
with which I rubbed a globe, with eight lamina o f íhect-lead, and have 
excited Electricity from that m etal: and however improper a dcal-board 
may feem for the purpofe of rubbing a globe, I have more than oncc 
accumulated Electricity from that, though it’s fubftance has the appear
ance of being much lefs fit than every one o f the originally-elearics I 
mentioned before.

S XXV . I 'o  the doctrine here laid down it may be objected, that leather is an 
animal fubftance, which, though perfectly dry, excites Electricity the 
ftrongeft o f all the fubftances hitherto difcovered ; that dry leather ought 
to be confidered as an originally-ehctric ; and therefore, according to the 
rule before-mentioned, ftiould not furnilli, from rubbing the globe 
therewith, any Electricity at all. T o  this I anfwer, that though the 
dry ikins o f animals arc electrics per / f, dry leather is far from being fo ; 
and this is owing to the vaft quantities o f reftringent vegetable fubftan- 
tcs imbibed by the fkins throughout their whole contexture in the ope
ration of tanning in fome fpecics o f leather, and o f faline fubftances, 
Juch as alum, in others; both which fubftances are non-electric, and o f 
thefe leather very confiderably partakes: for by thefe the hides and 
ikins of animals (and any mufcle of their bodies is liable to the fame 
treatment;, which otherwife are as putrefcentas any part o f their bodies 
Ibever, are made to iait through many ages, and be fubfervient to many 

it valuable purpoies o f life. 'i*he fame conclufion muft be drawn con-
I cerning hats, which, tho’ made of tiie hair o f animals, furnifh Elec-
j: tricity, though but in a fmall degree : and this is occafioned by the mu-
! cilaginous and gum my fubftances made ufe o f by the Hatmakers, to

give their manuiacture a fuitable ftifFnefs.
From
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From what I have advanced § X I. X IL  X IIL  X IV . X V . X V II. it 5 X X V I. 

may poiTibly be conjccturcd, that the electrical effluvia occupy only the 
furt'aces of bodies electrifcd ; as we there found, that a very i'mall quan
tity o f matter, diftributed under a very large íurface, would occaiion a 
greater accumulation of Electricity, than a very much more confiderable 
quantity o f matter under a Icfs. Hut that the Electricity occupies the 
whole maíTes oí bodies electrifcd, and pafies through their conftituent 
parts, is clearly demonllratcd by the following experiments.
. When I firil engaged in chcfc inquiries, to aifurc myfelf o f this fact, 5 X X V II.

I enveloped an iron rod about 3 Feet in length with a mixture o f wax 
and refin, leaving free from this mixture only one inch at each end.
I'his iron was warmed, when thus iittcd, that the whole o f it’s furface, 
where it was intended, might be covered. 'I'his rod, when electrifed at 
one o f  it’ s endfi, fnappcd as ilrongly at the other, as though it was 
without the wax and refin. I ’his could not have happened from the 
Electricity’s paíling along the furface o f the iron rod, becaufe there it 
was prevented by the originally-electrics, and confequently muft ot ne- 
ccflity pafs througli it.

A  phial o f  wattT, in the experim ent o f  Leyden  ̂ can be electrifed, and § XXV;:i. 
m ay be caufcd to explode, though the wire, touching the water in the 
phial in m ak in g  that experim ent, be run through a w ax ftopple, exactly 
fitted to the mouth o f  the phial.

I caufed a glals tube, opt*n at each end, and about 2 feet ; long, to be J XXIX. 
capped with brafs cementtd to the ends o f the tube. In the centre o f 
each o f thofe caps was faftened a flender brafs rod; and thefe were dif- 
pofed fo in the tube as to come within half an inch o f each other. When 
the tube was properly fufpended in filk lines with one o f it’ s extremi
ties near a glafs globe in motion, the brafs work at both ends fnapped 
equally ftrong. As the Electricity could not pafs along the furface o f  
this tube warmed and wiped clean,, this eftect could not have happened, 
unlefs the Electricity pervaded the fubftance o f  the brafs caps. Upon 
touching tlie brafs at the end of the tube moft remote from the electri
fying machine, the fnaps from one o f the brafs rods within the tube to 
the other were fcen to correfpond with the fnaps without. More expe
riments o f this kind might added, but thcfc*, 1 prefume, are fufiici- 
ent to fliew, that the Electricity occupies the whole inalTes o f non-elec
tric bodies electrifed. That the Electricity pafiTcs through originally- 
electrics to a certain thicknefs [ took notice o f in a paper I did myfelf 
the honour to communicate in Feb. 1743.

I ihall iorbear at prcfent to lay before you a feries o f experiments in S XXX. 
vacuo j from the comparifon ot which, with the experiments in open air 
it appears, that our atmofphere, when dry, is the agent, whereby, with 
the aJlirtance o f otlur ele£trics per fcy we are enabled to accumulate Elec
tricity in and upon non electrics; that is, to communicate to them a 
gre'.rer quantity o f Electricity than they naturally have : from hence 
ailo we iliali fee, that, upon the removal o f the air, the Eletitricity per

vades.
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vades the vacuum  to a confiderablc diíbance, and mrmlfefts it ’s effedls 
upon aiiy non-clcftrics, w hich term inate that I'acuuni: and b y  thefe 
means that orig in aliy-eicd ric  bodiLS, even in their m oft |HTfc6t ftate, put 
on the appearance o f  non-ele£trics, b y  b tx cm in g  the conduéiops o f  E lec
tricity. B u t thefe matters m ay poíTibly be the fubjedt o f  a future com 
munication.

Part e/a let’ F o r fcvcral years paft E ledlricity  has been m y ch ief occupñtion.
ter frcm Abb' fu m m cf I read 3 M em oirs at our w eekly m eetings, which contained

m any particulars on this fu b je d t: but as thcle were m atters o f  m ere cu- 
Sc. at Paris riofity , and ot no real ufe, they alm oft tired o u t m y patience. I now  
a>:d¥. U. L fend you fo m ; experim ents, which I made during the vacation, w hich 
/fl M . Folkc*, to  prom ife at leaft the being o f  iom e fcrvice*, but o f  this you w ill 

be the bell ju o g e . I w ill defcribe them  in the fam e order as I made 
trVeitŷ  them , and to  which I was not led by m ere accident. Y o u  k n o w , that 
^.anjlated wlicn a veficl iull o f  liquor, which runs ou t through a pipe, is e led ri- 
jrom the fied, the elc6trificd je t  or ftream is thrown farther than u fu ii, and is di- 

verged into fcveral divergent rays, m uch in the fam e manner as the wa- 
jy ter poured out from  a w atering pot. t v c r y  body at firft figh t w ill ju d g e ,
N* 486. p. that the Itream is accelerated, and that the elcdlrifi^ d v e flll  w ill foon be 
1S7  Feb an. em ptv. I was unw illing to  rely on the firft appearances, and thertforc 
Mar, 1748 refolvcd to  afcertain the fáét, by m eafuring the tim e, and the quantity 
1-^ -3  ‘ ■ of the liquor running out. A n d  in order to know  it the acceleration, fup-

’ p ofin g  there was any, was uniform , during the w hole tim e o f  the running 
ou t, I made ufe o f  veflcls o f  different capacities, term inating in pipes o f  
different bores, from  3 lines diam eter to the fm alleft cap illaries: and 
I g iv e  you  in grofs the refult o f  upw ards o f  100 experim ents, as it is 
not fo  cafy a ta lk  to draw  a lafe conclufion, as m ay at firft be im a
gined.

3§2 0/  E  L  E  C T  R I C I T  Y.

1 .  T h e  eleétrified ftream , though it divides, and carries the liquid farther, 
is neither accelerated nor retarded fenfibly, when the p ip e, through 
w hich it iflues, is not lefs than a line in diam eter.

2. U nder this diam eter, i f  the tu be is w ide enough to let the liquid run 
in a continued ftream ; the E leélricity  accelerates it a little, but lefs 
than a perfon w ould believe, i f  he ju d g ed  by the num ber o f  je ts  that 
are form ed, and by the diftance to w hich it fhoots.

3. H the tube is a capillary one, from  w hich the w ater ou gh t naturally to 
flo w , but only d rop  by drop, the eieftrified je t not only becom es con-

I tinued and divided into feveral, but is alio conficierably accelerated ;
aaid the fm aller the capillary tube is, the greater in proportion is this

# acceleration.
Ij 4. A n d  fo great is the effedt o f  the e led rical virtu e, that it drives the li-
* quid out o f  a v ery  fm all capillary tube, th rou gh  w hich it had not before

the force to pafs, and enables it to run out in cafes, where there w ould
iiot otherw ilc have been any difcharge.

Thefe



Thcfe laft fails have fcrved as a bafis to my inquiries. I confidered 
all oi^anizcd bodies as alTemblagcs o f capillary tubes, filled with a fluid 
that tends to run through them, and often to ifiue out o f them. In con- 
fequence o f this idea, I imagined, that the eleétrical virtue might pofiibiy 
communicate fome motion to the fap o f vegetables, and alio augment 
the infenfiblc perfpiration o f animals. I began, by fome experimenta, 
the refult of which confirmed my notions. I eleébriíkd» tor 4 or 5 
hours together, fruits, green plants, and fponges dipped in water, 
which I had carefully w eightd; and I found, that, after this experiment, 
all thefe bodies were remarkably lighter than otmrs o f  the fame kind, 
weighed with them, both before and after the experiment, and kept in 
the fame place and temper. I alfo ekétrified liquors o f  all forts in open 
veiTels; and I remarked, that the electrification augmented their evapo
ration, in fome more, in others lefs, accoiding to their difFtrent natures. 
Wherefore I took 2 garden pots, filled with the fame earth, and fowed 
with the fame feeds j I kept them conftantly in the fame place, and took 
the fame care o f them, except that one of the two was eleélrified for 15 
days running, for 2 or 3, and fometimes 4 hours a day. This pot always 
ihewed it’s feeds raifed two or three days fooner than the other, a greater 
number o f íhoots, and thofe longer, in a given time : which makes 
me believe, that the eleftrical virtue helps to open and difplay the germs 
and facilitates the growth o f plants. 1 advance this, however only as a 
conjeture, which drferves further confirmation ; as the feafon was al
ready too far advanced, to allow me to make as many experiments as I- 
could have wiflied : but here are yet other faéts, o f which I have a 
greater certainty, and which arc not lefs intcreftmg.

I chofe feveral pairs of animals ot different kinds, cats, pigeons, chaf
finches, fparrows, (Sc. I put them all into feparate wooden cages, and 
then weighed them. I eledrificd one o f  each pair for 5 or 6 hours to
gether: then I weighed them again. Tne cat was commonly 65 or 70 
grains lighter than the other \ the pigeon rrom 35 to 38 grains; the 
chaffinch and fparrow 6 or 7 grains: and in order to have nothing to 
charge upon the difference ihiit might arile from the temperament of the 
individual, I again repeated the lame expeririients, by eledrifying that 
animal o f each pur, which had not been electrified bíTore ; and not- 
withftanding fome fmall varieties which happened, the electrified animal 
was conitantly lighter than the other in proportion.

Electricity therefore incrtalts the inlcnfible p;rfpiration o f animals; 
but in what proportion ? In the ratio o f their bulks, or in that o f their 
furfaces ? Neither o f the OnC or the ocher, ftrictly fpeaking, but in a 
ratio much more approaching to ctie latter than to the former. S i  that 
there is no room to apprehend that a human perfon electrified would lolc 
near a 50CÍ1 part o f his weight, as it appeared to me that it  happened to 
one fort o f  b ird ; nor the 140th part, as to the pigeon, ^ c .  A ll that I 
have been hitherto able to learn upon this head, is, that a young man or 
woman, from 20 to 30,. being electrified during 5 hours, loÜ fe veral

ounces
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cunccs of their weight, more than they were wont to lofc, when 
they were not elcctriiicti. 1 hcfc lafl cxptrinients are diíücult to purl'ue 
with cxactnel's; txcaufi: the cloathing, which cannot ftrictly be compar
ed to the hair or feathers o f animais, retains a good ihaic of the pcr- 
fpircd matter, and hinders one from forming a good judgment o f  the 
whole effect o f the electrical virtue.

'I'his forced electric ptrípiration is very naturally accounted for, if  we 
confider, that the electrical matter pervades the interior parts o f bodies, 
and that it vifibly darts from within outward : for it is very plain, that 
thefc electrical emanations muft carry with them whatever they find in 
the fmall veffels, thro’ which they arc feen, or at leail are known, to 
iíTuc.

This explanation will, in my opinion, occur to every one, who has 
feen the principal of Electricity. But how ihall we account
for all the following efieccs ? A ll thofe animals, whofc perfpiration is in- 
creaftd upon their being elcctrified, all thofcfeeils, which fi .̂ootand grow 
quicker ; all thofe liquors, which evaporate; all that acceleration of li
quids llowing thro* tubes; ail thofe particulars, 1 fay, happen in the 
lame manner, when, inftead o f electrifying thofe bodies themielves, they 
are only held near electrical bodies of a pretty large bulk. The notion 
which I have, for thefe 3 years paft, formed o f Electricity, not only af
fords me an explication of this, as fimple as the former, but I venture 
to fay, it was this fame notion, that led me to the experiments, and 
made me even forefee their fuccefs.

I am not only fatisfied of the exiftence o f an effluent electric matter, 
which ail the world allows, and which Ihews itfelt 1000 ways •, but many 
convincing rcafons have alio aflured me, that there is, round every elec
trified body, an úffltunt matter, which comes to it not only from the 
ambient air, but likewife from all the other botlies, whether folid or fluid, 
that are round about, and within a certain diftance of it. i f  thefe fur- 
rounding bodies arc of a fimple nature, as a ftone, a piece o f iron, 
nothing iflues from them but pure electrical m atter: but if  they are ani
mals, plants, or fruits, or, in a word, any organized bodies, or fuch, in 
the pores o f which there is any fubftance capable of giving way to the 
impulfes o f the electric matter; this matter will, in iíTuing forth with the 
great rapidity, which it is known to have, carry along with it whatever 
it finds moveable enough to be difplaced by i t ; and by fo much will the 
weight of the body be diminiflied the fame effect being here produced 
by the affluent matter, as is produced on electrified bodies by the effluent, 
Jt you will pleafe to read over my tíTay, what 1 advance will be better 
underwood. The increafeor diminution of perfpiration is not a matter 
of indifference to the animal oeconomy : this new method of increafing 
it at will may poflibly prove o f ufe ; it is neither inconvenient nor dan
gerous; and neither I myfeJf, nqr any body elfe of thofe on whom I 
jiiade my experiments, fuliered even the leaft inconveniency from it. One 
iccis neither motion nor heat differing from that of the natural ftate. Nor

did
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¿id the animals givé any figns o f  uneafincfs, while they were elctrifying^; a 
liuie wcarinefs,and a betterappctite, were the only effects we ever perceived.

A s to the facility o f applying this method, ’ tis well known that the 
electrical virtue is eafily tranfmittcd a good way otTby chains, ; and 
one may eafily imagine, that an eafy chair, or even a bed, fiifpended or 
fuppprted in a proper manner, will put the moil iniirm peribns in a fi- 
tuation CO be very commodiouily electrified. But as there is no ncccíTity 
to electrify them actually, it will bccome caGer ftill ;• for nothing more 
will be requifitc, than to-place ncartbi-’m a .baikcitof old iron rendered 
electrical. T he commoneil iiegrec o f jagacity will fufiice to put this 
method in practice, whenever it is found to be ufeful.

I iliall obferve further, that» when I flectrify án.animnl, I render his 
perfpiration more copious; and this effect is univcrfal thro’ every part 
of it. When I only placc.it near an eiccitri6ed body, itperfpires as much. 
But is it’s whole body equally fenfible o f .this eíTcét? I mean, what exhales 
in confeqvience o f  the ¿leclric ity ,. doc^-it iíTue fiom every part o f his 
furface ? I believe it does n o t a n d , that .lor,theie realbns.

i f  it be the eleéhical matter o f  the ikin that drives out. the matter o f  
perfpiration, by rufiiiiig  tow ards the eU¿lrified body^it is nat,uraÍto think, 
that this effedt takes place only in the part out o f  which die e ledrical 
matter iilUes : thus the perfpiration, which is;clc<ftrÍGalJy forced out, 
ought to  ifiue from  tKofe parts on ly , which are the m oft direéliy applied 
toward the electrical body; I ^ t  us cohfir.ai this by'experim ents.

T o  an electrified body Í apply a velTel full o f  liquor, which iflucidrop 
by drop thro’ fevcral little tubes placed in different parts ot it’s circum
ference : thefe drops become continued dreams, and are accelerated, as 
if the veiTel had fc¿en electrified : but this effe6t is obfervable on that 
fide only which faces the electrified body.

I moiften a thick fpo;ige with water, and cut it in two : I weigh thefe 
two halves feparatdy; I join them again, and place the whole neara large 
eleélriñed body, fo as to make one half o f the fponge face the body di- 
rcctly, and the ocher the contrary way. After an electrification ot 5 or
0 hours, that half, which faced the electric body, was found to be ligh
ter than the other, ^ c .

Wherefore I chink I have good grounds to believe, that a man, who 
prefents a fhoulder, or one fide o f  his head, to a large electrified body, 
pcrfpircs more thro* that part than thro’ any other. Add to this, that 
lince thefe animals, which I caufed to perfpire in this laft manner, and 
which had but one fide o f their bodies expofed to the Electricity, loft as 
much o f their weight, as the others which were throughly electrified ; 
it follows, that they perfpired as plentifully thro’ the expofed part, as the 
others thro’ the whole body. Whence v/e may infer, that, of the two 
methods, which I propofe for augmenting infenfible perfpiration, the 
latter is the moft powerful, and moit proper to remove obftructions from 
the pores, or to fcour them o f any noxious humours which they may 
happen to contain.
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EiTay u -  3 0 . T ilt  Abbé NoUt takes noticc, that he was led to h h  inquiHes, 
•wards di/c6- f[x)m the acceleration which (he toond trom a great number of cjtpcri- 

’ ' p', ments) was givin  to the motion o f fluids thro* capillary tubes, upon
their being electrified. As I ibrmerly made fevcni experiments on this 

John Ellicott, lutgect, J ihali I'ubmit it to your coniideration, whether the following 
F  R. S. hi a obiervations on thole experiments may deferve the notice of this illuftri- 
ifturic M. Qjjg Society. In which I have principally endeavoured to prove, that the 
Pr acceleration o f the motion o f fluids thro* capillary tubes or fyphons, is
/hú. p 1*95. not barely owing to their being clearified, but that, in all cal'es what* 
ReaJt'eh. foevef, there are fome otlwr dircumftances neceflary, in order to pro- 
25- T 47-8- duce this effcft. And 1 doubt not but to nwke this fully appear, by 

fhewing, that water, being eleftrified, may cither be made to run in 
aconftant llream thro’ a capillary tube or fy phon, or only to drop, as if 
it had not been eleélrified at all : and likewife, that the water may be 
made to run from the fame fyphon in a conftant ftream, without being 
made eleitrical, but ceafe to run, and only drop, the moment it becomcs 
cleétrical. Under the one or other o f thefe cafes, I fliall have an op* 
portunity o f taking notice o f  the feveral varieties oblervable in thcfe 
crxperimentSi all ot which I ihall endeavour to account for from the fol
lowing general principles.

1, That the leveral electrical phjenomeua are produced by liieans of 
tffiuvia.

2. That the particles compofing thefe effluvia ftrongly repel each 
other.

That the faid particles are ftrongly attracted by moft if  not all 
other bodies whatfoever.

That the eledrioal phanmenn are produced by means o f efiuvia^ is in 
general acknowledged by all the autJiors who have written upon Elec
tricity, however they nriay differ in opinion with regard to the bodies in 
which they are contained. I'he properties 1 have mentioned o f theie 
tffiuvia may be eafily deduced from moft o f the treatifes lately publiíhed 
on this fubjedh But to leave no room for any objection, I would beg 
leave to obferve, that the exiftefnce of thelb effluvia is proved by aH thole 
experiments in which a ftream o f light is feen to iíTueírom theeleélrified 
tx)dy 5 particularly rhofe ftreams which are fétn to ifilie in diverging rays 
trom the end o f the original conduftor, when made o f metal, and rc- 
"duced to a point j from their being felt to ftrike againft the hand like a 
blaft o f wind, when ic is brought ikar the ftream, and from that offen- 
live fmell which generally accompanies thefe experiments, and which is 
always more perceptible, the more ftrongly the fphere is e:xcitcd.

 ̂ That the particles compofing thefe re ^ l each other, appears
from thofe experiments, in which 2 bodies, how different foever they 
may be in kind, repel each other when they are fufficiently impregnated 
w ith thefe A s a feather, by the excited tube j the feveral fibres

• ihc prcccding A n id e,

o f
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ot the fame feather, or two cork UaÜs, which will b i fogncj ftrongly to 
repel each other, fo long as they retain any oonfidcrable quantity oÍFtheíí 
effluvia. W hicii property will always tlecreal'c, as the quantity they con
tain diminilhcs.

I'hat thefe effluvia are ftrongly attradted by moil if  not all other bo
dies, is fo evident from almoft all the eleélric^l experiments, as to make 
any particular examples of it needlefs here; efpcieiaUy as I fhall h^ve oc- 
calion to take noticc o f tiie llrong attradion between the eleélricai effiuvia 
and water, in accounting for theíé experiments. And the fifft, 1 would 
take notice of, I íhall now proceed to ftate as follows.

I f  a veflcl o f  water is h u n g to the prim e conductor, havin g  a ryplionF-t?-. T. 
in it o f  fo  fmall a bore that the water will be difcharged from  it only in 
drops, on the water’ s becom ing eledtrical by means o f  the machine, it 
will im m ediately run in a ftream, and continue to  d o  ib, till the w'ater is 
all difcharged, provided the fphere is continued in motion.

I'hat water docs not run in a conftant ftream, but only indrops, from 
a fyphon o f a fmalJ bore, is doubtlefs owing to the fame cauie by which 
it is lijftained above the level in capillary tubes. I f  therefore water is 
inade to run in a ftream barely by it’s being impregnated with the eledlri- 
cal effluvia  ̂ it ihould follow, that ifone or more capillary tubes be placed 
in a veffel o f water, that which is fuftained in them would either fink 
down to a level with the reft o f the water, on it’s being made elciSirical, 
or at leaft that it would not continue at the fame heiglit as before ; but if 
the experiment is made, the water will be found to continue exactly at 
the fame height, whether it is eledbrified or not*

Again, if  the bare eledtrifying the water was the caufe o f  it’ s running 
in a Itream, it would continue to run in the iame manner, fo long as the 
water continued ele¿lrical, which it will not do ; for, on flopping the 
motion o f the machine, the ftream will immediately ceafe, and the water 
■will only drop from the fyphon, notwithftanding it’s being ftrongly im
pregnated with the eledrical effiuvia. I 'o  account then for the water’s 
being made to run in a ftream m this experiment, I would obferve, that 
fo long as the machine is in motion, there is a conftant fuccefiion o f the 
eleftric effluvia excited, and which vifibly run o ff from the end o f 
the prime conductor in a ftream, and as they are in like manner carried 
o ff irom all bodies hung to it, thofe effluvia which run off from the end 
o f the fyphon, being ftrongly attraitcd by the water, carry fo much o f 
it along with them, as to make it run in a conftant ftream.

That the attraction between the water and ele<5bric ^ u v ia  is fufHcient 
to produce this effect, might be proved by a variety o f experiments *, 
but I ihall only obferve, that to this attraétion it is owing that filk lines ¿
and glafs tubes (which, from their imbibing fo very fniall a quantity o f J
thefe effluvia, are generally made ufe o f as fupports in many ot the elec
trical experiments) on only being wetted become ftrottg conductors : 
and that ii an cxcited tube is held over a veifel o f water, the water is found 
to imbibe a very conGderable quantity of this electric matter-, and, on
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the approach o f a finger, or any other non-cleétric body, the water will 
be perceived to rife towards i t ; and if  the finger is brought lb near the 
furtace as to draw of}' the effluvia  ̂ they will carry feveral particles o f  the 
water along with them towards the finger, in a direction diredly contra
ry to that o f gravity ; and therefore may well be fuppofed, when a¿t- 
in<̂  in the fame direction, to have an influence fufRcient to produce a 
ftream, as in the experiment.

And that this current o f the eleélric effluvia is the true caufe why the 
water runs in a ftream from the end of the fyphon, is farther evident, 
in that whatever tends to increafe or diminiHi the current of the effluvia  ̂
produces the fame efFt-a u[x>n the water. 1 have already obferveti, that 
when the effluvia art; tlrongly excited, they will be feen to pafs o ff  from 
the end of the prime conduélor in luminous rays; and the fame may be 
obferved with rtfjH-ft to thofe which pafs with tiie water from the end of 
the fyphon i but if any non-eledric body is brought under the fyphon, 
as, by it’s attraftion, the current o f the effluvia will be increafed, fo 
thefe luminous rays will likewife extend to a greater length. Again, if 
the motion o f the machine is .ftopped, the current o f the cle<flric effluvia 
will thereby be ftopped, and the water will immediately ceafe to run in 
a ftream, notwithftanding it’s being ftrongly impregnated' with the elec
trical effluvia.

And that the water is ftrongly impregnated will not only appear from 
the drops being fooner divided into fmall particles than they would be if 
they had not been eledtrified, but from thofe particles being feparated to 
a greater diftance from each other, by the repulfive property o f the elec
tric effluvia \ and if  any of the water is received into a dry glafs veíTel, 
on the approach o f a finger towards it’s furface, there will be feen a 
ipark to iifue from it in the fame manner as irom water ele¿l:rified by an 
cxcited tube ; or if any non-elcéVrical body is brought under the fy
phon, by whofc atrraVftion the effluvia may be drawn off, the water will 
immediately be tbund to accompany it in a ftream.

Kii*- H. I f  the vcflel o f water with the fyphon in it is fufpended by any non- 
eleélric body over another ftrongly electrified, the water will immediate
ly run from the fyphon in a ftream ; but if fupported by a piece o f filk, 
or any other eledlrjcal body, the water will immediately ccafe running, 
and only be difcharged in drops. 1 ‘hefe fh^enomena may, from what 
has been already faid under the Ibrmer experiment, be eafily account
ed for.

Thar the water is made to run in a ftream, is plainly owing to the 
mutual atrraélion between the elcdtrifed body and the water ; which at
traction will continue, fo long as the veiTel which contains the water, by 
N'ing fupported by a non-eleÓlric, is prevented from retaining any o f the 
tleftrical effluvia-, thefe effluvia being drawn off by the non-electric body, 
to which the viiTel is fufpended : but, on the contrary, when the veíTeí 
is fufpended by an original-electric, the effluvia  ̂ not being attracted 
thereby, will be prevented from running off, and the water will foon be

found
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found to have imbibed a quantity o f them, fufHcient, by their repelling 
property, to greatly weaken, or wholly to deftroy, the former attrac
tion, when the water \ îll ceafe to run in a ftream, and only drop, as if 
it had not been held near any electrifcd body. M . Ü A bbé Nolet has en
deavoured to account for the former part o f this experiment, by fup- 
pofing there is, what he calls, both an affluent and an effluent electric 
matter; but he takes no notice o f the latter part, which is not cafily _
folved upon his fuppofition. But if  what I have obferved on thcfe ex- !
periments is fatistactory, I apprehend i have accounted for the feveral 
fbanomena on much more fohd j>rincip!es, and that thereby any lefs cer
tain hypothefis is rendered ufelcls.

I intended to have taken fome notice o f the dilferent acceleration o f 
the fluids thro’ tubes o f diffcTcnc bores-, but as this acceleration will al
ways vary with the current o f the electrical effiuvia  ̂ unlcfs fomc method 
could be found out to render this current uniform throughout the whole 
feries o f experiments, the profecution o f thiis inquiry will be rendered 
extremely diificult, and the refulc will at beil be very uncertain.

When the foregoing curious letter was read at the meeting o f the Royal 
Society on Thurfday F ek  1747. I acquainted the gentlemen pre- 
fent, that the fame ingenious author had communicatcd to me a paper 
feveral months before, in which he had more fully and particularly 
delivered his thoughts on the phancmena of Electricity, and

■ as feveral perfons exprefied their defire of feeing that paper, I requefted 
o f him either a copy, or an abftract o f the fame ; in compliance with 
which he, fome days after, gave me the two following papers, con
taining the fubftance o f what he had before iliewn me •, and 1 imme
diately put them into the hands o f Dr Mortimer^ one o f  the Secre- 
tarifs of the Society, who read them at the two nieetings o f the Society  ̂
on the feveral days noted at the head o f thofe papers.

M . Folkes.

31. T he great difference I obferved in the fentiments o f  thofe ingeni- 
ous gentlemen who have favoured us with their difcoveries in Electricity, 
made me very defirous o f finding out fome general principles, by means 
o f which I might be able to form a judgment o f the feveral hypothefes tricity, aJ- 
whereby they have endeavoured to account for the Y>'̂ \t\cx̂ d\ phanonuna dtéjfed to the 
obfervable in thofe experiments. In order to this I took a general furvey Royal iiocic- 
ot ail the more remarkable experiments, and out o f them made choice 
o f  fuch as I judged were moft proper for my p u rp o fe a n d  from thefe^iarch 24.
1 deduced the general principles hereafter mentioned. T h e  advantage 1 1747-s. 
prom ifed m y fe lf  from  this method was, that the plainer and m oré fim - 
j»le the experiments were, which 1 made ch oice  of, the lefs liable I fliould 
be to m iftake in any conclufions drawn from  them  ; and that every.freili 
experim ent, I could  account for b y  them , w ould be ah additional ¡>roof 
in their favour j and i f  m y  attem pt in explaining th ?  fo llo w in g *cxpvri-

m encs

O/ E L E C T  R I C I T  y . 389

1.nen



390
ments from thofc principles íliould prov€ íatisfaftory, trgch ©f them 
^•ould be thereby fo fully coofirraccU that we iiúght fatclyjcly on rhcm 
in forming a judgment o f any o f the difcovcries already made; and (how 
general foevcr they may feeni to be) I doubt not but they will be found 
o f fervicc in profecuting our future inauirics on tlUsfubjc^l.

The experiments from which I deduccd tiiefe principles were thcfc 
which Ibllow.

Exr. 1. If a ^lafs tube is rubbed by a very dry hand, and a finger is brought 
near any part of it, a fpark o f lire will feem to iíTue from it, and ftrikjc 
againft the finger*, and i f  the finger is carricd at a likediftancefi-om the 
end o f the tube cowards the hand in which it is held, a number o f fparks 
at a fmall djítance from each otiicr will be feen coming from it, and a 
fnapping noifc will be heard. The tube is then faid co be cxcited, or to 
be ckélrical ; and at fome times, when it is ílrongly cxcited, fparks wiii 
iflue from the tube in ftreams, not only while it is rubbing, but will 
continue to dart out from it for a confiderablc time after the rubbing has 
ceafed, and a very ürong offenfive fmell will be perceived. 

j[ If the tube, when thus excited, is held over iome pieces o f leaf-gold,
or any light bodies whaifoevcr, they will be attrailed towards it *, and 
the more ftrongly the tube is excited, the greater diftance they will be 
attraited from ; and when they come near the tube (tho’ without touch
ing it) they will be repelled from it, and continue to be fo, unlefs touch
ed by fome other body, when they will be attradled by the tube as be
fore : but if the tube is but weakly cxcited, they will be attradled quite 
to the tube, to which they will fometimcs adhere, without being repel
led from it.

Exp. III. ^  ̂ ^ork fuppofe for lightnefs) be hung by a iilk line, and
the cxcitcd tube is applied to It, it will not only be attracted, but will 
have an attraítive quality communicated to it from the tube; and i f  any 
light bodies arc brought near the ball, they will be attradted by it.

Exf. IV. the tube, when ftrongly excited, will not only attraél, but after
wards repel any light bodies brought near it, in like manner the cork- 
ball will be endued with the fame property; ib that a fmallcr ball will firft 
he attracted towards it, and then repclledfrom it, the fame as the leaf-gold 
in£x/>. 2. and on touching any other body it will be again actraóled; and 
this may be repeated feveral times, provided the fmaller ball is much 
Icisthan the larger one, tho’ the cftcft will conftantly grow weaker and 
weaker, as every time the leflcr ball is attradled, it carries o ff with it 
fome o f the electric virtue, and is likewifc endued with the fame proper
ties as the larger ball.

M r Gra;;, M r Dufay, and otherf, liave obferved, that this ekftrical 
quality is not only to be excited in glafs, but in moft folid bodies capa- 
ble o f friéUon (metals cxcepted) ; tho’ in fome it will be fcarcely fenfible, 
and that it is found to be ftrongeft in wax, refins, gums, and glafs : and 
as glafs k  the cafieft procured o f a proper form, it has generally been 
iifcd in making thtfe experiments. It has been further obferved, that

thofe
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rhofebodieá in which the elc6trical quality is capable o f being ciccited, the 
ftrongcft by friction will receive the lead quantity o f it from any other 
excited body, and therefore are properly made ufe o f to fupport any 
body defigned to reccive the clcétrical virtue. The truth oí this will 
fufRciently appear from the following experiment.

Hang up two lines, one of filk, and the other o f  thread; that o f thread Exp. V. 
will be attradted by the tube at a much greater diftance than the filk.
Again *, faften to each ftring a feather, or other light body ; if tl>e tube 
is brought to the feather faftened to the filk, it will be firft actraéted, 
and afterwards repelled ; and from tiie virtue communicated to it from 
the tube, the feveral fibres o f the feather will ftrongly repel each other.
But when the tube is brought to the feather faftened to the thread, the 
feather wHl be ftrongly attracted, and continue to be lo, without ever 
being repelled, the virtue paíTing o ff by the thread it is hung to. If a {Í
glafs ball is hung to the filk line, it will be but weakly attradted by the 
tube; but one o f cork or metal much ftronger.

L et a  rod o f iron b e  fuftained by filk  lines, and by means o f  a glafs E xp . V I .  

fphere (whicli can be more regularly and conftantly excited than a tube) 
be made eleélrical; it will be found to have all the properties o f the 
excitcd tube mentioned in Exp. i.  A  ftream o f light will come from ^
the end o f  it, i f  it is pointed ; it will attract, repel and communicate 
this virtue to any other non-elcélric body : on the approach o f a non- 
de<5tric, a fpark o f  fire, with a fnap attending it, will come from it j 
which fpark will be greater or Icfs, as the bodies approaching it have 
more or lefs- o f the ele<5lrical quality refiding in them ; and there will 
likewife be the fame oífenfive fmell as was obferved o f the tube. ^

From thefe experiments, which I think contain the ^vincÁ^ú phano* li
mem o f Electricity, may juftly be drawn the following conclufions.

1. That thefe phenomena are produced by means o f effluvia\
which, in exciting the eledrical body, are put into motion, and fcpa- 
rated from it.

2. That the particles compofing effluvia ftrongly repel each other.
3. That there is a mutual attraftion between thefe particles, and ail 

other bodies whatfoever.

I'hat there are effiuvia emitted from the tube when rubbed, and which 
furround it as an atmofphere, is evident, from that ofieniive fmell arifing. 
from them, from that fenfation on the hands or face, when the tube is 
brought near cither o f them, and from thofe fparks o f light, on a ftill 
nearer approach o f  the finger to it.

That the particles o f  thefe effluvia repel each other, is proved by the 
cork-balls (Exp. ^). and the fibres o f  the feather {Exp. 5). repelling, 
cach other, when impregnated with them ; and by the leaf-gold (in 
Exp. 2). being repelled by the tube, and no: returning to it again, until,, 
by coming near, or touching, fome non-clc6lric body, the ^ u v ia  arc. 
drawn oif from it.

From*.
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From this property it is, that thcfe effluvia expand themselves with fo, 

great a velocity whenever they are fcparatcti from t-lie eleclric body*, and 
as they are likewifc capable o f b^ing greatly condcnfed, may we not 
from hence jullly conclude they are claltic ?

That there is a mutual atcraftion between thcfe effluvia and moft other 
bodies, appears from their colU-ding from the tube fuch quantities there
of, as to endue them with the fame properties with the tube itfclf, as was 
proved by the 3 ,̂ and 5/  ̂ but more particularly by the 6th ^xpc-

Tht-fe principles being admitted, it will follow, that the greater Difre- 
rence there is in the quantity o f eleftricai effluvia in any two bodies, 
the ilronger will be their attraftion. For, if the effluvia in each are equal, 
inftead of attrading, they will repe! each other; and in proportion as the 
quantity o f eleclric matter is drawn from one o f the bodies, will the a?- 
tradion between them mcrcafc, and conft qucntly be ftrongeil, when any 
one of them has all the eledlrical matter drawn from it.

The particles o f thefe effluvia arc fo exceeding fmall, as eufily to per
vade the i>orcs o f giafs, as is evident, in that a feather, or any light 
bodies inclofed in a giafs ball hermetically feajed, will be put in motion 
on the excited tube bt ing brought near the outfide o f it and it has been 
generally thought that they pais through the pores o f the denfeft bodies; 
and there are icvcral experiments which rendtr this fuppofition not im
probable ; tho’ I muft acknowledge I have not yet met with any one 
that 1 think is quite conclufivc.

1 fliall now proceed to íhew, how, from thefe principles, the ph^m- 
mcjia of fom eof the more remarkable expt riments o f Eledricity may be 
accounted for.

E x f . VII. I-et a rod o f iron, pointed at one end, be fufpended on filk lines, as 
in Exp the 6/¿, and by the fphere be made eledrical. When the rod 
is ftrongly eledrified, a llrcam of light in diverging rays will be feen to 
ifiue from it’ s point; and if  any non-eledric body is held a few inches 
from the point, the light will become viflble to a greater diftance, and if  
the non-eledric body is likewife pointed, a light will ftem to iíuie from 

j that in diverging rays in the fame manner as from the eledrified rod.
t But if the non-eleclrical body is fiat, and held at the fame diftance from

the rod as the pointed one was, no light will be feen to come from it.
The principal phenomena to be accounted for in this experiment are*, 

why a light is only feen at the point o f the rod, and not through the 
whole length of it ? W hy this light is vifible to a greater length, when 
the point is approached by a non-ele¿tric ? And, why a light is feen to 
iflue from the non-ekdric when it is pointed, and not when it is flat.

Upon which I obferve, that whenever the fphere is excited, the elec
trical effluvia are thereby put into motion, and made to form an atmof- 
phere round about it, from whence, by their repulfive property, they 
endeavour to expand themfelves on all Tides equally; but being ftrongly at- 
traded by the iron, a great part ofthem are drawn oft'along the rod, about

whofe
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wliofe furfa<^they- likcwifc form an atmofphcrc, which will be denfer or 
rarer, in proportion as the attraólion of the rod is greater or Icfs j and 
as the rcpulfivicrpowcr o f thcfc effluvia will always incrcafe in pro
portion wuh th,eir dcnfuy, it win lollow, that whenever the fphere is fo 
ftrongly fxcitód, that the effluvia furrounding it are denfer than thofe 
furroun^iing the rod, they will, by their ri-pulfive property,'dri-zq th;é 

troni the cnd of it in a ftream, and shat with a very ^reac velo- 
citŷ  ̂ ,4S is evident, from their ilriking againft the hand like a blail o f 
wiod when brought near the end o f the ro d : and as this velocity is 
partly owing to the attraibion o f the rod, fo this attradlion contin^iing 
quite to the end o f it, the velocity o f  the particles will there be great
e r  ; and as they approach towards the point, they will be brought nearer 
together, and thereibre become denfer there than in any other part o f the 
rod ; and therefore i f  the light is owing to the denfity and velocity o f 
the effluvia  ̂ it will be vifible at the point, and no-wherc elfe.

And that the light is thus produced, will appear, in that whatever 
increafes or diminifhes either the velocity or denfity o f the particles 
will increafe or diminiih the light. For, let the motion o f the wheel 
which turns the fphere be flopped, the current o f the effluvia will like- 
wife be ftopped, and the rays of light will no longer be feen ro iíTue 
from the point, and yet the whole rod will continue to be eleélrical; 
but, on putting the fphere again into motion, the effluvia will become 
vifible as before, and will increafe, as the fphere is more ftrongly ex
cited. Again, the light will be vifible to a greater or lefs diftance, as 
the point is more or lefs acute ; and as this light is always brighteft next 
the point and grows fainter, as the rays diverge, this is plamly owing 
to the different denfity o f the rays at equal diftances; for, when the 
point is more acute, the rays will diverge lefs, and therefore will be 
denfer to a greater diftance than when it is lefs acute.

W hen a non-elcdtric, whofe end is fiat, is brought within a few 
inches o f  the point o f the eledrified rod, the eleclric ftream will be at
tracted by it, and the rays made to diverge lefs than before; and the 
cfFedt will be the fame as if  the point was more acute; w z . a continuation 
o f the light to a  greater diftance, and which will be farther increafed by 
the additional velocity the particles will acquire from the attra6lion of 
the non-eleitric. W hat will follow on a nearer approach o f the non
electric to the rod, will be.confidercd under the next experiment.

I f  the non-eleftric is pointed and held in the fame place as the for
mer, a light w'ill appear from: it the fame as from the elc(ilrical body 
for, as the points o f the two rods are the parts which approach neareft 
cach other, the attraction there will be ftrongeft: the rays therefore, 
which diverged from the elt-étrical rod, will attracted by, and made to 
converge towards, the point of the non-eleCtrical rod, and will confe-‘ 
quently be nearly o f  the fame dt-nfity at the one a?; the other -; and the' 
velocity being accelerated by the additional -attraétfcín, the rays* will 
become luminous at tiie point o f the non-elcctric, the faiiK as* at the point*
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