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c 1-1 A 13. r. 
Of AJronovzy ita general. 

all the fciences cultivated by mankind, The acne?& &*OF UICOI ARro- Akronomy is acltnowledgcd to be, arid ncmJ, 

undoubtedly is, the mofi rublit-ne, the moll in- 
rerrfiing, and the mofi ufrful. For, by know- 
ledge derived from this fcience, not only the bulk 
of the earth is difcovered, the Gtuation and extent 
of the countries and  kingdoms upon it afcertdncd, 
trade and commerce carried on to the remateit 
parr of the world, and the various prodults of 
iiveral counrries diitribuced for the health, comfort, 
and conveniency of its inhabitants ; but our very 
faculties arc enlarged with the grandeur of the ideas 
i t  conveys, our minds exalted above the low con- 
trafted prciudices of the vulgar, and our under- 
itandings clearly convinced, and affrfied with 
the convittion of the exiltence, wifdom, power, 
RooJneTs, immutabiliry, and hperintendcncy of the 
SUPREME BEING ! So chat withouc an hy- 
perbole, 

s C  A n  im‘ruout Ajlronomet is mdd*.” 

IE. From this branch of knowledge we alro learn 
by what means or laws thc Almighty carries oil, 
and continues, the wonderful harmony, order, and 
connexion obfervablc cl.rroughout the planctnry 
tyCtem ; and are led by vexy powerfiil arguments to 
form this pleding dedufiion, that miiids cdpdde of 

* Dr. Y a u ~ c ’ a  Night Thoughts. 
u fuch 



2 Of riJlrorronry in general. 
fuch deep refearches, not only derive their origin 
from that adorable Being, but are all0 incited to 
afpire after a more perfelt knowledge of his nature, 
and a h i l l e r  conformity to his will. 

3. By Afironorny we dilcover that the Earth ie 
frrn from at ib great a diRance from the Sun, that if feen from 

thence it would appear no bigger than a point; 
although its circumference is known to be 25,020 
miles. Yet t h a t  diltance is fo frnall, compared 
with the Earth's diltance from the Fixed Stars, 
t h a t  if the orbit in which the Earth moves round 
the Sun were folid, and k e n  from the neareft 
Star, it would likewiie appear no bigger than a 
point, although it is about xG2 millions of miles 
in diameter. For the Jlarth in going round the 
S u n  is 162 millions of iniles nearer to fome of thc 
Stars at one time of the year, than  at another5 
and yet their apparent magnitudes, fituations, and 
difiances from one another itill remain the fame ; 
and a telefcope which rriagnifies above 200 times, 
does not fenfibly magnify them : which proves 
them to be at  leait 400 thouiand times farther 
from us than we are from the Sun. 

4. I t  is not to be ima yined that a l l  the Stars arc 

diftant from us; but that they are placed at im- 
menfe difiances from one another through unli- 
mited {pace. So that thcrc may be as great adif- 

*eSt~rc tance between any two neighbouring Stars, as be- 
tween o w  Sun and thofe which are neareil to him. 
Therefore an Obferver, Rho is neareft any fixed 
Star, will look upon it alone as a real Sun; and 
confider the reit as To many fhining points, placed 
at equal difiances from him in the Firmament. 

5. By the help of telefcopes we difcover thoufands 
of Stars which are invifible to the bare eye; and 
the better our glaKes are, itill the more becomc 

aidinnu- vifible: fo t ha t  we can fet no limits either to their 
mec'b'ca number or their diltances. T h e  celebrated HUY- 

C P N S  carried his thoughts Co far, as t0 believe it 
5 not 

TheEsrth  

L'C3Un. 

hut a po in t  

placed in one concave P urface, fo as to be equally 

arc Suns, 



3 0 f Ajronorny in genera 1. 
not impofilble tha t  there may be Stars at fuch 
inconceivable difitdnccs, tha t  their l$ht has not yet  
reached tbe E a r t h  Gncc its creation; although 
the velocity of light be a million of timcs greater 
than  the velocity of a cannon-ball, as h a l l  be 
demontlrated afterward, 5 197. 216: and, as I 

Mr. .ADDISON very juftly obfervrs, this thought is 
far from being extravagant, when we confider t h a t  
the Univerk i s  t he  work of infinite power-, prompted 
by infinite goodners I having an infinite fpace to 
exert irfelf in ; fo that  our imaginations can ret no 
bounus t3 it. 

6. The  Sun appears very briglit a n d  large in W~iyrhr  

conftantly near the Sun, in compar ih  of our in>- thcStrr8. 
menfe diitaoce from the Stars. For, a fpeRator 
placed as near to any Star as we are to the Sun, 
would fee chat Star 3 body as large and bright as 
the S u n  appears to LIS: and a fpehtor ,  as far 
diitant from the S u n  as we are from the Stars, 
would fee the Sun as fmall as we Cee a Star, Ji- 
velted of all its circumvolving planets; ;tnd would 
reckon it one of the Stars in numbering them. 

from the. Sun; cannot pofihly receive from h i m  To f,Yh:'$* 
ftronga light a s  they feem to have ; nor a n y  bright- by sun, 

nefs fufficient to make them vifihle to u s .  For 
the Sun's rays muit be io fcattcred and difiipated 

can never be tranlinitted back t o  o w  ryes, ii, as 
to  render thel'e objeds viiible by rt.Helliron. 'I he 
Stars therefore fliirie with their own nat ive  and un- 
borrowed luff IC, as the S u n  does i and Iillce each 
particular Star, as well as the Sun, is corltintd to a 
particular portion of (pace, ic is plain that the Stdt  s , 
are of the fame nature with the Sun. 

8. I t  is no ways probable that  the Almighty, 
who always a&s with infinite wiiilorti, a n d  docs 110- 

thing in vain, fhould create To m a n y  glorious Suns, 
fit for To many imporrant purpgles, and yIllce tIwt1 

I32 at 

Sun appears 
comparilon of the Fixed Stars, becaiilr we keep hipper tbsn 

7. T h e  Stars being at  fuch immenfe dittances The Stars 

before they reach filch remote objet'ts, that they *)I 



3 Of AJronomy in general. 
at fuch diltances from one another, without pro- 
per objeAs near enough to be benefited by their 
influences. W hoever imagines they were created 

probrbly only to give a faint glimmering light to the inha- 
'urrol1nd~d bitants of this Globe, muR have a very fuperficial 

knowledge of Aitronomy, :ind a mean opinion of 
the Divine WiCdom: fince, by an infinitely lefs 
exertion of creating power, the Ilrity could have 
given our I;,arth much more light by one Gngle ad- 
ditional Moon. 

9. Infiead then of one Siin and one World only 
in the Univerk, as the urifliilful in Aitrononiy 
imagine, t h a t  Science difcovers to us fuch a n  in- 
conceivable number of huns,  Syltems, and Worlds, 
dil-perkd through bountllefs Sp.icz, that  i f  o u r  Sun, 
with all tfic I'lancts, Moons, and Comets, belong- 
i n g  to it, were a n n ~ l ~ i l ~ t c d ,  they worild be no more 
milkd, by an eye that C O U k 1  take in the whole 
(Jrcatiun, than a grain of 1,ind fioin the Tea-ihore. 
'I'lic fptct. thcy  p:dlt.ls being comparatively fo 
frridll ,  t h a t  it  would icarce be a fenfible blank in 
the lJnivet fc, althotigh Sacurn, the outerinoil of 
o:ir planets, revolves about the Stin in an Orbit 
of @8r, m:llions of miles in  circumference", and 
tome of bur Comets rnake excurtions upward of 
teri tliouidntl rriiIliorls of miles beyond Saturn's 
OJ bic; arid yet, a t  thcit amazing dtitance, thcy are 
irrcornparably nearer to dit: Sun than to any of tlic 
S t a r b ;  as is evident f ro i i i  their kcrping clear of 
the attraRive power of all the Stars, a d  returning 
periodically by virtue of' the Sun's attraktion. 

IC). E'rom wliat we know of our own Syitern, it 
niay be reafoirably concluded that all the reft are 
witli equal wildom contrived, fituated, and pro- 
vided w i t h  accommodations for rational inhabit- 
a n t b .  L e t  us  tlierefore take a furvey of the 
Syfieini to wlr:ch we belong ; the only one accef- 

* 'Tlic Gecrginn Planet, difcovercd fince Mr. k'ergufon's 
time, rcvolvts round the Sun in an Orbit 5673 millions of 
milcs i n  c i r c u r n  fer ence. 

T h r y  a t e  

by r I~nete. 

' I*kic Prilsr 
I ' l r n c l s  lr ldy 

*c, 

fible 



Of AJronomy in general. 5 
fible to us; and from thence we fl>nll be the better 
enabled to judge of tho  nature and end of the 
other SyRems of the Univerfz.  l!or althoiigh 
there i s  almoit an infinite variery i n  the parts cF 
the Creation, which we have opportunities o f  rxa- 
mining, yet there is a grneral a n h g y  r u n n i n c  
through and connetling all the parts into one 
fcheme, onr dctfign, one whole ! 

I I .  A n d  then, to an attentive confidercr, it  will 
appear highly probable, t h d t  the Plums o f  our 
SyRem, together with their attendants rallod S.itcl- ?'. ,", 
lites or Moons, are much of the f m e  nature with i ' i d l l c  I 

our Earth, and deftincd for the  like purpofes. 
For they are folic1 O ~ J C ~ U C  Glol~cs, c.tp,ille of  flip- 

porting animals and vegetables. Same of thin 
are bigger, hrne lefs, and fotnc inuch  h u t  thfi 
fize of our Earth. They all circuhre round the 
Sun, as the Eaith does, i n  n Jiiorter or longer 
time, according to their refpeAive diltanccs froin 
him; and have, where it would not be inconvr- 
nient, regrildr ietivns of lirmmer and winter, f p r i n g  
and autumn. 'Khey have warmcr a n d  colder 
climates, as the variotis produltions of o u r  h r r h  
require : and, in i u c h  as afford a poi'ftbility of 
difcovering it, we obferve a rrgular motion round 
their axes like t h a t  of our E;.arth, caufing an alter- 
nate return of day and night; which is neceflhry 
for Idboiir, rett, and vegetation, and that  all parts 
of their iiirfaces m a y  be expoted to the rays of the 
Sun. 

12. Such of the Planets as are farthen froin the ThcfarrheR 
Sun ,  and therefore enjoy lratt of his light, hsvc "Om S u n  have 

that (It ficiency made tip by !t.vei al Mcion~, which i i l rbf l  Moonr 
tn en1 abwn conflanrly accoiiipany, and revolve about tlieni, 

3s our Moon ievolves about the L i t  tli. 1 tie 
lernotett I'lanet tias, over and ~ b o v e ,  a b r o d  I iiig 

encornpafling it ; W ~ ? C I I  iikr a iuciti Zotic in the 
Ileavcnq retlct'ts the Sun's light w r y  coporilly o n  
t J u t  l ' h e t  : io that if the remoter I 'I~nrts h,ivc 
the S u i i ' h  light frjritcr by clay t h m  we, they I u ' J ~ "  

B,1  an 

,,i8hg,. 
. 



6 
an addition made to it morning and evening by 
one or more of their Moons, and a greater quari- 
ticy of light in the night-time. 

O ~ T  Mm-m 13. O n  the furface of the Moon, bccarife it  is 
o,,.lrke nearer to 11s than any othtr of the cclefiial Bodies 
* b ~ E a r ~ h .  are, we difcover a nearer rekmblance of our Earth. 

For, by the afifiance of telefcopes, we obferve the 
Moon to be full of high mountains, large valleys, 
and deep cavities. Thefe Gmilnricies leave us no 
room to doubt, but t ; iat  all the Planets and 
Moons, in the Syfiem, are defigned as commodious 
habitations for creatures cndowcd uith capcities 
of knowing and adoring their txrefcrnc Creator, 
14. S:ncr the Fixed Scars are protligious fpheres 

of tire, like our Son, and at inconceivable dif- 
tanccs from one another, as well as from us, it is 
reafonable to conclude they are made for the famc 
purpofcs that the S u n  is i each  to beflow lirht, 
hear, and vegetation o n  a cercain number of-in- 
habited Planets, kept by Gravication within the 
fphere of its attivity. 

m nu nt I( i n - 

)Jumb*rlcfi 

Worldi. 

15. What an auguR, what an amazing concep- 
tion, i f  human imagination can  conceive it, does 
this give of the works of the Credtor ! Thoulands 
of thourands of Suns, multiplied without  end, and 
ranged d l  around (IS, a t  irnmrrlk diilances froin 
each other, actended by ten thourand times ten 
tlioiilhnd worlds, all in rdpid motion, yet calm, 
rcgildr, and hwinonious, invariably keeping the 
pactis prcfcribcd them i and thcfe worlds peopled 
with m y r i ~ d s  of irittrlligent being$, formed for end- 
M s  progrellion in perfcAton a t 4  fclicity ! 

16. If 6)  much power, wiGhm, goodnefs, and 
ni4g:r)ifiiencc i s  difplayed i n  the material Creation, 
~ h i c t i  is the lcafi confiderabje part of the Univerk, 
h o w  grz;lt, how wife, h o w  good riiuit H E  be, who 
mark arid c;uwrns the Whole ! 

Suo8 arrd 

C H A P ,  
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i4 brief DeJcriphn of !he SOLAR SYSTEM. 

17.T 1-1 E Sun, with the Plmets and Comers PLATE 1. 
which move round him as their center, con- 

aitute the Solar Syttein. Thole  Planets w i ~ i c h  arc 
neat the Sun not only  hih their circuits fooner, 
but likewife move fniter i n  their- rd‘~)etlive Orbits, Thp r ~ l r r  
than thofe which are more remote from him. TIieir  
motions are all perforriietl from we!? ro raft, in 
Orbits nearly circular. ‘l‘heir names, diltancec, 
bulks, and periodical revolutions, are as follow : 

placed near the common center, or rather in the 
lower * focus, of the Orbits of all the Planets ;und 
Comets t j and turns round his axis in 25 days 
6 hours, as is evident by the motions of fpots ken 
on his furface. His  diameter is computed to be 
763,000 miles; and, by the various attraRions of 
the circumvolving Planets, he is agitated by a 

’* 

byRem. 

. 

18. ’The S u n  O, an immenfe globe of fire, io T ~ O  sua. 

If the two ends of a thread be tied together, and the 
thread be then thrown loofely round two pins A uck in a table, 
and moderately Rretched by the point of a black-lead pencil 
carried round by an even motion and light preffure of the hand, 
an Oval or cliipfs will be defcribcd ; and the points where the 
pin8 are fixed ate called thefir; or focules of the ellipfie. The 
Orbits of all the Planets are elliptical, and the Sun i s  placed 
in  or near one of thefori of each of them : and that in which 
he is placed, is called the lowerfirus.  

t Affronomcrs are not far from the truth when they reckon 
the Sun’s center to be in the lower focus of all the Planetary 
Orbits. Though, AriQly fpeaking, if we confider the focus of 
Mercury’s Orbit to be in the Sun’s center, the focus of Venus’s 
Orbit  will be in the common center of gravity of the Sun and 
Mercury ; the focur of the Earth’# Orbit in  rhc common center 
of gravity of the Sun, Mercury, and Venus 5 the focus of the 
Orbit o f  Mars in the common center of gravity of the Sun, 
Mercury, Venus, and the Earth i and ’io of  the relt. Yrt the 
focuies of the Orbits of all the Planets rxcept Saturn, will not 
be fenfibly removcd from the center of the bun ; nor will the  
focur of Saturn’s Orbit rcccdc Ccnfibly from the corninon center 
of gravity of the SUII and Jupiter. 

B a fmdl 
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PLATEI.  fmall motion round the center of gravity of the 

Syftem. All the Planets, as reen from him, move 
the fame way, and according to theorder of the  Signs 
i n  the graduated Circle v 8 n ca, &c. which re- 
prefents the great Ecliptic in the 1-leavens : but, as 
feen from any one Planet, the reit appear lome- 
times to go backward, fometiines forward, and 
fometimes to Rand itill ; not i n  circles nor eilipfeq, 
but’ i n  looped curves, which never return into 
thrmfelves. T h e  Comets come from all parts of 
the Heavens, and move in all fims ofdire?’ ions. 

I 9. 1 l a v i n g  mentioned the Sun’s tu rn ing  round 
his axis, and a? there will h e  frt:quent occnfion to 
fpcak of the like motion of [lie k nrth and other 
Planvts, i t  is proper I M  r t  to infoi ni ttre young QTO 

in Rflronomy, that 1:c.iihrr tlie SUII  iior I’iancca 
have materid axes to t u r n  iqmn, arid ftl;lport them, 

T h e A x e s  as in t5e little irnpcrfcfi nu( ncs collrl ived to 
0ft’lePla- reprelent :hem. For tlBe axis of 3 I’Imct i s  a line 
meti, what. 

conreived to hc drawn tlrrougli i t 7  ccri1rr, aborrr 
which i t  revolves as if on d real axis. ‘I he exrrc- 
milirs of ~ t h i c  line, terrriin,iting i n  oppolite poiIrrs 
of the Planet’s furface, are c.11lccl its I ’ o k s ,  ’Chat 
which poiii:s toward the: nortbtwi p ~ r  of the 
Heavens, is c.Jlect the hrovfb P o l e ;  a r d  the other, 
pointinig toward the Juii!Levn part, is called thc 
South Pole. A bowl whirled from one’s h a r d  into 
t l i t .  upen air, t u i n ?  r o u n d  tuck a lint: wi th in  itfelf, 
while i t  iiwves forwdrd; and f‘uch are the lincs 
we niear,, ulren we fpcak of t he  Axrs of tlir: 
I-iravcrrly bodies. 

Their Or. 20. L c t  us f~l l ) l~&e the h r t h ’ s  Orbit to be a 
hit* arc :lot tliin, even, Tolid plane ; cutting; rhc Sun tlirough in  the fame 
plane with the center, arid extended out as fnr ;IS the Sta r ry  
fheEcl’p‘ic* J leav(:ris, where i t  will mark the greJt Circle calleil 

the E(/ipfic. ’l‘his circk we firpplc to be divided 
jiico I 2 rqud parts, c d l l d  8icciis; cich Sign into 
30 equal part$, ,called Dexrees; t x l i  Dcgiee into 
60 eqiial p r t s ,  called Mi iz t l tcs ;  atid every Mir~utc 

* A s  reprelcnted in i’1a:e 111. Fig. 1. and dcfcribcd 5 13.8. 
3 In t@ 
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into Go equal pnrtl;, called Secoitds : To that a Second PLATE 1. 
is the 60th pt-t  of a Miniite; a Miriute the Goth 
parr of a D e p r w ;  and a Degree the 360th part of 
a Circk, or 3orh part of a Sign. T h e  Plane’s of 
the Orbits of dl ttic othrr Pl,uirts 11kcwife cut  the 
S u n  in halvrs ; + t i :  extended to the 1 ic*avcns, form 
Ciicits dilTerclnt from one another, and from the 
Ecliptic; one hdlf of each bcing on the north 
fide, and the other on tlic !Outh fide of it. 
quently the Orbit of each P l a n e t  croffes the Eciip- 
tic i n  two oypofite points, tiiiidi are c,dled the H a -  
net’s Nodes. ‘Ihcft: N o d e s  are .dl In  differrnt parts 
of the Ecliptic;  :ind ttirrcfore, if the planetary 
Tracks rerndined vifible in the Hcavcns, they would 
in fome meahre relernble the differeDc ruts of 
waggon-whrels crofinlr, one another i n  different 
parts, but never goiirg far d o d e r .  T h a t  Node, 
o r  Jnterfcktion o f  rhc. Orbit of a n y  Planet w i t h  the 
Earth’s Orbir, from which  the P i a w  afcends riorth- 
w m l  above the F.rlip[ic, is calletl the rfhcending 
Nude of the l’lmet : arid tlle other, which is di- 
rrltly oppofite thereto, is called its Dtfccndirrg Node. f? 
Saturn’s Afcending Node * is i n  21 deg. 32min. of 
Ci111ccr a, Jupiter’s i n  8 ckg. 49 min. of the fame 
Sign, Mars’s in 18 deg. 1 2  min. of Taurus  8 ,  
Vciixi’s in 14 deg. 44 inin.  of Gemini n, and 
Nlercury’s in 1 6  del.’. 2 min. of Taurus. Here 
we confider the Earth’b Orbit ;is the Ltandard, and 
the Orbits of al l  the o thr r  Phnets as oblique to it. ,/ 

21.  When we lyeak of tbe I’lanets 01 bits, all The PI, 
that is nieant is their paths through the open and ,;pb’’% 
unrefifting Spacc i n  which they move;  and arc 
kept in by tliz attraRive power of the Sun, and 

. the projdtilc force impreliiid upon them at tirft: 
between which p o w e r  and force t l ie~e is fo exaR 
an adjuftrrirnt, that they continiir in  the lame 
tracks without any lolid Orbits to confine them, 

Confe- Their 
Node#. 

* In the year 1790. 
22. MER- 
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PLATE1; 
Mercury. 

Fig. I. 

* 1 /  
22 ,  MERCURY, the near& Planet to the Sun, 

goes round him, ih the circle marked 9 ,  in 87 
days 23 hours of our  time nearly; which is the 
length of his year. Bot being feldom t&n, and 
no <pots appearing on his furface or  difi., the time 
of his rotation on his axis, or the 1en;~th of his 
days and  nights is as yet unknouin. H i s  tlifiancc 
from the S u n  is computed to be 32 millions of 
Iniles, and his diarneter 2600. I n  his couric 
round the Sun, he moves at the rate of 95 thou- 
rand miles every hoiii.. I lis l ip,he anti lieat from 
the S m  are almof t w e n  tirnrs a? p e a t  as ours;. 
and the Sun a p p r s  to hiin alicoit {even times as 

‘I‘he great hea: on this Y h e t  is 
nu argciment a p i n i t  irs bci ix; inhabited ; rtnce 
the Almighty could ns ealily Titit the bodies and 
conititurions of its inhabitants to the Ileac of their 
dwelling, as he has doiie ours to the trmperature‘ 
of our Earth. And i t  is vrrv probable that the 

eople there have rich an  opinion of us, as we 
f a v e  of the inhabitants of Jupi ter  and Sdtturn; 
namely, that we tnult be intolerably cold, and 
have very little light @at ib great a dillatice from 
the Son. 

w 8 S  Itke 2.3. This Planet appears to us with all the vari- 
t k c ~ o o n .  ous phaies of the Moon, when viewed at different 

times by a good telefcope : rave only that he never 
appears quite Full, becaulc his enlightened fide is 
never turned direttly toward us, but when he is 
io near the Sun as to be loit to our fight in its 
beams. And, as his enlightened fide is always to- 
ward the Sun, i t  is plain that he fhines not by any 
light of his o w n ;  for if he did, he would con- 
ftanrly appear round. T h a t  he moves about the 
Son in an Orbit within the Earth’s Orbit, is alfo 
plain ( a s  will be more largely hewn  by and by, 
§ 143, 6’Jeq.) b m u k  he is ncvcr feen opy~fite 
to the Sun ,  nor above 56 times the Sun’s breadth 
from his center. 

A ’ ~ Y  bein- large 3s to us. 
habittd. 

phrfer with 

24. His 
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PLATE r. 24. H i s  Orbit is inclined feven degrees to the 
Facliptic; and :hat Node, 5 20, from which he  mdNdc& 
afccnds northward above the Kcliptic, is i n  the 
t6t5 degree of T a u r u s  ; and the oppofite node is 
i n  the 16th degree of Scorpio. ?‘he Earth i s  in 
there points on the 7th of Nuvembcr and 5th of Mny, 
and when Mercury comes to either of his Nodes 
at his * inferior Conjunttion about there times, he 
will appear to pds over the dilc or face of the Sun, 
like a d;\rk round {pot, But in all other parts of 
his Orbit his Conjun &ions are invifible, becaofe 
he either goes above or below the Sun. 

fcvcral periods at which Mercury may be ken on Is itupon 

the Sun’s difc, viz. I n  the v e x  1782 ,  h?uv. 12th,  th~Sun*  
at 3 h. 44 m. in the afternoon; r786 ,  Moy 4th, 
at 6 h. 57 m. in the forenoon; 1789, Nov. 5th, at 
3 h. 5 5  in. in the afternoon ; a n d  1739, May 7ch, 
at 2 h. 34. in. in the afternoon. There will be 
fevrral inrerniedi,ite l‘ranfits, but none of them vi- 
Gble at London, 

HI* Orbit 

25. Mr. W H I s r r o N  has given us an account of ZP:;, 

*y 2 6 .  VENUS, the next Planet in order, is corn- Vcnai. 
puted to be 59 millions of miles from the Sun; 
and by moving at the rate of 69 thoulind miles Fig. 
every hour in her Orbit, in  the circle mar ked ? , ihe 
goes round the Sun in 224 days 17 hours of our 
time, nearly; in which, though it be the full 
length of her year, fie has only 9% days, accord- 
ing to BIANCNINI’S ob!;rvations t ;  li, that, to her, 

every 

* When he i a  between the Earth and thc Sun in the nearer 
Part of hi8 Orbit. 

f The elder CafTini had concl~ided from obkrvations made 
hy himlelf in 1667. that Vrrius revolved on her akir in a little 
mora than 23h. becault: in 2411. hc found that a Cpot on hcr 
furface was about i s o  mort ac1v;inccd t h m  i t  \ \ ; is the day 
before ; and it appeared to him that the I j w r  uxs  vLry Fcnfibly 
advanced in a quarter of an hour. In 1728, Ljianchini pub- 
l dhd  a fplendid work. in  folio, at Komr, cntidcd f3&ri u t  
pba/phori novd pknnomrna ; in which P I C  tlrc oliervationh here 

I e tcrred 
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PLATE 1. every day and night together is 3s long as 24;. days 

and nights wi:h us. This  odd qiiarter of a day  in 
every year makes every fourth year a leay-year to 
Venus; as the like does to our Przrth. H e r  dia- 
meter is 7906 miles ; and 13s her diurnal motion 
the inhnbitmts about her Iiquator are carried 43 
niiles every hour, befide the 63,000 above-men- 
tioiied. 

27. ITer Orbit includes that of Mercury within 
it ; for at her greateit Elongation, or apparent dif- 
tance from the Sun,  h e  is 96 times the breadth 
of that luminary from his center; which is, almolt 
double of Mercury's greatell Elongation. Her 
Orbit is included by the Earth's; for if it werenot, 
fhe might be ken as often in Oppofition to the Sun, 
as f i e  is i n  Conjuntlion with him; but fhe was 
never feen 90 degrees, or a fourth part  of a Circle, 
from the Sun. I 

skis our 28. When Venus appears well of the Sun, fhc 
,,,,, cvc,,ine rifes before hiin i n  the morning, and is called the 
5 u r t s ~  Morning Stnr .- when fhe appears eafi of the Sun, 

he ihines in the evening after he fets, and is then 
called the Evening Star:  being each i n  its turn 

firlt, t ha t  Veniis fliould kcep longer on the ea $! or 
for 290  days. 

weR of the Sun,  than the whole time of her Pe- 
riod round him. But the difficulty vanifhes when 
we confider tha t  the Izar th  is all the while going 
round the Sun the lame way, though not ib quick 
as Venus: and therefore her relative motion to 

HtrOr*it 

the E d ,  
*nCMer- 

l i errr twtrn  

cury. 

nnrriing 

b r n r .  

I t  may perhaps be furprifin 

rcferred to. Jliantliini a g r w s  prrfeRly with Cafini  that the 
jpota, which arc fecn on the furfacc o f  Venus,  advance about 
I;" jn a@. b,it hc rGrta  l h d t  he could not perceive they 
had made any advance in ? h .  and therefore concludes, that  
infiead of making one  cornjilccc rcvolution and I S *  of another, 
as CaGni conjottured, in z 4 h .  thole {pots advance but the 
odd I j" in that time, ant1 that the time of a revolution i s  
fornewhat more than 21 days. T h e  arguments in favour of 
the two hypotlrefcs are very equal ; bur almoR every allrono- 
mer, C X C e i J t  Fvlr. Iergiifon, has adopted Cafini's. 

the 
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the Earth muit in every period be as much flower 
than her abfolrite motion in her Orbit, as the 
Ear th  during t h a t  time advances forward in the 
Ecliptic; which is 220 degrees. T o  us fie ap- 
pears through a telefcope in all the various ihapes 
of the Moon. 

29. The A& of Venus is inclined 75 degrees 
to the Axis of her Orbit; which is 5 1 9  degrees 
more than  our Earth’s Axis is inclined to the Axis 
of the Ecliptic: and therefore her feafons vary 
much more than ours do. T h e  North Pole of her 
Axis inclines toward the 20th degree of Aqua- 
rius, our Earth’s to the beginning of Cancer; 
confrquently the northern parts of Venus have 
fummer in the Signs where thofe of our Earth 
have winter, and vice v~?r$d. 
30. T h e  rk artificial day at each Pole of Venus RlmahblO 

is as long as I [ 2; t natciral days  o n  our Earth. apFa‘aofcr. 

31. l’lie Sun’s grcarc-fl Declination on each fide ~ ~ ~ ~ ~ ~ i c r ‘  
,of her Equator amounts to 75 clegrees ; therefore ; $ ~ ‘ ~ , , w  
her $ Tropics are only I 5 degrees from her l’oles ; liruated. 

and her \I t’olu Ciiclcs as f i r  from her Equator, 
Confeqltmly the ‘lropics of Venus are between 
her Pular  Circlcs a n d  her I’olcs ; contrary to what 
thofc of our Karth are. 

of her days, the Sur1 will alrvd).S ;ippear to go 
through a tvl:olr Sign, or tice~f‘th part of her 
Orbit, in a littlr 1:10rc than thice quarters of her 

fl 

32. AS her annrinl 1;cvolution contains only gf ThsSaa’r 
drily Courk, 

* The time hctwrcn the Sun’$ rifing and retting. 
1. One entire revolution, or z +  hours, 
1 ‘I’hdc are lcifer circles parallel to the Equator, 3nd PO 

many ?cgrces from it,  towbird the P‘o!cs, ao the Axiv ot the 
Pliinet 1s inclined 10 [’IC Axis ( , f i t s  O r b i t .  When the Sun i s  
advanced lo f i r  north or f w t h  crf thc Iqua to r ,  as to be direttly 
over either ‘l’ropic, he goes 110 fartiler ; b d t  rc:urns toward, 
the other. 

ll  T h e r e  are 1eKt-r circlcs iound the I’clc*, arid as far from 
them as the ‘rropics ,ire from t11c i u p t o r .  ‘l‘bc polca are 
the very north and iotitil points o!‘ tlrc l’lanct. 
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natural day, or nearly f i n  182  of our days and 
nights. 

33. Becaufe her day is To grrat a part of her 
year, the Sun changes his Declination in one day 
io much, tha t  if he pares vertically, or direRly 
over head of any given place on the Tropic, the 
next day he will be 26 degrees from i t :  and what- 
ever place he paffes vertically over when in the 
Equator, one day’s revolution will remove him 
362 degrees from it. So t h a t  the Sun chan es 
his Declination every day in Venus about 14 f e- 
grecs more, at a mean rate, than he does in a quarter 
of a year on our Earth.  This appears to be pro- 
videntially ordered, for preventing the too great 
effe&s of the Sun’s heat, (which is twice as great on 
Venus as on the Earth,) Co that he cannot ihine 
perpendicularly on the lime places for two days 
together j and on that account, the heated places 
have time to cool, 

Todeter- 34. If the inhabitants about the North Pole of 
pointlofthe Venus fix their South, or Meridian Line, through 
C o m ~ n L n t  that part of the Heavens  where the Sun comes to 

his greateft Height, or North Declination, and call 
thole the ealt and wefi points of their Horizon, 
which are yo degrees on each fide from that  point 
where the Horizon is cut by the Meridian Line, 
thcfe inhabitants will have the following reinark- 
able appearances. 

The Sun will rife 228 degrees” north of the 
cafi, and going on I I 2:  degiees, as meahred on 
the plane of the j- Horizon, he will crofs the Mc- 
Tidian at an  altitude of 123 degrees; then making 
an entire revolution without retting, he will crofs 
i t  again at an altitude of 48-i degrees ; at rhc 
next revolution he will crok the Meridian as he 
coma t(i his greateft height and declination, at tho 

* n d ~ t  

tion. 
Declina- 

mine the 

becr YClCI. 

* A Degree is a 360th part of any Circle. 
t The limit of any inliabitant’s view, where thc Sky f c m c  

See 5 2 1 .  

to touch the I’lanct all round him. 
altitude 
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altitude of 75 degrees 5 being then only I 5 degrces StrrpriCng 

nppearnmcc~ 
from the Zenith, or that point of the Heavens at  her Pole#. 
which is direCtly over head: and thence he will 
defcend in the like fpiral manner; crofiing the 
Meridian firfi a t  the altitude of 48; degrees; next 
at the altitude of 124 degrees; and going,on thence 
x 12i degrees, he will kc 22; degrees north of the 
weit; To that, after having been 4; revolutions 
above the Horizon, he deicends below it to exhi- 
bit the like appearances at the South Pole. 

35. At each Pole, the Sun continues half a year 
without fetting in lummer, and as long without 
tifing in winter ; conlequently the polar inhabit- 
ants of Venus have only one day and one night in 
tbe year; as it is a t  the Poles of our Earth.  But 
the difference betwecn the heat of Cummer and cold 
of winter, or of mid-dlly and mid-night, on Ve- 
nus, is much greatcr than on the Earth : becadtt 
on Venus, as the Sun is for half a year together 
above the Horizon of each l-’ole in its turn,  fo hc 
i s  for a confiderable part of that time near the Ze- 
nith 8 and during the other half of the year always 
below the Rorizon, and for a great part of that 
time at leaR 70 degrees from ic, Whereas, at thc 
Poles of out Earth, although the Sun is for half a 
year together above the Horizon ; yet he never af- 
ccnds above, nor delcends below it, more thaii 23: 
degrees. When the Sun is in the EquinoBial, or 
in tha t  Circle which divides the northern half of 
thc Heavens froin the fouthern, he is ken with 
one half of his Difc above the Horizon of the 
North Pole, and the other half above the Horizon 
of the South Pole J fo that his center is in the Hori- 
zon of both Poles : and then defccnding below the 
Horizon of one, he afcends gradually above that 
of the other, Hence, in a year, each Pole has one 
ipring, one autumn, a fummcr as long as them 
hoth, and a wiiiter equal in length to the other 
*ret fcafons, 

36, At 
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A t  herpa- 36. At the Polar Circles of Venus, the feafons 

are much the fame as ac the Equator, becauk 
there are only 15 degrees between them, § 3 1  ; 
only the winters are not quite To long, nor the 
furnmers To ihort : but the four kafims come twice 
round every year. 

37. At Venus’s Tropics, the Sun continues for 
about fifteen of our weeks together without fetting 
in  fummer ; and as long without rifing in winter. 
While he is more than  15 degrees from the Equa- 
tor, he neither riCes to the inhabitants of the one 
Tropic, nor rets to thole of the other : whereas, 
at our terreitrial Tropics, he rifes and fets every 
day of the year. 

38. At Venus’s Tropics,, the Seafons are much 
the fame as a t  her Poles; only the fiimmers a r e 3  
little longer, and the winters a little ihorter. 

39. At her Equator, the days and nights arc 
always of the fdme length; and yet the diurnal 
and noRurnal Arclies are very different, efpecially 
when the Sun’s t lccl in~rion is about the great& : 
for then, his intxidim altitude may Cometimes be 
twice as great as his midnight depreflion, and at  
other times the rcverk. When the S L I ~ I  is at  his 
greatelt declin c t h t i ,  eitlicr north or fouth, his 
rays are as obliqoc at Vrnus’s l!qwtor, as they 
are a t  Lowdon on the ihorrelt day of winter. 
Therefore, at  her 1l:quacor there are two winters, 
two fummers, t w o  {pings, a d  two autumns every 
yesr. Bot bec.irife the Sun flays for fonic time 
near the ’Tropics, and p~I1t.s To quickly over the 
Equator, every winter thtre will be allnoit twice as 
long as fumtner : the four feafons returning twice 
in that time, which confills only of 95 days. 

40. I’hofe parts of Venus which lie between the 
Poles and ’l’royics, a n d  between the ’I>opics and 
Polar Circles, and alfo between the Polar Circles 
and Equator, partake more or lek of the Pheno- 
mena of thoie Circles, as they are inore or l& diG 
tant from them. 

41. From 

lar Circles. 

At  her 
Tropict. 

At her 
Equator. 
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41. From the quick change of the Sun's decli- Gtertd i&.  
rcncc o f  ;tu 
Sun's am- nation it happens, that  if he rifes due eilfi on any 

day, he will not t;t drrc weR on that  day, as with pl l tu+rt  

u s  ; for i f  the place where he riks due e d l  be on ;;ft;";nd 

the Equitor, he will l2t on t h a t  day alrnolt weit- 
1iorth.wdt;  o r  about 18: drgrecs north of the 
wefi. Hiit i f  the place be i n  45 degrees north lati- 
tide, then on the d a y  that  the Sun rife3 due eaIt 
he will fct north. welt by wefi, or 33 degrc'cs north 
of the welt. And i n  62 degrees north latitude, 
when he riks in the edt ,  he fets not in t h a t  revo- 
lution, but jurt touches the Horizon I O  degrees to 
the weft of the north point: and afcerids again, 
aontinuing for 34 revolutiox above the Horizon 
without ietting. Therefore no place has the fore- 
noon and afternoon of the fame day equally long, 
unleCs it be on the Equator, or at the Poles. 

t ~ L j  42. The  Stin's altitude at noon, or anv other Thelongt- 
& n e  of the day, and his amplitudc at rifing and $~~f,,fi,t 
retting, being very different at places on the fame folatld in 
parallel of latitude, according to the different Ion- 
gitudes of thofe places, the longitude will,be almoR 
as eafily found on Venus, as the latitude is found 
on the Earth : which i s  an advantage we can n e w  
have, bccaufe the daily change of the Sun's decli- 
nation is by much too h a l l  for that important 
purpofe. 
43. On chis Planet, where the Sun croEes the Her Equi- 

declination from char place on the tame day and dry forward 

hour next year; and will crofs the Equator go de- c v r r ~ y e n r *  

grecs farther to the wefk; which makes t h t  time 
of the'Equinox a quarter of a day (or about fix of 
our days) later every year. Hence, although the 
fpiral in which the Sun's morion is performed bc 
of the famc fort every year, yet it will not be the 
very fame, becaufe the Sun will not pafs vertically 
over the fame places till four anrrual revolutions 
arc* finiihtd, 

n o m  Lift 4 
Equator in any year, he will have 3. degrees of quarter of 8 

C 44 Mfa 
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Every 44, We may fuppofe that the inh~hitnnts af 
L faunhyear lrnp yerr Venus will be carrful to add a day to lornie par- 
toVenus. ticular part of eve] y fourth year j which will keep 

the fame Ciafan\ to  he htne d ~ y s .  For, a s  the 
great arrnual change of the Equinoxes and Solltices 
fliifts the ieafons a qudrter of a d ~ y  every year, 
they would be fliifcccl through all the clays of the 
year in 36 y e m .  But by means of this inter- 
calary day, every fourch year will be a leap- year ;  
which will bring her time to an even reckoning, 
and keep her Calendar alwags right. 

45. Venus’s Orbit is inclined 3 degrees 24 mi- 
nutes to the Earth’s ; and crolies it i n  the 15th de- 
grce of Gemini aiid of Sagittarius j and therefore, 
when the E a r t h  i: about there points of the Eclip- 
tic at the time that Venus is in her inferior conjunc- 
tion, fht will appear like a ipot on the Sun, and 
afford a more certain method of finding thedifiances 
of all the Planets from the Sun, than any other yet 
known. But there appearances happen very frl- 
domj and will be only twice vifible at  London for 
one hundred and ten years to come. The fir& 
time will be in 1761, June the 6th, in the morn- 
ing; and the fecond in 1769, on the 3d of June 
in cbe evening. Exceptir!g fuch Traniirs as there, 
f i e  hews the fame appearances to us regularly 
every eight years ; her ConjunRions, Elongations, 
and Times of rifing and retting, being very nearly 
the idme, on the tarne clays, as before. 

s h e m a y  46. Venus may have a Satellite or Moon, al- 
have Maon, a rl-  though it be undifcovered by us : which will not 
t h ~ ~ u ~ l i  w m  appear very furpiifing, i f  we confider how incon- 
ranir*[fee 11. venientIg we are placed for feeing it. E’or its en- 

lightened fide c m  never be fully turned toward 
us, but when Venus is beyond the Sun ; and then, 
as Venus appears little bigger than an ordinary 
Srar, her Moon m a y  be too lmall to be perceived 
at fuch a diftance. When fhe is between us and 
the Sun, her full Moon has its dark fide toward 
us; and t h a n  we cannot I re  i t  a n y  more than we 
can out own Moon at the time of Change, When 

Venus 

WhenW 
w ~ l l  appcdr  
on thc bun, 
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&nus is at her geateR Elongation, we have but PLATE I. 
one half of the enlightencd fide of her Full Moon 
towards us ; and even thcn it may be too far diRant 
to be feen by 11s. But if fic have a Moon, it may 
certainly be feen wikh her upon the Sun,  in the year 
r761 : unlefs its Orbit be confiderably inclined to 
the Ecliptic : for if it t'hould be i n  conjunRion or 
oppofition at that tirnt, we can hardly imagine that 
i t  moves fo flow as to be hid by Venus all the fix 
hours chat fie will appear on the Sun's DiCc *. 

in  the Syftem. 
the Sun, and goes round him, in the circle $, in 
365 days 5 hours 49 minutes, from any Equi- 
nox or,SolRice to the fame again; but from any . 
fixed Star to the fame again, as ken from the Sun, 
i n  365 days 6 hours and 9 minutes ; the former Itr dtmd 
being the length of the Tropical year, and the 'nd mutton. ann"a1 
latter the length of the Sydereal. It travels at 
the rate o f  53 rhoafidnd miles every hour; which 
motion, though 120 times Cwifter t h a n  that of a 
cannon-ball, is little more than half as fwift as 
Mercury's motion in his Orbit. T h e  Earth's dia- 
meter is 7970 miles; and by turning round its 
Axis every 24 hours from Weft to Eatt ,  it caufis 
an apparent diurnal motion of all the heavenly 
Bodies from EaR to WeR. By this rapid motion 
uf the Earth on its Axis, the inhabitants about 
the Equator are carried 104.2 miles every hour, 
while tbnfe on the parallel of London are caried 
only about 580, befidcs the 58 thouland miles by 
the annual motion above-rnentioncd, which is com- 
mon to all places whatever. 

degrees with the Axis of its Orbit and keeps 
always the fame ob!iquc dirdtion : inclining to- 

47. T h e  EARTH is the next Planet aboveVenus Thehtbi  
It is 8 2  millions of miles from ~ i g . ~ .  

48. The Earth's Axis makes an angle of 234 Inclination 

g Both her trantts ,arc over finte this was written, and no 
htdlite WRI reen with Venus on the Sun's Difc. 

c 2  ward 
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ward the fame fixed Star *throughout its annual 
courfe, which caufes the returns of Spring, Turn- 
mer, autumn, and winter; as will be explained at 
large in the tenth Chapter. 
49. T h e  Earth is round like a globe; as ap- 

pears, I. Ey its ihadow in Eclipfes of the Moon; 
which fhadow is always bounded by a circular line, 
0 314. 2. By our  ieeing the malts of a f i ip  while 
the hull is hid by the convexity of the water. 
3. By its having been failed round by many navi- 
gators. T h e  hills take off n o  more from the round- 
rlefs of the Earth in coinparifon, than grains of duR 
do from the roundnefs of a common Globe, 
50. T h e  feas and unknown parts of the Earth 

(by a mealurement of the befi Mays) contain 160 
million 522 thoufhd and 26 fquare miles; the 
inhabited parts 38 million 990 thoufand 569: 
&ope 4 millions 4.56 thoufand and 6 5 ;  A/ia IO 
million 768 thoufand 8233; Africa 9 million 654 
thoufand 807; America 14 million I I O  thoufand 
$74. In  all, 199 million 5 1 2  thoufand 595; 
whk& ja the number of fquare miles on the whole 
furfacc of our Globe. 

Thcpro. 51. Dr. LONG, in the firlt volume of his Ailroc 
w l o n  Of nomy, p. I 68, mentions an ingenioiis and eafy me- 
land and TCI. thod of finding riearly what proportion the land 

bears to the lea; which is, to take the papers of a 
large terreltial globe, and after reparating the land 
from the fea wi th  a pair of fcirars, to weigh them 
carefully in kales. This  fuppoks the globe to be 
txadly delineated, and the papers all of equal 
thicknefs. T h e  doAor made the experiment on 
the papers of Mr. SENEX’S fevenceen-inch globe j 
and found that the ka-papers weighed 349 grains, 
and the land only 124: by which it appears that 

~ p r a o f o f  

round, 
its being 

. 
11’ n m b c r  
of fquare 

% This is not Rri&ly true. as will appear when we come to 
treat of the Kecefion of tho BquinoOial Point8 in the Hervcns, 
0 246 ; which recefion is equal to the deviation of the liartb’r 
Axis from its parallelirm; bot this i s  rather too fmall to be 
fenlible in an age, except to thofe who make very nice obfcr- 
vuiono. 

rlmoR 
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4moR three-fourth parts of the furface of our Earth 
between the Polar Circles are covered with water, 
and that little more than one-fourth is dry land. 
T h e  Dottor omitted weighing ail within the Polar 
Circles ; becaufe there is no certain meafurernent 
of the land within them, io as to know what  pro- 
portion i t  bears to the fea. 

lite or Atrendant of the Earth;  going round the 
Earth from Change to Change in 29 days 12 hours 
and 44 minutes ; and round the Sun with it every 
year. l ‘he Moon’s diameter is 2180 miles; and 
her difiance from the Earth’s center 140 thoufand. 
She goes round her Orbit in 27 days 7 hours 43 
minutes, moving about 2290 miles every hour ; 
and turns round her Axis exaRly  in the time that 
ihe goes round the Earth, which is the rearon of 
her keeping always the l ime fide toward US, and 
that her day and night taken tosther  is as long as 
our lunar month. 

53. The Moon is an  opaque Globe like the 
Earch, and Chines only by rdkding  the light of 
the Sun: therefore, whilr that half of tier which is 
towards the Sun is enlightened, the other half muR 
be dark and invifible. Hence, f ie  difappears when Herphrkr. 
ihe comes between us and the Sui); becaufe her 
dark fide is then toward tis, When f ie  is gone 
a little way forward, we k e  a little of her enlight- 
ened Iide: which fidt incrcafcs to ou r  view, a5 he 
advances forward, until he coities to be oppolite 
to the Sun ; and then  her whole enlightened Gde is 
toward the E a r t h ,  and the appears with a round 
illumined Oib, which we call the Full Moonj her 
dark fide being then turned away from the Earth,  
From the Full ihhe feems to decreafe gradually $3 
fie goes through the other half of her courki h e w -  
ing us leis and lek of her enlightened fide every 
day, till her next change or conjunction wirli the 
Sun, and then ihe difipprars 11s bcfore, 

c3 54. This 

52. The MOON is not a Planet, but only a Satel- The Moor 
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A p r r d t h a b  54, This continual change of the Moon's phafiiq 
n o t h g h e r  demonftratrs t h i t  f ie  kines not by any light of 
oweligbl. her own; for if f i e  did, being globular, we korild 

always fee her with a round full Orb like the Sun. 
H e r  Orbit is rrpreknted in the Scheme by the 
little circle m, i)poti the Earth's Orbit @: but it 
is drawn fifty times too Ia-rgr in  proportion to the 
Farth 's  ; and yet is dlrriol'r too liriall to be k e n  in 
the Diagram. 

d n c  halfof 55. 'The Moon hiis fcarce a n y  d;ffcrence of rea- 
fons ; her Axis beirl;: almoli perpendicular to the 

Cd. Ecliptic. What is veri' h g u l a r ,  one half of her 
has 110 darknds at a11 ; tlie 1Sarth confiantly afford- 
ing it a itroiip; light in the Son's abfence; while 
tkc other half i m  a fortnight's darknefs and a. fort- 
night's light by turns. 

56. Our t4::irth is a Moon to the Moon, waxing 
ttld waneing regularly, but appearing thirteen times 
as big, and afFording her thirteen times as much 
light, a b  flit docs to us. When h e  changes to us 
the E a r t h  appears full to her ;  and when Ihe is in 
her f i t I t  quarter to us the Ear th  is in its third quar- 
ter to her; and vice ver[d. 
57. But from one half of the Moon, the E a r t h  

is never ken  at all : from the middle of the ocher 
half, it io always k e n  over head 5 turning round al- 
moft thirty times as quick as the Moon does. 
From the circk which  limits our view of the M~OOD, 
only one half  of the Earth's f i e  next her is reen4 
the other half bring hid below the Horizon of all 
places on that circle. To  her, the Earth feema to 
be the biggcft body in the Univerfe j for it ap- 
pears thirteen times as big as ihr docs to us. 

58. The  Moon has no Acrnofphere of any vifi- 
blc denfity fur rounding  her as'we have : for if he 
had, we could nrwr fee her edge $0 weU defined 
as it appears ; but there would be a fort of a miR 
vr hazinefs around her, which would make th6 

tt,eMoon., Stars look fainter, when they a r e  ken throu h it, 
b4ving no But obfervatioa proves, that the Stars whiqh ifap 
lylic:q 

&he. Ihlf1.l 

F b l *  

bcr a lwiyr  
cnli&htcn. 
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pear behind the Moon, retain their full lube until 
they feem to touch her very edge, and then they 
vanifh i n  a moment. This has been often obferved 
by Afiron:mrrs, but partictilatly by CASSINI of 
the Star v in  the breafi of Virgo, which appears 
iingle and rowid to the bare eye; but through a 
refraaing Telefcope of 16 feet appears to be two 
Stars To near together, that the difiance between 
them kerns ro be but equal to one of their appa- 
rent diameters. T h e  Moon was obrcrved to pafs 
over them on the 2 r f i  of April, 1720, fl. S. and as 
her dark edge drew near to them, it caufed no 
change in their colour or fituation. A t  25 min. 
14 ktc. paR 12 at night, the moR wefierly of there 
Sears was hid I>y the dark edge of the Moon: and 
i n  30 feconds atrerward, the rnofi eaficrly Star was 
hid : each of them difappearing behind the Moon 
in an infiatit, withour any preceding diminution 
of magnitude or brighrnefs; which by no means 
could have been the cafe if there were an Armo- 
fpherc round rhe Moon; for then, one of the Stars 
falling obliquely into it before the ocher, ought by 
refrattion to have f'uffcred foine change in i ta  CO- 
lour, or in its ditlance from the other Star which 
was not yet entered into the Atmofphrre. B u t  no 
filch alteration could be perceived, though the ob- 
fiervation was performed with the utmoit attention 
to that particular; and was very proper to have 
made fuch a difcovery. ?'he faint light, which has 
been reen all round the Moon, in total Eclipfes of 
the Sun, has been obferved, during the time of 
darkners, to have its center coincident with t h t  
center of the Sun; and was therefore much mbre 
likely to arife from the Attnofphere of the Sun, 
than from that  of the Moonj for if it had been 
owing to the latter, its center would have gone 
along with the Moon's. 

have no clouds, rains, nor itorms, as we have; 
pecqufc Qe has no Cuch Atmofphcrc to Cuppore 

59. I f  there were feas i n  the Moon, fie C O U I ~ N ~ ~ ~ ~ ~ I ~  

C 4  the 
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the vapaurs which occafion them. And every one 
knaws, that when thehMoon is above our Horizon 
in the night-rime, ihc is vifible, unlefs the clouds 
of our Atmoiphere. hide her from our view 3 and 
all parts of her appear confiantly with the fame 

But  thofe dark 
parts of the Moon, which were formerly thought 
to be feas, are now found to be only vaR deep 
cavities, and places which reflet3 ,not the Sun’s 
light fo ttrongly as others, having many caverns 
and pits, whore fhaadows fall within them, and are 
always dark on the fide next the Sun ; which de- 
monflrates their being hollow : and moft of thek 
pits have little knobs like hillocks itanding within 
them, aiid cafling fhadows alfo ; which caufe thefe 
places to appear darker than  others which have 
fewer, or leis remarkable caverns. Ail there ap- 
pearances h e w  that there are no feas in the Moon 8 
for if there were any, their furfaces would appear 
fmooth and even, like thok on the Earth. 

rlwsyl ThrSt*rs@ v i -  bo. There being no Atinofphere about the 
fibletorb. Moon, the heavens in the day-time have the ap- 
Moon* pearance of night to a Li inal ian who  turns his 

back towards the Sun; and when he does, the Stars 
appear as bright to him as they do i n  the night to 
us. For, it is entirely owing to our Armolpherc 
tha t  the Heavens are bright about us in the day. 

61. As the Earth turns  round its Axis, the 
fcveral continents, fcas, and iflantls appcar to the 
Moon’s inhabitants like fo many fpots of different 
forms and brightners, moving over i ta  lurface 8 
but much fainter a t  lome time than  others, as our 

Thctrr tb  clouds cover them or leave them. By thefe rpots 
* Dialto the Lundrians can determine the time of ihc 

Earth’s diurnal motion, juR as we do the motion 
of the Sun ; and perhaps they mtafure their time 
by the motion of the Eatth’s fpots; for they can- 
not have a truer dial. ..Js 

62. The  Moon’s Axis is io nearly perpendicular 
to the Ecliptic, that the Sun never removes Ten- 

, fbly 

Shcirful l  clear, fcrene, and calm afped. 
anddeep 
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of cavcina 
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fibly from her Equator : and the * obliquity of PLATB I. 
her Orbit, which is next to nothing as leen from 
the Sun, cannot caufe the Sun to decline h f i b l y  
from her Equator. Yet her inhabitants are not ~ ~ ~ ~ h .  

their year, though their mcthpd and ours mufi the length 
diEer. 

r by the return of our Equinoxes5 but the 
Enarians, having always equal day and night, 
muil have rccourfe to another method; and we 
may Cuppole, they mearure their year by obrerving 
when either of the Poles of our Earth begins to 
be enlightened, and the other to difappcar, which 
is always ac our Equinoxes; they being convc- 
niently ficuated for obferving great tracks of land 
about our Earth’s Poles, which are entirely un- 
known to us. Hence we may conclude, that the 
year is of the fdme abfolutc Icngth both to the 
Earth and Moon, tlrough very difkrent as to the 
riumber of days : we having 365t natural days, 
and the Lunarians only 1 2 ~ ? ~ ;  every day and  night 
in the Moon being as long as 294 on the Earth, 

6;. The Moon’s inhabi ta rm on the We next radtbrton. 

the Earth may as cafily find the longitude of their $:s:,rf, 
places as we can find the latitude of ours. For 
the Earth keeping conttidy, or very nearly fo, 
over one Meridian of the Moon, the eafi or w r i t  
diltances of places froin that Meridian arc as eafily 
found, as we can find our diltance from t& 
Equator by the Altitude of our celeRia1 Poies. 

the firR above the Earth’s Oibit. His difiance 
from thc Sun is computed to be 125 million of 
miles; and by travelling at chc rate of 47 thou- 
rand miles every hour, in  the circle d # he goes F i i .  I. 

L U n W h #  
deflitute of means for afcertsining the length of may k n o r  

For we can know the length of O U F ; ~ : ~ ~ *  

T 

64. The Planet MARS is next in order, being wn, 

* The Moon’s Orbit croffes the Ecliptic in two oppofito 
points, called the Moon’s Noder; CO that one half of har 
Orbit ir rbove the Eclipk!, and the othar half below it. The 
Angle of it# Obliquity in sp dcgtm8. 

round 
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round the S u n  in 686 of our days and 23 houn 
which is the length of his year, and contains 6673 
of his days; every day and night together being 
40 minutes longer than  with us. His diameter is 
4444. miles, and by his diurnal rotation the inha- 
bitants about his Equator are carried 556 miles 
every hour. His  quantity of light aiid heat is 
equal but to one halfof ours; and the Sun a p p d  

” Gj. This planet being but a fifth part To big as 
the Earth, if any Moon attends him, it mufi be very 
fmall, and has not yet  been dircovered by our b e e  
telefcopes. H e  is of a fiery red colour,. and by his 

 is Atmo- Appulks to fome of the fixed Stars, frcms to be 
:tL,an” encornpalTed by a very grofs Atmofphere. He ap- 

pears lometimes gibbous, but never horned; which 
both h e w s  that his Orbit includes the Earth.‘s with- 
in it, and that he fhines not by his own light. 

66. T o  Mars, our E a r t h  and Moon appear 
like two MOOIH, a bigger a n d  a le&: changing 

laces with one another, and appearing Cometimes 
Eorncd, fomctimes half or three quarters illumi- 
nated, but never f u l l ;  nor at moR above one 
quartet of a degree from each other, although they 
are 240 thoufmd miles afunnder. 

67. Our Earth appears aImoR as big PO Mars 
as Venus docs to us, and at Mars it is never feen 
above 48 degrees from the Sun;  fometimes it 
appears to pafs over the Difc of the Sun, and io 
do Mercury and Venus: But Mercury can never 
be feen from Mars by fuch eyes as ours, unalliited 
by proper inftruments; and Venus will  be as Til- 
dom Cecn as we fee Mercury, Jupiter and Saturn 
are as vifible to Mars as to us. His Axis is per- 
p ~ d i c u l a r  to the Ecliptic, and his Orbit is inclined 
to it in an anglc of i dcgrec 50 minutes. 

but half ds big to him as to us, l ,T 

Wowthe 

t o ~ a 1 8 .  

other Pia- 
net1 appear 

Juplttr. 0 8 .  JUPITER, the biggeit of all the Planets, is ail1 higher in the fy f i~m,  king about ,426 mil- 
lion of miles from the Sun : a d  ping at the rate 

4 of 
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OF 25 thoufand miles every hour in h i s  Orbit, PLATE 1. 
which is repreknttd by the circle Y 
his annual period i n  eleven of our years 314 days 
and 12 hours. He is above 1000 t i k e s  as big. as 
the Earth,  for his diniiieter is 8 1,000 miles ; w h ~ h  
is more t h a n  ten t imes  the diameter of the Earth. 
69. Jopicer twm round his Axis in 9 /hours 56 Thenun- 

minutes; f’ that his year contains IO thoufantl inhirye=, 
470 days ; and the diurnal velociry of his equato- 
rial parts is greater than the hiftntfs with which , 
hc move9 in his annual orbit ; a Gngular circum- 
fiance, as far as we know. By this prodigious 
quick Rotation, his equatorial inhahirants are car- 
ried 25 thoufand 920 miles every hour (which is 
920 miles a hour more rhan an inhabitant of our 
Earth’s cquacar mows in twenty-four hours) be- 
fide the 25 thoufand above-mentioned, which is 
common to all parts of his furface, by his annual 
notion A 

30 70. Jupiter is furrounded by faint fubltances, Hi8 Behr 
called Belts, in which lo many changes appeacLMdr*- 
that they are generailv rkought to be clouds; for 
fome of them have been f i r i t  intcrrupted and bro- 
ken, and then have vnnirhed entirely. T h e y  have 
fomecirnes been obkrved of ditferent breadths, and 
afterward have all become nearly of the famc 
breadth. Large fpots htrvc, been ken i n  thcfc 
Belts 5 and when a Belt vanilhea, the contiguous 
fpots dirappear with it. The broken ends of fome 
Belts have been generally obferved to revolve in 
the time wkh the fpocs: only chafe nearer 
the 14:quacor i n  fornewhat lefs time than chafe near 
the P01t.s ; perhaps on account of rhe Sun’s greater 
heat ncar the Equator, which is parallel to the 
Belts and cot~rfi of die f p o ~ .  Several large fpots, 
which appear round at one time, grow oblong by 
degrees, and then divide into two or three round 
fpogt,. The periodi,c,cJ time of the fpots ncar the 
Equator i s  q hours sa minutes, but of there ncac 
the Poles g hows 56 minutes, See Dr, Siwrir’s 

71, The 

M e  finikesiigaf* 
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kr,,,n,i 
71. The Axis of Jupiter is fo nearly perpendi- 

cular to his Orbit, that  he has no fcnfible change 
of feafons ; qhich is a &eat advantage, and wifely 
ordered by the Author of Nature, For, if  the 
Axis of this Planet were inclined any confiderable 
number of degrees, ju f i  fo many tfcgrees round 
each Pole would in their turn be almolt fix of our 
years together in darknek And, as each degree 
of a great circle on Jupiter contains 706 of our 
miles at a mean rate, ic is edfv to judge what  vaR 
tracks of land would be rcntlered uninhabitable by 
any confiderable inclimeton of his Axis. 

72. The  Sun  appcw but ?Igth part fo big to 
Jupiter as to us; and his light and heat are in the 
fame fmall proportion, but cornpenfated by the 
quick returns thereof, and by four Moons 
bigger and fome lefs t h a n  our Ear th)  whicv? 
volve about him: fo that thrre is fcarct any part 
of this huge Planet but what is during the whole 
night enlightened by one or more of there Moons, 
except his Poles, whence only the fartheit Moonlo 
can be ken, and where light is nbt there wanted, 
becaufe the Sun conltnntly circulates in or near rhc 
Horizon, and is very probably kept in view of 
both Yoles by the refraltion of Jupiter's Atmo- 
$here, which, if  it be like ours, has certainly re-! 
fradive power enough for t h a t  purpufu. 

73. l h e  Orbits of thek Moons are reprefenred 
in the Scheme of the Solar Syfteni by four fmnll 
circles marked I ,  9, 3, 4, on Jupiter's Orbit y j  
but they are drawn fifty tirnes too large i n  prapor- 
tion to it. T h e  f i r l t  Moon, or tha t  neareft to 
Jupiter, goes round him in I day 1 8  hours and 36 
minutes of  our' time j and is 229 thoufand miles 
dillant from his center : The  ficond performs its 
revolution in 3 days  13 hours and 15 minutes, 
at 364 thoufand miles drfiance: 'I'he third in 7 
days 3 hours and 59 minutes, at the diRance of 
5 8 0  thoufmd miles: And the fourth, or outer- 
molt, in 16 days 18 hours and 30 minutes, at the 
difiance of one million of miles from his center. 

74. The 

shanp of 

bathactour 
M O J ~  

n e i r p e -  

fvplur, 
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74. The Angles under which the Orbits of Ju- ~ i r n ~ l r x a t  

difiance from Jupiter, are as follow : T h e  firfi, di(tancc8 

3' 55"; the ferond, 6' 14."; the third, 9' 58"; and ~ ~ ~ j ' ~ i -  
the fourth, 17' 30''. And their diltances from 
Jupiter, meaiured by his femidiametrrs, arc thus : 
T h e  firtt, 5;; the fecond, 9 ;  the third, 14;; ; and Howhrrp- 

the fourth, 25;; *. This Planer, ken from its 
nearell Moon, appears 1000 times as large as our Moon- 
Moon does to us i waxing and wancing in all her 
monthly ihapes, every 42% hours. 

.1' 75. Jupiter's three neareit Moons fall into his ~~~~m 
hadow, and are eclipfed i i i  every Revolution : but ~~JUe. ; )$& 
the Orbit of the four.th Moon is To much inclined, E c l i p f r r d  
that it paKes by its oppofition to Jupiter, with- Ggtp 
out falling into his ihadow, two years in every fix. 
By there Eclipfes, Altronoiners have not only dif- 
covered that the Sun's lighr takes up eight minutes 
of time in coming to us ; but they have alfo deter- 
mined the longitudes of places on this Earth with 
greater certainty and facility, than by any other 
rnethod yet known; as hall be explained in t h e  
eleventh C t i  aptrr. 

thcii Or- 
piter's Moons are ken from the Earth, a t  its mean bits, and 

pear0 l o  him I 

. 

76. 'The difference between the Equatoria1,and T h e  anit 

equatorial diameter is to his polar, as 13 to 12. Equ*rorial 

than his Equator is. 
motion rouiid his Axis; for thc fluids, together 
with the light particles, which they can carry or 
wofh away with t h m ,  recede from the Poles which 
art at reit, toward the Equator where the motion 
is quickefi, until there be a iufficirnt number ac- 
cumulated to make u p  the dcficicncy of gravity 
loit by the centrifugal force, which always arifrs 
from a quick motion round an axis : and when the 
deficimcy of weight or gravity of the particles is 
made up by a iufficient accumulation, there is an 

di Fenncr 
Polar diameters of Jupiter is 6230 miles ; for his between the 

So that his l'des arc 31 1 5  miles nearer his center d imietrr~ of 
and I'alar 

'This reliulrs from his quick Jvitw- 



No&. 

Sawn. 

piL, r. 

Hb Ring. 
Big, v. 

PLATE 1. eqtrilih=ium, and the equatorial parts rife no higher, 
T h e  diff r. Our Ear th  being but a very h a l l  Planet compared 
in tholeof to Jupiter, and its motion on its Axis being much 
our Euch. flower, it is Ids flattened of courfe ; for the differ& 

ence between its equatorial and polar diameters is 
only as 230 to 229, namely, 36 miles *. 

77. Jupiter’s Orbit is inclined to the Ecliptic 
in an angle of I degree 20 minutes. His  afcend- 
i n g  Node is in the 8th dearce of Cancer, and his 

a n t e  little 

maceof hi# 

defcending Node in the Scuh degree of Capricorn. 

78. SATURN, the remotell of a11 the Planets t, 
is about 780 million of miles from the S u n j  and, 
travelling at the rate of 18 thoufand miles every 
h u t ,  in the circle marked 6, performs its an-, 
nual circoic in 29 years 167 days and 5 hours of 
oor t h e :  which makes only one year to that Plab 
net:, Its diameter is 67,000 miles t and therefore 
it is near 600 times as big as the Earth. 

79. This Planet i s  furroundcd by a thin broad 
Ring, as an  artificial Globe is by an Horizon. The 
Ring appears dauble when ken through a good 
teldcope, and is rcprefented, by the figure, in fuch 
an oblique view as it is generally feeen. It is  in- 
clined 7 0  degrees to the kkliptic, and is about 21: 
thouland miles in breadth; which is equal to its 
diRance from Saturn on all Licks, There is reafon 
to believe that the King turns round its Axis, be- 

* According to the French meakires, a Drgrcc of the Me- 
ridian at the Equator contain, 34~606.68  French Feet: and 
a Degree of the Meridian in  Lapland contain8 344627.40 t 
fo that a Degreo in Lapland ie 4020.72 Prcnch f e e t  (or 

2 8 0  02 Englih Feet) longer than a Degree at the Equrtor. 
h e  differrnct. is :<*(. parts o f  an Englilh Mile.-Hence, the 
Earth’s Equatorial Diameter contains 39 861 96 Prehch Feet, 
or $1926356 Englilh; and the Polar hameter  g20ZgPO 

Diameter is 19soil+ Englifh Feet, or 36.948 anglifh Milci, 
longer than the Axis. 

t Thc Georgian Planet was not diicovcted when t h t  w t i  
wri ttcn, 

French Feet, or 4 1 7 3 1 2 7 2  Englilh. So that the d quatorial 

culre, 
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emtie, when it is almoit edgc-wife to us, it PppcarS PLATE I. 
fornewhat thicker on one fide of the Planet than oti 
the other 6 and the chickeft edge has been ken on 
different fides at different times *, Saturn having 
no vifble f ots on his body, whereby to determine 
the til ne o P his turning round his Axis, the length 
of hir days and pighta, snd .thd polition of his 
Axis, are unknown ro us t. 
fo big as to 11s; and the light and heat he receives 
from the Sun are in the fame proportion to ours. 
Bot to compenfate for the h a l l  quantity of fun- 
light, he has five Moons, all going round him on 
the outfide of/& Ring, and nearly in the fame 
plane with k.()The firit, or neareR Moon to Sa- 
turn, goes round him in I. day 21 hours 19 mi- 
nutes ; and is 140 thourand miles from his center: 
The fecond, in 2 days 17 hours 40 minutes; at 
the diltdcc of 187 thourand miles : The third, in 
4 days RS hours 25 minutes; at 263 thourand miks 
difiance: T h e  fourth, in 15 days 22 hours 41 mi- 
nutes ; at the diRance of 600 thourand miles : And 
the fifth, or outerrnoit, at one million $00 thou- 
fand miles from Saturn's center, goes round him in 
79 days 7 hours 48 minutes $. Their Orbits in  PI^, r, 

the 

80. T o  Saturn, the Sun ap d y  &th parr 'Hi8 fire 

Dr. Hcrfchel from fome fpdts he lirs fcen on the exterior 
Ring, has determined that it revolves in about io# hours, 
t Dr. Herfchel having difcovercd that thcrc are Come beIt- 

Hko appearancea on this Planet, fimilar to thofe which are fecn 
on Jupiter, concluded that it muR revolve on its Axit. and that 
with a pretty quick motion. He alfo think8 he has determined, 
from fome parts of thofe Belts which ate lefa black than others, 
tbrt this Revolution is erformed in I O  hours 16 minuter. 

1 Dr. HerCchel ha8 &covered two other Moons belonging 
to Saturn, which revolve between the nearell of the old one# 
and the Planet; To that Saturn ia  now known to have h e n  
M y n a .  The exterior of the new Satellites, callrd the fixth, 
revolver at the diltance of near I a 0  thourand milts, i n  I day 8 
houri 5 3  minutes; aad that which is neareR the Primary, 
termed the feventh, is dillant from it about 91 thourand miles, 
and performs Its revolution in 2 2  hour3 37 minuter : but th8 
Dodtor cRccms thin lalt article rather uncertain. He ha* more- 

over 
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the Scheme of the Solar SyRem are reprelented by 
the five finall circles, marked I. 2. 3.4. 5. on Sa- 
turn’s Orbit; but there, like the Orbits qf the other 
Satellites, are drawn fifty. times too large in propor- 
ion to the Orbits of their Primary Planets, *I 8 I. T h e  Sun fhines almoit fifteen of our years 

together on one fide of Saturn’s King without fet- 
ting, and as long on the ather in its turn. So 
that the Ring is vifible to the inhabitants of that 
Planet for almoft fifteen of our years, and as long 
invirtbie by turns, if ite Axis has no inclination to 

His A x i l  its Ring : but if the Axis of the Planet be inclined 
p b a b l y  rnclmcd to to the Ring, liippoTe about 30 degrees, the Ring 
bia King, will appear and dilappear once every natural day to 

ail the inhabitants within 30 degrees of the Equa- 
tor on both fides, frequently eclipGng the S u n  in 
a Satarnian day. Moreover, i f  Saturn’s Axis bc 
io inclined to his King, it is perpendicular to his 
Orbit; and thereby the iricunvenience of different 
fedions to that Planet is avoided. For confidering 
the length of Saturn’s year, which is almofi equal 
to thirty of ours, whara dreadful condition mu& 
the inhabitants of his Polar regions be in, if they 
be half t ha t  time deprived of rhc light and heat of 
the S u n  ! which is nbt their cafe alone, if  the Axis 
uf the Planet be perpendicular to the Ring, for 
then the King mutt hide the Sun from vaft tracks 
of land oh  each fide of the Equator for 13 or x4 
of our years together, on the Couch fide and north 
fide by turns, as the Axis inclines to or from the 
Sun : the reverie of which inconvenience is another, 
gdod %prefumptive proof of the inclination of Sa- 
turn’s Axis to its ‘Ring, and alfo of his Axis bcing 
perperidicular to his Or.bit. 

HOW the 82.  This King, feen from Saturn, appears like 
p,r,to s,. a vaR luminous Arch in the Havens, as if it did Ring ap- 

turn and to 
ne. over difcovered that the fifth Satellite revolves on it! Axie, 8 3  

our Moon does, in the fame time it revolvea in its Orb11 : a vsry 
remarkable as well aa curious coincidence in the mbtioas of the 
Secondaries to two different, and very diltant Piimoth8. 

not 
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not belong to the Planet. When we lee the Ring 
moR open, its ihadow upon the Planet is broadeit; 
and from that time the fhadow grows narrower, as 
the Ring appears to do to us; until, by Saturn’s 
annual motion, the Sun comes to the Plane of the 
Ring, or even with its edge; which being then 
direCted toward us, becomes invifiblc on account 
of its thinners ; as hall be explained more largely 
in the tenth Chapter, and illuminated by a figure. 
T h e  Ring difappears twice in every annual Revo- what 

lution of Saturn, namely, when he is in the 20th appenr, 
degree both of Yifccs and of Virgo. And when lolehla 

Saturn is in the middle between thefe points, or in inwhat  

his Ring appears mofi open to us; and then itsoponrouc. 
longeit diameter is to its horteR, as 9 to 4. 

83. T o  fuch Eyes as ours, unafiltcd by inftru- NO ~ ~ a n b t  

ments, Jupiter is the only Planet tha t  can be feen c*,, ,ern 
from Saturn;, and Saturn the only planet that cdn (turn r l lp l -  

there two Planets mufi either iec much farther than bcfidcs 1.- 
we do, or have equally good inRruments to carry p’tcr’ 

their fight to remote objecOrs, if they know t h a t  
there is fuch a body as our E a r t h  i n  the Univerk: 
for the Earth is no bigger ken from Jupiter, t h d n  
his Moons are feen from the E a r t h ;  and if his 
large body had not firfi attralted our fight, and 
prompted our curioGty to view him wi th  a tele- 
kope, we fhould never have known any thing of  his 
Moons; unlefs by chance we had direRed the te- 
kfcope towards that fmall part of theHravcns where 
they were, a t  the time of obfervation. And the 
like is true of the Moons of Saturn. 

84. T h e  Orbit of Saturn is 2g degrees inclincdpllceof 
to the Ecliptic, or Orbit of our Earth, and inter- Node,. 
feas it in the 22d degree of Cancer and of Capri- 
corn i fo that Saturn’s Nodes arc only 14 degrees 
fkm Jupiter’s, § 77 *. 

S5. The 

Sign: Saturn 

Ring; and 

S i p  i t  rp- 
the 20th degree either of Gemini or of Sagittarius, pears molt 

but  Srtiirn 

tcr j nor nny So that the inhabitants of from Saturn be feen from Jopiar. 

Saturn’* 

since Mr. Ferguton’i death, In I 776, n feventh primary ototpirm 
S d b r .  PlonCt belangitip to the Solar Syftcm, has been dif’covsred 

D bY 
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TheSun’c 85. The quantity of light afforded by the Sun 
lichr ff rongrr much  on to Jupiter, being but <.th  part, and to Saturn 
!lipirerand only &th part  of what we enjoy; may at f ir f i  
is Prneral lI  thought induce us to believe tha t  thefe two Planets 
be:ievcd. are entirely unfit for rational beings to dwell upon. 

But, that their light is not fo weak as we imagine, 
is evident from their brightnefs in the night-time; 
and alfo from this remarkable Phenomenon, that 

5a1urn than 

by Dr. Herkhel, and called, by him, the Cuorgircm Sidrr~,  
out of refpeR to his prefent majeffy Icing George Ill.  Th1a 
Planet is Rill higher in the Syficrn than Saturn, being about 
I 565 millions of miles from the Sun ; and performs its an- 
nual circuit in 83 years 140 days and 8 hours of our time : 
confequently its motion, in ita Orbit, is a t  the rat0 of about 
7 thoufand miles in an hour. T o  a good eye, unaRified by a 
telefcope, this Planet appears like a faint Star of the fifth 
magnitude; and it cannot be readily diflinguilhed from m 
fixed Star with a lels magnifying power than zoo times. Jte 
apparent diameter fubtends an angle of no more than 4” to 
an ohferver on the Earth;  but ite real diameter is about 
34,000 miles. and, conl‘equently, it is about 80 times as big 
as the Earth. Hence we may infer, as the Earth cannot bo 
fecn under an angle of quite 1’’ to the inhabitants of tho 
Georgian Planet, chat i t  has never yet been ken  by them, un- 
lers their e ee and inhumeats are confiderably better than ours. 

The O r k t  of this Planet iu inclined to the Ecliptic in  an 
angle 46’26”. I t s  arcending Node is in the 13th dkgrce 06 
G e ~ ~ i i n i ,  and its delcending Node in the I .jth degree of Sagit- 
tarius.-As no Cpots have yet  bcen dilcavered on its hrfacc; 
the pafition of its Axis, and the Iength of its day and night are 
not known. 

On account of the immenfe diRancc of the Georgian Plane8 
from the fource of light and heat to a11 the bodies in our Syf- 
tern, it was hi hJy probable that feveral Satellitca, or Moons, 
revolved rounf i t :  accordingly, the high powers of Dr. 
Herfchel’s telefcopes have enabled him to difcover fix ; and 
rherc; may be others which he has nor yet k e n .  The hrlt, 
and nearcR to the [’Idnet, revolvcs at the diffance of 12: of tho 
Planet’s Cemi-diameters from it, and performs its revolution in 
5 days 2 1  hours 2 5  miiiutcs: tlte {econd rcvolves at 16; femi- 
diameter, of the primary from it, arid completes its revolution 
in 8 days 17 hours I minute : thc third, at 13  fcmi-diameters, 
in I O  Jays 23 hours 4 minuto : the fourth, at 2 2  fcmi-diame- 
ters, in J 3 days I I hours 5 minutes: the fifth, :it 4 c Eemi-diame- 
ters, i n  38 days I hour 49 minutcv ; and the fixtli, at 88 fcmi- 
diametcre, in 107 days 16 hours 40 minutcs. I t  i s  ternarkable’ 
that the Orbits of thefe Satellites are alrnoft at right angles 10 
the plane of the I!cliptic ; and that the motion of every on0 O i  
diem, in their Orbits, arc rcrrograde. 

when “? 
*I 
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when the Sun is fo much eclipred to us, as to have 
only the 40th part of his difc left uncovered by 
the Moon, the decreafe of light is not verv fen& 
ble : and j r i f t  at the end of darknefs in Total Eclip- 
fcs, when his weftern limb begins tu be viGhlc, 
and kerns no biggrr than a bit of fine filvct wire, 
every one is rutprized at the brightnrfs wherewith 
that fmsll part of hiin fhines. T h e  Moon whca 
Full affords trafpellers light enough to lteep cllrm 
from mifiaking their way ; and yet, accort3;n; to 
Dr.  SMITH *, it is equal to no more d u n  a tp 
thoufandili part of the light of thc $ - i n :  tha: is, 
the Sun’s light is go thouhiid times as tlroq a*. the 
light of the Moon when k’ull~ Confrquently, the 
Sun gives a thoufand times as inuch light to Saturn 
as the Full Moon does to us; and above three 
thoufand times as much to Jupiter. So thar  the& 
two Planets, eveh without any Moons, ,would bc 
much more enlightened than we a t  firR imagine J 

and by having io many, they may be very com- 
fortable places of reGdencc. The i r  heat, fo far as 
it depends on the force of the Sun’s rays, is cer- 
tainly much Ids than oiirs ; to which no doubt the 
bodies of their inhabitants are as well adapted as 
ours arc to the fcafons we enjoy. And if we con- 
fider that Jupiter never has any winter, even at 
his Poles ; which probably is alfo the cafe with Sa- 
turn, the cold cannot be io intenfc on there two 
Planets as is generally imagined. Betides, there 
may be fomething in the nature of their mould 
warmer than in tha t  of our Earth : and we find tha t  
rlt our heat depends not on the ray8 of the Sun$ A,,aarhsrt 
for- if ir did, we hhould alwiys have the f h e d e p e n d c n o t  
Months equally hot or cold at thtir annual returns. ,ryr, 
But it is far atherwife, for February IS hmetimes 
Warmer than Mq; which mult be owing to v2- 
pours and exhalations from the Earth. 

( 1 86. Every perfon who looks upon, and cornparer 
thk Syfiems of Moons together, which belong to 

on the Sua’. 

Optics. Art. 9s. 
DZ Jupiter 
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Jupiter and Saturn, muit be amazed at the vafi 
magnitude of thefe two Planets, and the noble at- 
tedance they have i n  refiJeA of o u r  little Earth : 
and can never bring hinifelf to t h i n k ,  t ha t  an infi- 
nitely wife Creator lhould difpofe of all his animals 
and vegetablcs here, leaving the other  Planets 

It i s  hkh’y bare and del\itrite of rational creatures. 7‘0 Tup- 
c h a t a ~ 1 t h e  pofr tha t  he hiid any view to oiir benefit, in  cre- 
Ylanc:aarc ating there Moons, and giving them their motions 

round Jtipiter and Sdturri i to imagine tha t  he in- 
tended thefe vdtt IZoclies for any advantage to us, 
when he well knew they could never be ken 
but by a few Altronorners peeping through tele- 
Icopes; arid that ti(> gave to the l’ldnets reguldr re- 
t u r n s  of dJys and nights, and different fcarons to 
all  where they would be convenient; but of no  
manner of krvice to us ; except only what imrne- 
diattly reg.irds our own Planet the Earth ; to ima- 
gine, I Liy,  that  he did all this on our account, 
wouid be cha rg ing  h i m  impioufly with having done 
much ic v i l h :  ; i i d  as abfurd, as to imagine that 
he has rrcareci d iittlc Sun and a Planatary Syitem 
within the Shell of our  l<;arth, and intended them 
for our uk. Theit. conlidcrations amount to little 
lcfs than a pofitive proof, that dl tlie l’ldnets are 
inhabited: for if they are not, why a11 this care in 
furniihiny their1 with io many Moons, to fupply 
thofe with light which are at  the greater difiances 
from the Sun ? 110 we not fee, t h a t  the farther a 
Planet is froill the Sun, the greater Apparatus it 
h d s  for t h d t  put pde ? iave only Mars, which be- 
ing but a h a l l  I’lanec, may hdve  Moons too fmall 
to be iecii b y  us. We know that  the Earth goes 
round tlic SUI), and turns round its own Axis, to 
produce the vicifiitudes of fummer and winter by 
die former, and of day and night by the latter mo- 
tion, for the benefic of its inhabitants. May we 
not rhen fJlKly conclude, by parity of reafon, that 
the end and deiign of all the other Planets is the 
killie! and is not this agreeable to the beautiful 
harmony w h i ~ h  exifts throughout the Univcrfe ! 

Surely 

pro bible 

in l~a l i t cd .  
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Surely it is: and raifes in 11s the mofi macnilicent P'LATI: I. 
ideas of the SUI't<LMF, UkING, who IS evtry 
where, a i d  at all  times prelent ; difplnying his 
power, wiildolii, a n d  goodnrls, among all his crea- 
tures ! and diltributing happincis to ~ n n ~ ~ ~ n c r ~ ~ b l e  
rarllcs of various being.; ! 

87. In Fig. 11. we have a view of the propor- Fie.11. 

tional bredth of rhe Sun's face or dik,  as ken Siln H''w'he rppraim 

frorri the diffircnt l'lancts. The  Sun is r e p r c k n t d  t o  thrdiflrr- 

Nu I ,  as ken  from Mercury; No 2 ,  a h  k c n  from P''''e''* 

Venus; N o  3,  as k e n  from thr t ' a r t h ;  h" 4, as 
feen from M u s ;  No 5 ,  as ken from Jupirei ; and 
No 6 ,  as k e n  from Saturn.  
/ 1,et the circle B be the Siin as fccn from a n y  FiE. III .  

Planet a t  a given diltance: to anothcr l'ldnrt, a t  
double t h a t  dihnce ,  the Sun will appear jult of 
half  t h a t  breadth, 2s A ;  which contains only one 
fdurtli p a r t  of the area or furface of /j, i:or all 
circles, as well as f q u m  lurf'ices, are to one ano- 
ther as the fquares of their diameters. 'I'hus, the 
fquare A is j u f i  half as broad as the {quare I;; and F;g,xV, 
yet it is plain to fight, tha t  U contains four times 
as m u c h  Lurface as A. 1 Ience, by comparing the 
dimieters of the above Circles (Fig. I I . )  together, 
it will  be found, that  in  round rmnbcis ,  the Sun 
appears 7 times larger to Mercury than  to u s ?  90 
times larger to US dim to Saturn, and 620 timcs 
as large to Mercury as to Saturn. 

the l'lanets i n  proportion $10 e i ~ h  other, and to a 
fupp(,lt.d globe of two fect diamcter for the Sun. 
?'he Ilarth is 27 tirncs as big as Mercury, very Proportion- 

rl b d k a  and lhle  bigger than Venus, 5 times as big ;IS Mars ; dlR,ncttaf 

but jupirer is 1049 tirncs as big as the ];La&, Sa- the I'liaeth 
turn 5'36 times a5 big, exclufive of his Ring; and 
the Sun is 877 thouland 650 times as big as the 
E a r t h .  I f  the l'lancts in  this 1;tgure W C I ~  frt a t  
their due cdi(1ances from a Sun  of two feet diamc- 
fer, according to their proportionable bulks, as in 
our Syfiern, Mercury woiild be 2 8  yards from the 

1 Sun's center; Venus 5 1  yards I foot; the Earth 
D 3 70 y d i d s  

88. I n  Fig. V. we have a view of the bulks 0fFig.V.  
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PLATE r, 70  yards 2 feet; Mars 107 yards 2 feet; Jupiter 
370 yards 2 feet; and Sdturn  760 yards 2 feet. 
T h e  Comet of the year 1680, at its greatdl dif- 
tance, IO thorifand 760  yards. I n  this proprtion, 
the Moon's difiance from the center of the Earth 
would be only 7: inches. 

89. 'To aafi the imagination in forming an idea 
of he vafidifiances of the Siin, Plmcrs, and S t m ,  
let us iuppJfe, t tut  a b d y  projec'ird from the S u n  
k o u l d  continue to fly wjith the h i l t n e f s  of a c m -  
non bail, i .  e. ,+go miles every hour; this body 
would reach the Orbit of Mercury, i t1  7 years 1 2 ~  
days; of Venus, in 14 years 8 dLiys ;  of the E a r t h ,  
i n  19 years 91  days ; of Mus, in 29 years 85 d . i ys i  
of Jupiter, in IOO years 280 days; of Saturn, in 
I 84 years 240 days j to the Cornet of 1 6 8 ~ ,  at i rs  
greatefi difiance froin the Sun, in 2660 years; and 
to the nearrft fixed Stars in about 7 niillion 609 

Why the go, As the Earth is not in the center of the Orbits 
Planet8 ap. in which the Pldnets move, they come nearcr t o  i t  
and IeLat and go farther from it, at different tirrics i on 

which account thcy appear bigger and I r f b  by turns. 
Hence, the apparent magnitudes of the Planets are 
not always a certain rule to Itnow them by. 

gr. Under Fig. 111. are the names and charalters 
of the twelve figns of the Zodiac, which the Reader 
fhould be perfdtly well acquainted with j To as 
to know the chdraaers without k i n g  the names, 
Each fign contains 30 degrees, as in the Circle 
bounding the S o h r  Syitem ; to which the charac- 
ters of the Signs are fit in their proper pldces. 

92. The COMETS are folid opaque bodies, with 
long traofparent trains or tails, ifiiiing from t h a t  
fide which is turned away frorii the Sun. 'Xhcy 
move about the Sun in very eccentric tllipfes; and 
are of a much greater dcnfiry than the Fmth ; for 
fome of them are heated in every periud to fuch a 
degree, as would vitrify or difipate any fubftancc 
known to us, Sir ISAAC NEWTON computed the 

heat 

Anideaof 

ranee,, 
their JiT- 

Jouland ye tr5, 

different 

Fig*k 

Theca- 
mots. 
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heat of the Comet which appeared in the year i u I c  I. 
1680, when neareft the Sun, to be 2000 times hut- 
ter than  red-hot iron, and tha t  being thus heated, 
i t  mult retain its heat until it comes round agdin, 
although its Period ihoold be more thnn twenty 
tliouf~nd years; and i t  is comprited to be only 575 .  
I'he niethorl of computing thc heat of bodies, 
keeping at any known diitance froin the Sun, io 
far as their hcat depends on the force of the Sun's 
rays, is very rdy ; and fhnli  be explaiozd i n  the 
eighth Chapter. 

neatcd in the Scheme of the Solar Syfiern, and the 
years marked in which they made their appearance. 
I here kre, at Icnlt, 2 1  C ~ m e t s  belonging to our Thvpro* 
Syfiem, moving i n  all forts of dirclltions ; a i d  all b,rq ,,( the 

thofe which havebcen obfirvctl, liave moved through ' ' Ianm a'* 

the ethereal Regions and the Orbits of the l'lanets, 
without Cuffer ing the le& lenfible refillance in their 
motions ; which plainly proves t h a t  the Planets do 
not move in folid Orbs. 

lcnown with a n y  degree of certainty. 'I'he firft 
of t h e k  Comets apptaretl in the years I 53 I ,  I 607, 
and 1682;  and is expetled to appear again in the 
year 1758, and every 75th yew afterward. The 
fecoticf of them appeared in 153% and 1661, and 
tnay be expecctetl to return in  1789, and every 
129th year afterward. T h e  third, h a v i n g  Idt 
appeared in 1680, and its Period being 110 lef3 
than 575 years, cdnnot return until the year 2225. 
1 h i s  Cornet, a t  its greatell diltancr, is about eleven 
thoulind two hundrcd millions of rnilrs fro:u the 
Sun i and at its leait diltance from tlir Sun's ceiiter, 
which is .+s),ooo niiles, i u  within ids  t h a n  a th i rd  
part of the Sun's Iiinidiameter from his t'iirfice. 
In that  part of its Orbit which is nc-arelt the Sun, 
i t  flies w i t h  the ainazing twifrnefs of 8d0,oo~ miles 
i n  :I hour ; and tile Sun, as k e n  from i r ,  appears 
a huridrcd dcgt ecs i n  breadth i confequently 40 

0 4  . t 11 011 hnd 

9.7. P a r t  of the P ~ t h s  of three Cornets is deli- rk.1, 

r .  

that the Or. 

nul lolld. 

Of all the Comets, the T k P e r i o d l  
onlv ot rhrre 

Periods of the above-mentioned three only are arc knou n. 

,. 
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Thrvpr..vr thouhnd times as large a s  he appears to us. 

m-nfcdif- 

The 
altonilhing length that this Comet runs out into 
empty fpacr, f t iggch to our minds an idea of the 
vdt  diltance between the Sun and the neareit fixed 
Scars ; of whore Attraftions all the Comets mufi 
keep cleat, to return periodically, and go round 
the Sun; and i t  fltlews us alfo, that the neareit: 
Stars, which arc probably thore that fetlm the 
largelt, are as big as our Sun, and of the fame na- 
tiirc with him ; otherwife, they could not appear 
fi large and bright to us as they do at fuch an 
i m men fe d i It an ce. 

In'erencc* 94. T h e  extreme heat, the denfe atmorphere, the 
theabove grofs vapours, the chaotic ftate of the Comets, 
phenomena. feem at f i r f t  tight to  indicate them altogether unfit 

for the purpoles of animal life, and a moit mifer- 
able habitation for rational beings i and therefore 
fome * are of .opinion that they are io many h e ] b  
for tormenting the damned with perpetual vicifi. 
t i d e s  of hear and cold. B u t  when we confider,on 
the other hand, the infinite power and goodnefs of 
the Deity ; the latter inclining, the former enabling 
him to make creatures fuited to all ltates and cir- 
cumfiances ; t ha t  matter exifis only for the fake 
of inteIIigent beings ; and t ha t  wherever w e  f ind  
it, we always find it pregnant with life, o r  necef- 
farily fubfervient thereto ; the nurmbcrlefs fpecies, 
the affonifliing diverGty of aninials in earth, air, 
water, and even on other animals ; evcry blade of 
grnfs, every tender leaf, every natural fluid, fwarm- 
ing with l i fe 5 and every one of t h e k  enjoying fuch 
gratifications as the nature and Itate of each re- 
quires : wherr we refleft nioruuver t h a t  filrnt: cen- 
turies ago,  till experience undeceivcri us, a great 
p a r t  of the 1I:arth was adjudged uninhabitable ; the 
. i 4 0 r r i ( t  Zone, b y  realon of excellive heat, a n d  the 
t m o  fir igitl Zones I~eca i ik  of their intolerable cold3 
it 1 c m s  Irighly probable, that fuch tiunierous and 

the Stars to 
be at i 'n. 

Id ILCCS.  

d r rwn lrtlm 

M r ,  WriisToN,in his Afironomicsl Principles of Kcligbn. 
large 
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large mares of durable matter the Comets arcI 
however unlike they be to our Earth,  arc not de- 
fiitute of beings capable of contemplating with 
wonder, and acknowledging with gratitude, the 
wiklorn, fymrnetry and beauty of the Creation; 
whicli is more plainlv to be obferved in their 
extenfive Tour through tlir I Icavens, than i n  our 
more confined Circuit. I f  firtlirr con.jeLCture be per- 
mitred, may we not fiippofe t!:em inffrumental in 
recruiting t l c  ~xpenrled fuel of the Sun ; and  flip- 
plying the cxhati(tt.d nioifiaie o f  the Planets ? 
I-Iowever dificult it m a y  be, circumltanced as we 
are, to find orit their particu1,ir dellination, this is 
an undoubted t ru th ,  tha t  wherever the I k i t y  ex- 
erts his power, there lie allo inanifefts his wiiilorn 
and goodnels. 

2 95. TI-If;, SO1 A R  SYS?‘F.M, here dcfcribed, This ~ r m  

taught by the w i k  Snminn philofi,pher P V T H  AGO- ~trabie. 
R’AS, and others among the Ancients : but i n  I,itter 
times was loft, t i l l  t he  1 5 t h  ceritiiry, when it was 
again rcflored by the faiiious I’ulr/h philoii)pher, 
NicrioLAus COPERNICIJS,  who WJS born ;it l*hur# 
in the year 1473. I n  this, he was followed by the 
g r e a t d l  mat he mat i c i .I t i  s and p h i Io fop hers t h a t have 
fince lived ; as K;rji.Ei<, G A L I L E O ,  I)LSCAK’I’ES, 
G A S S E N I ~ U S ,  nnd Sir ISAAV N I . W ‘ r o N  ; the lalt of 
whom has e k i b l i h x i  this Syitern on fuch an ever.- 
latting fourid~t ion of  mnthern.&cdl and phyfical de- 
monitration, as can never be h k e n ;  and none 
who unclcrllmcl h i i l l  can helitate about it. 

96. i n  the Ptolomenn Sybern, the Earth wa3 fup- Thcptols. 
poted to be f i x d  in the Center of the Univerje ; mean ‘yf- 

tom ablurd. and that  the Moon, Mercury, Venus, the Sun, 
Mars, Jupitur, arid S.iturn, moved round the Eat th  : 
above the Planets, this I-Iypothefis pldced the l;ir- 
marnent of Stats,  and then the two Chrytlt,llllne 
Spheres; all which were includrd in and receivrcl 
morion from the Primutn MoLtIc, whicli contl.mtly 

revolved 

and very a n t w i t  
is not a late invent ion  ; for it W A S  kriown and drmon- 
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revolved about the Earth in 24 hours from EnR to 
Wee. BUC as this rude fcheme was found inca- 
pable of fianding the tefi of Art and obkrvation, it 
was !%on rejeAed by all true philofophers; not- 
wichftanding the oppoiition and vioieacc of blind 
and zedous bigoto. 

The Tyeho. 97. The Tycbonic SyJern fiicceeded the Ptolonraan, 
n l ~ w l t e m  but was never io generally received. I n  this tho 
a u i  pdit ly  Earth was fuppofd to itand fiill i n  the Center of 
fJ*’e* the Univerk or Firmament of Stars, and the Sun 

to r tp lve  about it every 24  hours ; the Planets, 
Mercury, Venus, Mars, Jupiter, and Saturn, go- 
ing round the Sun in the times already mentioned, 
n u t  h m e  of TUCHO’S diiciples ftoppofc‘d the Enrsh 
to have a diurnal motion round i t5  Axis, and the 
Sun with all the above Pl~nets  to go round the 
E a r t h  in a year; the I’l:nets moving round the 
Sun in rlie furchid times. ’l‘his hypothefis, being 
partly true and partly f d l k ,  was embraced by few 3 
and foori g,rve way to the only true and rational 
Syftcm, reftored by COPERNICUS,  and dernonihed 
by Sir I S A A C  NLWTON. 

98. l o  bring the foregoing particulars,hto one 
pomt of view, with feveral ochers which follow, 
concerning the Pcriods,’ DiCtancrs, Bulks, Hc. of 
the Planers, the following ‘I’able 1s i n k e d ,  

partly true, 

A TABLE 



A T A ~ L E  of cbe PeGodr, Revolatiom, Magnitudes, &c. of the Planers, on a foppo&a of tbe SUN'S Parallax being xo". 
For :heir marly trneDiDiftacces from the Sua, as determiaed from Obkrvarions of the Traniirof Venus, m the year 1761, /e 5 194 c? 
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C €I A P. 111. 

The COPERNICAN SYSTEM demonsrated 
t o  be true. 

ATTER is of i&lf inaltive, and inctif- M fercnt to motion or r d t .  A body at ret% 
can never put itfclf in motion ; a body in motion 
can never flop or move flower of idelf. I-Ience, 
whcn we fee a body in motion, w e  conclude forne 
other fiibfiance muft have given it that motion ; 
when we fee a body fall from motion to reit, we 
conclude h m e  other bnrly or car& itopt it. 

XCO. All motion is n ~ t u r a l l y  reltilineal. ' A 
bullet thrown by the hand, or difchnrgcd from a 
cannon, would continue ta move in the fame di- 
re&tion it received at f i r f i ,  if no other pawcr di- 
verted its courk. There(ore, when we fee a body 
inovirig in' a curve of whatever kind, we conclude 
it rnult be aRed upon by two powers at leait: one 
10 put it in motion, and another drawing i t  off 
from the rrQiliriea1 courfe wfiich it would other- 

' 

wife have continued to move in. 
Gravity de-  IOI. T h e  power by which bodies fall toward 
rnonnfPb*'* the Earth,  is called ~ r n v i t y  or AttraBfion. By this 

power in the Earth it is, that  all bodies on what- 
ever fide, fall in lines perpendicular to its furface. 
O n  oppofire parts of the E a r t h  bodies fall in oppo- 
fite direQions, all toward the center, where the 
whole force of gravity is, as it were, accumulated. 
}Zy this power conRandy aaing on bodies near the 
Earth, they are kept from leaving it altogether 4 
and thore, on its furface are kept thereto on all 
fides, io that they cannot f i l l  from it. Bodies 
thrown with any obliquity are drawn by this power 
from a Itraight line into a curve, until they fall to 
the ground : the greater the force by which they are 
thrown, the greater is the ditlance they are carried 
before they fall. I f  we h p p o k  a body carried 

9 feveral 

4f 
Of matter 99. 
rnd motion, 
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feveral miles above the Earth, and there projcRed 
in  a horizontal direBion with io great a velocity, 
that it would move more than a remidiameter of 
the Earth in the time it  would take to fall to the 
Earth by gravity; i n  that care, if there were no 
retifiing medium in the w3y, the body would not 
fall to the Earth a t  all, but continue to circulate 
round the Earth,  keeping always the fame parh, 
and returning to the point from whence it was yro- 
je&ted with the fame velocity as a t  firl t .  

in an Orbit nearly circular. 
muft be iRed on by t*o powers or forces; one 
which would caufe her to move in a right line, 
another bending her motion from that line into a 
curve, This attrattive power rnult be feated in 
the Earth, for there is no other body within the 
Moon’s Orbit to draw hcr. ‘1 he atrrsfiive poner 
of the ISarth therefore extend; to the !Moon j and 
in combination with her piqiraile force, caules her 
to move round the f iar th  in the fame manner as 
the circularing body above fuppof‘d. 

103. The Moons of Jupiter and S.iturn arc ob- The sun 
ferved to move round their primary l’lanets: there- and  plane^ 

a t h q  tach fore there is an attraltive power in there L’lanets. ott3cr, 

All the Planets move round the Sun, and refpeQ 
it for their center of motion : therefore the Sun 
muit be endowed with an attra3ing power, as well 
as the Earth and Planets. ‘I‘tie like r n i y  beproved 
of the Cornets. So that all the bodies or matter 
of the Solar SyRem, are poffeiTed of this power j 
and perhaps fo i s  all matter whatever. 
104. As the Sun attrakts the Planets with their 

Satellites, and thc Earth the Moon, TO the Planets 
and Satellites re-attratt the Sun, and the Moon the 
Earth ; aEtiori and re-atlion being always equal, 
This is allb confirmed by obfrrvation j for chc 
Moon raifrs tides in the ocean, and the Sacditeo 
and Planers ditturb one another’s motions, 6 

102. W e  find the Moon moves round the Earth ProieBil. 
force de- ’The Moon therefore monfirrbl*, 

105. Every 
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1 0 5 .  Every particle of matter being poffefid of 

an attraaing power, the cffeR of the whole muit 
br in proportion to the number of attraoing parti& 
cks : that  is, to the quantity of matter in the body. 
%his is demonfiraced from experiments on pendu- 
lums: for, if they are of equal lengths, whatever 
rhcir weights be, they always vibrate in equal 
times. Now, if one be double the weight of 
mother, the force of gravity or actrattion mtiR 
be doiible to make it orcillare wirh the fame cele- 
rity : if one is thrice the weight or quantity o f  
matter of another, it requires thrice the force of 
gravity to make it move with the fame celerity. 
Hence it is certain, that t h e  power of gravity is 
always proportional to the quantity of marter in 
bodies, whatever their bullts or figures are. 

io6 Gravity alfo, like all other virtues or  emn- 
nations, either drawing or impelling a body to- 
ward a cenrer, decrcafcs as the fquare of the dif- 
tance increaks: that is, a body at twice the dif- 
tance artra&s another with onjy a fourth part of 
the force; a t  four times the diltance, with a Gx- 
reenth part of the force. This  too is confirmed 
from obfervation, by comparing the diitance which 
the Moon falls i n  a minute from a right line touch- 
ing hcr Orbit, wi th  the fpace which bodies near 
t h e  Earth fall in the fame time: and alfo by com- 
paring t h e  forces which retain Jupiter's Moons in 
their Orbits. This  will be more fully explained 
in the feventh Chapter. 

Qravirntion 107. T h e  mutual actraftion of bodies may be 
andpr+p- exemplified by a boat and a fi ip on the Water, 
)I&d. tied by a rope. L e t  a n u n  either in a h i p o r  boat 

pull the rope (it is the fame in effdt at which cnd 
he p u f l ~ ,  ior the rape will Le equally firetched 
throughout) the h i p  and boat will be drawn to- 
ward one anorher ; but wlth this  digerence, that 
the boat will move as much faftrr than the hip, 
as the fhip is hcivicr t h a n  the boat. Suypufe the 
boat as hc:dvy as tl,e fliip, and tliry will draw OIIC 

another 

tion m n r -  
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another equally (retting afide the greater refiRance 
of the Water on the bigger body) and meet in the 
middle of the f i r l t  diilance between rhcm. I f  the 
fhip he a thoufJnd or ten thouland times heavier 
than  the boat, the boat will be drawn 3 thoulind 
or ten thoufdnd times fafier t h a n  the h i p ;  and 
meet proportionably nearcr rl)e plxe from which 
the h i p  lit out. Now, while one man pulls the 
rope, endeavouring to bring rhe thip and b a t  to- 
gether, Ict another man, i n  the boat, cnckavour t@ 
row it ofF Gcleway, or at riglit angle4 to the rope 5 

and the former, infiead of being able to draw the 
boat to the fhip, will find it enough for him to 
keep the boat from going fiircher off; while the 
latter, encleavouring to row oA‘ the boat in a ltraight 
line, will, by ineans of the other’s pulling it co- 
ward the fliip, row the boat round the ihip 3t the 
rope’s length from her. Were the power employed 
to draw the h i p  and boat to one another reprelents 
the mutual actraftion of the Sun and Planers by 
which the Planets would fa11 freely toward tho 
Sun with a quick motion j and wouldalfo in falling 
ama& the Sun toward tliem. And the power 
employed to row off the boat repreicnts the pro- 
jeRile force impreKed on the Planets at right angles, 
or nearly To, to the Sun’s auraltion ; by which 
means the Planets move round the Sun, and are 
kept from falling to it. On the other hand, if it 
be attempted to make a heavy fhip go round a 
light boat, they will meet fooner than the hip can 
get round ; or the h i p  will drag the boat after it. 

108.  Let  the above principles be applied to the 
Sun and Ear th  ; and they will  evince, beyond a 
poability of doubt, that  ‘the Sun, not the Earth, 
is the center of the Syftern; and tha t  the lhrth  
moves round the Sun as the other  Planets do. 

For, if the Sun moves about the E a r t h ,  the 
Earth’s atrraRive power nlu(t. draw the Sun toward 
it from the line of pro$lion, lo a s  to briid its 
morion i n to  a curve, But the Stin being at leafi 

’5  227 
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227 thoufand times a i  heavy as the Earth, by be- 
ing io much weightier as its quantity of matter is 
greater, it inuIt muve 227 thoufand times as flowly 
toward the Earth,  as the Earth does toward the 
S u n  ; and ronkquent ly  tllc l h r t h  would fall to 
the S u n  in a h r t  tirnr, i f  it had not a very itrong 
projcC)cilt. inotion t o  carry it off. 1’he E a r t h  there- 
fore, as well a9 evciy  other P l a n e t  i n  the Syfiem, 
muft have a reCtilineal impullr, to prevent its f.41- 

Theahfur- ing to tile Slln. ‘1’0 Liy, t h l t  gr~vltatloil retains 
all the o t h r r  l’lmets in thrit- 0 :b i t s  without aifeti- 

E*nh r t  jng the Ilartti, \v!:icii p ~ z c e d  t>etwerii ttie orl>its 
of Mars and Venus, is ;IS ;tOfiircI AS to Iuppo!e that 
fix carinon buiiets iiiiglic be pr(?jcitcd upward to 
different heights i:i t!ie Air, aud t h t  five of t h e n  
fihould fall d o w n  t o  the ground ; brit the iixth, 
which is neither the highcit nor thc loweft, ihould 
remain fufpended in the Air without falling, and 
the Earth move round about it. 

109. ‘i’herc is no luc 11 thing i i i  nature as a heavy 
body rrioviiig roun:l n light oiic, as its center of 
motion. A pebble fatteray! to a mil l - the  by a 
f t t  ing ,  may by an caly iiilpulle be made t o  circu- 
late round the m ~ i l - i ~ o i ~ ~  : but no  iinpulk can 
make a inill-ttoiie cii ciiidte round a look pebble, 
for the mill-ftone woiild go oli; arid c ~ i t - y  the 
pebble along with i t .  

I IO. ?‘he Sun is li) immenfely biggcr and hea- 
vier than the Laiih *, t lrnt  i f  he w a  moved out 
of his plCicc, n o t  ody  the l ’u th ,  but ti11 the other 
I’l~ncts, if they % e r r  uiirtrd irito one i ~ ~ i l i ,  would 
be carrird along w i t h  tlie SUII, as ills 1)cbble would 

I I I .  By conlidcriog the law of gravitation, 
wiiich takrs place tlii-ou;;hout tlie Sol,ir Syikenl, in 
another light, it will be evitfcrit th‘it the Earth 
moves round the S u n  in a year j a n d  not the Sun 
round the Lmh. I t  has bccn fliuwn (9 106) that 

d i t 7  of Lip- 
ofir+g !he 

be with the iliiii-fiof\e. 

As wi:l be dernonflrsted in the Ninth Chapter. 
the 
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the power of gravity decreafes as the fquare Of the The har- 
dihoce  increafes ; and frorn this it follows with z:‘ycT$a, 
rnathematical certainty, t l i n t  when two or more mo ion,. 
bodies move round another as their center of rno- 
tion, the fquares of  their periodic times will be to 
one another i n  the f m e  proportion a s  the cubes 
of their diltances from the central body. This 
holds precil’rly with regard to the Planets round 
the Sun, and the Satellites round the Planets ; the 
relative diltances’ of all which are wall known. 
Rut,  if we fuppofe the S u n  to,rnove round rhc 
I’arth, and compare its period with the Moon’s 
by the above rule, it will he found that the Sun 
would take no le& than 17.1,510 days to move 
round the Earth,  in which cafe our year would be 
475 times as long as it now is. 1’0 this we may 
add, that the aTpcRs of increafe and decreafe of 
the Plznets, the timcs of their feeming to fiond 
f i i l l ,  and to move dire& and retrograde, anfwer 
precifely to the Earth’s motion ; but not at all to 
the Sun’s, without introducing the moil abfurd and 
monfirous luppofitions, which would dcff roy a11 
harmony, order, and Gmplicity i n  the Syltem. 
Moreover, if the Fartti be luppofed to h n d  Rill, 
and the Stars to revolve in free fpaccs about the 
Earth in 24 hours, it is certain tha t  the forces by 
which the Stars revolve In their Orbits are not di- 
retted to the Earth,  but to the centers of the leve- 
rid Orbits ; tha t  is, of the frveral patdkl Circles Therbhrd- 

which the Stars 011 difkrent Gdrs of the Equator $ ~ ~ ~ ~ ~ [ ;  
defcribe every day ; arid the like inferences m a y  btr  s .in({ 

Planets, Gnce thry arc never in the Equiiiottial ttic h l h .  

but twice in chcir courfrs with regard to r l i r  i t m y  
IJcavens. But, that forces fliould br Jirec?ed to 
no central body, on which thry phyficdly cirlmd, 
but to innumerable imdgiriary point\ in rlic Axis 
of the Earth produced to the f’oles or the I lea-  
vens, is a hypothefis too abliircl to  I>r Lillowed of 
by any rational creature. Atid i t  IS t?!ll i1ic)re ab- 

E lurd 

I’ lrntta  to 

be drawn from the Cuypofd diurn.11 motion of the n w c  rut id 
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furd to imagine that there forces fhould increafe 
cxaAly in proportion to the difiances from thio 
Axis j for that is a n  indication of an increafc to in- 
f inityi  whereas tlx force of attraaion is found to 
decreaie in receding from the fountain from whence 
it  flows. U u t ,  t h e  farther any  Star is from the qui- 
cfcent Pole, the greater mu& be the Orbit which 
it  defcribes j and yet it appears to go round in the 
fame time as the nearefi Star to the Pole does. 
And if we take into confideration the two-fold mo- 
tion ob!rrvctf in rbe Stars, one diurnal round the 
Axis of the ISarth in 24 hours, and the other round 
the Axis of the Ecliptic in 25920 years, $ 251, it 
would require an  explication of fuch a perplexed 
compofition of forces, as could by no means be re- 
conciled with any phyfical Theory. 

Objc@onr 

tion an- 

I I 2. There is but one objeEtion of any weighe 
that can bc made againfi the Earth’s motion round 
the Sun, which is, t ha t  i n  oppofite points of thc 
Earth’s Ortit, its Axis, which always keeps a pa- 
ral!el tlirrfiiun, would point to different fixed Stars I 
which is not found to be fa&. But this objeQion 
is raGly removed, by confidering the imrncnfc dif- 
tance of the Stars in refpeR of the diameter of the 
Earth’s Orbit; the h e r  being no more than a 
point when compared to the former. If  we lay a 
ruler on the fidr of a table, and along the edge 
of the ruler view the top of a fpire a t  ten miles dd- 
tance, then lay the ruler on the oppofite fide of 
the table i n  a parallel fituation to what it had be- 
fore, and the ipiie wil l  f t i l l  appear along the edge 
o the ruler ; becauk our eyes, even when affiited 
b the belt inftruments, are incapable of diitin- 

I 13.  Ur. B R A D L E Y  found by a long fcries of the 
guiihing 1b fmall a change at io great a diitance. 

molt accurate ol)lrrvntions, that there is a h a l l  ap- 
parent morion of the fixed Stars, occaGoned by the 
zberration of their light, aiid lo exaAly anfwcring to 

an 

rgrinft  t h e  

{wcrcd. 

I 
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an annual motion of the Earth,  as evinces the fime, 
even to a mathematical demonfiration. Thofe 
who are quaiified to read the Dottor’s modeit Ac- 
count of this great difcovery, may confult the Phi- 
igopbicai Traflatfions, No 406 Or they may find 
i t  treated of a t  large by Ilrs. SMITH *, LONG?, 
DESACULIKRS t, K U T N E R F O R T H  11, Mr. MACLAU- 
RIN, Mr. SIMP SON^, and M. DE L A  CAILLC**. 
114. It is true that the Sun kerns to change his Why the 

place daily, fo as to make a tour round the (tarry ,,, ci,,ng. 
Heavens in a year. But whether the Sun or 1Sarch hi* pl@ce* 

moves, this appearance will be the fame; for, 
when the Karth is in any part of the Heavens, the 
S u n  will appear in the oppofite. And therefore 
this appearance can be no objeltion agnirift thc 
motion of the Earth. 

I 1 5 .  I t  is well known to every perfon who has 
failed on fmooth water, or been carried by a tiream 
in a cairn, that, however fatt the veEc1 goes, hc 
doer not feel its progrefive motion. The motion 
of the Earth is incoinparably more fmooth and unid 
form than that of a h i p ,  or any machine made and 
moved by human art: and therefore it is nQt to be 
imagined char we can feel its motion, 

Sun rppears 

r 16. We find t h a t  the Son, and thofe Ylanccs TheBrtL’4 

Axes : for the fpots move regularly over their monmdb 

Difcstt. From hence we may rearonably con- 
clude, that the other Planets on which we fee no 
fpots, and the Earth, which is likewife a Planer, 
have fuch rotations. But  be ing  inca able of leav- 
ing the Earth, and viewing it at a dii P ancc, and its 
rotation being fmooth and uniform, we can neither 

t Aflronom~, B. If. 4 g38. 

m d o n  on 
on which there are vifible fpots, turn round their i t# Ada der 

* Optics, B. I. 0 I I 78. 
1 Philofophy, Vol. 1. p. 401. 

Mathemat. Ell’ays, p. 1. *+ Elrn~rnts d’A/lronomic, 4 381. 
tt ‘l-he face of the Sun, Moon, or any l’lauct, asit ap- 

11 Account of Sir 
Newton’s Pbtl&brca/ D~coucriu, R. 111. C. 2 .  $ 3. 

pour to the eye, ir called irs D1kI 
E2 fee 
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fee it move on its Axis as we do the Planets, nol‘ 
feel ourfeives affr&ted by its motion, Yet thcrc 
is one e f f d t  of fuch a motion, which will enable us 
to judge with certainty whether the Earth revolves 
on its Axis or not. All Globes which do not turn 
round their Axes will be perfelt fpheres, on ac- 
count of the equality of the weight of bodies on 
their furfaces; efpecially of the fluid parts. But 
all Globes which turn on their Axes will be oblate 
fpheroids; that is, their furfaces will be higher or 
farther from the center in the equatorial than in 
the polar Regions; for, as t h i  equatorial parts 
niove quick&, they will recede fartheit from the 
Axis of motion, and enlarge the e uatorial diame- 
ier. T h a t  our Earth is really o 4 this figure, i0 
demonfirable from the unequal vibrations of a 
pendulum, and the unequal lengths of degrees in 
different latitudes. Since then the Earth is higher 
at the Equator than at the Poles, the fea, which 
naturally runs downward, or toward the places 
which are nearefi the center, would run toward 
the polar Regions, and leave the e uatorial parts 
dry, If the centrifugal force of t 1 efie parts by 
which the waters were carried thither did not keep, 
them from returning. T h e  Earth’s equatorial din- 
meter is 36 miles longer than its Axis. 

AN bod768 I 17. Bodies near the Poles are heavier than thok 
bender at toward the Equator, becaufc they are nearer the Ihe  Poles ” 

than chcy Earth’s center, where the whole force of the Earth’s 
!hoEguatore be’t artrafition is accumulated. They arc alfo heavier, 

becaufe their centrifugal forcc is le$ on account 
of their diurnal motion being flower, For both 
there r$afons, bodies carried from the Poles toward 

Ex- 
periments prove that a pendulum, which vibrates 
feconds near the Poles, vibrates 
Equator, which fhews, chat it is lighter or lefs 
attrakted there. T o  make it ofcillate in the bmc 
time, it is found ncielihry to diminiih its length. 
By comparing the different lengths of pendulums 

fwingiog 

. the Equator gradually lofe of their weight, 
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fcconds at the Equator and at London, it 
that a pendulum muR be zT’u”vga lines 

t the Equator than a t  the Poles, A line 

I 18, If the’Earth turned round its Axis in 84 ”ow might t h v  lofa 

is B t d f t h  part of en inch. 

c ual to &e power of gravity at  the Equator ; and *eWt. 

If cbe -Earth revolved quicker, they would all By 
of’ .(id Icavc it, 

r s9. A perf in on the Earth can no more be fen- 
fible of its .undiRurbed motion on its Axis, rhan ’& be felt ,  

Cwlc in the cabin of a thip on fmooth water can be 
fenfibltsaf &e hip’s motion when it turns gently 
and uniFixmly round. It  is therefore no argument 
%ai& the F~rth’s diurnal motion, that we do nor 
f t t l  it I nor is the apparent revolutions of the d e r -  

bodks every day a proof of the reality of thefe 
for whether we or they revolve, the ap- 
b the very fame. A perfon looking 

through the cabin-windows of a ihip as flrongly 
fwcirs the objetts on lmd to go round when thc 
hip turns, as if they were aCtiialIy in motion. 

/j 120, If we could tranflate ourrrlvcs from 1’Ianet 
to Planet, w e  fhould i t i l l  f ind t h a t  the Stars would 
appear of the fame magnitudes, and at rhr Linie 
difiancrs from each other, as they do to us here: 
becaufe the width of the rernorefi Planet’s Orbit 
bears no rt.nfiiie proportion to t11t cIi[iancc of the 
Stars, but then, the I IeJvtns WOUM t i rm to re- T ~ ,  the d,f. 

v d v e  about very clifkrcnt Ases ; and confcquently, 
t M i  quirfcetit points, w h i c i ~  ;ire our Y O I C S  in H , . ~ ~ ~ ~ . ~ ~ , -  
the Heavens, would teein to revo lve  about ot Iw ~ ~ ~ : l ~ l o , p : n  
Points, wliicli, though ayparriirly in morion as ken dltr8 tent 

from the Earth, would bc at rcll .is ken from a n y  Nxcr* 

other Pldnec. Thus the Axis ot Venus, which lies 
almofi a t  right Angles to the A X I S  of  the  i.$irth, 
w ~ l d  have its motionkfs I’o!es in two oppofitc 
P Q ~ ~ I ~ s  of the Ijeavrns lying a\tnoit in  our Lqtii- 

E 3  n 0 L t 14 I, 

minutes 43 ieconde, the centrifiigal force would be ~ l l  their 

a 9 bodies, there would entirely lafq their weight. 

The Eirrh’c 
m Ition can- 

fC*Cl lI  I ’ h -  
I l C t h  the 
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no€tial, where the motion appears q 
it  is feeminqly prrformed in the 
And the very Poles, which a 
the quickefc motion of all  a$ 
To Mars and Jripitrr 
5 0 u n d  with very differ 
Axis, whok PoIec arc &ow 131 de 
Were we on Jupiter, M! &wid be at 
i t  the rapid mQtion of the Hcavens; t 
Stars going round in 
we go from thence to 
iurprikd at the flowfiefs of t 
the Sun going but onc 
the Stars in 540. And cool 
the Moon, we ffiould fee t 
with a yet’flower motion ; 
the Stars in 655. As it is i 
ous circumvolutions in fuoch 
on fuch different Axes, ca 
fonable to l’uppofe the 
our Earth more than it d 
When we refleR on the vait diltance 
Stars, to which 162,000 
of the Earth’s Orbit, is bur a point, we a 
with amdzernent ac the in t r i t n f i ry  of their dillatwe, 
Brit if we t r y  to frame an idea of the extreme rapi$ 
ity with which the Stars mull mow, if they move 
round the Earth i n  24. hours, the thought becomes 
fo miich too bji7, for our imagination, that we can 
no more conceive it than we do infinity or eternity. 
I f  the Son was to go round the Earth in 24 hours, 
he‘muft travel upward of 300,000 miles in a mi- 
nute: but the Stars being at  lcait 400,000 times as 
far from the Sun as the Sun is from us, thofe 
about the Equator muit move 400,0u0 rimes as 
quick. And all this to ftrve no ocher purpofe than 
what can be as fully a d  much more fimply obtained 
by the Earth’s turning round callward, as on an 
Axis, evcry 2 4  hours, caufing thrrcby an apparent’ 

diurnal 
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f the Sun weftward, and bringing 
te returns of day and night. i 

the common objettions againft the Ohjefltona 

on its Axis, they are all eafdv an- Ea,,vqdi.  
dj. That it may t u rn  without ~ 1 a I m ~ -  

by u8 to do To, has been already fwcrcd. 

9. But fame are apt to imagine that 
mrnscoEtward (8s ie certainly doc$, if 
1) a ball fired per ndicularly upward 

projetted from. T h e  objeRion, which 
mr to have fornc weight, will  be found 

tat aJ1, when we confider that the gun 
nake of thc Earth’s motion ; and there- 
L being carriid forward wi th  the air as 
Birth and a i r  t t i rn ,  mufi fall down on 

ace. A ifow let fail from the top of o 
fit meets with no obltacle, falls on the 
the foot of the mail when the h i p  fails 
es not. If an inverted bottle, full of 

k h u n g  u p  to the cieling of the cabin, 
fmall hole be made in the cork to let the 
drop through on the floor, the drops ,will 
as far forward on t h e  floor when the h i p  

krils as whrn i t  is a t  relt. And gnats or flirs cun as 
edly dance among one another 111 :i moving cabin 
as i n  a fixed chamber. As for thofe fcripture ex. 
prefions which feern to coneradilt the  Earth’s 
motion, the following reply m a y  be made to them 
all:  It is plain from many inftances, t ha t  the 
Scriptures were never intended to inltrutt  us in 
Philofophy or Altrononiy ; and thertforc, on tliofc 
fubjctts, exprefions are not always to be taken in 
the literal fenre ; but for the moR part as accom- 
modated to the common apprehenfions o f  mankind. 
Men of fenfe in all ages, when not treating of the 
fcicnccs purpofdy, have followed this method : 
and it would be in vain to follow any other in ad- 
drefiing ourfelves to the vulgar, or bulk of any 

E4 co m rn un i ty . 

ag inR I -  

t t t  n .(hr 

muR fall conrldera ge ly weftward of tha 
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community. Mo/eJ call the Moon A GREAT 
LUMINAKY (as it is i n  the Hebrew) as well as 
the Sun : but the Moon is known to be an opaque 
body, and the fmallett that Aftronomers have ob- 
fervect in the Heavens j and ihines upon us not by 
any inherent light of its own ,  hot by refleRing 
the light of the Sun. MoJes might know this, buc 
had he told the I/raeZifcs io, they WOIJ I~  have flared 
at him ; and confidered him rather as a madman, 
t han  as a perfon commifioncd by the Almighty to 
be their leader, 

C H A P. IV. 
Bbe Pkenonaena of the Htavens ashen  from different 

Parts of the Earth 

are kept to the Earth's furface on 
Gdts by the power of its central 

attraaion ; which, laying hold of all bodies accord- 
ing CQ their denficics or quantities of matter, with- 
OUL reyard to their bulks, conftitutes what we call 
their wcigbt. And having the flcy over.our heads, 
go where we will, and our feet toward the center 
of the Earth, we call it up over our heads, and 
down under our fcec : although t h e  fame right line 
which is down to us, i f c w i n u e d  through and bc- 
yond the oppoGte fide of the Earth, would be up to 

For, the in- 
habitants n, i, e, m, s, u, q, 2, itand with their fect 
toward the Earth's center C; and have the fame 
figure of i k y  N, I, E ,  M, S, 0, 2, L, over their 
heads. Therefore, the point 5' is as direRly upward 
to the inhabitant J on the South Pole, as Nis to the 
inhabitant n on the North Pole: io is E to the 
inhabitant e iuppofrd to be on the North end of 
Peru; and .%to the oppoGte inhabitant qon the mid- 
dle ofthe ifland Sumntua. Each of thcte obfirvers 

4ntipor'tr* is furprifed that his oppofite or Antipode can itand 
wi th  his head hanging downward, But k t  either 

60 

Wr 3rc kept 't 2 2. MI to t t i c  Eaach 
by gravity. 

N.*TEIL the inhabitants on the opyofite Gde. 
Fig.3- 
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go to the otiier, d l d  ,,L ui i1  tell him char he f'tood PL*TEI*- 
as uptight and f i r m  011 the place where he \V<IS, as 
he now ff ands where he is. T o  all t h e k  ohlirvers 
the Sun, Moon, a n d  Stars, feern to t u r n  round tilo 
points N and ,Y, as the Yolcs of the  f ixzd Ax,s  ~ ' x : s  o f t h t  

N C S ;  becaure the Ear th  does teillly t u r n  round 
the mathematical l ine n C s  as round an  Axis, of 

\i orld. 

which 91 is the North I'ulr, and s the South 
The i-,habitant U (Eig.,lI.) affrnls, t h ~ t  h 
the uppermolt fide of the Li.,irth, and  wonrlars how 
another at L can ftand on rhc u n c i m i w f i  Ikle with 
his head hanging downwdids. But Uin the mean. 
time foraets that  in  twelve fiouis time he will be 
carried half round with the E a t t i ,  3tid then be 
in the very Gtuntian t iuc  I, now i!, .ilrhough as fdr  
from him as before. And yet, V. tm U comes there, 
he will Iind no difference 35 to his irinnner of (land- 
ing; <%nIy he will  I& the oppolitr Ii;iIf of the 1Jea- 
"ens, arid imagine the ~ ~ e a v c n s  to I U V C  gone half 
round the Earth. 

f14 Po!rc. 

Fig. 11. 



58 
?LATE rrr attraRion ; and therefore it has o fuch thing as an 

ics furface, even to the Moon, gravitate toward 
its center, 

124. Let anp man ima3ine that the Farth and 
every thing but hiinfelf is tal ten away,  and he left 
alone in the midlt of indefinite fpace; he could 
then have no idea of up or down; and were his 

ockets full of gold, lie m i g h t  tslce the pieccs one .g y one, and th row them away on a l l  fides of him, 
without any danger of loGng them; for the at- 
traaion of  his body would bring them all back by 
the ways they went, and hc would be down to every 
one of them. Bct then, if a Sun or any other 
large body wcre created, a n d  placed in any part of 
Space kveral millions of miles from him, he would 
be attraaed toward it, a n d  could not lave himielf 
from faHing down to ir. 

Tbe Phenomena bf Ihe ?Iefivens as feen 

upper and an under fide; for a1 r bodies on or near 

llrp 1. 125. T h e  Earth's bulk is but a point, as that  3t 
C, cornparcd to the Ileavcns; and therefore every 
inhabiranc upon it, let h i m  be where he will, as at  
n, e, m, J, &c. fees half of the Heavens. 'I'he in- 
habitant n, on the North I'olc of the Earth, con- 
Ctaritly fees the I-Iemifphcre /i Ne%; and having 
the North Pole N of the I J e a v e n s  j d t  over his 
head, his Horizon * coincides with the Celefiial 

% a i m 9  Hd'fof'he vi .  Equator E C.2.- J'hercfore all the Stars in  the 
f i s l r  r o a n  Northcrn Iienil!j)here E iV 2, between the Qua- 

tor and North Pole, alqxar to turn round the line 
cfc~ctrr~r. NC, rnoving pirdlel to the Horizon. The Equa- 

torial Stars keep in the I3o/izon, and all thoie in  
the Southern Ilemifphere ES are invifible, The 
like Phenomena are reen by ttie obfervcr J on the 
Soiith Pole, wi th  refpelt to the Hemifphcre E'S$'j 
and to him the oppofite Wemifphere is dways  
jnvilible. Hencc, under either Pole, only one 

'I'he utrnolt  l imit  of a perfon's view, wficra the Sky kerns 
to touch the Earth all around, i s  called hi, S h i z o n  i which 
h f t s  a$ the yrrfoon c h a n p  his  Elacc, 

9nhahiranr 
an a n y  p.rt  

half 
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half of ihe Heavens is ken ; for thofe parts which 
are once viiible never let, and thofe which are once 
invifible never rife. Ru t  the Ecliptic 2'C X, or 
Orbit which the S u n  appears to defcrihe once 3- 
year b y  the Earth's annual motion, has the half YC 
cooitancly above the Horizon E C g o f  the North 
Pole n ;  and the other half C X  always bclow it. 
Therefore while the Si in  defcribes the northern Phrnomrm 
half YCof the Ecliptic, he neither fits to  the North at'hcPoith 

Pole nor rifes to the Sooth ; and wliilc he dricribrs 
the huthern half CX, he neither rets to t l v  South 
Pole, nor riks to thr  North. The i m e  t'> n c p  are 
t rue with refpelt to the Moon ; only with  thls dif- 
ference, that as the S u n  defcriber the Ecliptic brit 
mce a-year, he is for half chat time viGble to each 
Pole i i i  its turn,  a n d  as long invifible; but as the 
Moon goes round the I;,clipttc in  27 days 8 hours, 
h e  is only vifible for 13 days rG hoiirs, and as long 
invifible to cach Pole by turns. All the Pldnets 
likewife rife and kc to the Poles, bccauf' tlirir 
Orbits are cut obliquely in halves by the Horizon 
of the Poles. WhLn the Sun ( in  his apparmt way 
from Xf arrives a t  C, which is on the 20th of 
March, he is jur t  riGng to an obkrvrr  at n on the 
North Pole, ahd fetting to anorher at J on the South 
Pole. From C he r i f t s  higher d n d  hiqher i n  every 
apparent Diu rna l  revolution, t i l l  he comes to the 
higheR point of the Ecliptic y, on the 21fi of June, 
and then he is at his greateit altitiidc, which  is 
23f degrees, or the Arc Ey,  eqiinl to his great& 
north declination; and from thrncr he fcenis to 
defcend gradually in every apparent Circumvolu- 
tion, till he rets at C on the 23'1 of September i atid 
then hegocs to exhibit the likr Appearances at  the 
South Pole for the other h d l f  of the year. Heiict 
the Sun's apparent motion round the Earth is noc 
i n  parallel Circles, but in Spirals; fwh as might 
be reprefcntrd by a thread wound round a Globe 
from Tropic to Tropic ; the Spirals being at ibme 
di!tmce from onc another about the Equator, and 

gradually 
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PLATE 11. gradually nearer to each other as they approach to- 

Fhonomenr I 26. If the obferver be any where on the Ter- 
at IC?. [he Equa- reitrial Equator e Cq, as Cuppofe at P, he is i n  the 

plane of the Celttflial Equator i or under the Equi- 
iw&kial E C 9,; and the Axis of the Ear th  n C J is 
coincident with the plane of his Horizon, extended 
out to Nand  S, the North and South Poles of the 
Heavens. As the E a r t h  turns round the line NCS, 
the whole Heavens .%IO I; l feem to turn round the 
fame line, but the contrary way. It i s  plain t h a t  
this obfirver has the Celeitial Poles conflantly in 
his Horizon, and that his Horizon cuts the Diurnal 
paths of all the Celefiial bodies perpendicularly, 
and in halves. ‘I‘herefore the Sun, Planets, and 
Srars, rife every day, and afcend perpendicularly 
above the Horizon for Gx hours, and pafing over 
the Meridian, defcend in the fame manner for the 
fix following hours;  then k t  in the Horizon, and 
continue twelve hours below it. Confequently a t  
the Equator the days and nights are equally long 
throughout the year. When the obferver is in the 
fituation e, he lees the Hemi(pherc S EN; but in 
twelve hours after, he is carried half round the 
ICmh’s Axis to q ,  and then the Memifphere 
becomes vifible to h i m  ; and S E N  diiappears. 
Thus we find, that to an oblitrver at either of the 
Poles one half of the Sky is always vifible, and the 
other half never ken; but to an obferver on the 
Equator the whole Sky is feen every 24 hours. 

l’he Figure here referred to, rcprefrntcl a <:clef- 
rial globe of glal’s, having a Terreltrial Globe 
within it : after the manner of the Glafs Sphere in- 
vented by my generous friend Or.  Lowndes’s 
l’roferor of Altrorioiny i n  Cambridge. 

The Fbenomtna of the Fjeavenr as fetn 

ward the Tropics, 

Fig. I. 

~ ~ ~ ~ , k .  I 27. I f  a Globe be held fidewife to the eye, a t  
ionic dillance, and To that  neither of its Poles can 
br: ken,  t:ie Eklcrator E C !:,, anti all Circles parallel 
tu  i r ,  as DL, J zg)  a b X ,  0, &c. wil l  appear to be 

6 ttraigkc 



from dd$Erent Parls of the Earth. 
ftraight lines, as proje&ted in this Figure ; which is 
requifite to be mentioned here, becaufe we hal l  
have occafion to call them Circles in the followi1ig 
Articles of this Chapter *. 

128. Let us now fiippofi tha t  tbe obferver has 
gone frnm the Equator e toward the North l’ole,n, r g  viurarid 

and tha t  he flops at i, from which place be then 
fees the Hemifphere MEZNL ; his €-Iorizck ,tlCI. 
having fliifted as many Degrees t f w n i  die Ctlef- 
t i a l  Poles Nand  S, as he has travelled fiom iiiider 
the EquinoCtial E. And 3s the Z 1e.ivens fiein con- 
f tant ly  to tu rn  round the line NCS as an Axis, ail 
thoit. Stars which are not fi inmy clegrees frorn 
the Nortli Pole N as the oblrver is from the Ilyui- 
notkid, namely, the Stars north of the dorted pa- 
rallel I) L, never let below the  I-lotizoii ; and tho! 
which are fouth of the dorted parallel M’O ncver 
rife above it. Hence h e  forrrer of theft. ti40 pa- 
rallel Circlcs is called tbe Circle ofperpc tmf  rlppn- T h r  Circlrs 
uition, and the latter tbc Circle ofpcrpffunl OccaI- A ~ ) ~ ~ , ~  ion 
tation: but a11 the Stars between thele two Circles r)hcul* 

rife and fct every day. Let  u s  imagine many Cir- 
cles to be drawn between thek two, and parallel 
to them ; thofe which are 011 the north Gdc of the 
EquinoEtial will be unequally cut by the IIotizon 
MCL,  having larger portions above the IIorizon 
than below it: and the more Co, az they are nearer 
to the Circle of perpetual Apparition 8 bur the rc- 
verfc happens to thofe on the fouch fide of the 
Equinoltial, while the Equinolkidl is divided in 
two equal parts by the Horizon. Hence, hy the 
apparent turning of the IIravens, the northern 
Stars drfcribt greater Arcs or Portions of Circlcs 
above the Horizon than below it ;  and the greater, 
as they are farther from the EquinoCtial towald 
the Circle of perpetual Apparition ; while the con.. 

Gr 

l’licnomena 
Ic iuc  n thr 

ol i - r i p e t q i d  

uhon. 

* The Plane of a Circle, or a thin circular Plate, being 
turned ed cwife to the eye, appcarr to be a Itraighi line. 

.t A 6 cgrce is tho 360th parr of a Circlc. 

t r a y  



62 I'br Pbcnorncna of thu Heavens us ficrz 
trary happens to all Stars fouth of the EquinoQial : 
but thofe upon it defcribe equal Arcs both above 
and below the Horizon, and therefore they are jurt 
as long above as below it. 

129. An obferver on the Equator has no Circle 
of perpetual Apparition or Occultation, becaufe all 
the Stars, together with the Sun and Moon, rife 
and let to him every day. Bot, as a bare view of 
the Figure is ftifficicnt to hew that there two Cir- 
cles D L  and M O  art. juCt as far from the Poles N 
and S as the ob(;rver a t  1 (or one oppofite to him 
at 0 )  is from the k:quator L.;C.q; it is phiti, that if 
an obferver begiris to travel froin the Equator to- . 
ward either Pole, his Circle of perpetual Appa- 
rition rifes f-om that  Pole as from a Point, and his 
Circle of perpetual Occultation from the other. 
As the obferver advances toward the nearer L'ole, 
there two Circles enlarge their diameters, and come 
nearer one another, until he comes to the Pole; 
and then they mret and coincide 1.1 the Equinoflial. 
On different fides of the Equator, to obkrvers at  
equal diftanctts from it, the Circle of perpetual 
Apparition to one is the Circle of perpetual Oc- 
cultation to the other. 

w h y  the 130. Becaufe the Stars never vary their diitanccs 
derc,ibe from the EquinoRial, io as to be fenfible in an 
i m e  prra l  age, the lengths of their diurnal and nofiurnal 
,,(,,,, Arcs arc always the fame to the fame places on the 
the Sun a Earth. But as the Earth goes round the Sun evcty 

year in the Ecliptic, one half of which is on the 
north fide of the EquinoRial, and the other half on 
its iouth fide, the Sun appears to change his place 
every day, io as to go once round the Circle TCX 
every year, 5 114. Therelore while the Sun ap- 
pears to advance northward, from having dcfcribcd 
the parallel n L X  touching the Ediptic in X, the 
days continually lengthen and the nights hotten, 
u til he comes toy  and defcribes the Parallel ~ , ! z x ,  

8 t a i B  alwayr 

lt) of rno- 

d.fLrent. 

5 thC 
w E 'en the days are a: the longeR and the nights at  



frona dtrerent Parts of the Edrlb. 63 
the fhorteit: for then, as the S u n  goes no firther PLATE ir- 
northward, the greateft portion that  i s  pofible of 
the diurnal Arc y z is above the llorizon of t h e  
inhabicarit i ;  and the fmallclt portion z x below it. 
As the Sun declines fotd1wnrti froin y, he dcfcr ibes 
fmaller diurnal and  greater noflurnal Arcs, or l’or- 
tions of Circles, every day ; which caoks the d a y s  
to ihorten and nights to lengtlien, until he arrives 
again at  the Parallel a G X; which hav ing  onlv the 
iinall part a b  above the IIorizon A f C L ,  and the 
great part j X below it, the days arc at the ffiortelt 
and the ni hts at the longeft: becauk the Sun re- 
cedes no B arther fouth, but returns northward as 
before. IC is eary to fee that the Sun nid i  be in 
the Equino&iia\ E CL& twice evrry year, and then 
the days and nights are equally long; that  is, 1 2  
hours each. ?‘hcfe hints frrve at prefcnc to give 
an idea of fome of the  Appearances refiilting from 
the rrrutions of the E a r t h :  which will be inwe 
particularly defcribed in the tenth Chapter. 

131. ‘To an abfcrver a t  either Pole, the Horizon r e .  r .  
and EquinoRid are coincident i and the Son and ‘ozr;tid::, 
Stars kern to move parallel to the Horizon : there- anri Icteht 
fore fuch an obfervcr is raid to have a parallel PO- ::tGy 
fition of the Sphere. To an obrervcr any where 
between either Pole and Equator, the Parallels de- 
fcribed by the Sun and Stars are cut obliquely by 
the Horizon, and therefore he is faid to have an 
oblique poiition of the Sphere. To an oblbver 
any where on the Equator, the Parallels of Motiqn, 
defcribed by chc Sun and Stars, are cut pcrpcndi- 
cularly, or at Righi Angles, by the I-lorizon ; and 
therefore he is faid to have a right pofition of the 
Sphere. And there three are all the diserent ways 
that the Sphcrc can be p G t d  tQ a11 people on the 
Emh. 

C H A P .  



Tbe Pbenomena of the Uenvens asJcen 

C I I  A P. V. 

The Phenomena of /he Ihavens as Seen from &rerent 
Parts of the Solar S‘yJcr~i. 

132. vafly great is tlie difiance of the if,irry 
?leavens, t h a t  if viewed from any p m  of 

the Solar Syitem, o r  even many millions of miles 
beyond it, the appearaiice would be the very Cimc 
to us. l ‘he  S u n  and 5 t~1 . s  would allJeern to be 
fixed o n  one concave iur fxe ,  of which the fpetla- 
toh’$ eye would bc the center. But the Planets, 
being much ncarer t h a n  the Scars, their appearances 
will vary conliclerably with the Place from which 
they arc v icwcd.  

I;{,J. If the Qe&ator is at  reIt without their 
Orbits, tlie L’ldnets will Ceem to be at the Ihine dif- 
tance as the Stars ; but continually changing their 
places wi th  refpett to the Stars, and to one an- 
other : aKuming various phaCes of increafe and de- 
creak like the Moo41 ; and, notwithfianding their 
teguldr motions about the Sun, will iometimes 
appear to move quicker, lomerimes flower, be as 
often to the welt as to the c fi of the: Sun; and a t  
their greatett diltdnccs isem quite Ltdrionar y. The 
duration, extent, and difiance, of thofe points in 
the €leavens where thefe digrefions begin and end, 
would be inore or leh, according to the refpec- 
tive diltances of the Cevcral Planets from the S u n  : 
but in the fane Planet they would continue inva- 
riably the fdme a t  all times; like pcmlulums of 
unequ;il lengths ofcillating together, the ffiorter 
move quick arid QO over a finall +ace, the longer 
move flow and go over a large ipace. If the ob- 
ferver is a t  rrtt within the Otbits 
but not near the common centerc 
motions will be irregular, but lek To than i n  the 
former cafe. JSacli of the feveral Planets will ap- 
pear bigger and lefs by turns, as they approach 

nearer 



from Hifeerent Parts of the Solar Sjjlctn. ‘5 
nearer t o  or recede farthrr from the obferver ; the 
neareit varying mofi in thcir fixe. ‘I’hv will alfo 
move quicker or flower with rq;.ird to the fixed 
Stars, but will never be retropde or ltationary. 

r34. I f  an  obferver in motion views the Hen- 
venS, the t m e  apparent irrcci~l~rit ies will be ob- 
ferved, but w i t h  hnie  variation refilltin;; from his 
own motion. I f  Ire is o n  a I’lLinet whic-h  h.rs a ro- 
tation on its Axis,  not ht.ing {>ni[ible of his own 
motion, hr will trii~l;ine the whole 1 leavrns, Sun, 
Planets, and S t w ,  to revolve nboiit hirn i n  the 
fame tiiiie t l i n t  hi:, L’I.inct turns round, b u r  the con- 
trary w d y  ; and will not be enfily convinced of the 
tlecrpti(,n. I f  his I’lanet moves round the Sun, 
the fdiiic” i t  rrgularitirs and ;ilpe&s :is above-mrn- 
tioned will npliear i n  the motions of the other Pia-  
nets ; n n d  the Sun  will  kern to move litiiong the 
fixed Srars or Siigns, i n  311 oppofite dircoiori to that 
which his l’lanet moves i n ,  cli,inging its p l , ~ e  every 
day as lie does. I n  n word, w l ~ t h c r  oiir oblrrvcr 
be i n  inotiori or at rcR, whether w i t h i n  or wirhuus  
the 01 h i t s  of the Plmets, their motions will leein 
i r r rg i i lx ,  intricate, and perplexed, unlck he is in 
the ceiitrr of the Syl1c.m ; and from tl~rncc, the 
rrioCt beautiful order an:l ilJ1rnony will be Iccn by 
him. 

1 ~ 5 .  ’l‘lre Stin being the wnter of all tlrc Planets Thc sutr.a 
mottoiis, ttie o n l y  pI,ice fi o:ii wliirti tlirir inotions 
Could br: t i  u i y  f ren ,  is the !;tin’s center ; wlicr e the f rom vhtch 

Sun (which, in  this c,iii=, we muit itnJgii;e to be 3 plrcr.ofIhe 

tranrpdrent body) wotild ire all the Stairs ;it rctl 
and it.emin:;ly eqiricIi(tant fiotn him. 
obfirver, the I’Janets would i q i p i r  to m o w  m o n S  
the fixed Stars, in a fiinp~e, regular, m d  u i i i f o r u i  
Iriannrr : only, that as in cqi1.11 tiirirs they dr‘ciibc 
equal k e d s ,  they  wodtl drlcrihtt 11mes Ibrric-what 
unequal, bccarifr they move in elliptic 01 bits, § I 55. 
I heir motions would a I h  appc,ir ro bc u h . 1 ~  they 
are in f i t ,  the l a n e  way round thy I-Irdvrns; in 

the true rno- 
obferver being frlppoled uot to t u r n  round with the ttt,nn and 

Plrncti 
rtruld be 

1.0 lirch an Iten* 

r .  
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66  he Phenomena ofthe Henvens as ften 
paths which crois at fmall Angles in different parrs 
of the Heavens, and then feparate a little from one 
another, 4 20. So t h a t ,  if the Solar Aflronomer 
fioold m a l e  the P a r h  or Orbit of any Planet 
a h n d a r d ,  and confider it as having no obliquity, 
0 201, he would judge the paths of a11 the refi to 
be inclined to i t ;  e ~ c h  Planet having one half of 
its path o n  one fide, and the other half on the 
oppofite fide of the flandard Path or Orbit. And 
if he kould ever fee all the Planets ftart from a 
conjunttion with each other *, Mercury would 
move io much fdfler t han  Venus, as to overtake her 
again (th:>ugh not in the rbme point of the Heavens) 
in a quan t i ty  of time alrrioft equal to 145 of our 
days and nights, or, as we commonly call them, 
Natural Day$, which inrliide both the d a y s  and 
nights: Venus would tiiove fo much fafter than 
the Earcli, as to overtake it  again i n  585 natural 
days: the f l m h  To much f‘rftrr t han  Mars, as to 
overtake him again in 778 fuch d a y s :  Mars io  
much fJflter than Jupiter, as to overtake him again 
i n  8 17  iuch days : and Jupiter io much faff er than 
Saturn, as to overtake him again in 7236 days, all 
of our time. 

‘fhcjudg- I 36. I3ut as our fi~ldr Aftronomer could have no 
ID,r,  AR,o- idea of nicafiiring the courks of the I’ldnets by our 
nOmer days, hc would probably take the period of Mer- 
b&ly ,,,,kc cury, which is the quickefi moving i’lmet, for a 

. confc-lr,t~ meCrjtire to compare the periods of the others by. 
, , , , ~ k . ~ f  As al l  the Stars would nppear cluiekeni to hiin, he 

*he m n c m  would never t h ink  t h a t  they l i d  any tlepcndance 
upon the Sun ; but would naturally i n q i n e  that 
the i’ldnrts have, becaule they move round the 
Sun, Anti i t  is by no iiieans improbable, that  he 

men< rhit a 

would prn- 

t I I  c dl  ft d n  C * I  

* Hrrc \vi= do not  mcan fuch a conjunRion, a9 that  t h e  
nearer Planet fliuul1.1 hid[  nl’ the rc!t from d i e  oblcrvcr’> fight; 
(for that  would be i n l p f l i  le, urilef,, the interreltions ot all 
tbcit O:bitn werr coincidciit, Mliich tlrvy arc riot. S P P  \ t i . )  
but w h m  ttwy wccc all i q  a linc ciuffing the ilanddrd Orbit at 
h g h t  Aagles. 

w 0 11 Id 





- from dficrent Parts oft&c Solar Sy/3cm. 67 
would conclude shore Planets, whofe yerinds arc 
quickelt, to move in Orbits proportionably lefs 
than thofe do which make flower circuits. Buc 
being deititure of a method for finding their P.iral- 
laxes, or, more properly fpeaking, as t h r y  could have 
no Parallax to him, he could never know anv th ing  
of their real diltances or magnitudes. Their rela- 
tive diltances he might perhaps gueTs at by their 
periods, and from thence infer fornethirig of truth 
concerning their relative bulks, by comparing their 
apparent bulks with one another. For cxample, 
Jupiter appearing bigger to him than  Mars, he 
would conclude it  to be much bigger in fa&; be- 
caufe it appears To, and mutt be tkrher  from him, 
on account of its longer period. Mercury and 
the Earth would reem much of the h m e  bulk ; buc 
by comparing its period with the Earth's, he would 
conclude that the Earth is much farther from him 
than Mercury, and conltquently that it inuR be 
really bigger, though apparently of the fatile bollt 8 
and fo of the r e k  And as exh Planet would 
appear fornewhat bigger in one part o f  its Orbit 
than  in the oppofice, and to move qiire !.< :i when it 
kerns biggeft, the oblirvcr would be at no lolS to 
conclude thdt all the Planets move in Orbits, of 
which the Sun is not precifrly in the center. 

'37. The apparent magnitudes of the I'lanets Theplane- 

demonftrates that they approach nearer t l J  it, and Iw a* faen 
recede farther from it by turns. From tliel'e: Phe- Earth. 
nomena, and their apparent motions among the 
Stars, they reem to delcribe loo ed curves which 
never return into themklves, b enus's path ex- 
cepted. -4nd if we were to trace out all their ap- 
parent paths, and put the figures of them together 
,in one diagrani, they would appear io anoni.iIoiis 
and confufiid, tha t  no man in his ftnlc.5 could he- 
lieve them to be reprefentations of tlirir rc'il paths ; 
but would irninediately concludc, t l u t  Cucli ~ p p -  

E' 2 rent 

t r r y m o r h a  
continually change as Teen from the Earth,  which v-ry irre&uu- 

f row the 



68 The appment Paths of Mercury und Yenus, 
PLATE rent irregularities mu(t be owing to foine Optic 

illulions. And after a good deal of enquiry, he 
might perhaps be a t  a lofs to f ind out the rite caure 
n i  t h e k  irrcgularitirs ; efpecially if he were one of 
thofc who would rather, with the greatelt juflice, 
c!iargr frail mail with ignorance, than the A1;nigbty 
with bci:q die atichor of fuch conf idh .  

111. 

Thorr of 
M I r‘ I r y 

Vf.,,,,P lm given 11s fiFiircs o: the apparent yatliq of all the 
rrf’  d e  t e d .  p h c : s ,  feprdreiy from C A S S I N ~  ; and o n  f’eeing 

thein i fir!t t h o u g h :  of arrcmpting to trace forne of 
t‘:tm h - q  a iiiacliir,c * [l icit  h e w s  the motions of the 
Sun, i?lercii:y, a n d  Vcnus, the Earth, and Moon, 
arrorJi i i3 to t h r  Copcinirnn Syjem. )laving taken 
ofF the Sun, Mercuiy,  Venus, I put black-lead 
penr ils i:) t h e i r  placrs, with the points turned up- 
w~rc1 ; ancl 11xei1 ;L c rcn1.w fheet of pafte-board To, 
tliac the E{: , ir t !1  I c c p  coriitmtly under its ceriter in 
going rounc1 tire S~rri ; x i d  t ho  pafie-board kept ics 
y ~ r ~ l l c i i i r n ,  ‘! !:(*I,, pirlling gcntly with one hand 
u p o n  t :x p;iiIc* h a i d  KO rnCike i t  touch the three 
pcniil., W I : ~  thc otj,cr h a r d  I tiirned the winch 
that I I I O V C ~  Lhe whulc: ~nncfiinery : and as the Earth, 
togethrr vi;ili tiit. pT.rx,ils in the places of Mercury 
and Venus, tiad t l t t ir  proper motions round the 
SUII’S penc11, uili, j i  k:pt at reR i n  the center of 
the r t i d i i r l r ,  .ill t 1 ~  rhrce pcnclls defcribed a dia- 
grain, frocii w:iiL!i tlic. 0, II 1. i g u r t  of the third Plat&, 
i s  t r u l y  cupic~l I N  .i !111,i1ler fizc. As the Earth 
~ ~ , o v c d  i o u F r d  t;,c 5i;r:, d ie  S u n ’ s  pencil defcribed 
the &,tu c! C ; u t k  of ?tI(,nt\\s, whilfi Mercury’s yen- 
( 1 1  t l ~ ~ w  LIC cu :  ve * ~ r h  c l x  greatell: number of 
]i)opi, aii;:! V i ’ : :~s ’s  t1ut with the fewctl. In their 
infc, lor Cordji:ni..iuris they come as much nearer 
the JZxtll ,  or wtiljin the Circle of the Sun’s appa- 
relic I l lJ t lOl i  rr,und t!ld 1 leavens, as thcy go beyond 
i t  in thrir  h l > t A l  ior corijiiiikiions. On cadi fide of 
the l o u p  cixy a p p r  itacionary : in that part of 

, * ),). ( 1  i j r .  6 O N C ,  i n  his firR volume of Apronomy, 

ri; I. 

* ‘ l h c  0 P K E R Y fronting the Title-Page. 
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70 The apparent Patbs of Mercury and Venus. 
as at 20,  near F; on the 20th he will be feen as at 
G; on the 31fl at H; on the 10th of February at15 
on the 20th at K ;  and on the 28th at L ;  as the 
dotted lines kew, which are drawn through every 
tenth day’s motion in his looped path, and con- 
tinued to the Ecliptic. On the 10th of March he 
appears a t  M; on the 20th at N ;  and on the 31R 
at 0. On the 10th of April he appears fiationary 
at P; on the 20th he feems to have gone back 
again to 0 j and on the 30th he appears Rationary 
at g, having gone back I r f -  degrees. T h u s  Mer- 
cury  kerns to go forward 4 Signs I I Degrees, or 
13’ Degrees; and to go back only 1 I or I 2 De- 
grees, z t  a mran rate. From the 30th of April to 
the 1 och of May, he feeins to move from Q to R ; 
and on the 20th he is feen at S, .going forward in 
the fame rnanner again, according to the order 
of letters ; and backward when they go back; 
which it is nredleb to explain any farther, as the“ 
reader can tract: him out io eafily, through the reit 
of the year. The lame appearances happen in Ve- 
niis’s morion ; but as k e  ixioves flower than Mer- 
cury, there are longer intervals of time .between 
then,. 

Having already, $ 120, given Fome account of 
the apparent diurnal motions of the Heavens as 
feen from the different Planets, we ha l l  not trouble 
the reader any more with that iubjea. 

C 1-4 A P. VI. 
Tbe Ptolemean SyJZem refuted. 5% Motions and 

PhnJes of Mercury nnd Venus ckpiained. 
139. T €-I L;, ?‘yctouric SyJtem, 5 97, being fuffi- 

ciently refuted by the 103th Article, we 
h a l l  Cay nothins more about it, 

140. ‘I’he Pcoleinean SyJZein, 0 96, which afferts 
the h r t h  to be at  relt in the Center of the Uni- 
vtrre, anti all t!ie Planets with the Sun and Stars 
to ir~vve rouiid It, is evidcntly fdfe and abfurd. 

For 

* 



The Pbenomena of tbs inferior Planet$. 7' 
For if this bypothefis were true, Mercury and 
Venus could never be hid behind the Sun, as their 
Orbits are included within the Sun's : and again, 
there two Plmrts would alwavs move dire8, and 
be as ofcen in Oppofition to the Sun as in Con- 
junQion with him. But the contrary of  all this 
is true: for they are  jurt as often behind the Suo 
as before him, appear as often to inove barkward 
as forward, and are fo far from bring feen at any  
time in the fide of the Heavens oppofite to the 
Sun, that they were never feen a quarter of a cir- 
'cle in the Heavens diltant frorn hiin. 

141. The& two Planers, w h e n  viewed at di&- Appcrp- 

rnt timrs wi th  a good telefcope, appear in all the Merc,,ry 

various fhapes of the Moon ; which is a plain proof and Venus. 

Khat they are enlightened by the S u n ,  and fiine 
not by any light of their owti : for if they did, 
they would cdnitantly appear round a5 the Sun 
does; and couJd never be feen like dark fpots 
upon the Sun when they pa6 direRly between him 
and us. Their reghlar Phafes dcmonffrate fhem 
to be fpherical bodies; as may be fliewn by tlic 
following experiment : 

Ton move it  round the flame of  a candle, at two or : ~ e p y 1 ~ : ~  
three yards dil'ance from your e ) e  ; when the ball round, 

i s  beyond the candle, lo as to be alrnolt hid by the 
flame, its enlightened fide will be toward you, and 
appear round like the Full Moon: When the bdl  
is between you and the candle, its enlightrncd fide 
will difappear, as the Moon does at  the Change: 
When it is half-way between there two pofitions, 
it will appear half illuminated, like the Moon in 
her Qiarters: But  in every ocher pl~ct .  between 
thek pofitions, it will appear more or lek horned 
or gibbous. If this experiinrnt be made with a 
flat circular plate, you may tnakt. .it dpprar fully 
cnlig!mned, or not enlightcncd a t  .tli but car) 
never make i c  fcrrn eithcr horricd or gibbous. 

inrrs  of 

Hang an ivory ball bv a thread, and let any per- expticnent 

142. If 
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PLATE 11. 142. I f  you remove abaut Gx or feven yards 
Fx,rr.mrnt from the candle, and p l ~ c e  yourfelf fo t ha t  i t s  

r - v h i t  Bme may h e  ju i l  dmut the hei$t of your eye, 
M c,,r., and then &fire the orher perhn to n m v e  the ball 

I and Ve*lu$.  f lowly round the cLtndle 3s before, keeping it as 
near of an equal hrigkt with the fhme as he polTi- 
b l y  m i ,  tlir b ~ l l  will appear to you  not to move 
i n  a circle, but t o  vih-dte liackw'ird and forward 
like a penduluin, niovin~ quickdt when i t  is di- 
reEtly bttwcen you a n d  the c a i d l ~ ,  and &hen di- 
rcQly beyond i t ;  and p.,:rtc!~iully flower as i t  goes 
f,irthcr to the riglit or left 5tle of the flame, until 
it oiyz'ars at the gymlt  difiance from the flame ; 
and [hen, thou#i i t  continues to rriove with the 
fame velocity, i t  will fcem to ftand itill for 3 mo- 
mrnr, I n  cvrry I~rvclurion it will h e w  all the 
above Fhdt.~, Q 141; and if two balls, a finallcr 
and a gieaer, tie moved in  this manner round the 
c ~ n d l t ,  the finaller ball being kept nearefi the 
flmy;, arxl carried round almoft' three t h e s  a5 
oiteri as dit: greater, you will have a tolerable good 
reprefcnt'ttion of the apparent Motions of Mercury 
arid Venus; dpecidly i f  the bigger ball defcribes 
a circle a l t r d t  twice as large in diameter as the 
circle defcribert by tlir leffcr. 

143. L x t  AIICDIi be a pnrt or fcgment of the 
vifiblc- 1 Icavtvs,  i n  f i h i r h  the Sun, Moon, Planets, 
nrd  S t m ,  n p p r  to move a t  the lmr tirftsnce frdm 
die Il,.irtIi 8;. For there a r c :  cCrt;iii\. liinits, beyond 
w;ii(,h t t ie  r y e  C X I I I O ~  juc!ge of c i i t k r e n t  d i h c e s  ; 
as is I ) i i l r  fioiri the h!ooii's ;Ippeiiring to be as 
f.ir frorri '15 rhc S[rn a t i l l  S t m  arc. Let the 
~ i r ~ l c j ~ A ~ k h , ~ ~ ~  b c  tlic Olbic I I I  which hlercury m 
nwvcJ r o i i i d  t11(' Sun A', accwdins; t o  the order 
of thc 1ctrcr.s. Wlien M z i u v ~ y  15 ntf, lie diiap- 
pears to the i ia r t l i  at E ,  b: ric!: 111s enlightcoed 
tidr: ii; tiirneii froin :t ; uc!c!s !IC t>y t1.ri.n i n  one of 

T L > ~ T . ' ~ ~ .  I , i ,  i ~ ~ ( : c ; t ~ ,  $ ~ 2 ,  2 5 ;  I!i *;,!i~ch c,ift: he \&il l  appear 
W , ~ T , > ,  c o r  I l l i t .  3 , 4 . ~ ~ ! ~  I ~ C  t1i),j:t t i l L  SWL When hl: 15 at g 

~ I I  1115 Oibrt, he ;ip,xGirs 'IC I' in (lie lIc;ivci~i, wclt- 
f r  r i r  i t i t  ward 

Thc Phenomer~a of the  irfeerior Pkzncts. 
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The Pbenomenn of tbe infflior Pinnets. 7 3  
ward of the Sun S, which is feen at C: when at h, PLATEL 
lie appenrs a t  A, at  h i s  greateft wefitern elongation 
o r  dlltance from the Sriri ; and then feems to Rmd 
ftiil Bur, :is hc moves from b to i, he appe.il-4 to 
go froin 4 to B i and kerns to be in the fJme placo 
when R C  i, as when he w:is at g, bti. not near fo 
big: a t  k he is hid from the I la r th  E by the Sun 
S i  being then in h i s  fo{v>rior  Co:ijiin&ion. 1 ti 

goins from iE to I ,  l i e  ai‘l)t‘.i:$ t o  move: froill c to 11; 
and whrn he is at 11, he .li)l>cars f l . i t ior inrv i1t E ;  
being k e n  ;IS fdr c;lIt fit)m [he 1.i l ; t l  then, ;I$ he 
W‘IS w e t l  from i t  at A. I n  p i n g  fronl I I  to o in 
his Orbic, he feems t o  go I M C ! ~  2;: 113 i n  the f ~ r a -  
vens, from E to n ;  and is iecn in the !‘irnc p 1 . 4 ~ ~  
( w i t h  rcCpdt to thc Sun) ~t 0 ,  A S  when he vr”s :IC I ;  
but of a larger diinirtrr a t  0,  I w c d u k  he is then 
nearer the it erth I:’ : i n r l  *lien he conic’q to  J ,  he 
again p a k s  b y  che Sun, nnrl difappears :i’i before, 
In going f;om ii r o  b in liis Orbit, he kerns t o  80 
backward in the 1 [r, \vciiq from E to A ;  a n d  in 
going from h t o  vi, he kcins to go forward from 
A to E ,  ;\b he goec on froinj, a little of his end 
liglitencd fidc a t  g is ieen froni fi ; at  b hr appcars 
half full,  bccaiife hdif  of his enlightened fide is 
feen; at i, gibbous, o r  mo:e than halt‘ fu!l ; and 
at k he woulcl aprcir  quite full, w r p  he not hid 
from the Enrth E h y  the Sun S. A t  I lic appears 
gibboos again : R C  n li;tlf decrealcd, a t  o hurnect, 
and at f new like the Moon at her Chrnge. He  
gws tootier from hi5  ealtern fiation at n to his 
LVcflern RJtion at k ,  than  from h to p1 again ; be- 
c a u k  he goes tlirough le14 them half h i s  01bit in 
the former cafe, afid n i ~ r e  i n  the latter. 

the Orbit in which Venus v goes routid the Sun 
S, according to the order of the letters: and let 
L; be the I6,;rth as lwfore. W h e n  Venus is at I;, ~ l , ~ r l , , ~ -  
f i e  is i n  her inferior Cunjiin:tion ; a-n~l tfillrypears 6’t lc’n~ And 
like the New kloon, becaiile licr d ~ l k  fide IS to- venu,. 
ward the Ea th, At C, Ihe q q w m  h d f  enliglitencd 

144. I n  the laine Figure, let I;’C;iIIKT,A.IN be Fig. i n ,  

phafri of 

fO 



74 Tbc Pbrnomrna df the inbriar Plancis. 
to the Earth, like the Moon in  her firit quarter: 
at H ,  h e  appears gibbous ; at  I, almoit full ; her 
enlightened fide being then nearly towards the 
E a r t h :  a t  K h e  would appear quite full to the 
E a r t h  E; but is hid from it by the S u n  S: a t  L, 
f ie  appears upon the decreafe, or gibbous ; at M, 
more To; at N, only half  enlightened; and ai  F, 
k e  difappears again. In moving from N t o  G, 

TCr E w n y a r i o n s  grravfl  h e  feems to go backward in the Heavens; and 
o t M c i ~ u r y  from G to N, forward; but as h e  defcribcs a 
lad much greater portion of her Orbit in going from 

G to N, than from N to G, he appears much 
longer direfl than  retrograde in her motion. At N 
and G ihe appears fiationary ; as Mercury does a t  
n and h. Mercurv, when ttationary, feems to be 
only 28 degrees from the S u n  ; and Venus, when 
CO, 47 ; which is a demonitration tha t  Mercury’s 
Orbit is included within Venus’s, and Venus’s 
with i n the E: ar t  h ’ s . 
145. Venus, from her fuperior ConjunCtion at 

K to her inferior ConjunLtion a t  F, is ken on the 
eafi fide of the S u n  S from the Earth E ; and there- 
fore Jhe Ihines i n  the Kvening after the Sun rets, 
and is called !he Zvcning Star; for, the Sun being 
then to the wcfiward of Venus, he mufi fet fir&. 
From her inferior Coniun6tion to her fuperior, kc 
appears on the wef i  fide of the Sun; and therefore 
riks before him, for which reafon the is called.tbe 
Morning Star. When he is about Nor G, fie 
ihines ii, bright, that bodies catt ihadows in the 
night-time. 
146. If the Earth kept always at E, it is evi- 

dent that  the ttationary places of Mercury and 
Venus would always be in the fame points of the 
Heavens where they were be,fore. 1;or example: 
whilfi Mercury m goes from h to n, according to 
the order of the letters, he appears io defcribe the 

Thenation- arc ABCDE in the livavens, dire&: and while 
ory placeeof he goes from n to k ,  he kerns to defcribe the fame 
v,,iabie. arc back again, from to A, retrograde; always 

at 

WnrnirrR 
aiidEvcning 

the planets 



The Phenomena of tbe itfeerior Planets. 35 
at tt and b he appears ftationary a t  the fame points 
E and A as before. Rut Mercury goes round his 
Orbit, fromfrofagain, in 813 days ; and vet there 
are I 16 days from any one of his ConjunRions, or 
apparent Stations, to the fdme again: and the 
places of there ConjunEtions and Stations are found 
to be about I 14 degrees ealtward from the points 
of the Heavens where they were lait before ; which 
proves that the earth has not kept all that  time at 
E, but has had a progretEve motion i n  its Orbit 
from E to t. Venus alro differs every time in  the 
places of her ConjunAions and Stations ; but tnucli 
more than  Mercury; becaufe, as Venus dcfcribes 
a much larger orbit t h a n  Mercury does, the Earth 
advances To much the farther in its annual path be- 
fore Venus comes round again. 

147. As Mercury and Venus, feen from theThetl-- 

Sun, and Rationary places ; lo has the earth, Teen infetierpl* net8 i s  ken 
from Mars3 and Mars, feen from Jupiter; and fromhim. 
Jupiter, feen from Saturn. T h a t  is, to every fupe- 
rior Planet, all the inferior ones have their Stations 
and Elongations ; as Venus and Mercury have to 
the Earth. As feen from Saturn, Mercury never 
goes more than  24 degrees frotn the Sun j Venus 
4.5-; the Earth 6 ; Mars p i ;  and Jupiter 33i  ; lo 
that Mercury, as Teen from the Egrth, has almoft 
as great a Digrefion or Mongation from the Sun, 
as Jupiter feen from Saturn.  

are feen on all fides of the Heavens: and are as Motion. 
often in OppoGtion to the Sun as in Conjunktion 
With him. If the earth itood iti l l ,  they would 
always appear dire& in their motions ; never retro- 
grade nor fiationary. But they k e r n  to go j u l t  as 
often backward as forward ; which, i f  grdviry be 
allowed to exilt, affords a fufficient proof of the 
Earth’s annual motion : and without its cxiltcnce, 
the Planets could never fall from the tangents of 

their 

grtiom of 
Earth, have their refpeAive Elongations from the a11 Siturn% 

148. Becaure the Earth’s orbit is included with- A p m i n ?  in  the Orbits of Mars, Jupiter, and Saturn, they the ,nn,,,, Earth’s 
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YL*TEII* their Orbi ts  toward the Sun, nor could a Itone, 

which is once thrown u p  from the Earth, ever fall 
to the Ear th  nFain. 

143. As Vcnus and the Earth are fuperior PJa- 
nets to Mercury, they h e w  much the fdrrle Appear- 
ances to him t h a t  Mars a n d  Jcipiccr do to us. Lee 
Mercury m be a t  f ,  Vcnus 01 at I.’, m d  the Ear th  

Fig. 111. at I;;; i n  which f i r l i d t i o n  Venus hides the Eartl i  
j’hrnomrn& from Mercury ; bur, being in oppofir on to the 
n f a f u ~ e r l , l r  Sun, f i e  (hhincs on hlerctiry with a fill1 iliurrbined 
intrlior. Orb ; though,, with refpea to the l + ‘ J r t i i ,  fie is in 

conjundkiori with the Sun, ;ind invifible. W h e n  
Mercury is a t  f, and Vcnris a t  G, her enlightened 
fide nor bcing dire6tly toward him, ihe appears a 
little gibbous; as Mars docs in a like Gtuation to 
us: but, when Venus is a t  fa her enlightened fide 
is io much toward M e i - c n r y  at  f, thcrt flie appears 
t5 him almoft of a round figure. At K, Venus dif- 
appmrs to  Mcrcury a t  f, bein;: then hid by the  
Sui1 ; as well :I$ dl o w  1i:perior I’lan~rs are to us, 
%hen i n  conjuriCtion with rlic Sun. W I m  Venus 
has,  as i: w ~ i r ,  errierge(l oot of the Sun bentns, as 
at I,, f i r  a;)prais ‘{Irndk fu l l  to Mercury a t f ;  ac 
M and N, a little gibb:,ii5; quite full at 11; and 
Jargelt of all ; bcing thrii i n  oppofition to the Sun, 
a d  confrqriently ncnrrf to NPwury  at 8’; fhining 
itrongly oil h i r r i  i n  the n i g h t ,  b r cauk  her difiance 
frurn h i in  tlrcn is h n w h x  I tC,  thm a fifth part of 
her dillancc f i o i ; l  the I i J r t h ,  when h e  appears 
roundelt to i t  between I and K, or between K and 
L, as k e n  from the h A r t h  2, Conkquently,  when 
Venus is o p ; d r e  to the S u n  as Ctcn from Mercury, 
f ie  appe;it-s rr:oie than  25 t i i w s  2s large to him as 
ffx does to 11s when at the f;illtlt, O u r  cde  is al- 
n,c)ft Ginilar with refpeft to ~VIMS, ulien he is op- 
pofite to the Sun ; b~catilr he is then C o  nrar the 
E:ar th ,  . a n d  has his wlrcrle rriligllrened fide to- 
ward it. Bur, I ~ c c a u k  the Orbits of Jupiter and 
Saturn are very i,ii;e in proportion to the l lkrth’s 
Orbit, tlieie two I ’ lmr t s  ; I tq )cdr  much Ids magni- 

fied 

Grncrrl  

Planet IO an 
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fid at the i r  Oppnfitiot1s, or diminiflicd at their PLATE 11. 
Conj\,n&ions, th:in Mars does, in proportion to 
their niean apparent 1)imecers. '3  

1 5  I .  I f  a P l a n e t  a t  B gravitates, or is nttrn&tcJ, 
towlard the Sun, fo as tu f.dl from B t o y  in  t l t t :  

CllllC 
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time thac the projeAile force would have carried it 
from B to X, it  will defcribe t h e  curve BY by the 
combined altion of there two forces, in  the fame 
time that the projeMe force fingly would have 
carried it from B to X, or the gravitating power 
fingly have caufed it to defcend from B toy; and 
theft: two forces being duly proportioned, and per- 
pendicular to each other, the Planet obeying them 
both will move in the*circle BTBU". 

152. But if, whilt: the projcLtile force would carry 
the Planet from B to b, the Sun's attratlion (which 
confiicutes the Planet's gravitation) ihould bring ic 
down from B to I ,  the gravitating power would 
then be too Rrong for the projettile force; and 
would caufe the Planet to defcribe the curve BC. 
When the Planet comes to C, the gravitating power 
(which always increaks as the fquare of the diRancc 
from the Sun S dirniniflics) will be yet fironger for 
the projeRile force ; and by confpiring in forne de- 
gree therewith, will accelerate the Planet's motion 
all the way from C to K ; caufing i c  to defcribe thc 
arcs BC, CD, DE, EF, &c. all in equal times. 
Having  its motion thus accelerated, i t  thereby 
gains fo much centrifugal force, or tendency to fly 
off a t  K in the line Kk, as overcomes the Sun's at- 
tra&ion : and the centrifiigdl force being too great 
to allow the Planet to br brought nearer the Sun, 
or  even to move round him in the circle Klntn, &c. 
it  goes 0% and atcenifs in the curve KLMN, &c. 
its motion decreafing as gradually from K to B, 
as it increafed from B to K,  becaufe the Sun's at- 
traliion now a€ts agailnit the Planet's projeRile mo- 
tion j u f i  as much as it  aAed wi th  i t  before. When 
the Planet has got round to B, its projettile force 
is as much diminiflied from its mean Itate about G 

Elliptical 
Orbits. 

* T o  make the projeLtile force balance the gravitating power 
fo exattly as that,the body may move i n  a Circle, the projec- 
tile velocity o f  the body molt be fuch as i t  would hasre ac- 
quired by gravity alone in falling through half the radius of 
the circle. 

7 or 



tbe PIancts Motions. 7 9  
or fl, as i t  was augmented at K ;  and To, the Sun's PLATE1** 
attraeion being more t h a n  lufficicnt r o  keep the 
Planet from going off at H ,  it deicribrs the f3me 
Orbit over again, by virtue of the iaim forces or 
powers. 

153. A double projeAile firrce will alw;~ys ba- 
lance a quadruple power of graviry. I ,et  the I-'ll~net 
at B have twice as great an impulfe from thence 
toward X, as it had before; that is, i n  the ldmc 
length of time that it was projr&trd fram B to b, 
as in the lalt cxdrnple, let it now be projrttcd from 
B to C ;  and it wili require four tiinea as m u c h  gra- 
vity to retain it in its Orbit:  t h t  is, it  m u l l  fall 
as far as from B to 4 in  the time th ' i t  the projcfiile 
force would carry it from B t o  c ; otherwitr i t  could 
not dercribc the curve B D, as is evident by the 
Figure. Bur, in as much time a s  the I.'l.tiicr moves Fig. IV. 

from R to Cin the higher part of its Orbit, I C  ITlOVeS The Pianftr 

from I to K,  or from K to L, i n  the lowrr ~ ) J I  r 
thereof j becaufe, from the joint attion of chele t w o  
forces, it muit always del'cri'be rqud Arcas 111 equal t'mLS* 

times, throughout its a n n u a l  courle. 'l'helc Areas 
are reprefented by the triangles B SC, C S D ,  LIS& 
ESF, &c. whole contents are equal to  one anorhrr 
quite round the Figure. 

and recede fdrther from hiin, in cvery I<cvulurion ; 
there may be !bine dif'ficulty i n  conceivin;: the rea- 
fon why the power of gravi ty ,  w l i r n  i t  oiict' y t s  

the better of the proirclile force, docs iiut bring 
the PIJnets nearer and nearer the sun iii r v r r y  kc- 
Vdution, till they  1311 lipon ant! unite w i t h  h i ~ n ;  or 
why the projettile force, wlirn it once g e t s  [ t ie  
better of gr ' t l i ty,  does not c m  y t~ir 1'i.incts f.irrtier 
and fartlrcr from tile S u n ,  ti11 it rriimvc4 r I x m  qui[': 
Out of the fphere of his attraktion, a i d  r,iu&s iiic111 

to go on in ltraight Iii~cs for  evcr itlccrwS1it!, I 3 m  i )y  

in the two Idit  Articlcr, tlii; ciitiiL ul:y \ ~ : I I  br. rL - 
l l l t ~ v t , l .  

e jiiil Areal 
t l l t B d ~  

I 54. As the Planets approach nearer tlie Sun, A dificulty 

7. 

confitlering the elf C t t b  ut [IlrIC l ) O b V t * !  S . l Y  clCl(,l I ~ C L ~  



moved. Suppbfe a Planet at B to be carried by 
the projeAilc force as far as from B to b, in the 
time that gravity would have brought it down from 
B to I :  by thefe two forces it will defcribc the 
curve BC.  When the Planet comes down to K, it 
will be but half as far from the Sun S as it was at 
tf ; and tIiereRm, by gravi[ating four time6 as 
Arongly towards him, i t  would fali from K to Y in 
tkc f ime length of time that  i t  would have fallen 
from B to I in the higher part of its Orbit, that  is, 
thmrigli h i r  times as much fpace ; but its projektile 
force IS r l i rn h mixh  incre,dcd at  K, as would carry 
i t  froin K to k in tkr: fiiiie time 5 being double of 
whsc I C  was a t  U ,  and is therefore too ftrong for the 
gr;1viuting power, either to draw the Planet to the 
S u n ,  or c a u k  i t  co go round tiirn in the circle Klmn, 
&c. w!iich wouIJ irquire its fdling from X to w, 
through a grenter f p c e  th;m gravity can draw it, 
while the projctkilc force i s  filch as would carry it 
from to k: ar id  therufore the Planet afcends in 
i r s  OrbiK KI,’MN, decreaEng i n  its velocity for 
the caufes already alIigned 111 $ 1 5 2 .  

~ t , . ~ ~ . ~ ~ t f l  155 .  The Orbits of all the Planets are ]F:llipfes, 
*ryorhita very little diffcicnt from Circlrs : b u t  the Orbits of 

the Comets are very  long I’.liipfr\ j anti the lower 
focus of thcm al l  is i n  the Sun. If we ftippfc: the 
n m n  tfiff ante (or middle bcwcen  the greatcA and 
leait) of  every  Planet arid Con;et from the S u n  to ~~- be divided into 1000 crjtl.t! parts, the Eccentricities 

*ntr clti s. of their Orbits, both in fuch p m s  and in L;ngld/k 
miles, will he 3s follow : Mercury’s, 210 part5, or 
6,720,oco m:ks ; Veilus’s, 7 parts, or 413,ooo 
miles; the Earth’s, 17 parts, or J , ~ ‘ ~ ~ , c o o  rnilrs; 
Mars’s, 93 parts, or I I , ~ ; J ( ~ , ~ c o  niilrs; Jupiter’s, 
48 parts, or 20,352~0~0 niilcs; Saturn’s, 5 5  parts, 
o r  42,735,000 rriiirs. Of the ncarefi o f  the clrree 
forcnrrriiioiiud Comets, 1,458,000 miles j of the 
middleniolt, 2,025,000,003 i i i i lesj and of theohtcr- 
~iiot t ,  6,600,~00,000. 

156. By 

e d l p l c ~ l .  
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Q?‘ 156. By the above-mentioned law, 5 150 v/eg. The above 

long or hort, if the $aces they move in be void nlorionc 

Ellipfis have To much the lefs proje&ile force im- elliptic 

prcffed upon them in the higher parts of their 
Orbits ; and their velocities, in comiiig down to- 
wards the Sun, are To prodigioufly increafed by his 
attralltion, that their centrifugal forces in the lower 
parts of their Orbits are fo great, as to overcome 
the Sun’s attrabion there, and caufe them to afcend 
again towards the higher parts of their Orbits, 
during which time, the Sun’s attraQion a&hg 14 
contrary to the motions of thofe bodies, caufes 
them to move flower and flower, unt i l  their pro- 
jeEtile forces are diminiihed nlmofi to nothing and 
then they are brought back again by the Sun’s 
a traaion as before. ClJ 157- I f  the projecStile forces of all the Planets :;mtkle 
and Comets were deltroyed at their mean diitances Pianan 
from the Sun, their gravities would bring them 
down fo, as that Mercury would fall to the Sun in by the 
15 days 13  hours; Venus in 39 days 17 
the Earth or Moon in 04 days IO hours ; Mars in 
121 days; Jupiter in 290 j and Saturn in 7674 
T h e  ncareit Comet in 1 3  thourand days 3 the mid- 
dlemoit in 23 thoufand days ; and the outerrnoit in 
66 thoufand days. T h e  Moon would fall to the 
Earth in 4 days 21, hours; Jupiter’s f i r i t  Moon 
would fall to him in 7 hours, his fecond in 15, his 
third in 30, and his fourth in 7 1  hours, Saturn’s 
f i r i t  Moon would fall to him i n  8 hours, his fecond 
in 19, his third in 19, his fourth in 68 hours, and 
his fifth in 336. A itone would fall to the Earth’s 
center, i f  there were a hollow paf‘age, in 21 mi- 
nutes 5, feconds. Mr. WHISTON gives the follow- 
ing Rule for fuch Computations. ‘‘ * I t  is demon- 
firable, that half the Period of any Planet, when 
i t  is diminiihcd in the felquialteral proportion of 

G the 

l n w t  fut- 
bodies will move in all kinds of Elliptes, whether ficietrt for 

of refifiance. both in cir- Only thofe which move in the longer cular and 

O~birc. 

would fall 
to the Sua 

* Allroaomicsl Principlco of Religion, p. 66. 
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the number I to the number 2, or nearly in the 
proportion of 1000 to 2828, is the time that  it 
would fall to the center of its Orbit.” This pro- 
portion is, when a quantity or number contains an- 
other once and a half as much more. 

T h e  prodi -if I 58. The quick motions of the Moons of Jupiter 
t r a ~ , o n  of‘ and Saturn round their Primaries, demonfirate that 2 2 : ’ n d  thefe two Planets have ftronger attratlive powers 

than the Earth has. For ‘the ftronger that one 
body attraAs another, the greater mufi be the pro- 
je&ile force, and confequently the quicker mufi be 
the motion of that other body to keepit from fall- 
ing to its primary or central Planet. Jupiter’s re- 
cond Maon is 124 thoufand miles farther from 
Jupiter than our Moon is from us; and yet this 
fecond Moon goes almofi eight times round Jupiter 
whilfi our Moon goes only once round the earth; 
What a prodigious attraQivc power muft the Sun 
then have, to draw all the Planets and Satellites of 
the Syltem towards him ! and what an amazing 
power muR it have required to put all thefe Planets 
and Moons into fuch rapid motions at firft  ! Amaz- 
ing indeed to us, becaufc impofible to be effetted 
by the firength of all the living Creatures in an 
unlimited number of worlds; but no ways hard 
for the Almighty, whofe Planetarium takes in the 

A ~ ~ ~ ~ -  I 59. The celebrated ~ C H I M E D E S  affirmed he 
MLDW’* 4 ould move the Earth, if he had a place at a dif- 
raifincthe a n t e  from it to fiand upon to manage his machine- 
Earth. ry*. T h i s  affertion is true in Theory, but, upon 

examination, will be found abfolutely impoirble io 
fa&, even though a proper place and materials of 
iufficient ilrength could be had. 

’I’he fimplcfi and eaficfi method of moving a 
heavy body a little way is by a lever or crow, where 
a imall weight or power applied to the long arm 

Iiout rt-  

hole Univerfe. 

Problem for 

A &  .& 4, W O ~ :  r;r xoiphv K I Y ) ; J W ,  i .  c. Give ma 8 placo tO 
PZand on, and I hall move the Earth, 

will 
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will raife a great weight on the lhort one. But 
then the fmall weight muR move as much quicker 
than the great weighe, as the latter is heavier than 
the former ; and the length of the long arm of the 
lever miift be in the fame proportion to thelength 
of the fhort one. Now, fuppofe a man to pull, or 
prefi the end of the Ion arm with the force of 
2bo pound weight, and t $I a t  theaEarth contains in 
round numbers, 4,000,000,000,000,000,000,00~, 
or 4000 Trillions of cubic feet, each at a mean 
rate weighing IOO pound ; and that the prop or 
center of motion of the lever is Goo0 miles from 
the Earth’s center: in this cak, the length of the 
lever from the Fulcrum or center of motion to 
the moving power or weight orrghr: to be 12,coo, 
~oo,ooo,oo~,oc~o,ooo,ooo,ooo, or I 2 Quadrillions 
of miles ; and fo many miles muft the power move, 
in order to raife the Ear th  biit one mile ; whence 
it is eafy to compute, that if  ARCHIMEDES, or 
the power applied, could move as fwift as a cannon- 
bullet, it would take 27,000,000,000,000, or 27 
Billions of years to raife the earth one inch. 

If any  other inachine, fuch as a combination of 
wheels and icrews, was propofid to move the Earth, 
the time it would require, and the fpace gone 
through by the hand that turned the machine, 
would be the fame as before. Hence we may 
learn, that however boundlcfs our Imagination and 
Theory may be, the attual operations of ‘man are 
confined within narrow bounds ; and more fuited 
to our real wants than to our defires. 

9160. The  Sun and Planets mutually attra& each Hwd to 

other: the power by which they do io we call 
Gtavip. But whether this power be mechanical vity ir. 
or no, is very much difputed. Obfirvation proves 
that the Planets diftorb one another’s motions by 
it, and tha t  it decreafes according to the fquarrs of 

.the diltances of the Sun and Planets; as l ight  
which is known 80 be material, likewife does. 

G2 Hence 

.h 

drterminr 
what Gr8- 
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Hence Gravitydhould feem to arife from the agency 
of fome fubtle Matter prcfing toward the Sun aad 
Planets, and aaing, like all mechanical caufcs, by 
contaa. But ,  on the other ha whzn we confidcr 
that the degree or force o LP ravity is exaflly in 
proportion to the quantities of matter in thofe 
bodies, without any regard to their bulks or quan- 
tics of iurface, afiing as freely on their internal 
as external parts, it kerns to furpafs the power of 
mechanifm, and to be either the immediate agency 
of the Deity, or effe€ted by a law originally efta- 
bliihrd and impre@ on all matter by him. But 
fome affirm that matter, being altogether inert, 
cannot be impreKed with any Law,  even by almighty 
Power: and tha t  the Deity, or h i e  fubordinate 
intelligence, muit therefore be conitantly impelling 
the Planets toward the Sun, and moving them with 
the hme  irregularities and d ihbances  which Gra- 
vity would caufe, if it  could be hppoled to exitl. 
But, if 3 man may venture to publifh his own 
thoughts, it kems to me no more an abfurdity, to 
fuppofe the Deity capable of i n f u h g  a Law, or 
what L a w  he pleales, into matter, than to Ciippofe 
him capable of giviqg it exiitence at firit. 'The 
manner of both is equally inconceivable to us ; but 
neither of them irnply a contradioion in our ideas : 
and what implies no  conrradiLStion is within the 
power of Or1 mipotence. 

161. l ' h a t  the projeEtile force was at firn given 
by the Deity is evident. For Gnce matter can 
nevir put i tklf  i n  motion, and all bodies may be 
moved in any  direaion whatroever ; and yet the 
Planets, both primary and fecondary, move from 
weR to ea& in planes nearly coincident; while the 
Comets move in all direltions, and in planes very 
different from one another; there motions can 
bc owing to no mechanical caufc or necefity, 
but to the frtc will and power of an inte1ligenK 
Being. 

162, What-  
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162. Whatever Gravity be, it is plain that i t  
s&s every moment of time : for if its atlion kould 
ceafe, the projc&ile force would infiantly carry off 
the Planets in ltraight lines from thofe parts of 
their Orbits. where gravity left them. But, the 
Planets being once put into motion, there is no 
occalion for any new projeCtiIe force, unlefs they 
meet with iome relifiance i n  their Orbits; nor for 
any  mending hand, unlefs they difiurb one another 
too much by their mutual atcra&ions. 

163. I t  is found tha t  there are dirtiirbancesThePl~nen 
diRul b one 

amnng the Planets in their motions, arifing from ao~~tt ier'r  

their mutual atwallions when they are i n  the fame motion** 

quarter of the I-leavens; and the brR modern ob- 
fervers find that our years arc not always precifely 
of the fawe length*. 13eGdt-s there is reafon to 
believe tha t  the Moon is fornewhat nearer the 
E a r t h  now than  ihc was formerly ; her periodical 
month being fhorter than it was in formcr ages: 
For our  ALtronomical Tables, which in the prclcnt 'The r*nce- 

to great precifion, do not anfwer li] wcll for very 
ancient b.clipfes. Hence i t  appears, thilt the Moon 
dots ncit move in a medium v o i i ~  of al l  refilt;incc, 
$ 174: and therefore her proje€tile force being 
3 little weakened, while there IS nothing to diininib 
her gravi ty ,  f l ~ e  mutt be grd i ia l ly  approaching 
nearer the Ea r th ,  delcribing Crnnller and i i i id l ler  
circles round it in every Revolution, and finihing 
her Period iooner, although her abfi,l\itc niotiorr 

q tn tes  
Age h e w  thc times of S o h  and Luniir Eclipl'es iherroS 

* If the Planets did not mutually attratt one another, the 
areas dcfciibed bu then] wou;d be r x ; d l y  proportionate t o  the 
tiinro of dcl'cription, 5 153. B u t  obfervatii nr prow that  thc l i  
DredS are not in ruch cxa& prorortion, and a molt varied 
when the grrtitrft number of Planets are i n  any particular 
quarter of the Hcnvenc.  When any two Planets arc  in Coil; 

junttion, their mutual  attratlions, H hich wnd to bring t l w n  
nearer to one anoihrr, draws the inferivr one a lilrle .farther 
from the Sun, and the fuperiot one a little nearer t3 him i hr 
which niranr, the figure of their Orbits is I'oinewhTt altered ; 
but this dtrrstion ir too finall to be Jilcovercd in Lvcra l  ages. 

G 3  wirli 
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with reKard to fpace be not quick now as it was 
former]\. and, therefore, ihe mu8 come to the 
Earth 2: LI:?+; unlels that  Being, which gave her a 
Fufiicirnt projtltile force a t  the beginning, adds a 
little more to it in due time. And, as all the Pla- 
nets move in fpces  full of ether and liglit, which 
are material fubitances, they too mult meet with 
fome refiflance. And, therefore, i f  their gravities 
are not diminiihed, nor their projrcStile forces in- 
creafed, they mult neceffarily approach nearer and 
nearer the Sun, and at length fall* upon and unite 
with him. 

I 64. Here we have a tlrong philofophical argu - 
ment againit the eternity of the yo r ld .  For, had 
it exifled from eternity, and been left by the Deity 
to be governed by the combined aAions of the 
above forces or powers, generally called Laws, ic 
had been at an end long ago. And if it be left to 
them, it mull come to an end. But we may be 
certain, that it will laPL as long as was intended by 
its Author, who ought no more to be fbund fault 
with for framihg io perihablc a work, than for 
making man mortal. 

The world 
wt ctcmrl. 

< C H A  Y. VIIJ. 
0) Ligbt. I$s proportional Cuantitits on /he dtyerent 

Planets. Its KefraBiolts in Water and Air. Tbc 
AtmoJpbere i its Weight and Puopcrties. I"be Hori- 
zontal Moon. 

IGIII'  coni% of exceeding h a l l  par- 
ticles of matter iruing from a luminous 

body; as from a lighted candle fuch particles of 
matter conAantly flow in  all direRions, Dr. NIEW- 

The amas- ENTy'r* computes, that  in one fecond Of time CktrC 
nefa of the flows 41 8,660,000,000,000,000,000,000,000,000, 
paniclci of ooo,ooo,ooo,ooo,coo particles of hght out of a 

burning candle j which number conrains at leaR 

in4 fmall- 

Religioue Philofopher, Vo!. 111. p. 65. 

6,337, 
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6,337,24~,000,000 times the number of grains of 
fand in the whole Earth ; fuppofing 100 grains of 
fand to be equal in length to an inch, and confe- 
quently, every cubic inch of the Earth to contain 
o e million of fiich grains. / 166. ’rhefe gmazingly frnall particles, by firik- 

of light 
particles of matter difcernible by o w  befi micro- irrgn, 

f c o p ,  inltead of bein ferviceable to 119, thry 
would f i n  deprive us 07 light by the force ariftng 
from their irntnenfe velocity, which is above 164 
thoufand miles every fecond *, or 1,230,ooo times 
fwifter than the motion of a cannon-bdlet. And 
therefore, if the particles of light were To large, 
tha t  a million of them were equal in bulk to an 
ordinary grain of fand, we dud1 no more open our 
eyes to the light, than lkffrr fand to be fhoc point 
blank againfi them. 

the Sun or from a candle, fall upon bodles, and 
aie thereby refletled to our eyes, they excitc in 
US the idea of that body, b y  forming its piCture 
on the retina +. And fince bodies are viftble on 

.a l l  fides, light mufi be rrfleAed from them in all 
dirc&iuns. 

d f c r k  

and, i f  they were as large as t h r  finakfi ‘1fif~r !i l im 

ful u t l r t b  
ing tipon our eyes, excite in our mirids the idea that \ + s  1 Id 

rhrii ’ ~ n f  

167, When there fmdl particles, flowing from HowobjeA, 
hncome v i -  
f ib lc  10 U L ~  

168. A ray of light is a continued fiream 0 f T ; ~ e r a ~ ~  of 
LiRhf naru. 

there particles, flowing from any v i M e  body in a rally m re 
firaieht line. 
not in crooked lines, unlcfs they be rtfra&rd, isiine* 
evident from bodies not being vifible if we entfea- 
V o w  to look at them through the bore of a bendrci 
PiPe i and from their ccaling to be SeL*n by the 
Interpofition of other bodies, as the fixed h r s  by 
the interpolition of the Moon and i’lmrts, and 
the Sun wholly or in part by the inrerpofition of 
the Moon, Mercury, or Venus. 

T h a t  the rays move in firaight, and ~n~tra lahc  

And that thcfe Aproofrhrt 
thry hinder 

ray3 do not interfere, or joflle one another our of nor one ~ n -  
oihrr’r mo- 
tions. a This W i l l  b@ dcmonftrrted in the eleventh Chapter. 

t A net-work membrane in the bottom of the eye. 
., G 4  their 



88 Concerning tbe Nature and 
PLATEIr. their ways, in flowing from different bodies all 

around, i s  plain from the following Experiment. 
Mdke a little hole i n  a thin late of metal, and f‘t 
the plate upright or a table, P acing a row of lighted 
candles ftanding by one another i then place a lheet 
of paper on pafieboard at a little diltance from 
the other Gde of the plate, and the rays of all the 
candles, flowing through the hole, will form as 
many fperks of light on the paper as there arc 
candles before the plate ; each fpeck as dirtini’l and 
large, as if there were only one candle to cat1 one 
fpeck ; which flirws that  the rays are no hindrance 
to each other in their motions, although they all 
crofs in the hole. 

Fig. XI. 

In wha! 
prnp,,rttwi 
lighr and 
heit de- 
creafe at 
m y  pivcn 
di Ita nrc 
Irrm itis 
Scn, 

169. Light, 0nd therefore heat, fo far PS it de- 
pends on the Sun’s rays, ($ 8 5 ,  toward the end; 
decreafes in proportion to the I‘quares of the d i 2  
tances of the Planets from the Sun .  T h k  is eafily 
demonfirated by a Figure which,  together with 
its dekription, 1 have taken from l)r. SMITH’S 
Optics*. Let the light which flows from a point 
A, and paffes through a fquare hole B, be: rccriv- 
ed upon a plane C; parallel to the plane of the 
hole; or, if you pleafe, let the figure C be the. 
fhadow of the plane B; and when the difiance C is 
double of B, the length and breadth of the ha- 
dow C will be each double of the length and 
breadth of the plane B ;  and treble when AD is 
treble of AB; and To on: which may be eafily 
examined by the light of a candle placed at A’. 
Therefore the furface of the fliadow C, at thc 
diflance AC double of /iB, is divifible into four 
fquares, and a t  a treble diltance, into nine fquares, 
feverally equal to the fquare B, as reprerented in 
the Figure. T h e  li ht then which falls upon the 
plant B, being fu f f  ered to pars to double that 
ditlance, will be uniformly fpread over four times 
the $ace, and confequently will be four times 

0 Book 1. Art. 57. 
thinner 



Properties of Lighf. 89 
thinner in every part of that  fpace ; and at a treble PLATIEII. 
diltance, i t  will be nine times thinner; and a t  a 
quadruple d ihnce ,  fixteen rimes thinner, than it 
was at firfi ; and Co on, actorcling to the incrcafe 
of the fquare furfaces 6, C, D, E, built upon the 
diitanccs AB, AC, AD, AE. Confequrntly, the' 
quantities yf this rarefied light received upon a 
furface of  any given Gze and hope whatever, re- 
moved fucceflivrly to there f c v d  diftances, will 
be but one-fourth, one-ninth, one-fixteenth of the 
whole quantity rrceived by it at  the fir& dif- 
tznce AB. Or, in general words, the denhies and 
quantities of light, received upon any given plane, 
are diminilhed in the fame proportion, as the 
Quares of the dift:tnces of that plane, from the 
luminous body, are increafed : and, on the con- 
trary, are increafed in the lame proportion as thefe 
fquarcs are diminilhed. 

170. T h e  more a celrfcope magnifies the difks Whythe 
of the Moon and Planets, they appear fo muchpslrdim, 
dimmer than to the bare eye ; b e c d e  the tcle- ::;:;g, 
fcope cannot magnify the quantity of light as it trlcfE,,prr 

does the furface j and, by fpreading the fdme than bt tbs 
quantity of light over a furface io mucli larger 
than  the naked eye beheld, jufi fo much diinmcr 
muit it appear when viewed by a telefcope than by 
the bare eye. 

171.  When a ray of light pares out of one 
medium * into another, it is refratted, or turned 
out of its f i r i t  courfe, more or lefs, as it falh 
more or lefs obliquely on the refracting furface 
which divides the two mediums. This may be 
proved by feveral experiments ; of which we fliall 
only give three for example's falte. I. I n  a baron, ~ $ 6 .  v u  
RGH, put a piece of money, as DB, and then retire 
from it to A; that is, till the edge of the baron at 2 
jufi hides the money from your fightj then keep- 

* A medium, in this fenfe, is any tranfparent body, or that 
b through which the rays of light can pars i as water, glrf', dia- 

mond, uir, and even a vaouum is lomctimea called L Modium. 

Planet, ap- 

bare cy.. 

ing 



Po Concerning the AtmaJppbcrc. 
ing your head fteady, let another petfoo fill the 
baron gently with water. As he fills it, you will 

RefnOion fee more and more of the piece D B ; which will 
z$;:Y' be all in view when the baron is full, and ap car 

as if lifted up to C. For the ray A E  B, w R ich 
was firaight while the baron was empty, is now 
bent at  the furface of the water in E, and turnej 
out of its reAilinea1 courfe into the direAion E D. 
Or, in other words, the ray L) E IC, chat proceeded 
ih a Rraight line from the edge D while the baron 
was empty,eand went above the eye at  A, is now 
bent at E ;  and inltead of going on in the rcAi- 
lineal direAion D E K, goes in the angled drrettion 
D E  A, and by entering rhr eye at  A renders the 
obje& I) B vifible. Or, ~zdly, Place the bafoh 
where the S u n  fiines obliquely, and obierve where 
the kadow of the rim E falls on the bottom, as a t  
B :  then fill it with water, and the fiadow will fall 
at D ; which proves, tha t  the rays of light, falling 
obliquely on the furface of the water, are refraaed, 
or bent downward into it. 

172. T h e  lefs obliquely the rays of light fall 
upon the furface of any medium, the kis  they are 
refraL2edj and if they fall perpendicularly on it, 
they are not refrabcd at all. For, in the Idi t  e$pe- 
riment, the higlier the Sun rilcs, the Ids will be the 
difference between the places where the edge ot the 
fhadow falls in the empty and ful l  bafon. And, 
~ d l y ,  If a fiick be laid over the balm, and the 
Sun's rays being refle&ed prrpendicularly into it 
from a looking-glais, the fhadow of the ltick will 
fall upon the Idme place of the bottom, whether the 
baron be full or empty. 

173. T h e  denfer that any medium is, the more 
is light refralted in pafing through it. 

The A ~ Q -  x r 7 4  T h e  Earth is rurrounded by a thin fluid 
f*phcrc* mafs of matter, called the Air or Atmo/pberc, 

which gravitates to the Earth, revolves with it in 
its diurnal motion, and goes round the Sun with 

it 
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it every year, This fluid is of an elafiic or fpringy 
nature, and its loweR part, bring preffed by the 
weight of all the Air above it, is preKed the clofetl 
together; and therefor e the atinofphcre is denfetf: 
of all at the Earth's Surface, a n d  becomes gradu- 
ally rarer highcr up. '' I t  is well known" that the 
Air nearer the iurfacc of our Ear th  poffeires a $ace 
about 1200 times greater than Water of the fame 
weight. And therefore, a cylindric column of 
Air I 200 feet high, is of equal weight with a cylin- 
der of Water of the fame bredth, and but one 
foot high. But a cylindcr of Air reaching to the 
top of the Atmolyhere is of equal weight with a 
cylinder of Water about 33 feet high?; and there- 
fore, if froin the whole cvlinder of Air, the lower 
part of 1200 feet high is taken away, the remaining 
upper part will be of equal weight wi th  a cylinder 
of Water 32 fert high;  wherefore, ar the height 
of 1200 feet, or two furlongs, the weight of the 
incumbent air is leiis, and confiquently h e  rarity 
of the compreiretl Air is greater than neat the 
Earth's fiirfacc, in the ratio of 33 to 32. And 
the Air at all heights whatfoever, fiippofing the 
expanfion thereof to be rtrciprocdly proportional 
to its comyref ip;  and this proportion has been 

,proved by the experiments of Dr. Iiooke and 
ochers. The refult of the computation I have k t  
down in  the aiinexed Table: in the f i r f t  coliimn 
of which you have the heighr of the Air in miles, 
whereof 4000 make a ferni-diameter of the Earth ; 
i n  the fecond the comprehn  of the Air, or the 
incumbent weight; in the third its rarity or cx- 
panfion, fiippofing gravity to decreak i n  the du- 
plicate ratio of the diRances from the Earth 's  
centre. And the fnia~l numeid figures arc here ukd 
60 ihew what number of cyphers niuR be joined 

NEWTON'$ Syjem fl tba World, p. I 10. 
f 'Thh ir evident ffoa common pumps. 

rn 



9' Coltcevning the Atm@ere. 
to the numbers exprefftd by the larger figures, as 
0. '~122+ for o.oooooo~oo~~oooooo t 224, and 
6,y 5 6" for 26 9 5 6000000000000000. 

Comprefion. 1 Rxpaniion.  - 
3 3 . . . . .  . . I  
17 8 5 1 5 .  . . . 1.8+5( 
98717.. . . 3 . 4 1 5 1  
2.851.  . . . . i t . y 7 1  
0 . 2 5 ~ 5 .  . . 136 8 3  
0.' '1 2 2 4 .  26956' 
0 . ~ ~ ~ 4 4 6 5  73907"' 
0 . ~ 9 ' 1 6 2 8  26263"* 
o,'O'7895 417gt3'"7 
O . = ~ ~ ~ S ~ X  33414a09 
0. ' I  '004 I C ~6 z 2' O 9 

From the above Table it appears that the Air 
in proceeding upward is rarified in fuch manner, 
that a fphere of that Air which is nearcfi the Earth 
but of one inch diameter, i f  dilated to an equal 
tarerralltion with that of the Air at  the height of 
ten kmi-diameters of the Earth, would fill u p  
more +ace than is contained in the whole Mravcns 
on this fide the fixed Stars. And it  likewife ap- 
pears chat the Moon does not move i n  a perf&]y' 
free and unrefilting mediurri ; although the Air, 
at a hrighc equal to her dtitanccs, is at leatt 
3400'~' times thinner t h a n  at the Earth's fiirface ; 
ant1 therefore cannot refill her motion, To as to be 
irnfible., in many ages. 

b @ r r i g h t  175 .  The weislit of the Air, at the Earth's fur- 
bow fuund, fjcr, IS found by experiments made with the Air- 

pump5 and alfo by the quant i ty  uf mercury that 
' the Atrnofiihere balances in the barometer; in 

w!;fch, at a mean ttate, the mercury kinds  23f 
inches high. A n d  if the tube were a Gqoare inch 
wide, it would at that  height contain z g t  cubic 
inches of mercury, which  is Jult  I 5 pounds weight j 

and 
G 



Cctlccrning the Atmfihrue. 93 
and fo much weight of air every fquare inch of 
the Earth's furface fufiains ; and every fquare foot 
I44 times as much, bccaufe it c0ntair.s 1 4 4  fquart 
incheg. Now, as the Earth's furface contains, in 
round numbers, 200,000,000 fciuare miles, it mult 
contain no lefs than ~,~~~,680,000,000,000 f q w c  
fcet i which being multiplied by 2 160, the nuin- 
ber of pounds on each Guare foot, amounts to 
1 2,o ~3,468,800,00~,000,000 pounds, for die 
Weight of the whole Atmofphere. At  this rate, a 
middle.fized man, whofz furface is about 15 fquare 
feet, is preKcd by 3 2,400 pounds weight of Air all 
orouwct ; for fluids prefs cqually up and down, and 
on all fides. Bot, becaufe this: enormous weight 
is equal on. all fides, and counterbalanced by the 
fpring of the Air diffufed through all parts of our 
bodies, it is not in the le& degree felt by us. 

that  we feel ourfelves languid and d u l l ;  which is ahilurthr 

commonly thought to be occafioned by the Air's w+ht of 

being foggy and he~vy  about us. But tha t  the 
Air is then too light, is evident from the mer- 
cury's finking i n  the  barometer, a t  which time it 
js generally found that  the Air has not fuficient 
ftrcngth to Lxdr  up the vapours ~ l i i ~ h  calnpoie 
the Cloucls : for, when i t  is ot l ierwi&, the Clouds 
mount high, and the Air is more chftic and weighty 
xbove us, by which  means it bal.inces the internal 
fpring of the Air within usJ bracts t i p  our blood- 
ve:ITels and nerves, and 1n;il;es 11s brill\ and lively. 

177,  According to * Dr. KKii-r,, a n d  athcr a h -  Wirhorir an 

nomical writers, i t  is entirely owin:: to the A tino- ,~~;~~~;;," 
fphere than the Heavens appear briglit in the &y- w 1 1 ~ ~  rl- 

time, For, without an Atmo$l:eie, or:ly d i n t  o J r k ,  and 

part of the Heavens would lhine in which the Sun W C I ~ M  

was placed : and if we could live w i t l i o u t  Air, t ,%il,&t,t ,  
and fhould t u rn  our bacBs toward the SunJ rhe 
wliole Heavens would appear as dark as in the 

176. Oftentimes the itate of the Air is fuch, A common 
milt9ka 

the Air. 

\ * S A \ +  appear 

lrnvc ,In 

* See hi, Aflronomy, p. 232. 
night, 
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p u ~ ~ ~ i ,  night, and the Stars would bc feen as clear as in 

the noAurnal fky. In this cafe, we kould have 
no twilight; but a fudden tranfition from the 
briglrtefi funfhine to the blackelt darknefs imme- 

.diately after fun fet ; and from the blackelt dark- 
nefi to the brightefi fun-thine at fun-riGng; which 
would be extremely inconvenient, if not blinding, 
to all mortals. But, by means of the Atmo- 
fphere, we enjoy the Sun’s light, rcfletted from 
the aerial partfcles, for home t ime before he rifes 
and after he lets. ];or, when the E h h  by its 
rotatibn has withdrawn our fi::ht from the Sun, 
the Atmofphere being ltill higher than  we, has the 
Sun’s light imparted to i t ;  which  graciualiy de- 
creafes until he has got 1 8  degrees below the Ho- 
rizori; and then, all t h a t  part of the Atmofpherc 
which is above us is d d r k .  From the length of 
twilight, the Do€tor has calculated the height of 
the Atmofphere (To far as it is denfe enough to re- 
f l e e  any light) to be about 44 miles. But it is 
fe’lildom denfc enough at two miles height to bear up 
the Clouds. 

J t b J n ~ h a  178. The Atmorphere refraes the Sun’s rays 
hforehc fo, as to bring him i n  Gght every clear day, before 
p i h  he rifes in the Horizon ; and to keep him in view 
inviewafter for foine minutes after he is really fet below it. 
bcfct** For, at  fome times of the year, we fee the fun ten 

minutes longer above the Horizon than he would 
be if there were no refraoions ; and above fix mi- 
nutes every day a t  a mean rare. 

~ 179, l o  illufirate this, let IE K be a part of 
the Fhrth’s furface, covered with the Atmofphere 
HGFC; and let HL;O be the fenGble Horizon* 
of an obierver a t  E. When the Sun is at A, really 
below the Horizon, a ray of light, AC, proceeding 
from him comes Araight to C, where ~t falls on 
the forface of the Atmofphere, and there entering 
adenkr medium, it is turned out of its reCtilineal 

* As far as one can Tee round him on the Earth. 
‘5 courfc 

Sun in  view 

keeps him 

Fir. IX. 
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caurfe K d G ,  and bent down to the obferver’s eye 
at E; who then fees the Sun in the direttion of the 
refra&ed ray E d  e, which lies above the Horizon, 
and being extended out to the Heavens, the 
Sun at B, Q 171.  

160. The higher the Sun rifes, the lefs his rays 
are refra&cd, becauie they fall lefv obliquely on 
the furfacc of the Atmofphere, 0 172. Thus ,  
when the Sun is in the direttion of the line E f L 
continued, he is io nearly perpendicular to the 
furface of the Earth a t  E, that  his rays are but 
very little bent from a re&tilineal courfe. 

breadth, when at his mean diltance from thefr8&. 
Earth ; and the horizontal refraction of his rays is 
331 min, which being more than his whole dia- 
meter, brings all his Difc in view, when his upper- 
moft edge rires in  the Horizon. At  ten deg. 
height, the refriaion is not quite 5 min.; at 20 
deg. only 2 min. 26 fec.; at 30 deg, but T min. 
32 fec. j and at the Zenith, it is nothing i the quan- 
t i ty  throughout, io hewn by the annexed table, 
calculated by SIR ISAAC NEWTON. 

181 .  The Sun  is about 3 2 5  min, of a deg. inTtrc: 
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182. A TABLE hewing the RefvaBions 
tbe Sun, Moon, and Stars; adapt. 
ed to their apparent @iludes. 

. -- 
Appar. 
Ah. 

D. M. 

16 o 
17 0 
I 8  0 

' 9  0 
7.0 0 
__c 

---__ 
Refrac- A p  

tion. Atl, 

M. S. D. 

33 45 7.1 
30 24  zz 
27 35 23 
2 5  I 1  1 4  
23 7 25 

2 1  2 0  26 

'9 46 27 
18 zz 28 
'7 * 29 
15,  2 30 

1 3  zo 31 
' I  57 32 
I* 48 33 
9 50 34 
9 2 35 

8 21 36 
7 95 37 
7 '4 38 

47 39 
22 40 

6 o 41 
5 40 42 
5 22 43 
5 6 44 
4 52 45 

I 

- 

-- _. 

- 

- 

--__ - 

- 
4 27 ! 46 
4 5 1 4 7  
3 47 I 48 
3 3' I 4 9  
3 '7  150 --- 
3 4 9  

2 "6-l 

2 5 3  52 

2 3 4  5 4  
5 5  

, 2 43 I 53 

I 54 

I 49 61 o 3 0  
I 44 62 o 28 
1 40 63 o 27 
I 36 64 o 26 

I 2 8  66 o 24 
I 25 67 o 23 
I 2 2  68 o 2 2  

I t y  69 o 21  
I 16 7 0  o 20 

I 13 71 o 19 
I I I  72 o I n  
1 8 73 0 17 
I 6 74 o 16 
I 4 7s 0 15 

I z 76' o 14 
I 0 77 0 '3 
0 5 8  78 0 12 
o 56 79 o I I  
o 5 4  

~ 

80 o IO 

I 37. 65 . 0 25 - --- 

---- 

-.--- 

-I-- 

0 ~ 2 ' 8 1  0 9 
o so n2 0 s 
0 4 8 ' 8 3  0 

0 45 85 0 5 

0 44 86 0 4 

0 3 9 1 8 9  0 1 

0 47184 0 5 
- --- 
0 4 z 1 ~ 7  0 3 
o 40 88 o z 

o 3 8 , 9 0  0 0 

Refrac- 
tion. 

M. S. 
-__ 
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183. I n  all obfervations, to have the true Alti- PLATE 11. 

tude of the Sun, Moon, or Stars, the refrattion 
mutt be fubtrafied from the obferved Altitude. 
But the quan t i ty  of refraRion is not always the The incon- 
fame at the fa rm Altitude ; bccaufc heat diminiflies bf,aEt oci, 

the Air’s refraAide power and dcnGty, and cold 
increaks both ; and therefore no one table can 
ferve precilcly fo- the fame place at all fcafons, 
nor even at all times of the fame day, much lefs 
for different clirnatesj it having been obferved 
that the horizoiital refraQioos ale near a third part 
lefs at the Equator than  a t  Paris, as mentioned by 
Dr,  SMITH in the 370th reindik on his Optics, 
where the following account is given of an extra- 
ordinary rcfraaion of the Sun-beams by cold. 
cc There is a famous obkrvation of t h i s  kind made A very re- 
by iome Hollanders that wintcrcd in Nova Zembla :::,::: 
in the year 1596, who were furprized to find, t h a t  ccttIii i8 

after a continual night of three months, the Sun 
began to rife feventcen days fooner t h a n  according 
to computation, deduced from the Altitude of th; 
Pole obferved to be 7 6 ” ;  which cannot otherwife 
be accounted for, than  by an  extraordinary refrac- 
tion of the Sun’s rays yafing through the cold 
denfe air in that climate. Keplcr computes tha t  
the Sun was alrnoit five degrees below the Horizon 
when he firfi  appeared; and confrquently the re- 
fra€tion of his rays was about nine times greater 
than it is with us.” 
184. T h e  Sun and Moon appear of an oval 

figure, as l*’ C G D, jue after their  rifing, and be- Fig. x, 
fort their retting: the reafon of which is, the re- 
fra&ion being greater in the Horizon than at any 
diftance above it, the lower limb G is more elc- 
v a t 4  by it than the uppermoft. But alihough the 
refra€tion ihortens the vertical Diarneter bG, i c  has 
no fcnfible effc& on the horizontal Diameter C D, 
which is all equally elevated. When the refratlion 
is fo fmall as to be imperceptiblc, the Sun and 
Moon appear perfc&ly round, as A k: B 8’. 

Rnnry nt 

refrretion. 

H 185,  we 
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u,,,. ;magi- 185. We daily obferve, that the objeAs which 
nation can. appear moil dillin& arc generally thok  which are 
rghrlycif nearefi co us; and confequently, when we have ',";i:;E;~ nothing but our imagination to afift us in eftimat- 
bk objebr. ing of difiances, bright objeCts feem nearer to us 

than thofe which are lefs bright, or than the fame 
objeas do when they appear lets bright and worfe 
defined, even though their diitance in both caks 
be the fame. And if in both cafes they are ken 
undcr the fame Angle", our imagination natu- 

rally 

An Angle is  the inclination of two right lines, as I H and 
H, meeting i n  a point at If; and in defcribing an Angle by 

not jndgr 

three letter:, the middle letter always denotes the angular 
point : thus,  the above lines I H and K H meeting each other 
at N make the Angle I H K ;  and the point If i s  fuppofed to 
be the center of a Circle, the circumfcrancc of which contains 
360 equal parts, called Degrees. A fourth part of a Circle, 
called a Qadrant ,  as G E ,  contains go degrees ; and evcry 
Angle is mesfured by thc number of degrees in the Arc i t  cuts 
0%; as the Angle E I i P  is45 degrees, the Angle E H F  7 7 ,  %c. 
and io the Angle BHF is the fame with the Angle CHN, and 
all0 with the Angle AHM, becaufe they all CUI off the fame 
Arc or portion of the Qadrant E G ; but thc Angle E 11 F 
is greater than the Angle C H D  or A N L ,  bccaule ic cuts off 
a greater Arc. 

T h e  nearer an objeQ i s  to the eye, the bigKcr i t  appears, 
and it is feen under the greater Angle. '1'0 i l lu ih tc  this n 
little, fuppole an Arrow i n  the pofitiori f K, perpendicular to the 
right line /In, drawn from the eye at  II through thc niicldlc of 
the Arrow at  0. I t  is plain t h a t  the Arrow is fcen undcr the 
Angle I I l K ,  and that $10 ,  wliich is its diRance from the eye, 
divides itito halvea both the Arrow :ind tlrc Anglc undcr which 
it is k e n .  WZ. tlic Arrow into 1 0 ,  0 IC; and the Angle into 
I f f 0  and K f i O  : and this will be the c d e  whatever dittancc 
the Arrow i r  placed nr. J,cr now three Arrows, all of the fame 
le/gth with I k, be placed at ttic dilhncca HA, l f C ,  i l E ,  ail1 
perpendicular to, and bik€ted  by tlrc riglit line N A , then will 
AB, C D ,  EF, be each equal  to, .tiid reprcfcnt 0 I ;  and AB 
(the fame as 0 I )  will be ken from H under the Angle Akil?; 
but C D (the fame as 0 I )  will be fecn under the Angle C U D ,  
or At fL  ; and I:' F (ttic fame as 0 f )  will be h e n  undrr the 
Angle E f J F ,  or CNN, or Af1111. A I h  E F ,  or 0 I, at the dif- 
tancc HE,  will appear as long a b  OAV would at the difiance NC, 
or as AM would at the dittance I-l i l;  and C I ) .  or IO, at the 
diitirnce HC, will appear as long as A L would a t  the Jiltance 

H A. 
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rally fuggeits an idea of a greater difiance between 
us and thofe obje€ts which appear f,iint.er and 
worfe defined than thole which appear brighter 
under the fame Angles ; efpecially if !hey be fuch 
objeas as we were never near to, and of whore 
real Magnitudes wecan be no judges by Gcht. 

ferent apparent Magnitudes of the fame obje&S, which are 
which are better or worfe defined by their being ''cfibl** 

more or lefs bright, that we may be drceived : for 
we may make a wrong conclufion even when we 
view them under equal degrees of brightnefs, and 
under equal Angles 3 although they be objeRs 
whafe bulks we are generally acquainted with, 
fuch as houfes or trees; for proof of which, the 
two following infiances may fuffice: 

river by a perfon itanding on low ground, who8Ri'nedo 
fees nothing of the river, nor knows of  it before- 
hand; the breadth of the river bving h i d  from 
him, becauk the banks reem contipous, he lofes 
the idea of a difiance equal to that breadth ; and 
the houfe fcems h a l l  becaure he refers it to a lefs 
diftance than it really is ar. But if he goes to a 
place from which the river and interjacenc ground 
can be feen, though no farther from the houk, he 
then perceives the houfe to be at a greater diltance 
than he imagined; and therefore fancies it to be 
bigger than he did at f i r f t 3  although in both cafes 
it appears under the fame angle, and confcqwntly 
makes no bigger pi&ure on the retina of his eye 
in the latter cafe than  it did in the fortiler. bIdny 
have been deceived, by taking a red coat of arms, 
fixed upon the iron gate in C/ure-Hd walks at 

it i, fecn incrcale; and the 

3 Can; L ri,;ke, 

186. But, it is not only in judging of thr dif- Nor i l w v *  
of tnofe 

Firit, When n houfe is feen over ia very broad Thrreakrn 

HA. 

contrary a8 the objcet reccdes. 

So that 8 3  an cjbjeCt appronchcs the eye, both its Magni- 
tude and the Angle under 
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PLATE 11. Camhi+, f o r  a brick houk at a much greater 
diitance *. 

Secondly, I n  foggv weather, at f i r f i  fight, we 
generally imagine a I ~ I I J I I  haule wliicii is juk at 
hand,  to be a gre'it cafiie a t  a difiance ! becauk it 
appears io d u l l  a n d  ill-defined when ieen t h r o u g h  
the Milt, t l i d t  we refer it to a much greater dif- 
tanre than i t  reailv is at;  and therefore, under the 
fame Arrgle, we judge it  to be much bigger. For, 

Fig. XII. the near obje€k F E ,  Seen by the eye A B 0, appears 
under the fatne Angle G C H that the remote ob- 
je l l  G ZI Idoes : arid the rays  GFCNand  HEC'ilf, 
crofing one another at C in the pupil of the eye, 
limit the Gze of the piQure M N  on the retina, 
which is the piature of the objctt F E ;  and i f  F E  
were taken away, would be ;he pitture of the ob- 
j eCt  G ill, o n l y  work defined; brcaufe G H I  
being farther off, appears duller and fdinter than 
E'E'did. Hut when a Fog, as K I , ,  comes be- 
tween the eye and the objeLt F E ,  the objett ap- 
pears dull and ill-defined like G 111; which caufes 
our imagination to refer PL; to the greater dif- 
tance CH, infiead of the fmall difiance CE,  which it 
really is at. And confequently, as mif-judging 
the diitance does not in the lcafi diminifh the 
Angle under which the objcit appears, the finall 
hay-rick F E  k m s  to be as big as G N I. 

T h e  fields which are beyond the gate rife gradually till they 
are jult  lecn over i t ;  and  the arm3 being red, arc often millaken 
tor a houfc ;It a confiderable Cittancc i n  thole fields. 

I once nict with a curious deception in  a Gentleman's gardea, 
at I fuckny ,  occafioried by a large pane of glds sn the gardm- 
wall a t  lomc diRance lrorn his houre. T h e  gl;lfs (Jhrough 
which the flcy was k e n  from low ground) reHeQed a very 
faint ini.ige I J f  the I-louCc ; but the irnagc feemcd to be in the 
Cloudj near t h e  Ilorizon, and at  that di!lancc looked as if it 
were a htige cal ik  in the Air. Yet the Angle, under which 
the image appearctl, was equal to that undrr which the houb 
was fe ei i  : but tbc irnsge being mentally referred. to a much 
greater dlildricc than the houlc, appearcd mach bigger to the 
iiriagination. 

187. The 
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187. T h e  Sun and Moon appear bigger in the PLATE rr, 
Horizon t h a n  at  any confiderable height above it. Fig. xx. 
There Luminaries, although a t  great d ihnces  
from the Earth, appear floating, as it were, on the 
ftirface of oilr Atmorphere IIGFfeC, a little way 
beyond the Clouds ; of which, thok about F', W h v t h r  
direfitly over our heads at E ,  are nearer us than Moo,, ,?- 

thoie about li or e in  the Horizon HEc. 
fore, when the Sun or Moon apjwar i n  the Hori-  , ,Log.  

zon at  c, they are not only reen in a :>art of tlie 
Sky, which is rcally farther from ti< tii.ln if they  
were at any confiderable Altitude, ;is about f; but 
they are a l h  k e n  through a gre.iter quan t i ty  of 
Air and Vapours at e than at  f :  \Ierc. we have 
two concurring appearmccs which dcceive oiir 
imagination, and cauie us to refer the Sun and 
Moon t o  a greater d i h n c c  a t  thc i r  rifiag or (et- 
ting about c, t h a n  when they are conlidcrably 
high as acf :  tirR, their Ieeming to be on a part 
of the Atrnofphcre at e, which is really farther 
than f from a fpedtator at E ; and kcondly, their 
bring reen through a grolrcr medium, when at e, 
than when at f ;  which, by rendering them dirn- 
mer c a u l s  u s  to imagine them to be at a yet 
greater diltance. And as, in both cares, they arc 
ken * much under the Came Angle, we naturally 
judge thein to be big@ when they kern fartheit 
from us; like the above-mentioned horik, 6 186, 
k e n  from a higher ground, which ftiewed i t  to be 
farther off than it appeared from low ground, or 
the hay-rick, which appeared at a greater dittance 
by inransof an in t e rpohg  Fog. 

188. Any one iuay Cdtisfy hilnlelf tha t  the Moon Thetrap- 
appeys under no greater Angle in the E-lorizon metel$ are 

than on the Mcridian, by t a k i n g  a large hect of n t l  lefson 

paper, and rolling it up in  the. form of a I ube, d i r n t h r n i n  

of fuch a width, that obkrvhg the Moon through gnyari- 

Suo and 

l 'here- ~ e a r  h l ~ v f i  
i n  [ha IIu. 

prrtnt  I l ia -  

.. chr  Meri- 

T h e  Sun and .Moon fubtend a grpatrr Angle 011 the Meri- 
dim than in the tlorizon, bring tiparer the ObCcrvcr'r P~JCC 
in the former cafe than in the latter. 

11 3 it 
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it when fhe rifees, f ie may, as it were, jufi fill the 
Tube;  then tie a thread round it to keep it of 
that fize ; and when the Moon comes to the Meri- 
dian, and appears much leis to the eye, look at 
her again through the fame Tube, and f i e  will fill 
it juR as much, if not more, than lhc did at her 
rifing. 

I 89. When the full Moon is in perigee, or at 
her leatl diftance from the Earth,  f ie is ken under 
a larger Angle, and inuR therefore appear bigger 
than when fie is full at other times; and if that 
part of rhe Atmofphere where h e  rifes be more 
replete with Vapours than  d u a l ,  fie appears io 
much the dimmer ; and therefore we fancy her to 
be itill the bigger, by referring her to an unuiually 
great diftance, knowing that no obje&s which 
are very far  diftant can appear big unlefi they be 
really To. 

C H A P. IX. 

C f e  Method of $tiding the DiJZances of tbe SUI:, 
Moon, and Planets. 

who have net learnt how to 
take the * Altitude of any Celefiial 

Phenomenon by a common Quadrant, nor know 
any 

* T h e  Altitude of any celcRial Objeft ia an Arc of the 
Sky inrercei3;ed between the Horizon and the Objett. In 
Fig. VI. cf Plate 11. let II  O X  be a horizontal line, fuppofed 
t o  be extended from thc eye at d to X, where the Sky and 
E d i t h  reem tc mret at the end of a long and level plain ; andlet 
$ b e  the . : I .  Th. A r c  Xl-will will be the Sun% hci ht above 
the Ho lzon at X ,  and i b  found by the inttrument .E&, which 
i, n quadiantal board, c,: plate of metal, divided into go equal 

arts or degrecs on its limb D P C, and has a couple of little 
h s  plates, A arid b.  with A h a l l  hole in each of them, 
cal l4  S/.@-Holur, for lookii,g througb, parallel to the Edge of 
the Q a d r a n t  v.h ;ch  tlrry Bnnd on. To the center E is fixed 
on' end of a thrcad F, callcd the Plumb.Liqc, which has a fmall 

fixed to its other end. Now, if anob- 
upright, without inclining i t  to 

either 

weight o r  p l u i ~ i i ~ i ~  

fervcr holde the 



_. 
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any thing of plain Trigonometry, may pafi over PLATB 
the firfi Article of this fhort Chapter, and take the 
Aitrnnomer’s word for it, t h a t  the diitances of the 
Sun and Planets are as itated in the firR Chapter 
of this Book. But, to every one who  knows how 
to take the Altitude of the Sun, the Moon, or a 
Star, and can iolve a plain right-angled Triangle, 
the following method of finding the dikances of 
the S u n  and Moon will be eafily underflood. 

Let  BAG be one half  of the Karth, AC its Fig, r, 
kini-diameter, S the Sun, m the Moon, anti &KOL 
a quarter of the Circle dercribed by the Moon 
in revolving from the Meridian to the Meridian 
again. Let CRS be the rational 1Iorizon of an 
obferver a t  A, extended to the Sun in the Heal 
vens ; and 11/10 his fenrtble Horizon, cxterided to 
the Moon’s Orbit. ALC is the Angle under which 
the Earth’s Cemi-diameter AC is leen from the 
Moon at L, which is equal to the Angle OAC,  
becaufe the right lines A0 and CL, wlticli include 
both thefe Angles, are pardlei. ASC is the Angle 

either fide, and To that the IIorizon at X i o  ken throuRli the 
fight-holes u and 6, the plurnb.linc w ~ l l  cut or hang over the 
beginning of the degrees at 0, in  the cilge E C ; bot if he ele- 

uadrant io as to look through the fight.holes at any 
part vatel of the the R eavens, fuppofc the Sun at  8, jult fo many dc- 

rees a8 he elevates the fight-hole b above the horizontal l ine 5 0 X, Co many degrees will the plumb-linc cut in the limb 
C P of the Qadrant. For, Ict the obkrvrr’s eye at A be in 
the center of the cclcltial Arc XTY (and he may be faid to ba 
in the center of the Sun’e apparent diurnal Orbit, let him be 
on what part of the Earth he will) in which Arc the bun is 
at that time, fuppofe $ 5  degrees high, and let the obfrrvcr 
hold the quadrant To that he may fee the Sun through the 
fieht.holcr ; the plumb-linc freely playing on the Q.idr.int 
will cut the 25th dcgree in the limb CP, equal to thc numlwr 
of degrees of the Sun’s Altitude at the time of obfcrvation. 
N. B. Whoever looks at thc Sun mult have a fniokcd glafs 
before bis eyes to Iave them from hurt. ‘Thc bt-:icr wiry is 
not to look at the Sun through the fight-liolcs, b u t  to I i ~ i l i I  

the Qadrant facing the cyc at a little diltiince, and la tirat 
the Sun fhining through one hole, the ray may bc k e n  to 1L11 
on the other. 

*’* 
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804 Tbe M4lfood c/Jn&ng tbe Di/Zanca 
under which the Earth’s lemi-diameter AC is leen 
from the Sun at S, and is equal to the Angle OAf, 
becaufe the lines A0 and CRS are parallel. Now 
it  is found by oblcrvation, t h a t  the Angle OAL is 
much greater than the Angle OAf; but OAL is 
equal to ALC, and OAf is cqual to A X .  Now, 
as ASC is much l& than  ALC, it proves that  the 
Earth’s remi-diameter AC appears much greater as 
k e n  from the Moon at L, t h a n  from rh r  Sun at  
S ;  and therefore the Emth is much farther from 
the Sun than from the Moon”. The Quantities 
of tll& Angles may be determined by oblervation 
in the following manner : 

Let a grxluated infiluincnt, as D J E ,  (the larger 
the better;) having a moveable Index with Sight- 
holes, be fixed i n  f u c h  a manner, tha t  its plane 
furface may be parallel to the plane of the Equator, 
and its edge A D  i n  the plane of the Meridian: Ib 
that when the Moon is in the ISquino8ia1, and on 
the Meridian A D E ,  ihr may be feen through the 
fight-holts when the edge of the moveable index 
cuts the beginning of the tlivifions a t  0, on the gia- 
duated limb DB; and when flie i s  Co reen, let the 
precft time be noted. Now, as the Moon revolves 
about the l iartt i  from the Meridian to the Meridian 
again in about 24 hours qU minutes, fit: will 60 a 
fourth pal t round i t  i n  a fou r th  part of t h d t  tlrnr, 
viz. in 6 hours 1 2  minutes, as fcen from C, t ha t  
is, froin tiir Larrh’s center or Pole. But as feen 
from A, tlie obfcrver’s pldce o n  the hrtib’s rt.;r- 
idce, the M o m  will ieem to have gone a quarter 
rourtd the Tldrtl i  when f i e  comes to the lenfiblt: 
Horizon at 0 ;  for the Intirx tlirough the fight3 
of which flic ie tlien viewrd will be at d,  go dc- 
grces froin 11, wlicre i t  was when flie was teen at 
8. Now, lct the exaQ nioinent when the Moon 
IS reen 3t 0 (wiiicti will be when flie is in or n e y  

SCC tlic Notc on 6 185. 
the 



of tbc Sun, Moon, and f l i z n ~ f ~ .  =os 
the fenGbk Horizon) be carefully noted *, that 
it may be known in wha t  time flie hiis gone from 
E’ to 0; which time CubtraRed from 6 hours 1 2  
minutes (the time of her going from E to 1,) leaves ThsMoan’r 
the ttme of her poing from 0 to I, ,  and affords an h;wiaor*’ 
cary method for finding tlir -Angle OAL (called 
the “Moon’s 13orizoniaf Parnllns, which is equal to 
the Angle ,*!CC) by the following Analogy: As 
the tlrne of t he  Moon’s deicribing the Arc EO is 
to go degrees, To i b  6 hoots IZ minutes to the 
degrtcs of the Arc Ddc, which meafures theAng1c 
EAL ; from which  f u ~ x r d l  90 degrees, and there 
reinains rhr Angk OAL, rqual to  the Angle A/ C, 
tinder which die L’ath’s Ccnii-diaincter AC is feen 
from the Moon. Now, fince all the Anglesof a 
right-lined I ri,ingIe are cqiial to 1 8 0  dcgrees, op, 
to two right Angles, arid the Gdes of a Triangle 
are always propurciotwl to the Sines of the oppo- 
fite Angles, fay, by the Ru/e of Qbrce, as the Sine ThcMoon’* 
of the Angle ALC, at the M(:on J , ,  Is to its o p p -  
fite fide AC, t he  Earth’s lcmi-diarrieter, which is 
known to be 3985 miles, To is Radius, viz. the 
Sine of 
to its oppofire fide wliich i s  the Moon’s diC- ,it 2 
tance at L from the ohlrrver’s place at A on the 
Earth’s C d a c e ;  or, Co i s  the Sine of the Angle 
CAL to its oppofire fide CI,, which is the Moon’s 
difiance from the Earth’s center, arid cot~les our 
at a mean rate to be 240,000 miles. ?’he Angle 
GAL is equa1 to what O,iI1 wants of 90 degrees. 

be found the fame way, though with more dlf- 
ficulty, if his horizontal P x a l l a x ,  or the Angle OAS, yet lo 

to bc hardly perceptible, h i r i g  fcnrce IO feconds CLMW’~, 

of a minute, or the 36otir p t  of a dcgrcc. But 
Hcre proper allowance muR he made for the RcfrrEtion. 

which brin about 34 minuter of a drgrrc i n  the Hortzon, wtll 
cauk the Jrnas .  center to appear 34 triinutes above the Mori- 
WII whcahcr center is tally in it. 

dl f fWa dc- 

”\, degrces, or  of the right .t\ng\e ALC, 1‘1 

191. T h e  Strn’s dihnce  from the Ear th  might ThcSun’a 
di(lmcr 
cannot br 

rWby drtrr- 
equal to the Angle A K ,  were not fo l ~ n a l l ,  as mined 8s 

the 



E o 6  Tbe Method OfJnding the DiJances 
the Moon’s horizontal Parallax, or Angle O A L ,  
equal to the Angle AIL, is very difcerniblc, be- 
ing 57’ IS”, or 3+38” at its mean itate; which is 
niore than 340 tiiiies as great as the Sun’s: and, 
therefore, the diflances of the heavenly bodies 
being invcrlely a5 the Tangents of their horizontal 
Parallaxes, the SIIII’S dittmce from the Karth is 
at leati 340 times as great as the Moon’s ; and is 
rather under rated a t  8 r  millions of miles, when 
the Moon’s diitance is certainly l tnown to be 240 
thoufand. But brcaulc., according to fome ALtro- 
notners, the Sun’s horizorital Parallax is I I fe- 
conds, and according to others only IO, the former 
l’arallax making the Sun’s diitance to be about 
75,000,~cm of miles, and the latter 82,000,000 ; 
we tnay take it for granted, t ha t  the Sun’s diflance 
is tioc lefs than  as cieduced from the former, nor 
more than as i h w n  by the latter: and every one, 
who is accufiomed to make Cuch obfervatjons, 
knows how hard it is, if not impofible, to avoid 
an error of a fecond; efpecially on account of the 
inconitancy of horizontal Refraltions. And here 
the error of one ficond, in tb fmall an Angle, will 
make an error of 7 millions of miles in To great a 
difiance as that  of the Sun’s. But Dr. HALLEY 
has h e w n  us how the Sun’s diftance from the 
Earth, and confequently the difiances of all the 
Planets from the Sun, may be known to within 
a 500th part of the whole, by a Tranfi t  of Venus 

How *ear over the Sun’s Uifc, which will happen on the 6th 
~ ~ l o n  be of June, in the year I 76 I ; till which time we muit 

&tmined.  content ourfelves with allowing the Sun’s difiance 
to be about 8 1  millions of miles, as commonly 
itated by Afironomers. 

Tbc Sun 192. I ’he Sun and Moon appear much about 
~ r ” v e d  tobe the fame bulk : A4nd evecv one, who  underftands 
thsn rho Geometry, knows how their true bulks tnay be 
Moono deduced from the apparent, when their real dii- 

tmces are known. Spheres are to one another as 
the Cubes of their Oiameters whence, if the Sun 

7 bc 

the trwth it 

mucb blpgrr 



of the Sun, Muon, and PIanetJ. IO? 
be 81 millions of miles from the Earth, to appear 
as big as the Moon, whofe diitance docs not ex- 
ceed 240 thouhd  miles, he muit‘, in folid bulk, 
be 42 millions 875 clioufand times as big as the 
Moon. 

I 93. T h e  horizontal Parallaxes are befi obferved 
at the Equator 1 I. Becaufe the heat is io nearly 
equal every day, thnt the Hefrattions are almott 
conRantiy the fame. 2. Becaufe the parallaAic 
Angle is greater there, as a t  A (the diilance from 
thence to the Earth’s Axis being greater), than up- 
on any parallel of Latitude, as a or b. 

194. The Harth’s difiance from the Sun being Therelathe 
dtltanccc of 

determined, the diitances of all the other Planets the Planeta 

logy, their periods round him being afcertiined by known to 

from him are eafily found by the following ana- 

obrervation. 
round the Sun is to the cube of its diitance from thetrre.1 

the Sun,  To is the fquare of the period of any other 
Planet to the cube of its difiance, fuch parts or known, 
meafures as the Earth’s diltance was taken; fee 
$ I I I .  This proportion gives the relative mean 
diRances of the Planets from the Sun to the great- 
eft degree of exaanefi & and they are as follows, 
having. been deduced from their periodical times, 
according to the law jutl mentioned, which was 
difcovered by KEPLER, and demoriltrated by Sir 
ISAAC NEWTON *, 

the 
Sun are 

A9 the fquare of the Earth’s period great v c i -  
tinn, though 

di(tancr8afe 
not well 

All the following calculation~ on the next pa e, except 

editions of this work, before the ycr r  I 761. Since that  time, 
the raid two lines (as found by the Traniit A. I). 1761) wcro 
added ; and all0 fs I 9s.  

thofe in t he  two laR lines before $195 ,  were printe 1 in former 

Periodical 



* By this  is meant, that i f  a line be fupporrd to be drawn 
parallel ta the Earth’s Axis in any part of its Orbit, the Axis 
keep9 parallel to t h a t  line in every other part of its Orbit : as 
i n  big. I .  of Plate V .  where a h d f ~ b  reprefents the Earth’s 
Orbit in an obliqcic: view,  arid N I the Earth’s Axis keeping 
alwaycl parzliel to the line M N .  

the 



The amazing Yclotity of Lkht. ‘09 
the Sphere of the Stars by the Axis of the Earth,  i n  th@ fame 

but as a point ; that is, its diameter appars  too n o t w t l h -  

little to be mrafured by obiitvatinn : 
B R A D L E Y  has afl;.~red us, that if it l id  amonnt td  riTnround 
to a finglc. Iccond, or two at rriofi, hc ffioulct have t’’eSun* 

perceived IC i n  the great numhrr of oblervatioiis he 
has made, efpecially upon y I ) ~ . : r n ~ i s  ; and that it 
feemed to him very probable t h c  thc annual 1%- 
rallax of this Star is riot r0 great 4s a fingle fccond ; 
and, confequently, that  it is d m v e  4c.o thoufand 
times farther from us than the $: in.  Ifrnce the 
celefitial Poles reem to continue in the Ome points 
of the Heaven throughonc the ycar; which by 
no means difproves the karth’s ailnirsl motion, but 
plainly proves the diltance of the Stars to be ex- 
ceeding great. 

137. The finall apparent motion of the Stars, 
3 113, ctikovered by tha t  great Afironomer, he 
found to be no ways owing to their annual P i i r : ~ l l a ~  
(for it c a w  out contrary thereto), but to the Aber- 
ration of their light, which can rei‘ult froin no 
known cathe befides t hd t  of the Farth’s annuai 
motion ; and as it agrees To exdctly thcreHith,  it 
proves, beyond dilbutr, t i n t  the Em t h  h . 1 ~  iuch  a 
motion: for this Aberration completes all irs va- 
rious Phenomena every year ; and proves that  the The mn- 

velocity of fitar-light is iuch as cai rich it through ii 
fpace equal to the Son’s difiance froin us in  8 mi- 
nutes r3 feconds of time. Hmce the velority of 
Light is * I O  thoufanti 210 times as great as tlx: 
Earth’s velocity in  its Orbit ; which velocity (from 
what we know already of the )I:arth’s diflance from 
t h e s u n )  may be ailierted to bc at lcalt between 57 
and 58 thourand miles everx hour: and fiippofing 
it to’ be 58000, this number multiplied by 
10210, gives 5 9 2  million r8o thoulhd miles for 
the hourly motion of Light:  which lrlt number 
divided by 3600, the number of ieconds i n  an 

hour, 

pointsot {he 
produced, if viewed from the Earth, mull appear Hrsvens, 

for Dr. ‘’utld’n*rhe O i r r l i ‘ s  me- 

i n p  r r loc io  
I,&‘. 

* S M I T H ’ )  Optics, 1x97. 
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Of tbe difJerent SeaJons. 
hour, h e w s  that Light flies at the rate of mora: 
than 164 thoufand miles every fecond of time, or 
fwing of a common clock pendulum. 

\ 
C H A P. X. 

Tbe Circles of the ‘Globe de/cribed. Fhe darerent 
lengths of days and nights, and tbe vicigtudes of 

JeaJons explained. The explanation of ihe Pbeno- 
menaof Saturn’s Ring concluded. (See § 8 I and 82.) 

Circle# of 
the Sphere 

Pig. II. 

Equator, 
Tropia, 
Polar Cir. 
clec, and 
P.lcs. 

Fig. 11. 

Barth’a 
Aric. 

. 198. F the reader be hitherto unacquainted with I the principal circles of the Globe, he ihouid 
now learn to know them ; which he may do fuffi- 
ciently for his preient purpofe in a quarter of an 
hour, if he fets the ball of a terrefirial Globe be- 
fore him, or looks at the Figure of it, wherein 
there circles are drawn and named. The Equator is 
that great circle which divides the northern half of 
the Earth from the fouthern. The Tropic$ arc leffcr 
circles parallel to the Equator, and each of them 
is 23f- degrees from it; a degree in this fenfe being 
the 360th part of any great circle which divides 
the Earth into two equal parts. The Tropic of 
C a n w  lies on the north fide of the Equator, and 
the Tropic of Capricorn on  the fouth. The ArRic 
Circle has the Nortb Pole for its centre, and is jurt 
as far from the North Pole as the Tropics are from 
the Equator : and the Antarnif Circle (hid by the 
fuppofed convexity of the figure) is juft  as far from 
the South Pole every way round it. There Poles 
are the very north and iouth points of the Globe: 
land all other places are denominated northward or 
Jouthward, according to the fide of the Equator 
they lie on, a,nd the Pole to which they are nearcfi. 
T h e  Earth’s Axis is a firaight line pafing through 
the centre of the Earth, perpendicular to the 
Equator, and terminating in the Poles at  its fur- 
face. This, in the real Earth and Planets, is only 
an imaginary line ; but in artificial Globes or Pla- 
nets i t  JS a wire by which they are hpported, and 

rurncd 
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turned round in OrreritS, or fuch like machines, PLATE 
by wheel-work. T h e  circles 12. I. 2. 3. 4. &?c. 
are Meridians to all places they pais through ; and Meridian& 
we mutt fuppofe thout‘ands more to be drawn, be- 
caufe every place, that is ever fo little to the e a 8  or 
weft of any other place, has a difyerent meridian 
from that other place. All the Meridians meet in 
the Poles ; and wheriever the Sun’s center is pafing 
over any Meridian in his apparent motion round 
the Earth, it is midday or noon to a11 places on 
that  Meridian. 

199. T h e  broad Space lying between the Tro-  
pics, like a girdle rurrounding the Globe, is called 
the forrid Zone, of which the Equator is in the mid- Zones, 
dle all around. T h e  Space between the Tropic of 
Cancer and ArAic Circle is called the North fern- 
perate Zone. Tbat between the Tropic of Capri- 
corn and the AntarAic Circle, the South tcmperate 
Zone. And the two circular Spaces bounded by the 
Polar Circles are the two frigid Zones ; denorni- 
nated north orJoutb, from that Pole which is in the 
centre of the one or the other of them. 

I v. 

200. Having acquired this ea@ branch of know- 
ledge, the learner may proceed to make the fol- 
lowing experiment with his terrettrial ball ; which 
will give hini a plain idea of the diurnal and an- 
nual motions of the I+:arth, together with the dif- 
ferent lengths of days  and nights, and all the beau- 
t i ful  variety of fenfons, depending on thok mo- 
tions. 

T a k e  about riven feet of firong wire, and bend 
it into a circular form, as abcd, which being virwed Figl 1 1 ~  

Place a lighted candle on a table, and haviiig tixed h r w i n ~ t h o  
One end of a filk thrend K ,  to the north i’ok of a l e , sg ,hcof  
fmdl terreltrial Globe N, about thrcc indie5 did- drys und 

meter, caufe another perfon to hold the . W I I C  the v,r,cty 

circle, io that it may he l ) s i r c i ~ ~ r ~  to the taldc, and  o f f c * m .  

as high as the tlame of’ tllc c,lndic 1, w h ~ c h  h ) r i l L l  
be 

obliquely, appears elliptical as in the Figure. rr,,e,imcnr, plcafing 

dlffrrenr 

ntghtr, a n d  
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be in or near the centre. Then, having twifted 
the thread as coward the left hand, that by un- 
twifiing it may turn the Globe round eaftward, or 
contrary to the way tha t  the hands of B watch 
move, hang the Globe by the thread within this 
circle, almofi contiguous to i t ;  and as the thread 
untwih, the Globe (wlirch is enlightened half 
round by the candle as the Earth is by the S u n )  
will t u r n  round its Axis, and the tliffeient places 
upon it  will be carried through the light and dark 
Hemifpheres, and have  the appearance of a regular 
fuccefion of days and nights, as our  E a r t h  has in 
reality by iuch a motion. As the Globe turns, 
move your hand flowly, fo as to carry the Globe 
t o ~ ~ n d  the candle according to die order of  the 
letreis ubcd, keeping irs centre even w i t h  the wire 
circle; and you will perceive, that the candle, 
being itili peipendiculdr to the Equator, will en- 
lighten the G h l e  frorrr pole to pole in its whole 
motion round tlie circle ; and that every place on 
the Globe goes equally through the light and the 
darlc, as i t  turns round by the untwi l t ing  of the 
thread, and therefore has a perpetual Equinox. 
The Globe thus turning round reprefencs the 
Eaith toriiing round its Axis ; and the motion of 
the Globe round the candle repreferits the Earth’s 
annual motion round the Sun, and hews,  tha t  if 
the Earth’s Orbit had 110 iiiclindtion to its Axis, all 
the dzys and night‘ of the yedr would be equally 
)brig, and there would tx no diffcrenr kdons. 
But now, defire the perton W’IO holds the wire to 
hold it obliquely in the poficion ABCD, railing 
the fide rn juct as m u c h  as he deprcffes the fide 
w, that the ihme m a y  be ftdl in the plane of the 
circle; and milling the thread as before, that the 
Gfobe may turn rourid its Axis the fame way as 
you carry it rouid the caodlc, that is, from weft 
to ed1, let the Globe down into the lowerrnoft 
part of the wire circle a t  w, and if the circle be 
proycrly iiiclincd, the candle will ihine perpcndi- 

I 4- cularly 
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colarb on the Tropic of Cancer, and the frjgidsllmrnrt 
Zone, lying wi th in  the arfl'ic or north pohr  C:rde, 
~ 1 1 1  be all in the light, as in the Figure i and will 
keep in the light let the Globe t u r n  round its Axis 
eve1 fo ofren. From tl:e Equator to the north 
poldr Circle all the pldces hdve loriger ddys and 
fliorter nights ; but from the EC'ptor to the fouth 
polar circle jult  rhe reverk.  'The Sun does not 
fit to any part of the north frigid Zone, as ihcwn 
by the candle's hining on it, l0 t ha t  the [notion of 
the Glohe c m  cdrry no place of tha t  Zone into the 
clai k : and a t  the Lime time tlieJourb /rigid Zoire is 
involved in darknels, and the turning of the Globe 
bring, none of its places info the light. I i  the 
Earth were to continue in the like part of its 
01 bit, the Sun would never fit to the inhabitants 
of the north frigid Zone, nor rife to thok of the 
fouth. A t  the Equator it would be always equal 
d ~ y  and night; and as places are gradually more 
and more difiant from the Equxor, toward the 
arAic Circle, they would have longer days and 
ihorter nights ; while thofe on the louth fide of 
the E:qtiacor would have their nights longer than 
their days. I n  this calk there would be continual 
filinnier on the north fide of the Equator, and con- 
tinual winter  on the Couch Gde of it. 

But as the Globe turns round its Axis, move ' 
your hand flowly forward, fo as to carry the Globe 
from H toward E, and the boundary of light and 
dai kneh will approach towarti the north Pole, ' 
and recede fiom the fouth Pole; the northern 
places will  go throrigll Ids and lcfs of the light, 
and the h u t h e i n  places through more and morc 
of ir ; alewing h o w  the iiorthrrn day5 &creak in 
length, and the Coutlrcrn days increalc, while the 
Globe proceeds from Ii to' L?'. When the Globe 
is at E, it is at  a mean Itate betwcrri the lowctt 
and higheft parts of its Orbit; the candle is di -  Anrqlmnrl 
reflly over the Equator, the boundary of I~ght EvJioux* 
and darknefs jufi ieaches to both the Poles, and 

I a1 1 
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all places on the Globe go equally through tht 
light and dark Hemifpheres, hewing that the 
days and nights are then equal at all places of the 

‘Ear th ,  the Poles only excepted ; for the Sun is 
then retting t o  the north Pole, and rifing to the 
fouth Pole. 

Continue moving the Globe forward, and as it 
goes through the quarter A, the north Pole recedes 
f t i l l  farther into the dark IL-Iemifk)here, and the 
fouth Pole advances more into the light, as the 
Globe comes nearer to ra : and when it comes 
there at I<’, the candle is direRly over die  l‘ropic 

winter OF Capricorn, the days are at the fllorttfl, and 
So*ffitc. nights at  the longeft, in the northern IIemirphere, 

all the. way from the Equator to the arCtic Circle i 
and the reverre in the Coutiiern Ilemifjhere from 
tk 1;qilator to  the antarttic Circle ; w i t h i n  which 
Circles it is dark to the north frigid Zone, and 
light to the fimth. 

Continue both motions, and as the Globe moves 
through the quat ter 33, the north Pole advances 
toward the light, and the h t h  Pole townrd 
the dark ; the days lengthen in  the northern Ile- 
mifphere, and ffiorten in  the fouthern ; a d  when 
the Globe comes to G,  the caiitlle will be again 
over the 17quator, (as when the Globe was at 
E,)  and the days and nights will again be cqual 

Vern,f as formerly ; a n d  the north Pole wili  be ju& 
l i l l ~ x .  coir;ing into the light, the fouth J’ole going out of 

it. 

I Thus we f i e  the reafon why the days lengthen 
and Ihortcn from the 11:quator to the polar Clrcles 
every year ; why there is fotnetirries no clay or night 
for many r t i i  n i 1 v 3  of the L d r t h ,  within the polar 
Circles ; w h y  t ’  cry i s  but one day and one night 
i n  the whole year ,it the Polc., ; and w h y  the days 
and nights arc equ,tlly long dl the year round at 
th r  I;,qu;jror, w l m h  is a lways  rqtldty cut by thc 
cii c k  bounding 1ii:ht and t l u  knefs. 

201. l‘lie 
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201. T h e  incl tion of an Axis or Oilit is Remirk, 
merely relative, becaulk we compare it wi th  lime 
other Axis or Orbit which we confider as riot in -  
clined at  all. Thus, our Horizon bring level to 
us, whatever place of tile Ear th  we are*upon, we 
confider it as having no inclination; and yet, if 
we travel go degrees from th‘tt place, we f f i d l l  then Fig. 111, 
have a Horizon perpendicular to the form r; but 
it will Ltill be level to tis. And if this book be 
held io that the * Circle ABCD be parallel to the 
Horizon, both the Circle n b d ,  and the Thread 
or Axis K, will be inclincd-to it .  13ut i f  the Hook 
or Plate be held Ib that  the Thread be perpendicu- 
lar to the Horizon, then the Orbit ABCI> w i l l  be 
inclined to the Thread, and the Orbit nlcd per- 
pendicular to it, and parallel to the Horizon. We 
generally confider the F,al tli’s annual Orbit as hav- 
ing no inclination, and the Orbits of all the other 
Planets as inclined to it, § 20. 

202, Let us now take a view of  the Earth in 
its annual courfe round the Sun, confiderins irs 
Orbit as having no inclination, and its Axis as 
inclining 23; degrees from a line perpendicu1;lr to 
the plane of its Orbit, and kceping the fame ob- 
lique diretkion in all parts of its annual c o w l  ; or, 
as commonly termed, kerping always p;~r;~llt.I to 
itfelf, Q 196. 

parts of its Orbit, equiiiifiaut from one an<)t!irr; 
N J  its Axis, N its north Polc, J its l O i i d i  Pole, 
and S the Sun nearly in the center of the h r t h ’ s  
Orbit, 18. As the Earth gocs round the Sun 

L e t  a,!, t ,  d, e,f, g, k be the Eh-th in eight dityprent I’I.ATE V. 
1 le. I.  

* All Circles II pear cIIipticaI i n  a n  oblique v i e w ,  i q  cvi- 
dent by looking o&liquely at the rim ibf .L bahn.  For  11w true 
figure of a Circle can only be ken  when the eye i s  dirct t ly  otcr 
i t s  center. ‘The inwe obli u‘ly i t  is v i c w e J .  tlic more 4 I l ipt ical  
it appears, until the eye%e in the fame plant Hith it ,  and 
then it appeals like a ltraight line. 

1 2  acmr d i ( I  i; 
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PLATE V. according to the order of the let 

A canci'c 

ftacony. 

s a I c d, &c. its 
Axis N J  keeps the tame obliquity; and is itill 
parallel to the line M N s .  W/hen the E a r t h  is at 
a, its north pole inclines toward the Sun S, and 
brings all the northern places more into the light 
than at  any  other time of the year. Ru t  when the 
Earth is at e in the oppofite time of the year, the 
north Pole declines from thc Sun, which occafions 
the northern places t o  be more i n  the dark than in 
the licht ; and the reverfe at the fouthern places, 
as is evitfent by the k'i;<ure, which I have taken 
from Dr. I .ON G ' S  Altronomy. When the E a r t h  
is either at c or g its Axis inclines not either to 
or from the Sun, but Iics tidewife to him; a n d  
then the Poles are in the boundary of light and 
clarknefs ; and the Sun, being dire&tly over the 
Ilqdator, makes equal clay and night at  all  places. 
When the E a r t h  is a t  b, it is half-way between 
the Sumnier Solflice and  E-larvefi Equinox ; when 
i t  is a t  d, it i s  hnlf-way from the Harvelt Equinox 
to the Winter SolRice; at  half-way from the 
Winter SolRice to the Spring I'quinox ; and at b, 
half-way from the Spring F.quinox to the Summer 
Solff ice. 

200. Froin t!iis oblique view of the Earth's 
Orbit, kc us fii;+)le ourlelves to be raifid far above 
it, an:] ;J~c.etf jolt over its center S, 13oIhg down 
u p n  i t  from its noiCh Pole; and as the Earth's 
Orbit  differs but very little from a Circle, we h a l l  
have K s  f i g 1 ~ ~  i11 fi lch a view reprerented by the 
Circle rlBCDEFGEI. Let us Luppok this Circle 
to be divided into 1 2  equal parts, called Signs, 
having their names affixed to them ; and each 
Sign imo 30 equal parts, called Degrees, numbered 

Tbr  * t s h  IO, zd, 30, a5 in the outerrnoit Circle of the 
Figure, ubich rcyreknts the great Ecliptic i n  the 

V ~ C U O ~  t' - I Iedven:,. 'I'he 1i:arth is h e w n  in eight different 
iscotblt. pofitions in this Circle, and in each ppfition A?? is 

the k:yuacor, 5? the 'I'ropic of Cancer, the dotted 
Circle 

view of tile 

r It. 11. 

1F,"N I ' , I  

Yrr!ti and 
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Circle the parallel of London, U tlie ar&ic or north 
polar Circle, and P the north Pole, where all the 
Meridians or Hour-Circlcs mect, § 198. As the 
E a r t h  goes round the Sun, the nor th  Pole keeps 
conRantly toward one part of the Heavens, as it 
does in the figure toward the right-hand fide of 
the Plate. 

When the Ear th  is a t  the heginnine of Libra, 
namely, on the 20th of March, in this Figure (as 
a t g  ita Fig. I.), the Sun S, as ken frotn tlir Ea r th ,  
appears at the brginning of Aries, i n  the oppofire 
port of the Heavens*, the n o r t h  Pole is ju l l  
coining into the light, and rhc Sun is vertical to Vernal 

the Equator ; w h i c h ,  together with the 'rrol)lc of 
Cancer, parallel of Londun, and adtic Circlc, are 
all equally cut by the Ciicle bounding lighc and , 
darltnek, coinciding with the lix o ' c l ~ c k  Hour- 
Circle, and tlieretore the ddvs and nights are 
equally long at all places: for every /)arc of the 
Meridians Ai 7 La conies into the light at fix in the 
morning, and 1 e v d v i n g  with the Ear th  according 
to the order of tiit. hour letters, goes i n t o  the dirk 
at fix in the evening. There are z.+ Mr'ridiLrns or 
Fl.)ur-Circles drawn o n  thr h r t h  in this Figure, to 
i h e w  the time of Sun-rif ing and fitting at diEerent 
Seaions of the Year.' 

As the Emh moves i n  the Ecliptic according ta 
the order of die letters A B  C D, &c. through 
the S i p s  Libra, Scorpio, and Sdgittdrius, die 
north Pole P coines iiiorc and more into die light; 
the d ~ y s  increak as tlir nights dccrcicle i n  length 
at all places north of the Equator A; which is 
plain by viewing the Eaith a t  L on the 5th  of May, 
when it is in  tlie 15 th  degree of Scorpio t, and 

* Here we muR Fuppofe the Sun to be no bigger than an or- 
dinary point (as ,) becaule he only covers a Circle halfa degree 
in dlameter in the Heavens ; whereas in the tigurs he hider 8 
whole Sign at once trom the Earth. 

t I l c ~ e  we Inuit fuppoie the Earth to be a much fmoller point 
ihhnn that in the preceding note marked for tho Sun. 

Equinox. 

1 3  the 
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PLATE v. the Sun, as feen from the Earth, appears i n  the 15th 

dqyee of 'I a~ ir i i s .  For then, the Tropic of Cancer 
%.IIo f IS i n  the hghi from a little after five in the morn- 

ing til l  almofi k v r n  in the evening ; the.. parallel 
of. London from half an hour pafi four till half an 
hour pafi feven ; the polar Circle U from three till 
nine ; ant1 a large track round the north Pole P 
has day all  the 24 hours, for many rotations of the 
E a r t h  on its Axis. 

When the Earth comes to c, at the beginning 
of Capricarn, and the Sun, as reen from the Earth, 
appears at the beginning of Cancer, on the 21ik 
of June, as in this Figuie, it  is in the poGtion a 
i n  Fig. I ;  and its north lJole inclines toward the 
Sun, fo as to bring all the north frigid Zone' into 
the light, and the northern parallels of Latitude 
more into the light than thc dark from the Equa- 
tor to the polar Circk; and the more Po as they 
are farther from the I:,qu8iror. T h e  Tropic of 
Cancer i s  in the light. from five in the morning 
till feven at  night ; the parallel of London from a 
quarter before four till a quarter after eight ; and 
the p o l ~ r  Circle lid conckes the dark, fo that the 

Simmer Sun has oiily the lower h a l f  of  his Difc hid from 
solR'cc* the inhabitants on t ha t  Circle for a few minutes 

about midnight, fupimfing io inequalities in the 
3lorizon, and n o  refrdlions.  

A bare view of the Figure i s  enpugh to hew, 
that as the l l a r t h  aclvdncrslroin Capricorn toward 
Aries, and the Sun appears to rriove from Cancer 
toward Libr,i, the north Pole advances toward the 
dark, which  caufts the days to decreafe, and the 

Ao%mnal nights to increak in length, till the Earth comes 
ESuin?x. to the beginning of Aries, and then they are equal 

as before for the boundary of light and darknefs 
cuts the h!,quator and all i t s  parallels equally, or 
in  hdvcs. 'l'lie north Pole then goes into the 
dark, and continues in it utitil the Earth goes 
h a l f  way round its Orbit ; or, from the 23'1 of 
SeptewL~r till the 20th of Mutb. 111 the middle, 

be twecri 
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between there times, uix. on the 22d of December, 
the north Pole is as far as it can be in the dark, 
which is 232 degrees, equal to the inclination of n,te.  

the Earth’s Axis from a perpendicular to its 
Orbit : and then the northern parallels are as 
much i n  the dark as they were in the light on the 
21fi of J u m  ; the winter nights being as long as 
the fumlner clays, and ‘the winter days as hort as 
the fummer nights. I t  is needlefs to enlarge far- 
ther on this fubjelt, as we h a l l  have occalion to 
mention the feaibns again in dercribing the Orttty, 
Q 397. Only this muR be noted, that whatever has 
been faid of the northern Hernifphere, the con- 
trary mufi be underflood of the fouthero ; for. on 
different fides of the Equator the leafons are con- 
trary, becaufe, when the northern Hemifphere 
inclines toward the Sun, the fouthern declines 
from him. 

Winter SUI- 

204. As Saturn goes round the Sun ,  his ob. ThcPhc- 
nnmcni of liquely pofited ring, like our Earth’s Axis, keeps Satur,,l, 

parallel to itfelf, and is therefore turned edgewife Ring. 
to the Sun twice in a Saturnian year, which is al- 
mofi as long as 30 o f  our years, 4 8 1 .  But the 
ring, though contiderably broad, i s  too thin to be 
Peen by us when it is turned edgewife to the 
Sun ,  a t  which time it is alIb edgewife to the 
Earth;  and therefore it difappears once in every 
fifteen years to us. As the Sun kines half a year 
Zogether on thc north Pole of our Earth, then diT- 
appears to it, and lhines as long on the fouth 
Pole ;  To, during one-half of Saturn’s year, the 
Sun kines  on the north fide of his ring, then dif- 
appears to it, and ihines as long on its fouth 
Gdc. When the Each’s Axis inclines neither to 
nor from the Sun, but fidewile to him, he in- 
fiantly cedes to h i n c  on one Pole, and begins to 
enlighten the other;  and when Saturn’s ring in- 
clines neither to nor from the Sun, but fidcwife 

1 4  to 
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PLATE V, to him, he ceafes to mine on the one fide of it, and 
begins to thine upon the other. 

F4A*II* Lee S be the Sun, ABCDEFGH Saturn's Orbit, 
and lKLMN0 the Earth's Orbit. Both Saturn 
and the Earth move accordingly to the order of the 
letters, and when Saturn is at A his ring is turned 
edgewife to the Sun S, and he is then k e n  from 
the Earth as if he had lofi his ring, Id the Earth 
be in  any part of its Orbit whatever, except be- 
tween N and 0 ; for while it deicribes that (pace, 
Saturn is apparently fo near the Sun  a s  to be hid 
i n  his beams. As Saturn goes from A to C, his 
ring appears more and more open to the E a r t h  : 
at C the ring appears moa  open of all j and frems 
to grow narrower and narrower as Saturn goes 
from C to E ;  and when he comes to E, the r i n g  
is again turned edgewife both to the S u n  and 
E a r t h ;  and as neither of its fides are illuminated, 
it i s  invifible to us, becauk its edge is too thin 
to be perceptib!c; and Saturn appears again 49 if 
he had 1,oit his ring. But  as he goes from E to 
G, his ririg opens more and more to our view on 
the under fide ; and feems j u f i  as open at G as it 
was at C; and may be ken in the night-time from 
the Earth i n  aoy part of its Orbit, except about 
M, when tlie Sun hides the Planet from our View. 
As Saturn goes from G to A, his ring turns more 
and mpre edgewik to us, and theiefore it feems 
to grow nqrrower and narrower ; and at A it diL 
appears as before. Hence, while Saturn goes from 
Ato E,  the Sun fhines qn  the upper fide of his 
ring, and the tinder fide is dark; and while he 
goes from E to A, the Sun fhines on the undrr fide 
of his ring, and the uppcr fide i s  dark, 

It may perhaps be imagincd that this Article 
might have been placed more properly after $ 81, 
ttian herej but when the candid reader confiderq 
that all the various Phenomena of Saturn's King 
depend upon a caufc firriilar to that of our Earth's 

feafons, 

0 f the &reevent Segoons. 

Fir4 I+ 
Ill' 
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feafons, he will readily allow that  they arc bc8 ex- PLATE 
plained together; and that the two Figures ferve 
to illufirate each other. 

205. T h e  Earth's Orbit being elliptical, and the  he Earth 
ant ly  in its lower FOCUS, which Sup i n  wln. 

from the middle point of the tir than in 

v'. 

longer Axis, the Earth comes twice fo much, or rumme'* 
2,754,000 miles nearer the Sun at one time of the 
year than at anoclier : f )r the Sun appearing under 
a larger Angle in our winter than furnmer, proves 
that <he Eath is nearer the Sun in winter ("ethNote 
an h i d e  185) .  Rut here this natural q u  
arifk, why hcive we not the hottefi wea 
the Earth is neareft the Sun  ? In anfwer it 

)* thP obierved, that, the eccentricity of the Ear 
bit, or 1,377,000 miles, bears no greater ptoporh c&+& 

[ion to the Earth's mean difiance from the Sun, ;,2:;;? 
than 7 ddes to 1000; and therefore this 
ference of diftance cannot occafion 
fertnceof heat or cold, But the pr 
this difference i s ,  that in winter the 
fo obliquely upon us, that any given number of them 
is fpread over a much greater porrion af the Earth's 
furface where we live, and therefore each point 
mufi then ha-ve fewer rays than in lummcr. More- 
over, there comes a greater degree of cold in the 

ts, than there can ieturn of heat 
; and on both thefe accounts the 

But in fiunmer the Sun's rays 
fall more perpendicularly upon us, and therefore 
come with greater force, and in greater numbers on 
the fame place ; and by their long continuance, a 
much greater degree of heat is imparted by day than 

umber of rays fall on the 
come perpendicularly, than 
uely on it, will appear by 

on C D (which lee us fup- 
n the zii t  of June: bur, on 

tha 

ihrr I# 

be il certain number ofFig,X[, 
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the. 22d of December, the line C D, or London, has 
the oblique pofition C d to the fame rays ; and 
therefore fcarse a tliird part of them falls upon it, 
or only thok between A and e ; all the reit E B be- 
ing expended on the fpace d P ,  which is more than 
double the length of C 1) or Cd. Belides, thofe 
parts which are once heated, retain the heat for 
fome time; which, with the additional heat daily 
imparted, malm it continue to increafe,. though 
the S u n  declines toward t h e  fouth: and this is the 
reafon why  yuly is hotter than rune, although the 
Sun has withdrawn from the Suinnier ’Tropic ; as 
we find it is generally hotter at three in the after- 
noon, when the Sun has gone toward the we&, 
than at noon when he is on the Meridian. Like- 
wife, thok places which are well cooled require 
:Erne to be heatad again : for the Sun’s rays do not 
heat even the fur face of any  body till they have been 
f ime time upon it. And therefore we find yanuarj 
for tlie moR part colder than December, although 
the Sun has wi thdrawn from the winter Tropic, 
and begins to dart his beams more perpendicularly 
upon us, when we have the pofitioa c p .  An iron 
bar is not heated inimcdiarcly upon being put into 
the fire, nor grows cold till fome time after it has 
been’ taken out. 

FirR Meri- 
dian, and 
Ltmpilude 
of placer, 
what. - 

c rI A P. XI. 
Y’he Method of$nding the Longitude by the Ech’pfis 

of ‘ftqiter’s Satellites : The amazing Velocity of 
Ligh6 demonjrated by thge Ecl$fes. 

Eographcrs arbitrarily choofe to call the 
Meridian of fume remarkable place ske 

j r -  .Meridian. There they begin their reckoning ; 
and ju i t  fo many degrees and minutes as any other 
place is to the eaflward or weltward of that Meri- 
dian, fo much eafi or welt: Longitude they fay it 
has, A degree is the 360th part of, a Circle, be it 

great: 



The Mttbhod of $riding the Langiiude. 1 2 3  
great or irnall ; and a minute the 60th part of ~ P L A T E V .  
degree. The Englifi Geographers reckon the 
Longitude from the Meridian of the Royal Obfer- 
vatory at Greenmich, and ‘the French from the 
ridian of Paris. 

of which is the Meridian of any given place, to 
interre& each other in the two Poles of th? Earth, 
and to CUK the Equator a t  every 15th degree, 
they will be divided by the Poles into 24 Semi-cir- 
d e s ,  which divide the Equator into 24 equal parts ; 
and as the Earth turns on its Axis, the planes of 
there Semi-circles come fucceEve\y one after ano- 
ther every hour to the Sun. 
time there is a revolution of fifteen degrees of theClC3‘ 
Equator, in a minute of time there will be a revo- 
lution of i s  minutes of the Equaror, and i n  a 
fecond of time a revolution of I 5 feconds. 
are two tables annexed to chis Chapter, for re- 
ducing mean folar time into degrees and minutes gmccof 
of the. terreftrial Equator j and alfo for converting 
degrees and parts of the Equator into mean folar 
time. 

209. Becaufe the Sun enlightens only one-half 
af the Earth at once, as it .turns round its Axis, 
he rifes ro fome places at the fame moment af ab- 
folute Time that he fets a t  to others ; and when it is 
mid-day to fome places, it is inid.nigllt to others.. 
T h e  XI1 on the middle of the Earth’s enlightened 
fide,. next the Sun, Rands for mid-day; and the 
oppofite XIJ, on the middle of the dark fide, for 
mid-night. If we fuppofe this Circle of hours to 
be fixed i n  the plane of the Equino&ial, and the 
Earth to turn round within it, any particdar Me- 
ridian will come to the difkrent hours fo as to iiiew 
the true time of the day or night at all places on 
that Meridian. Therefore, , 

2x0. To every place 15 degrees eaftward from 
any given Meridian, it is noon a hour honer than 
on char Mqridian j bccaufc rheic Meridian comes 

to 

208. If we imagine twelve great Circles, one FigVir. 

As in a hour OfHourCir- 

There n hour of 
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to the Sun a hour fooner: and to all places' 14 
degrees weitward, it is noon a hour later, $ 208, 
becaufe their Meridian comes a hour later to the 

; and fo on : every 15 degrees of motion cauf-, 
a hour's difference of time, Therefore they 

I degtGC1 who have noon a hour later than we, have their 
0;  Lo@- Meridian, t h a t  is, their Longitude, 15 degrees 

weftward from us; and they who have noon a 
hour fooner than we, have their Meridian 1 5  de- 
grees esitward from ours : and fi for every hour's 
difference of t h e  1 5  degrees difference of Longi- 

~unar 'ec l ip -  tude. Confequently, if the beginning or ending 
fcs uferulin of a L u n a r  Eclipfe be obferved, fuppde at Londun, 
Longitudr. to be exaQly at mid-nighr, and in Ibme other place 

at I I at  night, that  place is 15 degrees weftward 
from the Meridian of London: if the fame Eclipfc 
be obferved at one in the morning at another place, 

/that place is 15 degrees eafiward from the faid 
Meridian. 

21 I. But as it is not'eafy to determine the exa& 
moment either of the beginning or ending of a 
Lunar Eclipfe, becaufe the Earth's ihadow through 
which the Moon pares is faint and ill defined 

rciiprcnof about tlie edges, we have rccaurfe to the Eclipfes 
upitef'* of Jupiter's Satellites, which difappear much more 

much better quickly as they enter into Jupiter's ihadow, ,and 
'Orthat emerge more fuddenly out of it. T h e  fir& or near- 

eft Satellite to Jupiter is the mofi advanta coos for 

the motion of any of the re& and theretore its im- 
merfions and emerfions are more frequent and more 
fuddcn than thofe of the others are. 
21 2, T h e  Engliji5 Altronomers have calculated 

"abies for hewing the times of the Eclipfes of 
Jupiter's Satellites to great precifion, for the Me- 
ridian of Greenwich. Now, let an obl'erver, who 
has thefe Tables, with a good Tclelcope and a well- 
regulated Clock, at any other place of the Earth, 
Obferve the beginning or ending of an Eclipfc of 

one 

tude. 

finding the 

Lcllitca 

purpofc, 

this purpofe, becaufe its motion is quic a er than 

3 



fbc Melhod 0fJitlding the Lmgirsrde. 22 

one of Jupiter's Satellites, and note, the preclfe mo- PLATE v, 
ment of time that he faw the Satellite either im- FfGl& 
merge into, or emerge out of the ihadow, and importarit 

compare that  time >with the time hewn by the prQblcm* 
Tables for Greenwich c then, 15 degrees difference 
of Longitude being dlowed for every hour's dif- 
ference of time, will give the Longitude of that 
place from Greenwich, as above, $ 210; and if 
there be any odd minutes of time, for every mi- 
nute a quarter of a degree,. mft or weit., muft be 
allowed, as the time of obfervation is later or ear- 
lier than the time fliewn by the Tables. Such 
Ecliptes are very convenient for this purpofe at  
land, becaufe they happen almoit every day ; but 
are of no u k  at f a , "  becaufe the rolling of the fhip 
hinders all nice teleicopical obfervations. 

Jupiter, K ,  L, M, N, his four Satellites 'in their 
refpeoive Orbits 1, 2, 3, 4;  and let the Earth be 
atf, fuppofe i n  Novel.lttcr, although that month 
is no otherwife material than to find the Earth 
readily'in this fcheme, where it is hewn in  eight 
digerent parrs of irs Orbit,. 
on the R)l[eridian of Greenwich, and M a place on 
fome other Meridian eaitward from Greenzerich. 
Let  a perfon at R obferve the inltantaneous vanik- 
irig of the firit Satellite X into Jupiter's fhadow, 
Cuppok at three in the morning; but by the 
'i'ables he finds the irnmerfion of that Satellite to 
be at mid-night at Grcenwick: he can then imme- 
diately determine, that, as there are three hours 
difference of time between and 3, and 'that R 
is three hours forwarder in reckoning than e, it 
muft be 45 degrees of eaR Longitude from the 
Meridian of $. Were this method as praklicable: 
a t  rea as at land, any failor might almofi as eafily, 
and with almofi equal certainty, find the Longitude 
as the Latitude. 

213. T o  explain this by a Figure, let J be F I ~ I I .  

Let .$), be a placeIlluffrct-d 

214. While the Earth is goin from C to F in Fig. 11, 

iitp 
i t6  Orbit, only rhc irnrnerfi0no.o fg Jupiter's Sarel- 
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Wefeldom lites into his fhadow are generally feen ;, and their 
gjnningPnd emerfions out of it while the Earth goes from G 
end of the to B, Indeed, both there appearances may be 
Ectipfeof ken of the fecond, third, and fourth Satellite when 
w o f  eclipfed, while the Earth is between D .and E, 

or between G and A ;  but never of the firft Sa- 
tellite, on account of the frnalinefi of its Orbit 
and the bulk of Jupiter; except only when Ju- 
piter is dire&ly oppofite to the Sun, that is,. when 
the Earth is a tg :  sltrd even then, i tr i l t ly fpeak- 
ing, we cannot fee either the immerfions or einer- 
fions of any of his Satellites, becaufe his body 
being dire&ly,between us and his conical ihadow, 
his Satellites are hid by his body a few' moments 
before they touch his hacloy; and are quite 
emerged from thence before we can fee them, as it 
were, ju i t  dropping from behind him. And whm 
the Earth is at c, the Sun, being between it and 
Jupiter, hides both him and his Moons from us. 

In this Diagram, the Orbits of Jupiter's Moons 
are drawn in true proportion to his diameter; but 
in proportion to the Earth's Orbit, they are drawn 
8 I times too large. 

Jupi@,*, 215. In whatever month of the year Jupiter is 
conjunni- in conjunRion with the Sun, or in' oppofition to 
Sun,orop- him, in the next year it will be a month later 2t 
pofitione 10 l e a k  For while the Earth goes once round the 

Sun, Jupiter defcribes a twelfth part of his Orbit, ;:,ff:;x; And therefore, when the Earth has finifhed its 
Hcavcns, annual period from being in a line with the Sun 

and Jupiter, it mufi go as much forwarder as 
Jupiter has moved in that time, to overtake him 
again: jur t  like the minute-hand of a watch, 
which muit, from any  conjunlkion with the hour- 
hand, go once round the dial-plare and forclewhat 
above a twelfth part qore, to overtake the hour- 
hand again. 

216. It is found by obfervation, that wlien the 
Earth i s  between the Sun and Jupiter, as atg, his 

Satcliites 

2'6e Method of $ding tke Longitude. 

feethe be. 

fame 

, 
p 2 " C : ' *  

on6 wittiche 

hlm, are 



Tbe Motion uf Light demonJrated, '37 
Satellites are eclipfed about 8 minutes fooner than PLATE 
they ihould be according to the Tables; and wz . 
when the Earth is at B br C, there eclipfes hap- 
pen about 8' minutes later than the 'Tables predilt 
them. Hence it is undeniably certain, that the $?& 
motion of Light is not inltantaneous, fince it 
takes about 16: minutes of time to go through a 
fpace equal to the Diameter of the Earth's Orbit, 
which is rgo millions of miles in length ; and con- 
Teque~tly the particles of Light fly about 193 
thoufand 939 miles every fecond of time, which is 
above a million of times fwifcer than the motion 
of a cannon-ball. 
i n  tkavelling acrofs the Earth's Orbit, it muit be ,,f Li&. 
84 minutes in corning froiii the Sun to us ; rhere- 
fore, if the Sun were annihilated, we ihould fee 
him for 8 g  minutes after ; and if he were again 
created, he would be minutes o!d brfore we 
could fee him. 

2 17. y o  explain tlie progrefi'vt motion O f  Fig, v. 
Light, let A and B bc the Earth,  in  two different 
parts of jts Orbit, whofe ditlsnce from each other 
is 95 millions of miles, eq\ial to the Earth's dif- 

'tance from the Sun S. I t  is plain, that i f  the xituflrrtd 1 
motion of Light were infiantancous, the Satellite by *Figure* 
I would appear to enter into Jupiter's fliadow 1;% 
at the fame moment of ciait: to a fpr&ator in Aas 
to another in R.. But by many ycars obfervations 
it has been found, that  the itnnrerfioo of the 
Satellite into the fliadow is k e n  8; minutes fooner 
when the Earth is at B, than whtw it is at  A. 
And To, as Mr. ROEMER firit tlifcovtired, the 1x10- 
tion of Light is thereby proved to be progreffive, 
and not inltantaneous, as was formerly bc1icvt.d. 
It is 'eary to coriipute i n .  what time the Earth 
moves f ixm A to B ;  for the Chord of Go degrees 
of any Circle is equal to the Senii-dimctcr of 
t h a t  Circle i and as the Ear th  goes through all thc 
360 degrees of its Orbit in a year, it 6 ~ : "  through 
60 of t l iok degrees in about 6 I days. 'llicrefore, 

7 if 

6 

And as light is 16;" minutes Thefurprif- 
ing vcIoc iv  



128 The Motion of Light demonjrated. 
if on any given bay, fcrppofc the f i r i t  of June, the 
&rtft is at  A, on the fir& of AuguJ it will be a t  
B :  the chord, or firaight line AB, beiyg equal to 
Ds, the I<adius of the Earth’s Orbit, the fame 
with AS, ics diltance from the Sun. 

218. As the Earth moves from D to C, through 
the fide Ail 3f its Orbit, it i s  confrantly meeting 
the light: of Jupiter’s Satellites honer, which oc- 
cafions an apparent acceleration of their Eclipfes : 
and as it moves through the other half H of its 
Orbitifrom C to D, , i t  is receding from their light, 
which occafions an apparent retardation of their 
Eclipfes, becaufe their light is then longer before it 
overtakes the Earth. I 

219. T h a t  rhek accelerations of the immerfions 
of Jupiter’s Satellites into his fiadow, as the Earth 
approaches toward Jupiter, and the retardations 
of their emerfions out  of V s  fbadow, as the Earth 
is  going from him, ore not occafioned by any inc- 
quality arifing froin the motions of the Satellites 
i n  eccentric Orbits, is plain, becaufe it affe&s 
them all alike, in whatever parts of their Orbits 
they are eclipfed. 
their Orbits every year, and their motions are no 
way comrnenfurate to the Earth’s. Therefore, a 
Phenomenon, not to be accounted for from tl-re 
real motions of the Sarellires, but fo eafily dedu- 
cible from the Earth’s motion, and fo anfwerable 
thereto, muR be allowed to refult from it, This 
affords one very good proof of the Earth’s annual 
motion . 

Befides, they go often round. 

290. TABLES 



1 I'o cbnvert Motiott into fi?me, an8 the reveve. 8 2 9  

aoo. Tables for converting mean folar TIME into Degrees an,rL 
Parts of tlie terreltrisl E.QUATOK; and alfo for converting 
Degrees and Parts of the EQUATOR into ineaii folar TINE. - ___-_.. 

' A I I L B  I; h'orconvertiiig'rimeintn T A B L E  11. For converrtng .Degree: 
and Parts of t h  Eauatol. into Time, 

_-___ ____I_ 

I CI 

2 24 
2 2u 

32 
2 36 
2 +o 

2 44 
2 45 
2 5 2  
2 5 b  
3 0  

3 4  3 s  
3 ' 2  
3 I 6  
3 2 0  

- 

_I_ 

3 24 
3 2F 

3 4c 

3 4s 
3 45 
3 5 '  
3 5f  

; 



EXAMPLE 1. 
In I O  hours 15  mi- 

nutes 2+feconds 10 thirds, ei. W o w  much of 
Equator revolves through 
the Meridian ?. 

Deg. M. S. 
Hours T O  1 5 0  o 
Min. 15 345 0 
Sec. 21. 6 
Thirds 20 5 ---- 

hJwer 153 5 1  5 

C €I A P. 

EXAMPLE 11, 

In what time will 153 
degrees 5 I minutes, 5 le-. 

tliecouds of the Equator 
revolve through the Me- 
ridian Z 

H. M. S.T. { 150  20  Q o o 
3 12 0 0  

oMin. 5 1  3 24 0 
2 0  

--.-.c 

Sec. 5 

A#ww JO 15 24 2 0  

XE’I. 

Of: S o h  and Sydereal The, 
ME Stars appear to go round the Earth 
in 23 hours 56 minutes 4 feconds, and 

the Sun in 24 hours : fo that the Stars gain three 
tninutes $G feconds upon the Sun every day, which 

iWJ;1QURt$ 

Sydercal 

dayit and 

days ffwrtrr 
‘Lra 

urhy. 



Of 8oIur and Sydeveat Time. I3 f 
amounts to one diurnal revolutiorl in ‘a year 1 and PLATE 
therefore, in 365 days, as meafured by the returns 
of the Sun to the Meridian, there are 366 days, as 
meaiured by the Stars returning to it : the formet 
are called Solar Days, and the latter Sydereal. 

T h e  diameter of the Earth’s Orbit is but a phy- 
fical point in proportion to the diitance of the 
Stars; for which redon, and the Earth’s uniform 
motion on its Axis, any given Meridian will re- 
volve from any Star to the h n e  Star again in 
every abfolute tu rn  of the Earth on its Axis, with- 
out the leait perceptible difference of time ihewd 
b y  a Clock which goes exafily true. 

If the Ear th  had only a diurnal motion, with- 
out an annual, any given Meridian would revolve 
from the Sun to the Sun again in the fame quan- 
t i ty  of time as from any Star to the fame Star 
again; becaufe the Sun would never change his 
place with refpea to the Stars. Bur, as theEarth 
advances almoit a degree eafiward in its Orbit in 
the time that i t  turns eafiward round its Axis, 
whatever Star parks over the Meridian on any day 
with the Sun, will pals over the Lime Meridian on 
the next day when the Sun is alinott a degree fliort 
of i t ;  that is, 3 minutes 56 feconds fooner. If 
the year contained only 360 days,’ as the Ecliptic 
does 360 degrees, the Sun’s apparent place, io far 
as h is  motion is equable, would change a degree 
every day ; and then the fydereal days would be 
jur t  4 minutes fhorter than  the fohr, 

in which it goes round the Sun every year, accord- 
ing to the order of the letters, that is, from’ welt: to 
eaiti and turns round its Axis the f h e  way from 
the Sun.ta the Sun again in every 24 hours. Let 3‘ 
be the Sttn, and R a fixed Stair at  fuch an immenri 
diftance, that the diameter of the Earth’s Orbit 
beers no l‘enfiblc proportion to that  difitance, Let 
NM be any particuldr Meridian o f ,  thetEarch, and 
f l  ;t given point or place upon that Meridian.4 

IC.% When 

’’’* 

Let ABCDEI2GfJJI<L~i? be thc Earth’s Orbit, Fig. if, 



Of Sotar and Sydereal I'ime. 
When the Earth is at A the Sun S hides the Star 
22, which would be always hid if the Ear th  never 
removtd from A;  and confequently, as the Earth- 
turns rounds its Axis, the point N woiild always 
come round to the Sun and Star at  the Ihme time. 
But when the Earth has advanced, fuppofe a twelfth 
part  of its Orbit from A to B ,  its motion round 
its Axis will bring the point N a twelfth part of 
a natural day or two hours, fooher to the Scar than 
to the Sun,  for the Angle N B  n is equal to the 
Angle ASB : and therefore any Star which comes 
to the Meridian at noon with4he Sun when thc 
Earth io a t  A, will come #to the Meridian at  IO in 
the forenoon when the Earth is at B. When the 
Ear th  comes to C, the point N will have the Star 
on i t s  Meridian at  8 in the morning, or four hours 
fooner t h a n  i t  comes round to the Sun; for it muft 
revolve from N to n before it  has the Sun in irs 
Meridian. When the Earth comes to D, the point: 
N will have the Star on its Meridian at G in  rhe 
morning, but that  point inutk revolve fix hours 
more from N to n, before i t  bas mid-day by the 
S u n :  for now the Angle A S D is a right Angle, 
and io is N D a ;  that is, the Earth has advanced 
go degrees in its Orbit, and muft turn go degrees 
on its Axis to carry the point Nfrom the Star to 
the Sun : for the Star always comes to the Meri- 
dian when Niii is parallel to K SA; becaufe D S is 
but a point in  refper3 to RS. When the Earth is 
at E,  the Star comes to the Meridian at 4 in the 
morning; a t  F, at 2 in the morning; and at G, 
the E a r t h  having gone half round its Orbit, N 
points to the Star II at midnight, it being then 
direttly oppofite to the Sun, And therefore, by 
the Earth's diurnal motion, the Star comes to thc 
Meridian 12 hours before the Sun. When the 
E a r t h  is at H, the Star comes to the Meridian at 
IO  in the evening; at I it comes to the Meridian 
at 8, that is, 16 hours before the Sun ; at K 18 
hours before hiin ; at L 20 hours ; at M 22 i a n d  
at A equally with the Sun again. 



Of Solar and SydcreaZ fT'irnc. '33 

i 4 'ri B ~ E ;  filewing \taw inueh of the Ueit iaI  E-C~ 
over the Meridian in any Part of a mean Sor. A R D A Y ;  nnd 
how much rhs PIXED S T A R S  gain upon tlir mean S O L A R  
TIM B everv Day,  for a Month. -- 

, I  _^_1 

lccelcration 

Fixed Stars, 

I -__I 



3 34 Of Solar arid Sydteveal %me, 

PLATE 
111. 

222, Thus  i t  is plain, that an abfolure turn ckf 

the Earth on its Axis (which is always completed 
when any particular Meridian comes to be parallel 

t u r n o f t h e  to its fituation at any time of the day before) nevcr 
j E?honit3 bring9 the fame Meridian round fiom the S t ~ n  to 

finifiea the ‘Sun again; but that the Earth requires aq 
f o l d r d a ~ *  much more than one turn on its Axis to finifh a 

natural day, as it has gone forward in tha t  time; 
prhich, at a mean fiate, is a 365th part of a Circle. 
Hence, in 365 days, the k:arch turps 366 time9 
round its Axis ; and therefore, as a turn of the 
Earth on its Axis completes a rydereal day, there 
mufi be one fydereal day more in a year than the 
number of folar daps, be the number what it will, 
on the Earth, or any other Planet, one t u r n  being 
lvit with re$e& to the number df folar days in 
year, by the Planet’s going round the Sun;  jult as 
i t  would be loit to a traveller, who, in going rouncl 
the Earth, would lole one day by followillg the 
apparent diurnal motion of the Sun; and confee- 
quently would reckon one day Ids  qt [lis return 
(let him take what time he would to go round the 
Earth) than thofe who reinained all the while at 
the place from which he fet out. So, if there were 
two Earths revolving tqually an their Axcs, and 
ifone’remained a t  A L!ntil the other had gone round 
the Sun from A to 4 again, that Ilarrh which kept 
its place at A would haw its fular and fydereai 
days always of the fame length ; and fo would have 
one folar day more than the other at its rectirn. 
Hence, if the Earth turned but once round its 
Axis in a year, and if that turn was made the fame 
way as rhe Earth goes round the Sun, there would 
be continual day on one fide of the Earth, and 
continual night on the other. 

223. T h e  firll part  of the preceding Table h e w s  
how much af the celeftial Equator paffes over the 
Meridian in any given part of a mean folar day,  
and is to be undcrfiood the fame way as the Table 
jn the 220th article. The  latter part, intitulcd, 

4 Acce/c- 

An abfolute 

Axla never 

Pip. 11. 



.Of t&e Equation bf The. J 35 
,Jcceleraiionr of the #xed Slars, affords us an cafy ~ ~ ~ t ~ ~ ~ t , ,  

watches go true’: For if ,  through a fmall hole in a Clock got, 

window-ihutter, or i n  a thin platc of metal fixed to 
a window, we obferve at what time any Star difap- 
pears behihd a chimney, or corner of a houfe, at a 
Jittle difiance; and if the fame Star difappears the 
next night 3 minutes 56 feconds fooner by rhe 
clock or watch; and on the fecond night, 7 mi- 
nutes 52 feconds fooner; the third ‘night I i mi-. 
nutes 48 fxonds fooner i and ,io on, every night 
as in the Table, which f i e w s  this difference for 
30 natural days, it is an infallible Ggn that the ma- 
chine goes true; otherwife it does not go true, 3nd 
niult be regulated accordingly ; and as the difap- 
pearing of a Star is infianraneous, we may depend 
an this information to half a fecond. 

method of knowing whether or 110 our clocks and thr Stirs 
whether. 

Or 

C H A P. XIII. 
Of the Equation of rime. 

I3 E Earth’s motion on its Axis being 
perfrAIJ uniform, and equal at  all times 

of the year, the iydereal days are always preciklg 
of an equal length; and fo would the fohr or na- 
tural days be, i f  the Earth’s Orbit were a perf& 
Circle, and its Axis perpendicular to its Orbit. 

the Earth’s diurnal motion on an inclined 
Axis, and its annual motion in an elliptic Orbit,:;$$, 
calbfe the Sun’s apparent motiqn in  the Heavens to q u a l  only 

Mcrididn to  the M e d i a n  again in foinewhat lsfs 
thari 24 hours, Ihewn by a well-regulated clock ; 
and at othsr titvcs in totnewhat mort: f-0 chat rlir 
,time h e w n  by an equal-going clack and 8 true 
Sun.dial  is never the ~ A I I I C  but on the 14th of 
*Ipt-il, die 15th of Yune, t l i P  31rt of AqNJ2, and the 
23d of Dewfiber. T h e  clock, i f  i t  goes eqclubly 
and trur ail the year round, will be before the Sun 

K 4  fioin 

UIIC tour q r  
be u n e q u a l ,  for t’olnetimes he revolves from the of the )eat. 



136 Of dhc Epulzliovt of Time, I 

from the 23d of December till the o f  AjviJ~ 
from that rime till the 16th of rime the Sun wil l  
be before the clock; from the 15th of ffirne t o l l  the 
31it of A u p J  the cloclc will be again befc re the 
S u n ;  and from thence to the 23d of Deccxbgr t l q  
Sun will be faller than the clqcli. 

225. T h e  'I'ables .of the Equation of natural 
days, a t  the end of the followjng Chapter, fiew the 
time that ought to be pointed out by a well regu: 
lated clock or watch, every day of the year, at the 
precife moment of folar noon ; t h a t  is, when t h e  
Sun's center is on the Meridian, or when a true 
Sun-dial h e w s  it to be precifely twelve, Thus, 
on the 5th ofJanuary in Leap-year, when the Suo 
is on the Meridian, it ought to be 5 minutcs 52 
Eeconds pa& twelve by the clock: and on the 1 5 t h  
of May, when the Sun is on the Meridian, the time 
by the clock fnould be but 56 minutes I fecond 
pait eleven : i n  the former cale, the cloclc is 5 mil  
nutes 52  feconds before the S u n  ; 'and in the latter 
cafe, the Sun is 3 minutes 59 feconds fatter than 
the clock. But without a Meridian Line, or a 
Traniix Inftrument fixed in the plane of the Mer\- 
dian, we cannot fet a Sun-dial true. , 

ufc of the 

eyAbie, 
Equation- 

' 

Howtot l raw 226. T h e  eafieR and mofi expeditious way of 
9 Meridian drawing a Meridian l i n e  is this: Make four Or 

five concentric Circles, about a quarter of an inch 
from one another, on a flat board about a foot in 
breadth; and let the outmofi Circle be but little 
lefs than the board will contain. Fix a pin per- 
pendicularly i n '  the center, and of fuch a length 
that its whole lhadow may fall within the inner- 
wok Circle for at leafi four hours in the middle 
of the day. The pin ought to be about an eighth 
part of an inch thick, and to have a round blunt 
point. T h e  board being fet exaaly level in a place 
where the Sun fhines, iuppofe from eight in the 
morning till four in the afternoon, about whieh 
hours the end of the fliadow fhould fall without 

all 

Line. 



Ofthe Equntion gf Emf. 137 
d1 the Circles; watch the times in the foreiioonr 
Phen the extremity of the fliortening f lmlow ju f i  
touches the feveral Circles, and tbcre make n1arks. 
Then, in the afternqon of dit? h n e  day, watch 
the lengthening kadow, and where its end touches 
the feveral Circles in going over them, make 
niarlts alfo. Laitly, with a pair of  c o ~ n ~ ~ i i t k ,  find 
PxaBly the middle point between the two marks on 
any  Circle, and draw a Itraight line from the cen- 
ter to that point; which bine will be covered a t  
noon by the fl~atfow of a h a l l  upright wire, which 
Fould be put in the place of the pin. l 'hereafon 
for drawing feveral Circles is, that  in cafe one part 
of the d;rp kould prove clear, atid the: other pate 
fomewhat cloudy, i f  you rnifs the tiwe when the 
point of the fhadow flioold touch one Circle, you 
may perhaps catch it i n  touching another. The 

e for drawing a MeridIan Litie in chis 
p a n n e r  is about the fiimmer folitice j becauk rhe 
Sun changes his declination flowefi and his altitude 
fafie& in the longeit: days. 

If the cafcinent of a window on which the Sun 
ihines at noon be quite upright, you may draw a 
line along the edge of its fhadow on the floor, 
yhen the kadow of the pin is exaflly on the 
Meridian Line of !he board: and as the motion 
of the thhahw of the cafement will  be inuch more 
fenfrble o n  the floor dim that of the ffiadow of 
the pin on the board, you may know to a few 
feconds when it touches the Meridian Line on thc 
floor ; and To reg.ddte your clock for the day of, 
obfcrvarion by that line and the Equation Tables 
above mentioncd, 5 225. 

227. As the equation of time, or difference 8qumt;cnof 
between the time fficwn by ;t well-regulated Clock nrtu'r'd'~r 

and a true Sun-dial, depends tipon cwo C~UI'CS, 
namely, the obliquity of the Ecliptic, and the 
unequal motion of the Earth in it, we fliall fir& 

explain 

expliincd, 



n38 Of the Equation of Time, 
explain the effeRs of thefe caures feparately, and 
then t!ie united ePeAs refulting from their combi- 
nation. 

228.  T h e  Earth's morion on, its Axis being 
perfeAly equable, or always at the fame rate, and 
the * pla'ne of the Equator being perpendicular 
to its Axis, it is evident that in equal times 
equal portions of the Equator pars over the Meri- 
dian j and io would equal portions of the Ecliptic, 
i f  i t  were parallel to or cojncident with the Equa- 

T h a f i r A '  tor. But, as the Ecliptic is oblique to the 
part  of  the Equator, the equable motion of she Earth carries 
 TI^^. unequal portions of the Ecliptic over the Mer;- 

dim in equal times, the difference being propor- 
tionate to the obliquity ; and as fome parts of 
the Ikliptic are much more oblique than others, 
tho(&' differences are uneqtial  among themfelves, 
Therefore i f  two  Suns fhould fiart eith 
the beginning of Aries or Libra, and continue to 
move  throrigh equal arcs in equal timrs, one in 
the Eqiidtor, and the other in the Ecliptic, the 
equatorid S u n  would always return to the Meri- 
dian in 2 4  hours time, as meafured by a well- 
regulated clack; but the Sun in the Ecliptic 
would re turn  to the Meridian fornetiines honer, 
and hrrretirnics later than the equatorial Sun; and 

' o n l y  a t  tire fiine moments with him on f o b  days 
of the year; namely, the zoth of March, when 
the Sun cncel-s Aries; the 2111' of J i m ,  when he 
entrrs Cancer; the 2 3 J  of Seplember, when he 
enters Libra ;  and the 2 I Lt of Decemkr,  when he 
enters Capricorn. But, as there IS only one Sun, 
and h i s  apparent motim is always in the Ecliptic, 
let: u s  henceforth call h i m  the real Sun, and the 
other, hliich is Cuppofed to move" in the Equator, 

X;qoaiion of 

* If the Earth wrre cut along. the Equator, quitc through 
'the center, t h  flat I.vrfAce of t i l l s  fe&ion would be the pidoe 
of the I~ .q~i . i tc ir  ; as the paper contained within any Circle 
may br: jui l ly  termed the plane of that Circlc. 

the 



Of the Equation of l i 'nie. f 3  9 
the fiAitious: to which lafi, the motion of a well- PLATE 
regulated clock always anrwers. 

Let  Z r x 6 be the Earth,  Z F R z  its Axis, *I*- 

abcde, &c. the Equator, AB CD E, &c. the north- 
ern hal f  of the Ecliptic froiii r to 0: on the fide of 
the Globe next the eye, and M NO P, &c, the 
fouthern half  on the oppofite fide from e to v .  
Let  the points at A, B, C, D, E ,  I.: &C. quite 
round froin (r to CT again, bound equal portions 
of the Ecliptic, gone through in equal times by 
the real Sun; and thore a t  a, b, c, d, e, f, &c. 
q u a l  portions of the Equator dercribed in equal 
times by the fifiitious Sun ; and let 2 'Y" x be the  
Meridian. 

As the real Sun moves obliquely in the Ecliptic, 
and the filtitious Sun direllly in the Equator, with 
refpeA to the Meridian, a degree, or any nntn- 
ber of degrees, between q- and F on the Ecliptic, 
'muR be nearer the Meridian 2 v x ,  than a de- 
gree or any  correlponding number of degrees on 
the Equator from v to f; and the more To, as 
they are the more oblique : and thrrefoce the true 
S u n  comes fooner to the Meridian every day while 
be is i n  the quadrant ?p I<', chan the fiaitious Sun 
does i n  thequdrant  ?p f; for which reafon, the 
folar noon precedes noon by the Cloclc, until the 
real Sun cornes to F, and the fiCtitious t o f ,  which' 
two points, being equidiltant from the Meridian, 
bqth Suns will come to it precilely a t  noon by the 
' While the rea] Sun defcribes the ficond qua- 
drant of the Ecliptic PGHlKL from m to a, hc 
conies later to the Meridian every day than the 
fiaitious Sun moving through thc iecond quadrant 
of the Equator from f to 6: ; for. the points at. 
G, H,  1, K, arid L beinc farther fiom the Meri- 
dian than their correfponding points a t  g, b, i, k, 
and I ,  they mult be later i n  corning to i t :  and as 
both Suns come at the fiime moment to the point 
e, they come to the Meridian at the moment of 
noon by the Clock, 

I n  

VI. 

Clock.., 



$40 Of the Equation of l i m e .  
I n  departing from Libra, tlirough the third, 

quadrant, the real S u n  going through M N O P q  
toward w at IC, and the fiLtitious Sun through 
m It o p q toward Y ,  the former comes to the Meri- 
d i m  every day iooner than  the latter, until the 
real Sun comes to w, and the fiditious t o r ,  and 
then they botli come to the Mcridian a t  the fame 
time. 

Laltly, as the real S u n  moves equably through 
SI'UYW, from w toward v j and the fittitious 
Sun through J/ZWW, from r toward v ,  the for- 
mer comas later every day to the Median thaq 
the latter, u q i l  they both arrive at the point v ,  
arid then they make it noon at the fame time with 
the clock. 

229, The annexed Table fliews how much tllt: 
Sun is fafier or flower tliari the clock ought tQ  
be, fo far as the difference depends upon the obli- 
quity of the Ecliptic ; of which the Signs of the 

ATahlacf firit and third quadrants are at the head of the 
the E v a -  Table, and their Degrees at the left hand 4 and 
depending i n  there the Sun is fafier than the Clock : the 
on th: Sun's Signs of the iecond and fourth quadrants are at  
gcllk,.jc. the foot of the Table, and their degrees at the 

right hand ; in all which the ,Sun is flower than 
the Clock; fo tha t  entering the Table with the 
given Sign of the Sun's place at the head of the 
Table, and the degree ot his place in that Sion 
at the left band; or with the given fign at txe 
foot of the Table, and Degree at the rigtic hand ; 
i n  the angle of meeting is tlic number of minurcs 
and feconds tha t  the Sun i s  faiter or flower than 
the clock : or i n  other words, the quantity of time 
in w h i c h  the rtal Sun, when in that part -of the 
Fxliptic, cornrs fooncr or later to the meridian 
than the fiRrtious S u n  in the Equator. 'l'I!us, 
when the Sun's place is 8 Taurus 12 degrees, he 
is CJ miriutes 47 ftconds fafter than the C ~ O C ~  ; 

arid 

)ion of Timc 

plwc 11) the 
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and'when his place is s Cancer 18 degrees, he is 
6 minutes 2 feconds flower. 

1__ 

P 
2 
c rm 

- 
0 
I 
2 

3 
4 
5 
6 
7 
8 
9 

10 
I 1  
12 

1 3  
' 4  
15 
16 
17 
18 

'9 
20 
a 1  
22 

2 3  
24 
25 
26 
27 
28 
29 
30 

zd Q 
+til Q 

_c 

- 

Sunfig 

- 
8 23 8 45 
8 34 0 35 
8 43 8 24 
8 53 8' '3 
9 1 8 0  
9 9 7 4 8  
9 17 7 34 
9 2 4  7 20 
9 3 0 7  6 
9 35 

9 44 G 18 
9 4 7 6  2 
9 ' 50  5 '44 
9 52 5 27 
9 5 3 s  3 
9 54 4. 50 
9 54 4 31 
9 5 3  4 ' 1  
9 E '  3 52 
9 49 3 32 
9 46 3 1 '  
9 42 2 5 '  
9 37 2 3 0  
9 3 2 2  3 
g 26 I 48 
g 19 I 2 6  
( ) I 2 1  5 
9 4 0 4 3  
8 5 5  0 2 2  

8 4 5 0  

9 40 2 50 35 

--. 
93 

u m 
st w 

\ 

-- 
I l t  pL 
3d Q - 
Deg. 

3 0  
2 9  
28 
87 
26 
=!i 
24 
23 

--. 

22 
21 
2 0  

19 
18 
17 
16 
1 5  
' 4  
I 3  
12 

1 1  

IO 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 - 

Ueg. 

This Table i s  formed by taking the difference 
between the fin's longitude and its right afcention, 
and turning it into time, 

230. This 
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Fig. 'IJ* ill. 

230. This part of the Equation of  time map 
perhaps be fomewhat difficult to underfiand by a 
Figure, becaufe both halves of the Ecliptic feem 
to be on the fame fide of the Globe : but i t  may 
be made very eafy to any  perfon who has a real 
Globe before hiiii, by putting fmall patches on 
every tenth or fifteenth degree both of the Equa- 
tor and Ecliptic, beginning a t  Aries c ;  and 
then turning the ball flowly round weitward, he 
will fee all  the patches from Aries to Cancer come 
to the brazkn Meridian fooner than  the corre- 
itionding patches on the Equator ; all thok from 
Cancer to Libra will come later to the Meridian 
t h a n  their correrponding patches on the Equator; 
thofe from Libra to Capricorn fooner, and thole 
from Capricorn to Aries later; and the patches a t  
the beginnings of Aries, Cancer, Libra, and Ca- 
pricorn, being either on or even with thofeon the 
Equator, fliew t ha t  the two Suns  either meet 
there, or are even with one another, and io come 
to the Meridian a t  the fame moment. 

A maetrine 231. Let us iuppofe that  there are two little 
81r lhewing balls moving equably round a celefiial Globe by 
t t rp  cqua1, clock-work, one always keeping in the Ecliptic, 
wnd Time. tne folar and gilt with gold, to reprefent the real Sun; and 

the other keeping in the Equator, and fibered, 
to reprefent the fifiitious Sun: and that  while 
thefe balls move once round the Globe accord.. 
ing to the order of Signs, the Clock turns the 
Globe 366 times round its Axis weitward. T h e  
Stars will make 366 diurnal revolutions from the 
brazen Meridian to it again, and the two balls re- 
prelenting the real and fittitious Suns always going 
farther eaitward from any given Star, will come 
Inter than it to the Meridian every following day : 
and each ball will make 365 revolutions to the 
Meridian ; coming equally to it at  the beginnings 
of Aries, Cancer, Libra, and Capricorn; but in 
every other point of the Ekliptic, the gilt ball 
will come either boner or later to the Meridian 

than 

tile fydereal, 
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than the filvered ball, like the patches above- PLATE 
mentioned. This would be a. pretty wsy enough Vi* 
of fiewing the rcafon w h y  any given Star, which, 
o n  a certain clay of the year, comes to the Meri- 
dian with the Sun, pares over i t  fo niuch fooner 
every following day, as on t h a t  day twelvemonth 
to come to the Meridian with the Sun again; and 
alfo to fhew the rearon w h y  the real Sun C O I T I ~ S  to 
the Meridian fomelimes fooner, and fonietinies later, 
than the time when i t  is noon by the cloclc; and 
on four days of the year, a t  the fame t h e  ; while 
the fiEtitious Sun always comes to the Meridian 
when it is twelve a t  noon by the clock. This 
would be no difficult t a f k  for an  artifi to perform; 
for the gold ball might be carried round the Ecliptic 
by a wire from its north Pole, and the filver ball 
round the Equator by a wire from its fouth Pole, 
by means of a few wheels to each; which might be 
ea&ly added to my improvement of the celeflia1 
Globe, defcribed in N o  483 of the Plilo[cpki'ccdl 
TruifiElium; and of which I fliall give a b e h i p -  
tion in the latter part of this Book, from t h i  third 
Figure of the third plate. 

obliquely poGted to the ICquator, as the dotted 
Circle v x e, the equal divifions from v to x 
would come ftill iooner tn the iiierjdian Z o 'y. 

than' thofe markcd A, 11, C, D, and L; do : for two 
diviiions contailiing 30 degrees, from v to the 
fecond dot, a little fliort of the figure I ,  come 
honer to the Meridian than one divifion conrain- 
ing only 15 degrees from v to A does, as the 

' Ecliptic now itands j and tliofe of the fecond 
quadrant from x to r ~ h  would be fo much later. 
1 he third quadrant would be as the firfl, and the 
fourth as the iecond. And it is likcwife plain, 
that where the Ecliptic is nioR oblique, namely, 
abaut Aries and Libfa, the difference would be 
greareR; and le& about Cancer and Capricorn, 
Fhere the obliquity is leak. ' 

134. WGving' 

232, I t  is plain that  if  the Ecliptic were more F i g , I V ,  

c ,  
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2 3 4 .  Having explained one caufe of the dif; 

Ihs lccond ference of time f lxwn  by a well regulated Clock 
Equatioa of and a true S,un-dial, and ,confidered the Sun, not 

the Ear th ,  as moving in  the Ecliptic, we now 
pioceed toexplaih the other caufe of this differ- 
ence, namely, the inequality of the Sun's apparent 
motion, 205, which is flowefi i n  fummer, when 
the Sun is farthcfi from the Earth, and fwifteit in 
winter when he i s  nenrelI to it. But the Earth's 
motion on its Axis is equable all the year round, 
and is performed from wel l  to eafi; which is the 

PLATE 
I VI. 

onit of the 

way t h a i  the Sun appears to change his place in the 
Ecl i~t ic .  

2;s. I f  the Sun's motion were equable in  the 
Ecliptic, the whole difference between the equal 
time i s  ihewn by the Clock, and the unequal time 
as fliewn by the Sun,  would arife from the oblia 
qu i ty  of the I'cliptic. But the Sun's morion 
fornetimes exceeds a degree in 24 hours, though 
generally it is lcis;  and when his motion is 
flowell, any particular Meridian will revolve fooner 
to him than when hi!; motion is quickeft; for ic 
will overtake him in leis time when he advances a 
lefs fpnce than when he moves through a larger, 

236. Now, if tliere were two Suns moving in 
the plane of the Ecliptic, fo as to go round it in 
a year; the one defcribing an equal arc every 
24 hours, and the other defcribing fometimes a 
lefs arc in 24 hours, and a t  other times a larger; 
ga in ing  a t  one cin:e of the year what  it lofi a t  the 
oppofite; it is evident that either of thefe Suns 
would come honer or  later to the Meridian than 
the other, as it happened to be behind or before 
the other : and wlicn they were both in conjunc- 
tion, tkey would come to the Meridian at the fame 
moment. 
237. As the real Sun moves unequably in the 

Ecliptic, let us ilippofe a fiL\itious Sun to move 
equably in a circle. coincident with the plane of 
the Ecliptic. Le t  ~ ' h ' c D  be the Ecliptic or Orbit 

in 

pir lv, 
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in which the real Sun moves, and the dotted. 
Circie a b c d the imaginary Orbit of the fi&itious 
Suns each going round in a year according to the 
order of letters, or from weR to.ea(t. Let HJKL 
be the Earth turning round its Axis the fame way 1 

every 24. llouts; and fuppofe both funs to ftarc 
from A and a, in a right line with the plane of the 
Meridian E: H, a t  the fame monient: the red Sun 
at A, being then at his greateft difiance from the  
Earth, at which time his motion is flowells and 
the fi&titious Sun at ct, whok motion is always 
equable, becaufe his diltance from the Earth is 
fuppofed to be always the fame. In the time that 
the Meridian revolves from N to H again, accord- 
ing to the order of the letters HIKL, the real Sun 
has moved from A to F; and the fi&itious’ with a 
quicker motion from CI to.f, through a larger arcs 
therefore, the Meridian E H will revolve fooner 
from H to b under the real Sun a t  F, than from 
b?T to4  under the fiRitious Sun at f; and code- 
quencly it will then be noon by the Sun-dial honer 
than by the Clock. 
As the real Sun moves froin A toward C, the 

fwifcnefs of his motion increaks all the way to C, 
where it is at  the quicltrfi. But  norwitliftanding 
this, the fiaitious Sun gains To much upon the 
rea1 foon after his departing from A, that  the 
increafing velocity .of the real Sun does not bring 
him up with the equally moving fiaitiaus Sun 
till the former comes to C, and the latter to c, 
when each has gone half round its refidlive 
Orbit; and then being in conjuntlion, the Meri- 
dian & H revblving to E K comes to both Suns ac 
the fame time, and therefore it is noon by them 
both at the fame moment. 

But the increafed velocity of the real Sun, now 
being at the quickdk, carries him before the fitti- 
tious one; and, therefore, the fame Meridian will 
come to the fiktitious S u n  fooner than to the real:‘ 
fm while the fidtitious Sun moves from c to g, 

L the 



;LAD t l x  real Sun moves through a greater arc'frorn C 
ra G: confequently the point K has its n o h  by 
the Clock when i r  comes to k, but pot its noon by 
the Sun till it comes to 1. And although the ve- 
locity of the real Sun djmin'ihes all the way from C 
to A, and the fi&itious Sun by an equable motion 
is itill coming nearer to rhe real Sufi, yet they are 
not in  conjunttion till thk one comes to A, and the 
other to (I; and then it is noon by them both at 
the fame moment. 

T h u s  it appears, that  the folar noan' is always 
later than noon by the clock while the Sun goes 
from C to  A, honer while he goes from A to C, 
and at thel'e two points the Suo and Clock being 
equa1,iit is ndon by them both at the fame m- 
menr. 

Avofie?, 

what. 

Fig. I V ,  

238. ?*lie poiit A is called the Sun's Apogee, 
Ap6d:l, becaufe when tie is there, he is ar his greatefc 

diff a i m  fi.011~ the, Earth ; the point C his, Pevigce 
becaufe when in it he is a t  his leaft difiance from 
the Earth: and a right line, as A E C ,  drawrl 
through rhe Earth's center, from one, of thrfe 
points to the other, is called the line of the dpja'es, 
.21j9. T h e  diflance that the Sun has gone ii 

any time from his Apogee (not the difiance he1 has 
tu, go ro it, though ever l o  little) is called his 
nieniz ArzamaZy, and is reckoned in Signs and De- 
g e e s ,  allowing 30 Degrees to a Sign. TJIUS, 
when the Sun has gone 174 degrees from his 
Apogee at A, he is faid to be 5 Signs 24 Degrees 
from it, which is'his mean Anomaly ; and when 
he is gone 355 Degrees from his Apogee, he is 
faid. eo be I I 'Signs 25 Degrees from it, although 
he be but 5 Degrees fliort ofA in coming round 
to i c  again. 

2.4.0, From what was faid above, it appears, 
that when the Sun's Anomaly is lcfs than 6 Signs, 
that is, when he is any where between 4 and C, 
in the half AB C of its Orbir, the iblar noon prr- 

ccdes 

Periger, 

?fiean Ano. 
mdy, whut, 
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&des the clock noon; &it when his Anomaly is' 
more than 6 Signs, that is, when lie is any where* 
between C and A, in  the half C D  A of his Orbit, 
the clock noon precedts the folar: *When his 
Anomaly is o Signs, b Degrees,, that is, when he 
is in his Apogke at Ai or 6 Signs o Degrees, 
which is wh'en he is ih his Perigee at  C; he cdmes 
to the Meridian at the moment that t h t  fi,&ikious 
Sun dNs, and t h i n  it is noun by t k m  bdth at the 
fame irifiant. 

~ r .  T h e  followiilg Tatjle hews the VQriation, 
or Equation of t h e  depending oh tlie Sun's Aria- 
maly, and arifing from his unequal motion in the 
Ecliptic; as the former Table, 229, hews thc 
Variation depending on the Sun s plack, and rc- 
fulcing from the obliqdity of the Ecliptic ! t l h  is 
to be pnderfiood the fame way as ' the other; 
namely' that  when the Signs ate at the head of 
the Tablet the Degrees art at the left hadd ; but 
when the Slgne are at the,foot of ChekTable, the 
refpc&iivc Degrees are at the right haqd 5 ,and id 
both d a h  the Equation is in the Ahgte bf meet- 
ing. When both tht  abovk-mentioned EQuations 
arc,cither fafier or flower, their Sum is the ab& 
lute Equation of Time;  but when the one id 
fatter, and the others flower, it is their. pifferencei 
Thus hpppfe the Eqpation dtpedding bn the 
Sun's place be 6 minutes 41 ficbnds tqo OoWj 
and the Equation depending on tbc Sun's Ado.: 
maly be 4 minutes 20 feconds too flow, their firm 
is eleven rniniites onefecond too flow. But if the 

6 minutes 41 feconds too faIt, and 
inutes ao frconds too flow, their dif- 

ference would have been 2 minutes 21 feconds tqb 
fa@, becaufe the greater quantity io too fatb 



A Tabh t 
the Equa- 
tion ot 
Time, dc- 
Iwnding on 
the Sun'a 
Anomaly. 

* This Table is formed .by turning the Equation 
of the Sun's,benter .(fee-p. 3x6) into time. 
242. The obliquity of the Ecliptic to the Equad 

tor, which is tbe firft mentiohed caufe of thq 
Equation of Time, would make the Sun and 
Clocks d g e e  on four days of the years which are5 
when the Sun enters Aries, Cancer, Libfa, and 
C,agricorn : but the other cauk,,now e,xplaincd, 

woul4 



Of the Equation c$ f i m e .  48 
'would make the Sun and Clocks equal ohly twice 
in a year ; that is, when the Sun is in his Apogee 
and Perigee. Confequently, when thefe two 
points tall in the beginnings of Cancer and Capri- 
corn, or of Aries and Libra, they concur in mak-, 
ing the Sun and Clocks equal in  there points. 

, But the Apogee at prefent is i n  the 9th degree 
Ofcancer, and the Perigee i i  the 9th degree of 
Capricorn; and therefore the Sun  and Clockr; 
Cannot be equal about the beginnings of there 
Signs, nor at any time of the year, except when 
the fwifcnefs or flownefs of the Equation refulting 
from one caufe jui t  balances the flown& 'or fwift- 
nefs arifing from the other. 
243. The  fecond table i n  the following Chapter 

flews the Suh's place in the Ecliptic at the noon 
of every day by the Clock, for the fecond year 
after Lea -year; and alf0 the Sun's Anomaly to 
the neare R degree, negleAing the odd minutes of 
that degree. Its ttk is only to aRiA in the me- 
thod of -making a general Equation Table from 
the 'two fore-mentioned Tables of Equation de. 
pending on the Sun's Place and Anomaly, 4 229, 
241; concerning which method we fhail give a 
few examples prefently. T h e  next Tables which 
follow them are made from thofe twoi and hew 
the abfolute Equation of Time refulting from the 
combination of both its caufes; in which thg 
minutes as well as degreesd both of the Sun'a 
Place and Anomaly, are confidered. The ufe of 
there Tables i s  already explained, $ 225 : and they 
ferve f i r  every day in Leap-year, and the firf$ 
fecond, a d t h i r d  years after: For on ma& ~f the 
fame .days of all there years the Equation differs, 
becaufe of the odd fix hours more than the 365 
days of which the year confifis. 

EVAIYPLE I. On the ~ 4 t h  of 4 r i t ,  the Syn is ~ x s m p ~ t r  
in the 25th degree of 'yn Aries, and his Anomaly t;zzAq 
i S  g Signs 15 degrees; the Equation r t fu l t iq  Table+ 

L 3  fi0m 
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from the former is 7 mihutes 22 feconds of *timi 
too fait, $ 229’;  and from the latter, 7 minutes 
24 fcconds rwo flgw, $ 241 ; the difference is , q  
feconds th3t the Sun is too flow at the noon of 
tha t  day, taking it in grofs for the degrees of the 
Sun’s Place and Anomaly, witliout making pro- 
portionible allowance for the odd minutes. 
Hence at naan, the fwiftnzfs of the qnr Equation 
balancing To nearly the Oownefs of the ,other, 
makrs the Sun arid ChFks equql op fome part of 
that dayy: 

EXAMPLE I f .  On the 16th of June, the S u n  is 
!in the 25th degree of X,I Gemini, and his Ano- 
maly is I I Signs 16 Degrees; the Equation arifing 
ft-om the former i s  I i m u t e  43 fecopds too falti 
and from the latter T minute 59 reponds too flow; 
which balancing one another a t  aopq tQ 2 feconds, 
the Sun and Clocks are again equal an that clay: 

i 

EXAMPLE 111. On the j r f i  of Aupj?, the Sun’s 
place i s  8 degrees 1 1  minutes of % Virgo (whicl! 
yve call the  8th dcgree, as i t  is fo near), and his 
Anotncl? is I Sign 2 9  Degrees ; the Equation ari- 
fing from the former is 6 minutq 40 fFconds 
too flow; qnd from the la t t t r  6 minutes 32 feconds 
too f a n ;  the dilfcrcnce being only 8 ieconds toq 
flow a t  noon, and decreahg toward an equality, 
will make the Spn and Clucks equal in  the evening 
pf that day. 

EXAMPLE 1V. On the, 23d of Decmber,’ the 

2.3 Degrees; the Equation for the former is 43 
I feconds too flow, and fw the latter 5 8  feconds tog 
fafl;’ flie diEcrencc is 15  fcconds too fait at noon ; 
whkh  decreafing will c ~ m e  to an equality,. andlfo 
makt: the Sun and CIock+equal in the evenipg 9f 
that day. 

Sun’s place is I’ degree 58 minutes 
grees of w Capricorn, arid his 

Aliq , I L L  I . 
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Of the Pfiece&on fl tkc Equinoxes. 
t And thus we find, that on fome part of each of 
the above-mentioned four days, the Sun and'Clocks 
,are equali but if we work examples for all other 
d;rys of the year, we hall find them different. qnd,  

244. On thofe days wbich are equidiRant from 
any Equinox or SoliZice, we do not find that the 
liquation is as much too fait or too flow on the 
one Gdr, as it is too flow or too fait on the other. 
T h e  realon is, that  the h e  of the ApGdes, 5 238, R ~ , , , ~ , ~ ,  
does not, ar prefent, fall either into the Equinottial 
or Solititial points, s 242. 
245. The fowr following Equation Tables, for Tlie Reabn 

would ferve for ever, if the Sun's Place and Ana- me bur tcm- 

maly were always the fame on every given day of 
the year as on the fame day four years before or 
afcer. But Gnce that is not the cak, no general 
Equation Tables can be fo conltrutted as to be 
perpetual, 

why Eqlia- 
Leap- year, and the firR, fecond, and third years after tion Tablrr 

porary, 

5- C H A Pa XIY. .' 
Ofthe Precefion of fbe Equinoxes. 
T has been already obferved, 5 x 16, that 

by the Earth's motion on its Axis, there 

torial pqrts than  any where elfe on the Earth. 
T h e  Sun arid Moon, by atcraCting this redun- 

dancy of matter, bring the Equator Cooner under 
them in every return towards it, t han  if there was 
no fvch accumulation. Therefore, if the Sun fcts 
out, from any Star, or other fixed point in the 
Heavens, the nioment when he is deputing from 
the Equinooial or from either Tropic, he will come 
to the fame Equinox or Tropic again 20 tnin, 176 
ftc. ?f time, or 50 fcconds of a degree, before he 
completes his courfe, fo as to arrive at the iime 
;$xed Star or Point from whence he fer out, For 

L 4  fils 

matter accumulated all around the Equa- 
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Of the Preccgion of the Equinoxes. 
the Equinoaial poihts recede 50 feconds of a de- 
gree wrRward every year, contrary to the Sun’s 
annual progrefive motion. 

When the Sun arrives at the fame * EquinoEtiat 
or SolRitial point, he finilhes what  we call the 
“Iropical Tear; which, by obfervation, is found to 
contain 365 days 5 hours 48 minutes 57 feconds: 
and when he arrives at the fame fixed Star again, 
as feen from the Earth, he completes the Sydereal 
Year, which contains 365. days G hours g minutes 
144 feconds. T h e  Syhreal Year is therefore 20 
minutes 17+ feconds longer than the Solar or Tro- 
pical Year, and g minutes 14i feconds longer than 
the Julian or Civil year, which we itate at 365 days 
6 hours: fo that the Civil year is almaft a mean 
betwixt the Sydereal and Tropical. 
247. As the Sun defcribes the whole Ecliptic, 

or 360 degrees in a Tropical year, he moves 
5 9’ 13” of a degree every day a t  a mean rate : and 
confequently 50’’ of a degree in  20 minutes 174 
feconds of time: therefore he will arrive a t  the 
fame Equinox or SolRice when he is 50” of a 
degree ihort of the fame Scar or fixed point in 
t h e  Heavens fram which he fet out in the year before. 
So that  with refpelt to the fixed Stars, the Sun and 
Equinotkial points fall back (as it were) 30 degrees 
in 2160 years, which will make the Stars appear 
to  have gone 3 0  deg, forward, with refpet2 to the 
Signs of the Ecliptic in that time : for the fame 
Signs always keep in the fame points of the Eclip- 
tic, without regard PO the Conitellations. 

To  explain this by a Figure, let the Sun be in 
ConjunRian with a fixed Star at S, hppofe in the 
30th degree of 8 ,  on the 21fi day of May 1756, 
‘1 lien making 21 60 revolutions through the Eclip- 

* The two oppofite p&ts in which the Ecliptic crofee the 
HquinoRial,, are called the EquitioBiul ~ O ~ P I ~ J  : and the two 
points where the Ecliptic touches the Tropics (which arc 
l i k r w i k  oppofite, and go degrees from the former) are called 
i h  Sa#ilfiriul points. 

tic 

Fig. 1 ~ .  



Cff the PrcceJon of tbe EqPrinoxcs, '53 

I y TAB L n /hewing the PrcreJion b' rhe Equitaotttui Portrts in t& 
Hcaqunr, both in Motion and Time ; and the Anticipation of tbc 

Anticipation of 
the Equinoxes 
on the Earth. 

0 0 1 1  3 
0 0 2 2  6 
0 0 3 3  9 
0 0 4s ' 2  
0 0 s i  1 s  
0 1  6 1 8  
0 1 17 2 1  

o I 2.8 24 

0 I $0 3 0  

-- 

0 1 $9 27  

0 3 4 '  0 
0 5 3' 30 
0 ' 7  22  0 
0 9 '12 30 
0 1 1  3 0 

0 '2  53 30 
0 '4 44 0 

o 18 25 o 
I 12 50 0 

2 7 15 - 0  

3 1 4 0  0 
3 2 0  5 0 
4 '4 30 0 

b 3 2 0  o 
6 2 1  45 o 
7 16 IO o 

' 5  I) 2 0  0 
23 o 30 o 
j o  IO 40 o 
38 8 50 o 
4 6 1  0 o 
53 '7 '0 0 
61 g 2 0  o 
69 L 30 o 
76 17 40 0 

153  I I  20 o 
198 21 36 o 1 

-- 

--- 
0 16 34 30 

-I- 

5 8 s s o  -- 

-.I--.-_ 

--- 



8 44 Ofthe Prccgoon of tbe Equinoxts: . 
tic VWX, at the end of fo many Sydcreal years, 
he will Qe found again at  S: but a t  the end of fa 
many Julian years, he will be hund at M, fhort of 
S, and at  the end of To many Tropical years, he 
will be found fhort o f  M, in the 30th deg. of Tau-  
rus at ‘7; which has receded back from S to P in 
that time, by the preceffion of the Equinoaial 
points v Aries and LiJm. The Arc 5 I will 
be equal to the amount of the preceflion of the 
Eqninop in 2 I 60 years at the rate of 50’’ of a de- 
gree, or 2 0  min. 172 Cec. pf time anr)ually ; this, 
in fo many years, makes 30 days IO$ hours: which 
is the difference between 2160 Sydzreal and Tro- 
pical years. And die.Arc MI“ will be equal ro 
the fpace moved through by the Sun in 2rGo times 
I I  min. 3 fix. or 16 days 1 3  h‘ours 48 minutes 
which is the dffferenqe between 2160 Julian and 
Tropical years. 

248. From the ihifting of the Fquinofiial points, 
and with them all the Signs of the Exliptic, it fol- 
lows that thol Stars which in the infancy of Aitro- 
nomy were in Aries are now got into Taurus ; thok 
of Tauzus into Gemini, &c. Hence liliewift: it is, 
tha t  the Stars which rofe or fit at any parricdar 
kafonof the year, in the times pf ~ ~ E S I O D ,  Eu- 
DOXUS, VIROIL, PUNY, 8rc. by no means anfwer 
at  this time to their deficripLions, T h e  precediiig 
Table hews the quantity of this fliiftiog both in 
the Heavens and on the Earth, for any number of 
years to 25,920 j which completes the grand celei‘, 
tial period: within which any number and its qiian- 
tity is eafily found, as in the following example, 
for 5763 years; which at the Autumnal Equinox, 
A. D. 1756, is thought to be the age of the world. 
So tha t  with regard to the fixed Stars, the Eq+ 
noaial points in the Heavens have receded 
2’ 20° 2’ 30” fince the creation; which is as much 
as the Sun moves in 8 i d  5h om 52’. And I j n m  
that  time, or in 5763 years, the Equinoxes with 

44 



Of $be Precefion of tbe Bpiiinaxes. 
PS have fallen back 4.1p 5h 21"' 9';  hence, reckon- 
,ing from the time of the Julian Equinox, A. D. 
1736, viz, Septa I ~ t h ,  it appears that the Aufum- 
nal Equinox at the creation was on the 25th of 
0)ttober. 

years, 

5000 

700 
60 

IPrecefion of the Equinoaial Points\\ Anticipation of7 

Motion. I Time. 

a o ' " D. H. M, S D. H. M. S, 

z g 26 4070  IO 5 8  20 38 8 50 
o g 43 20 9' 20 4.t I O  5 $1 5 5  
Q o 50 o o 20 17 30 o 

-- --- 

3 0  o 2 3 0 0  I 0 5 2 0  0 3 3  g - - -- 

Julian -- in> die I-Ieivens. - , -1 
57631 z 20 -z 5 0 52 

0; the t: Bqoinoxcs E;hi 

44- 5 2 1  9 



Of /he Preceflon of tbe Equi1ioxes.s 

it was requiGte to fupprefa> I I nomiosl days. And 
that the fame feafons might be kept to the fame 
times of the year lor the future, to leave out the 
Biffextile day in Febvuary a t  the end of every cen- 
tury of years where the fignificant figures are not 
divifible by 4; reckoning them only common years, 
as the 17&, 18th, and 19th centuries, viz, the 
years 1700, 1800, 1900, &c, becaufe a day inter- 
calated every fourth year was too much, and re- 
taining the Biffrxcile-day at the end of thofe Ccntu- 
ries of years which are divifible by 4, as the 16th, 
,%oth, and 24th Centuries; viz. the years 1600, 
2000, 2400, &c. Otherwife in length of time, the 
kafons would be quite reverfed with regard to the 
months of the year; though it would have required 
near 23,783 years to have brought about fuch a 
total change, If the Earth had made exa&ly 3654 
diurnal rotations on its Axis, while it revolved 
from any EquinoEtial or SolRitial point to the fame 
again, the Civil and Solar years would always have 
kept pace together, and the Style would never 
have required any alteration, 

The prceel- a5 I. Having already mentioned the caufe of the 
fion of the PreceGon of the Equino&ial points in the Heavens, 
p,nt,, 9 24.6, which occafions a flow deviation of the 

Earth's axis from its parallelifm, and thereby 1 
change of the declination of the Scars from the 
Equator, together with a flow apparent mation of 
thestars forward with refpel3 to rhe,Signs of the 
Ecliptic, we h a l l  now explain the Phenomena by 
a Diagram. 

Let NZSYL be the Earth, SONA its Axis prQe 
duced to the ftarry Heavens, and terminating in A, 
the prefint north Pole of the Heavens, which ia 
vertical KO N the north Pole of the Earth. Let 
EO% be the Equator, I as 2 the Tropic ofcancer, 
and YZ' w the Tropic of Capricorn: YO 2 thc 
Ecliptic, and BQ its Axis, both which arc iimnovc- 

able 

Equinoflial 

fig. vr. 



Of tbc Precefiotr of tb4 &quinoxcr. 
able among the Stars, But as * the Equinol‘tial 
pPipts. racede in the Ecliptic, the Earth’s Axir, 
SON is “in motion upon the &arch’s center 0, in 
fuch a manner as to defcribe the double Cone 
NOn and SOs, round the Axis of the Ecliptic 80, 
ia ‘the time . tbirt the ~ EquinoEtial pints move, 
quite round the Ecliptjc, which is 2 5 i g m  years6 
and in that  length of time the north Pole of the 
Earth’s h j s  pmduced, defcribes the Circle 
4QBC D 4, .in the Rarry Heavens, round the Pda 
d‘ the Eclipeic, which keeps immoveable ip the 
center of that  Circle. I Thcfiar~h’s Aacis behg 2 -4 

Circle ABCDA, defcribed by the north Pole of 
the Earth’s Axis produced to A, is 47 degrees in 
diameter, or double the inclination of the Earth’s I 

Axis. In confequencc of this motion, the poine A, 
Which a t  preknt is the north Pole of the Heavens, 
and near to a i tar of the fecond magnitude in .the 
tail of the conftellation called tbe Little Bear, mufi 
be deferted by the Earth’s Axis j which irioving 
backward a degree every 72 years, will be direaed 
toward the Star or point B in 6480 years from this 
time: and in twice that time, or 12,960 years, it 
kill be direCted toward the Star or point Cg 
which will then be the north Pole of the Heavens, 
although it is at  preient 8 s  degrees Couth of the 
Zenith of London L. The  prefcnt pofition of the 
Equator E 0 will then be: changed into e 0 q, 
the T.royic of Cancer I‘ m into Y t 01 and the 
Tropic of Capricorn Yl w into t tp Z ; IS io evi- 
.dent by the Figure ; and the Sun, when in that 
part of the Heavens where he is now over the 

* The EquinoAial Circle interreCts the Ecliptic in two o p ~  
potte points ; namely, the firR points of the ilgns Aries and 
Li6ru: They arc called die Equinoaial  Points, becaufe 
when the Sun is in either .of them, he is di reRly  over the 
terreltrial Equator; and then the doys and nights are 

degrees inclined to the Axis of the Ecliptic, t i c 

equd. 
earthly 

”7 



15s Of dhc'Prece&on.Gf the Equinom. 
earthly Tropic of Capricorn, and makcs the fhortek 
days and lopgeft nights in the Northern Hemi- 
f here, will'then be over the earthly Tropic, bf 
&ncer, and make the days longeit and nights 
korteit. And it will require I 2,960 years more, 
or 25,930 from the prefent time, to bririg * t h @  
north Pole M quite round, To as to be dire&dt 
toward that point of the Heavens which is vertical 
to it at prefent. Andqthenj and trot till thcfn, the. 
fame Stars, which at prefent defcribt! the Equator, 
'fropics, and Polar Circles, &c. by the Earth's, 
diurnal motion, will defcribe them over again. 



Of Sydttrcal; yutian, and Solar Time. 129 





A T A B L E  hewing the Sun's true place, and diRance from its 
Apogee, for the fecond Year after Leap-year. -- 

May. June, July* Auguit. - 
9 Gun's Sun's Sun's Sun's Sun's Sun's Sun's Sun's 3 Place. Anom. Place. Anom. Place. Anom. Place. Anom. 

D. M.S. D.D.  M.S. D.D. M.S. D.D. M.S. D. 

1 I I ~ I , + I O  ~ 1 1 r 1 0 4 1 1  z 9L%42 o o g.Q.18 I o 
2 1 2  1 2 1 0  3 1 2  01 11  3 I O  39 o I I O  16 I 1 

3 1 3  I O I O  4 1 2  5911 411  3 7 0  2 1 1  13 I z 
414 0 8 1 0  5 1 3  5611 5 1 1  3 4 0  3 1 2  I 1  I 3 
5 i s  0610 614  5 3  I I  6 1 3  31 o 4 1 3  OS I 4 

616 0410 7 1 5  5 1 1 1  6 1 4  28 o 5 1 4  06 I 5 
7 1 7  0 2 1 0  8 1 6  4.811 7 1 5  zs o 6 1 5  03 1 6 
8 1 8  0010 9 1 7  4611 816 23  o 16 01 I 7 

1019 5610 1 1  19 4011 1018  17 o 9 1 7  56 I 9 

1 2 2 1  5 2 1 0  1 2 2 1  3 5 1 1  1 2 2 0  1 2 0  1 1 1 9  5 1  I I O  
' 3 2 2  ~ Y I O  1 3 2 2  3 2 1 1  1 3 2 1  09 o 1220 +y I 1 1  

1 5 2 4  4510 1524  2711 1 5 2 3  03 o 1422 44 I 13 

t 6 z s  4310 1 6 2 5  2 4 1 1  1624 0 1  o 1 5 2 3  42 I 14  
I726 41 IO 1726 21  1 1  1 7 2 4  58  o 1624  40 I 1 5  
1 8 2 7  3 8 1 0  1827  I ~ I I  1 8 2 5  5 5  o 1 7 2 5  38 I 16 
' 9 2 8  3 6 1 0  1 9 2 8  1 6 1 t  1926 53 o 1 8 2 6  36 I 17 
2 0 2 9  3 4 1 0  2029 13 1 1  2027 5 0  o 1827  33 I 1 8  

01 IX 31 IO I T S  1 0 1 1  Z J  28 47 o 1 9 2 8  31 t 19 
2 2  I - 1 0  2 2  I 08 II z z t g  44 o 2 0 2 9  29 I i o  
a3 z 2610 23 2 0 5 1 1  23 SL 42 o z i  IIR 27 I ' z i  
a+ 3 '  2410 24 3 0 2  I I  24 I 39 o 2 2  s 25 I z a  
z S  4 2 2  IO  25 3 59 I,I 25 2 3 6  o 23 2 23 I 23 
-.-,-- .----_ 
r6 5 1 9 1 0  26 4 5611 26 3 34 o 24 3 21 I 24 
'7 6 17 IO 17 5 5 3 1 1  27 4 3 1  o 25 4 19 I 25 
zll 7 1 4 1 0  2 8  6 51 1 1  27 5 28 o 26 5 17  I 26 
z9 8 1 2 1 0  29 7 4 8 1 1  28 6 26 o 27 6 15 x 27 
30 9 0911 o 8 4511 29 7 23 o 28 7 13 I 28 

3 '  10 0611 I I 8 2 1 )  o zy 8 I I  I 29 

- .-I_. - .-- 
------- --- 

-.-----.--- 

9 1 8  5810 1018 4311 9 1 7  20 0 ; I6  j8 I 8 

--.------ ~P 

'120 5410 1 2 2 0  3 8 1 1  1119 I d  0 1 0 1 8  j4  1 IO 

' 4 2 3  4710 1423 3 0 1 1  1 4 2 2  06 0 1 3 2 1  47 I I2 

--,---I__- 
- 

-.-.-,.-----*---- 

----L-.---- 

M A T A B L E  



162 FTabZts of fbe Sun'$, &e, 

A '1AbLIi ihewing the bun's true place, and diitance from it8 
Apogee, for the fecond Year after Leap-Year. 

September. Ottober. November. Oecember. 

g Sun's Sun's Sun's Sun's Sun's Sun's Sun's Sun's 
7 Place. Anom. Place. Anam. Place. Anom. Place. Anom, 

-------- 
+---__.-----I 

D . M , S .  D , D . M . S .  D . D . M . S .  D . [ D . M . S .  D. --- ---I_--- 

1 9n#Og 2 0 5^28 2 29 9 v t 7  4 0 9 2 3 4  5 0 
2 1 0  07 2 1 g 27 3 0 1 0  17 4 110 35 5 1 
3 1 1  os 2 ' 2 1 0  2 6 3  1 1 1  174 2 1 1  3 6 5  z 
4 1 2  0 4 2  3 1 1  25 3 2 1 2  1 8 4  3 1 2  3 7 5  3 
5 '3 0 2  2 4 1 2  25 3 3 '3 18 4 4'3 3s 5 4 

614 00 2 5'3 2 4  3 414 18 4 5 ' 4  39 5 5 
714 59 2 614 23 3 51s '9 4 61s 40 s G 
8 1 5  57 2 7'5 2 3  3 616 ' 9 4  716  41 5 7 

, 9 1 6  55 2 816 22 3 7 ' 7  19 4 8 1 7  4 2  5 8 
1017  54 z 9 1 7  2 1  3 8 1 8  2 0  4 9 1 8  43 5 g 

I 1  18 5 2  2 9 1 8  21 3 919  20 4 I O l y  44 5 10 
I 2  19 5 1  2 IO 19 2 0  3 1 0 2 0  21 4 1 1  20 45 5 1 1  
1 3 2 0  49 z 1 1 2 0  20 3 1 1 2 1  22 4 1 2 2 1  46 5 1 2  
1421 48 z I Z Z I  20 3 1 2 2 2  23 4 1322 47 5 13 
1 5 2 2  46 2 1 3 2 2  19 3 1 3 2 3  Zz  4 1423 49 5 I4 

-----__L--- 

-I__ _I_.------. 

--, ------- 
B 1623 45 2 1 4 2 3  19 3 1424 23 4 15,24 50 5 1 

'724 44 1524 18 3 'S2S 23 4 1625 5 '  5 1 
1 b z 5  42 z 1625 1 8  3 1626 a4 4 1 7 2 6  52 5 17 
1926  41 1 7 2 6  18  3 1 7 2 7  25 4 1 8 2 7  53 5 19 
2027 40 z 1 8 2 7  1 8  3 1828 25 4 i d l g  54 5 20 

I 2 1  28 39 2 1928 17 3 1929  26 4 2 0 2 9  55 5 21 
2229 37 2 zoag 17 3 20 S 27 4 

------- i --. 

--I. --_c_-- 

26 3 33 2 24 3 17 3 24 4 3'0 4 25 5 01 5 26 
27 4 .  32 2 25 4 '7 3 2s 5 3 0  4 26 6 0 2  5 27 
29 5 31 z 26 5 1 7  3 26 G 3 1  4 a7 7 0 3  5 28 
29 6 30 2 27 6 17 3 27 7 32 4 28 8 05 5 29 
3 0 ,  7 29 z8 7 17 3 28 8 33 4 29 g 06 6 0 .  

3 '  I 8 17 ? 29 IO 071 6 , I 

--------_I__.- 

A s. 
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T A B L E S  

O F  T H E  

E Q U A T I O N  O F  T I M E ,  

F O R  

LEAP-YEARS A N D  COlfdMON W3ARS; 

Shewing what Time it ought to be b the CLOCR 
when the SUN’S Center is on the t eridian. 



1 64 Equation Tables. 

? 
r 
Y' 

I 
2 

3 
4 
- 

78 
9 
IO 

I :  

' 3  
'4 
'5 

'7 
18 
' 9  
2 0  

I2 

- 

- 
21 
z z  
23 
24 
25 - 
27 
28 

29 
30  

I A T A B L E  thewing what 'l'ime it ought to be by the 
Clock when the Sun's Centcr is 011 the Rleridian. 

January, 

H. M. S. 

XI1 4 0 2  

4 3; 4 5  
5 25 

6x11 6 i y  

7 10 
7 35 
8 0  

XI1 8 24 
8 47 
9 10 
9 32 
9 5 3  

16X[1 IO 14 
10 34 
10 53 

I I  30 

x11 I 1  47 
12 3 
12 19 
12 34 
12 48 

26x11 13 o 
13 1 3  

5 .  ~5 5 2  

6 45 

--- 

X I  12 

1 3  % 
1 3  36 
1 3  45 

1 

H. M, S 

x u -  14 3 
14 I O  
14 17 
14 22 

14 27 

xu 14 31 
14 34 
14 37 
14 38 
'4 39 

XI1 14  39 
14 38 
14 37 
14 35 
'4 3 2  

X I 1  1 4  28 
14 24 
14 '9 
14 '3 
14 7 

xi1 14 0 

'3 52 
x3 44 
I 3  35 
1 3  26 

u r  13 16 

'3 5 
12 54 
1 2  42 

M a r c h .  

[I .  M. S 

XI1 I2 30 
1 2  17 
17. 4 
I 1  50 
1 1  35 

XI1 I 1  2 1  
1 1  6 
10 50 
1 0  34 
1 0  18 

x11 1 0  ' 2  

9 45 
9 28 
9 1 1  
8 54 

Y L I  8 36 
8 I 8  
8 0  
7 42 
7 24 

-- 

X I 1  7 6 
6 47 
6 29 
6 IO 

5 5 2  

5 33 
5 '51 
4 56 
4 37 
4 ' 9  

4 0  





166 Equatiolz fables; 

A T A B  L E  ihewing what Time it ought to be by I Clock when the Sun's Center ie on the Meridian. 

w 
4" - ' 
2 

3 
4 
5 

I 
Sep tern ber . 

H. M. S 
F-- 

XI 59 30 

5 8  5 2  
5 8  32 

59 JI 

58 12 

! 

' 

* 

'9 53 23 
20 5 3  3 

ZI XI 52 41 
22 5 2  21 

23 52 0 

24 5 1  40 
2 5  5' '9 

26 XI. 50 $9 
2 7  50 39 
28 50 zd 
29 50 0 

3 0  49 41 

3' 

- 

- 

- 
.L1 

__._ . -.--- 
IC Bilfextile, or Leap-Year. 

OQober. November, 

- 
1 1  

' 3  
14 
' 5  
16 

' '7 
18 

12 

- 

December. 

XI 56 JO 

55 49 
55 28 
55 7 

' 54 46 

XI 54 25 
54 5 
53 44 

H, M. S.IH. M. S 

XI 46 33 
46 ' 9  
46 6 
45 5 2  
45 40 

XI 45 28 

44 55 

4s 16 
45 6 

44 46 

XI 44 37 
44 2 9  
44 
4+ 14 
$4 8 

XI 44 2 
43 57 
43 53 

-I__ 

H. M. S.1 

XI 44 22 XI 54 3 
4+ 3 0  54 32 
44 40 5s 0' 
44 50 5s 30 
45 ' 56 Q 

XI 45 13 XI 56 zg 
45 25: 56 59 
45 39 57 29 
45 53 57 59 
46 8 58 29 

XI 46 24 XI 5s 59 
46 4' 59 29 
16 58 59 59 
47 16 XI1 o zg 
47 35 0 59 

AI 47 55  XI1 I 29 
4y '5 1 58 
48 36 27 

xi  49 22  X I  43 45 
49 3 43 45 
48 45 43 45 
48 27 43 47 
48 9 43 49 

43 46 

56 
3 25 

3 54 



Equation T'ables. 167 

A T A 13 L E fiewing what Time it ought to be by the 
Clock when the Sun's Center is on the Meridian. 

- Tt f irft  Year after Leap-Year. 
b' January. February., March. April. 

* Ha M. S, 1, M. S. 13. M. S,H.  M. S.  

w- -----_--- _ _  _" - --..-- 

$- 
- 

XIL 14 g XI1 12 3 3  XI1 3 47 
3 3 9  14 16 12 20 

14 21 12  7 3 10 
14 27 1' 54 2 52 

' 
I 

3 
4 
5 

7 
8 
9 
10 

I t  

' 3  
le 
' 5  

2 

- 

I Z  

- 
X1I 1 1  25 XI1 z 1 7  

' 0  5s 1 4 3  
' 0  39 1 " 5  
10 23 1 9  

I 1  10 2 0  , 

-I- 

XII 4 23 

4 5' 
5 '9 
5 46 
6 '3 

XI1 6 .39 

$ 54 

9 %  

7 4  
7 30 

I8 

XIX 8 42 

9 2  
9 48 

10 9 

-- 

.+- 4 S I  1 
M 4  

:5 
19 
20 - 

1 0  48 
I 1  7 
11 25 
I I  42 

22 
'3 
24 
25 

26 
27 
28 

29 
3O 

12 15 
12  3 0  
12 $4 
12 58 

xu 13 IO 
13 22 
'3 33 
'3 4 3  
1 3  5 3  

-- 



I 68 Bquation Tables, 

Augufi. 

H. M. S. 

XI1 5 5 2  

5 48 
5 43  
5 38 
5 32 

XI1 ij 25 

5 ' 8  
5 10 
5 2  
4 5 3  

-- 

A T A I3 L E fliewing what Time it  ought to be by 
Clock when the Sun's Center is on the Meridian. 

'I'he firft Y e d r  after Leap-Year. I 

XI1 5 5 7  
6 0  
6 2  
6 3  
6 4  

XI1 6 4 
6 4  
6 3  
6 1  
s 59 

5 56 

June. 

H. M. S. 

XI 57 27 
57 36 
57 46 

5 8  

5s 27 
58 38 
58 5 0  

57 52 

X I  58 17 

59 2 

XI1 2 42 
27 

' 56  
1 40 

2 12 

XI1 1 2 
1 %  

0 49 
0 3 1  
0 '3 

59 5 5  

J U ~ Y  9 

I-€. M. S. 

XI1 3 26 
3 37 
3 48 
3 58 
4 9  

XI1 4 19 
4 28 
4 37 
4 46 
4 5 5  

xu 5' 3 
5 10 
5 ' 7  
5 24 
5 30  

XI1 4 4.1. 
4 34 
4 21) 
4 '3 
4 '  



Equation fables. 169 

b 
ru 
-4 - 

I 

3 
4 
S - 

9 

c 

A T A U L E  flicwing what Time it ought to be by the 
Clock when the Sun's Center is on the Meridian. 

September. Uttooer. 

H. M. S. H. M. S. 

XI 59 36 XI 49 z8 
59 ' 7  49 9 
58 58 48 5' 

, 58 38 48 33 
58 18 48 1 5  

XI 5 7  5 8  XI 47 58 
5 7  38 47 41 

56 57 47 
46 53 56 37 

-_I_ 

57 J 8  47 2: 

- 
' 1  

'3 
'4 
'5 

IZ 
X 56 16 XI 46 38 

46 24 
46 io 

5 5  5 5  
55 34 
55 '3 45 56 
54 5 2  45 44 

XI 45 32 
4s 2 0  

45 9 
44 59 
44. 49 

XI 41 40 
44 3' 
44 2.4 
34 '7 
44 ' 0  

_I 

44 0 

50 26 43 56 
z9 50 6 43 52 
3O 49 47 43 49 
-I________ 

3 1  

r Lwp-Year. 
November. 

H. M. S. 

XI 43 46 
43 46 
43 47 
43 48 
43 5 0  

X I  43 53 
43 57 
44 I 
44 7 
49 '3, 

XI 44 21 

41. 29 
44 38 
44 48 
46 59 

XI 45 ' 3  
45 2 0  
45 36 
45 50 
46 5 

XI 46 21 

46 37 
46 54 
47 12 
47 3' 

XI 47 5' 
48 1 1  

48 31 
48 53 
49 '5  

_-- 

H. M. S. 

x'1 49 3 i  
50 ox 
50 25  
50 50 
5 '  '5  

X1 5 1  41 
52  7 
52 34 
53 0' 
53 28 

XI 53 56 
54 25 
54 54 
55 23 
ss 52 

XI 56 z z  
56 51 
57 2' 
57 5' 
58 2 1  

59 22 
59 52 

XI1 0 22 

0 52 

XI1 I 21 

1 5' 
a 2 0  

= 50 
3 ' 9  

XI 58 5 1  

3 47 



'70 Xquation Tables. 

A T A  B LE hewing what Time it ought to be by thc 
Clock when the Suii's Center is on the Meridian. 

1 1  XI1 8 35 
I 2  8 58  
'3 9 2' 
'4 9 43 
15 10 4 

16 XI1 I O  24 
'7 10 44 
I8 ' I  3 
' 9  I I  22 
20- 1 1  3 9  

2 1 .  XI1 I I  56 
2 2  12 12 
23 I Z  27 
24' ' I2 41 
2s 12 55 

2 6 .  XI1 13 7 
2 7  13 ' 9  
2 9  13 30 
2 9 '  '3  40 
30 1 3  50 

--- 

--- 

- 

lecond Year atter Leap-Year. 
kebruary. I March.'  1 April. 

H. M. 8. 

XI1 14 6 
14 ' 3  
14 ' 9  
14 24 

. '4 2 9  

XI1 14 32 
14 35 
14 37 
14 39 
14 39 

--- 
H. M. S. 

XI1 l a  35 
12 23 
12 9 
I I  56 
f 1  42 

XI1 11  27 
1 1  13 
1 0  58 
1 0  42 
IO 26 

XI1 1 4  39 

1% 36 
'4 38 

14 39 
14 3' 

xry IO 1 0  

9 54 
9 37 
9 20 
9 3  

- 

XI1 14 27 
1 4  22 

14 17 
14 1 1  
'4 4 

xu 8 45 
a 28 
8 io 
7 52 
7 34 -- 

XI1 13 57 XI1 7 I j  

'3 40 38 
'3 3'  
13 2 1  

13 49 2 5 7  
6 20 
6 - 1  
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172  Equation Tables. 

A '1'A LZ LE hewing what Time i t  ought to be by the 
Clock when the Sun's Center is on the Meridian. 

'l'he fecond Yi8ar ier I x e o - Y r a r .  . _ _ ,  l- 
1 October. 4 3c~itcInOer. 

- 
< 
: [.I. M. S. [I, M. S. 

I XI 59 40 X I  49 32 

2 59 2 '  49 '4 
3 59 2 48 55 
4 58 43 48 37 
5 58 23 48 20 

6 X1 58 4 Xi 48 3 
7 57 44 47 46 
8 57 23 47 29 
9 57 3 4 7  14 

' 0  55 43 46 5 8  

I I  XI 56 2 2  XI 46 4.3 
12 56 I 46 29 
'3 55 4' 46 1 5  
14 5 5  20 46 ' 
' 5  54 59 45 48 

I C  X. 54 38 X1 45 36 
'7 54 17 45 24 
18 53 56 45 13 
'9 53 35 45 2 
20 5 3  14 41. 5 2  

2 1  XI 5 2  53 X I  44 42 
22 5 2  3 2  44 34 
23 52 1 1  44 26 
24 5' 5' 44 18 
25 5' 30 44 1 1  

26 XI 5 1  I O  XI 44 6 
2 7  50 50 44 0 
zm 50 30 43 56 
t 5  50 I 1  43 52 
i L  49 5' 43 50 

,3' 4 3  48 

- 

- 

- 

- 

- 

- 

- 

D cce III her. 

1-1.. M. S. 

XI 40 32 
49 56 
50 20 

50 44 
5' 9 -- 

XI 5 '  ' 3 5  
5 2  1 
52 28. 
5 2  55 
53 23 

x1 53 5' 
54 '9 
54 4 8  
55 17 
5 5  46 

XI 56 1 5  
56 45 
57 '4 
57 44 
5 8  14 

Xl 58 44 
59 '4 
59 44 

,X I1  o 14 

O 44 

XI1 I 13  
1 4 3  

2 42 
3 ' 1  

--'. 

2 12 

3 4'1 

--I- 

N ovcm ber. 

13. M. S. 
-- 
-- 
XI 43 46 

43 46 
43 46 
43 48 
43 5 0  

X I  43 53 
43 57 
49 ' 
41 7 
44 1 3  

x1 44 20 

44 28 
44 37 
14 47 
44 57 

XI 45 8 
45 20 
45 33 
45 4 7  
46 2 

X 1  46 17 
46 33 
46 50 

47. 26 

XI 47 45 
' 48 5 

48 26 
48 47 
49 9 

-- 

47 7 



Equation 2"nBies. '73 -- 
A 'I? A I3 L 15 hewing what Time it oufilit to be by the 

Clock whcn the Sun's Center is on the Meridian. 
'l'lie third Y e w  attcr 1,eawYear. 
- - -. - - -- I--. -- 

Febr w r y .  -_-- Marcti. 

13. M. s. 
x11 12 38 

I 2  2 5  

1 '  59 
I '  45 

I2 I 4  

XI1 I I  3 1  
I 1  17 

IO 46 
10 3 1  

10  2 

>ill LO 1.1. 

9 56' 
9 4' 
9 24 
Y 7  



i74. Equation I'a6Ze.t. 

- 
? 
I 

3 :, 
6 

!% 
9 ,  

w 
P, 

- 
2 

- 

10 - 
IX 
I 2  

' 3  
' 4  
'5 

16, 
' 7 :  
18 
19 
zo 

2 1  
22 

23 
2 4  
25 

26 
=? 
2 8 ,  
2 9  
3 0  

3 1  

- 

- 

- 

- _  
May. 

H. M. S. 

Xt 56 52 

56 45 
56 38 
56 32 

56 '7 

56 26 

X I  56 21 

56 s 3  

XI 56 4 
56 2 
56 * 
56 0 
56 0 

XI 56 I 
56 2 

56 96 2 
56 8 

XI 56 I I  

56 15 
56 20 

--- 

56 25 
56 30 

56 43 

56 57 

XI 56 36 

56 50 

57 5 

5 7  13 

A T, A E L E hewing what Time it ought t~ be by the 
Clock when the Sun's Center is on the Meridian. 

'r) third Year after Leap,Yrar. 
June. 1 July.  I ' Augufi. - 

H . M . S .  

x1 57 22 

57 31 
57 41 

5 1  

X1 58 1 2  

58  23 
58 34 
58  45 
58 57 

XI 59 8 

5 ;  5 '  

53 2 1  
5 9  33 
59 45 
59 58 

XI1 0 IO 
0 23 

0 49 

- 

0 36 

I 1  

H . M , S .  H . M . S .  

XI1 3 20 XI1 5 54. 
3 3 1  5 50 
3 42 5 46 
3 53 5 41 
4 4  5 35 

XI1 4 14 XI1 5 29 
4 24 5 22  
4 34 5 '5 
4 43 5 7  
4 52  4 58 

XI1 5 0 XI1 4 49 
5 8  4 40 
5 15 4 2 9  
5 z 2  4 ' 9  
5 28 4 7  

XI1 5 34 XI1 3 55 
5 39 3 43 
5 44 3 30 
5 48 3 '7 
5 5 2  3 3  

- 



P 

' 
3 
4 
I 

6 
7 * 
9 

- 

lo - 
I t  

' 3  
'4 
' 5  

16 
' 7  
' 8  
' 9  
to 

12 

- 

- 
22 

13 
'4 
z5 
26 
27 
28 
29 
3° 

- 

- 

Tho third Year after Leap-Year. 
seprember. I Ottober. November. I December. 

7 H . M . S .  H.M.S. H . M . S . 1 H . M . S .  

XI 59 45 X[ 49 37 XI 43 47 X I  49 27 
4 3 4 7  4 9 5 0  59 26 

59 7 49 43 47 5Q t4 
58 48 48 42 43 47 50 38 
58 28 46 24 43 49 5'  3 

XI 58 9 XI 48 7 XI 43 52 Xt 51 2 9  

57 49 47 50 43 5 5  5' 45 
52 21 57 28 47 33 43 59 

57 8 47 17 44 4 52 48 
56 47 47 f 49 10 53 ' 5  

56 6 46 3' 44 22 54 " 
5 5  45 46 '7 44 33 54 40 
5 2  24 46 3 44 43 55 8 
55 3 45 so 44 53 55 37 

X I  54 42 XI 45 37 X I  45 4 X I  56 7 

5 3  59 45 '4 45 29 57 

44 53 45 57 58 53 17 

52 36 44 35 46 p* 59 
52 ' 5  44 27 46 45 
5 '  55  44 19 47 3 
51 35 44 13 47 21  0 36 

XI 5 1  14 XI 44 7 XI 47 40 XII I 6 
44 I 48 Q 50 54 

50 35 43 57 
50 1 5  43 53 48 42 2 35 
49 56 43 50 49 4 3 s  

- 
-- -- 

XI 56 27 XI 46 46 XI 44 17 X I  53 43 

54 20 45 25 4s 16 56 3; 

53 38 45 3 45 42 57 3; 

59 3: 

I 3; 

I I 43 48 I 3 34 

--- 
Xi 52 gG XI 44 43 XI 46 1 2  XI 58 3; 

0 

2 48 21 

I_ -- 



*** OBSERVE by a good Meridian Line, or 
by a Tranfit Inftrument, properly fixed, the Mo- 
ment when thesun’s Center is on the Meridian; and 
fet the Clock to the Time marked in the preceding 
Table for that Day of the Year. T h e n  if the Clock 
goes true, it will point to the Time fhewn in the 
Table every Day afterward at the Initant when it 
is Noon by the Sun, which is when his Center is 
on the Meridian.-Thus, in the f i r f i  Year after 
Leap-Year, on the 20th ofO&ober, when it isNoon 
by the Sun, the true equal T ime  by the Cluck is 
only 44 Minutes 49 Seconds pafi XI ; and on the 
la i t  Day of December (in that Year) it fliould be 
3 Minutes 47 Seconds pafi XI1 by the Clock when 
the Sun’s Center is on the Meridian. 

The following Table was made froin the pre- 
ceding one, and is of the common form of a Table 
of the Equation of Time, hewing how much a 
Clock regulated to keep mean or equal Time is 
before or behind the Apparent or Solar T h e  
every Day of the Year. 

9t A TABLE 



A 

T A B L E  

OF T H E  

E Q U A T I ' O N  O F  T I M E ,  

~ ~ E W I N ~  

b o w  much a C LO C K kould be FASTER or 
SLOWER than the S U N, at the Noon of every 
Day in the Year, both in Leap-Years and 
Common Years, 

[The Atergs in the Table fiew where tbc Equation 
cbanges t o  Slow or FaJ.1 * 

N 



3 7 8  Equnrion Tables. 

' 

7 - 
2 
3 
4 
5 

G 
7 
8 
9 

1 0  

11  

13 
' 4  
'5  

11 
' 7  
I 8  

LO 

' 2  

l g l  

2 1  
12 

13  
E4 
2 5  

56 
! 7  
:8 
!9 
1~ 

I '  
- 
-- 

I A 'l' A 1 3 - i 3  of the Equation of T h e ,  thewing h z  
much a Clock i?ioiild be falter or flower than the Sun, 

* every Day of the Year, at Noon, 
T h e  LQextile, or Lrap.Year.  
- 

Jan.. 

M. S. 

1 4 2  

S"25 
5 5 2  

6 19 
6 2 4 5  
7 F l O  
7'35 
& CQ 

8 24 
8 47 
9 IO 
9 32 
9 53 

IO 14 
'0 34 
IO 5 3  
I1 I 2  
I '  30 

! I  47 
12 3 

' 2  3 4  
12 48 

1 3  I 
'3  1 j  
1,3 2s 
1 3  36 
'3 46 

' 3  5 5  

F-- 

4g30 
4 g 5 8  

--I 

-_I_ 

--- 

-_1_ 

J ? ,  19 

--- 

---- 
I----. 

Feb. 

M. S. 

'4 3 1  
14 z34 

'4 '  38 
'4 39 

'4 39 
'4 38 
'4 37 
'4 35 
'4 32 

14 28 
'4 24 
14 .'9 
'4 ' 3  
'4 7 

'4 F 3 7  

-- 

14 GO 
'3 52 
'3 44 
' 3  3 5  
13 26 

13 11 
r 3  5 
12 5s 
12  4 2  

-AI- 

--- 

-- 
March. 

M. S. 

1 2  30 
I 2  0 ' 7  

I I  ~ 5 0  

' 1  3 5  

1 1  2 1  
I I ~  6 
IO B5o 
107 3 4  
1 0  I8  

._- 

__I 

12 , -  4 

--_ 
IO 2 

9 45 

9 I '  

' 8  3G 
8 18 
8 00 

7 42 
7 2 4  

9 28 

8 54 

7 '6 
6 47 
b 29 
6 IO 

5 52 

5 3 3  
5 15 

4 3 7  
4 19 

--_I 

4 56 

4 '00 ._ . , 



Equation fadles. 179, 
--- 

A T A B  L E 'of the Equation of Time, fliewing how 
much a Clock ihould be faRer or flower than the Sun, 
every Day of the Year, a t  Noon. 

The iKtzxrile. or Lem-Year .  - 
RuguR. 

M. S. 

3 50 '3 27 
4 11 '3 4 '  
4 3 2  1 3  5 5  
4 53 '4 8 
5 14 '4 2 0  

5 35 '4 32 
5 56 '4 44) 
6 16 '4  54 
6 37 ' E  5 
6 513 '5 '4 

7 '9 * 5  23 
7 40 1.5 31 
8 00 1s 39 
8 20 15 46 
8 4' ' 5  5 2  

9 I 1s 58 
g 21  16 3 
9 4' ' 6  7 
IO 00 16 IO 
IO 19 16 1 2  

IG 14 

1 

.- 

-- 
N z  

-15 38  
' 5  29 
1s t o  
15 I O  
14 59 

'4 47 
'4 34) 
' 4  2 1  

'4  7 
'3 5 2  

- 

13 *36 
'3 ' 9  
' 3  2 
' 2  44 
I2 2 s  

I2 5 
' 1  4 5  
11 24 

10 40 
X I  2 



-- 
M. S. 

' 2  33 
I2 c z o  

I I  r 5 4  
I I  40 

I I  25 
I I  310 

'OF55 

1 0  23 

' 2 , -  7 

PO ? 39 

!? 
? - 

I, 

M. S.  M. S. 

--I__ 

'I'he fii 
Jan. r- -- April. 

- 
Year after LeaD-Year. 
~VXK --- -- 

June. 

M. S. 

2 33 
2 ct4 
2 TI.+ 
2 %  4 
I 54 

4 23 
4 s5 I 
5 g 1 3  
5r46 
6 1 3  ' 

6 39 

7 230 
7 7 5 4  

8 41 

9 ?6 
9 48 

7 P 4 

8 1 8  

9 4 

' 0  9 

IO 29 
io 48 
11 7 
* I  25 
: I  42 

1 1  59 
12 1 5  
' 2  30 

1 2  58 

13 I O  
1 3  2 2  
' 3  33  

12 4 +  

-7 

'4 9 

14821 
I q ~ z 6  
14 31 

14 34 
14337 
'4 2 3 9  
14740 
14 40 

14 39 
'4 38 
'4 36 
'4 33 
14 29 

14 25 
14 20 

'4  '5 
'4 9 
14 z 

-13 54 
13 46 
'3 37 

1 3  1 8  

13 8 
1 2  57  

f ' 2  45 

'4  c'6 

-- 

1 3  28 - 



Equdon T a b h  584  
* 

A* T A B  I, E of the Equation of 'rime+, hewing how 
much a Clock ihould be falter or flower than tk SUII, 
every Day.of the Year, at Noon. 

- 
Augult. 

M. S. 

5 jZ 
5 0 4 8  
5 g43 
5 r 3 *  
5 3 2  

- 

5 25 
5 3'8 5 p10 
j ?  2 
4 5 3  

4 44 
4 34 
4 24 
4 1 3  
4 1  

3 49 
3 37 
3 24 
3 ' 0  
2 56 

O*  5 

Year atter Leap-' - 
Sept. 

M.  S. 

xizz 
M. 5. 
-- 

12 2 
I2 219 
'22 3 5  
I Z 7 S l  

'3  7 

' 3  2 2  

' 3  36 
' 3  50 
'4 3 
14 16 

14 z l l  
'4 40 
'4 5' 
'5 ' 
1s  1 '  

' 5 '  2 0  

' 6  29 
'5 3'' 
1s  43 
' 5  s* 

--- 

-- 

' 5  55 
I G  00 
16 3 
16 H 
16 I I  

ar. 
Nov. I h c .  



1 8 2  Eptlation Tabld 

A T A B L E of the Equation of Time, ihewing how 
much *Clock fiould be faitcr or flower than the Sun, 
every Day of the Year, at Noon. 

6 
7 
8 
9 

10 

6 3 1  , 14 32 
62.57 '4335 
7F'ZZ '4237 
7747  1 4 7 3 9  
8. I I  14 39 

-".- 
March, 

M. S. 

12 35 

1 1  7756 
I 1  $2 

I *  p 3  
l z g  9 

1 1  27 
I I  313 
i o F 5 8  
1 0 ' * 4 z  
IO 26 

1 0  10 

' 3  54 
9 37 
9 20 
9 3  

8 45 
8 27 
8 IO 

7 52 
7 34 

7 1 5  

6 i o  
6 1 1  

- 

6 57 
6 38 

5 42' 
5 23 
5 5  

4 27 

4 9  

4 46 

E'z-GG -- 
April. 

M. S, 

Year. 
I. -- 

May. 

3 59 
3 58 
3 56 
3 53 
3 so 

3 47 
3 43 
3 3* 
3 33 
3 28 

I- 

3 22 
3 . '5 
3 8  
3 '  
2 53 

2 45 
- 

June. 

M. S. 
- 



----7 

A 'r A U L 15 of the Xquation of 'l'ime, fliewing lioiv- 
>much a Clock ihould, be faltcr or Oower than the Sun, 
every Day of the Year, at Noon. '' 

1 3 2 2  
2 3 @ 3  
3 3 8 4 4  
4 3"55 
5 4 5  

'rhe fecnnc( Year a 
Augult. 1 brpi, 

$ 3  17 
' 3  3' 
' 3  45 
' 3  SY 
14 1 2  

'4  24 
'4 36 
' 4  4 7  

'5 
' 4  5; 

I f  18 

' 5  34 
1 5  26 

'5 42 
' 5  49. 

' E  5 9  
'5 59 
1 6  4 
1 6  x 
16 I I  

16 1 2  

-. 

- 

car. 
Nov. I uec. 

M. S. I M. S. 



184 Equation Tables. 

.d Yrar after Leap-year. 
-2 

June. ~ 

M. S. 

z 78 

much a Clock ihould be faller or flower than the Sun, 
every Day of the Year, at Noon. 

" A  T A B L E of the Equation of Time, hewing ho I 
Jao. 

M. S .  

1 4 6  

3 5 g  4 
4 5"32 
5 5 59 

6 6 25 

5?- 

2 4s36 

-I_- 

-- 
7 635 '  
8 7 3 ' 1 7  
9 7 7 4 2  

I O  n G 

1 2  8 5 1  
' 3 .  9 ' 6  
' 4  9 38 
' 5  9 59 

1 6  IO 20 

-- 
' 1 1  8 30 

--- 
'7 
18 
19  
2 0  

21 

22  

23 
24 
25 

26 
27 
, z 8  
' 2 9  
3 0  

3 '  

- 

'I'he th 

Fzb. 

10 39 
IO 58 
1 1  16 
11 34 

' I  5' 
'2, 7 
12 2 2  
IZ 36 
1 2  50 

'3 3 
'3  15 
1 3  26 
'3 37 
' 3  47 

' 3  56 

-- 

-- 

M. S. 

14 4 
' 4 5 "  
' 4 8  ' 7  

14 zn 

14 3 2  
'4Z35 
'4  g 3 7  
14 F 3 0  
14 40 

14 z-23 

-- 

'4 40 
'4 39 
'4 37 
'4 35 
14 31  

'4 27 
14 23 

14 I 1  
14 5 

' 3  57 
' 3  49 
' 3  4' 
' 3  3 2  
I 3  2 2  

13 1 2  

'3 1 
1 2  50 

'4 I '7  

--- 

1 0  x4 

9 4'  
9 24 
9 7  

9 58 

_I_ 

May, 

M. S. 

3 8  
3 9'5 
3 x 2 2  
3 ~ 2 8  

3 3 1  

3 39 
3 3 3  
3 : 47 
3 7 5 '  
3 54 

3 56 
3 58 

- 

3 59 
4 00 
4 co 

3 59 
3 58 
3 56 
3 54 
3 52' 

3 49 
3 45 
3 40  
3 35 
3 30  

3 24 
3 '7 
3 10 
3 3  
2 55 

2 47 

- 

- 

-- 



Equation Tables.' 3 8 s  

A T A B  LE of the Equation of Time, fliewing how 
much a Clock fhould be fafier or flower than the Sun, 
every Day of the Year, at Noon, 

T h e  third Year after Leao-Year. I t 

Huguit. 

M. S. 

5 54 
5 gS0 

s r 4 1  
5 35 

5 :: 46 

Sept. 

M. S. 

-- 
OBober. 

M. S,' 

i o  2 3  
1 0  c 4 2  

I 1  E-I8 
X I  3G 

-I_ 

I I $00 

' 3  ' 4  
13 2 9  
' 3  43  
' 3  57 
14 10  

14. 23 
14 35 
I .+ 46 
14 5 7  
15 7 

' 5  '7 
* q  25 
I S  3 3  
'j 4 '  
' 5  48 

1s # 5 3  
' 5  59 
'6 3 
16 7 
16 io  

I- 

16 1 2  

Nov. 

M. S .  

16  13 

1 1  814  
16 "13 
1 6  1 1  

- 
16014 



I 

A con& EQUATION TABLE, adapted ta the Secon& 
Year after Leap-Year, and will be within a Minute of 
the Truth for every Year ; ihewiilg, to the neareit full 
Minute, how mu;h a Clock fliould be falter or flower 

* than the Sun. ' By Mr, SMEATON. 
I .  I 

This Table is near enough for regulating corn- 
mon Clocks and Watches. I t  may be eafily copied 
by the Pen, and being doubled, may be put into 
a Pocket-book. 

C H A P ,  



Y 



C H A P, XV, 

, fbe  Moon’s Suflace mountainous : Her Fb@s der 
Scribed: Her Patb, and.tbe Patbs of Jupiter’s 
Noons delineated: Tbe Propovtions of tbe Diame- 
ters OJ their Orbits, and tbofe of Saturn’s Moons, 
to  each other ; and to the Diameter of the Sun, 

ooking at the Moon with an ordinary 
252* By telefcope, we perceive that her furface io 
diverfified with long tr a&s of prodigiot~s high 
mountains and deep cavities. Some of.her moun. 

3 comparitig tlicir height with her diamcter 
is 2180 miles), are found to be three times 

than  the highett hills on otir h r t h .  
ners of the Moon‘s furface is of great L I ~ ~ ~ ~ ~ ~ ~ -  
y refieaing the Sun’s light to al l  fides: forour. 

oon were frnooth and polilhed like a 
glafs, or covered w i t h  water, flie could 

never diftribute the Sun’s lighc ail round : only in 
fome pofitions fhe would h e w  us his image, no 
bigger thqn a point, but with h c h  a lutkre as, 
Would be hurtful to our eyes. 
253. T h e  ‘Moon’s furface being fo uneven, many 

have wondered why her edge appcats not j3gged 
as well as the curve bounding the light and dark 
parts, But if we confider, t h a t  what we call the 
edge of the MQon’s DiCc is not a fingle line fet Whine 
round with mouthins, in which cafe it ,would ap- on bcradgc, 
pear irregularly indented, but a large zone having 
many mouncains lying behind one another from 

obferver’s eye, we hal l  find that the mountains 
in fome rows will bk oppofitc to the vales in others, 
and fill up the inequalities To as to make her ap- 
pear quite round ; jufi  as when one loolts at an 
orahge, although its roughneb be very dikerniblc 
Qn the fide next the eye, efpecially if the S u n  or a 

’ Candle ihines obliquely on that fide, yet the line 
terminating 

l ’h i sTheMoanr  

hllh appoir 
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PLATE terminating the vifible part Rill appears fmooth 

and even. 
m , e ~ o o n  251.. As the Sun can only errlighten that 'half 
hag no t w i - o f  the Earth which is at any mmnenc turned to- 

ward him, 'and being withdrawn from the oppo- 
f ire half, leaves it in darknefs ; fo he likewife doth 
to the Moon; only with this difference, that the 
Earth being furrounded by an  Atinofphere, and 
the Moon, as far as we know, having none, we 
have tnilight after the Sun fets; but the Lunar  
inhabitants have an immediate tranfition from the 
brightelt: Sun-  thine to the blackrlt darknefs, 4 177. 
For, let I Y k J w be the Ear th ,  and A, B, C, D, 
E,  I;, G, I1 the Moon in ei@t different parts of 
her Or bit, As the Ear th   turn^ round. its Axis, 
from weft to eat-t, when any  place comes to t the 
twilight begins thcre, and. when i t  revolves from 
thence to r the Sun S r iks  ; when the place comes 
to 5 the Sun fTts, and when it comes to w the twi- 
light ends. But as the Moon turns round her Axis, 
which i s  only once a month, the moment that any 
point of her furface comes to Y (fie the Moon at 
G )  the Sun rifes there without any previous warn- 
ing by twilight j and when the fame point comes 
to c the Surt k t s ,  and that point goes into darkneb 
as black as at midnight. 

25 5. The Moon being an opaque fpherical body 
(for her hills take off no more from her rour~dnefa 
than the Inequalities on the furface of an orange 
take off from its roundnefs) we can only fee that  
part of the enlightened half of lier which is toward 
zlle Earth.  And therefore wticn the Moon is at 
4, in conjunAion with the Sun S, her dark half 
i s  toward the Earth, and f i e  difappears, as at a, 
there being no light on that half co render it vi& 
He. When h e  comes to her firR OAant at B, or 
has gone an eighth part of her Orbit from her 
ConjunCtion, a quarter of her enlightened fide is ken 
toward the Earth, and ihe appears horned, as a t  
b. When f i e  has gone a quarter of her Orbit 
from between the Earth and Sun to C, flle hews 

VJL 

light. 

pig. I. 

The Moon', 
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US one half of her enlightened fide, as at c, 3 r d  we 
fay, fie is a quarter old. A t  D he is in hcr fecond ' 
O&ant, and by hewing us inore of her enlight- 
ened fide fie appears gibbous, as at d, At E her 
whole enlightened fide is toward the Earth, and 
therefore fie appears round, a s  at e, when we jay 
it is full Moon. In her third O&nt n t  F, p a r t  
of her dark fide being toward the Earth, She 
again appears gibbous, and is on the decreafe, as 
atf. At G we fiejuR one half of her enlightened 
fide, and fhe appears halfdecreaf'd, or in lirr third 
quarter, as at g. At N we only fee a quarter Of 
her enlightened fide, being in her fourth O&ant, 
where fhe appears horned as at b. And at A, 
having completed her courie from the Sun to the 
Sun again, ihe dirdppedrs; and we fay, it is New 
Moon. ' rhus,  in going from A to E, the Moon 
feems continually to increak; and in going from 

to A, to decreafe in the fame proportion( having 
like Phafes at equal diRances from A to E, but as 
feen-from the Sun S, ihe is always FUH. 
256. The Moon appears not perfdtly round ThcMoon', 

her Orbit, becaufi we have not a full view Of her found when 
Wightened fide at that  time. When Full in the Fu'J. 
higheR part of  her Orbit, a finall deficiency RP- 
pears on her lower edgej and the contrary when 
pull in the lowelt part of her Orbit. 

1''t;Ull to the Moon i and vice versa, 
Moon is a t  4, New to the Earth, the whole en- 
lightened fide of the Earth is toward the Moon j 
and when the Moon is at  .E, Full to the Earth, its 
dark fide is toward her, Hence a hTew hhoa 
anfwers to a Fir11 Earth, and a PUN &foo)J a NiW 
Earth. The ,eigrters are alfo reverkd to each 
other. 

258, Between the third Quarter and Change, the An ~ e -  
Moon is frequently vifiblc in t ~ i e  foreiiooii, even 

whcn 

Difc not aJ- 
when h e  is Full  in the highefi or loweit part of ways quite 

257. It is plain by the figure, that when theThe Phrfea 
uf the Earth 

Moon changes to the Earth, the Ear th  appears rnd  Moon For when the contrary. 

oblc Phcno- 

j l  



Of tba Moon's PbaJesI 
when the Sun fhines and then h e  affords us an 
opportunity of feting a very agteeable appearance, 
wherever we And a globular itone above the level 
of the eye, as fuppofefon the top of a gate. For, 
if the Sun fhines on the itone, and we place our- 
felves fo as the upper part of the ftone may juit 
feem to touch the point of the Moon's lowerrnofi 
horn, we h a l l  then fee the enlightened part of thc 
fione exafily of the fame ffiape with the Moon3 
horned as fie is, and inclined the fame way to 
the Horizon. T h e  reafon is plain j for the Sun 
enlightens the itone the fdme way as he does the 
Moon : and both being Globes, when we put our- 
felves inro the abave fituation, the Moon and 
itone have the fame pofition t6 our eyes; and 
therefore we mutt fee as much of the illuminated 
part of the one as of the other. 

959. The  pofition of the Moon's Cufps, or a 
right line Touching the points of her horns, is very 
differently inclined to the Horizon at different 
hours of the fame'days of her- age. Sometimes 
f i e  itands, as it were, upright on her lower horn, 
and then fuch a line is perpendicular to the Ha- 
rizon ; when this happens, f ie  is in what the Aitro- 
nomers call the .Vonage/imal Degree ; which is the 
high& point of the kcliptic above the Horizon at 
that time, and is go degrees from both fides of the 
Horizon where i t  is then' cut by the Ecliptic. Bot 
this  never happens when the Moon is on the Meri 
dian, except when h e  is at  the very beginning uf 
Cancer or Capricorn. 

Howthein. 260. The  inclination of that part of theEcliptic 
c''Qntionof the Eclip. to the Horizon in which the Moon is at any time 
t i c m a y b e  when horned, may be known by the pofition of 
pofition foundby'he of her horns ; for a right line touching their points 
thcMoon'r is perpendicular to the Ecliptic. And as the 

angfe which the Moon's Orbit. malm with the 
Ecliptic can never raife her above, nor deprefs her 
below the Ecliptic, more than two minutes oE a 
degree, as feen from the Sun j i t  can have no 

finiible; 
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fenGble 
Therefore, if a Qadrant be held up, io as one 
of its edges may feem to touch the Moon’s horns, 
the graduated fide being kept toward the eye, 
and as far from the eye as it can be conveniently 
held, the Arc between the Plumb-line and tha t  
edge of the Quadrant which kerns to touch the 
Moon’s horns will fhew the inclination of that part 
of the Ecliptic to the Horizon. And the Arc be- 
tween the other edge of the Quadrant and Plumb- 
line will fhew the inclination of a lin& touching 
the Moon’s horns, to the Horizon. 
2Gx. T h e  Moon generally appears as large a s F i g . f .  

Why the the Sun;  for the Angle y k A’,. under which theMOlrnap. 
Moon is feen from the EaLth, is the lame with the pcars-bil: 

as the Sua- Angle LKM, under ,which the Sun is fern from it. 
And therefore the Moon may hide the Suds  whole 
Difc from us, as f ie  fornetimes does iri folar 
Eclipfes, T h e  reclfon why ihe does not eclipfe 
the Sun a t  every Change, h a l l  be explained afcer- 
ward. If the Moon were farther firom the Earth, 
as at rz, flie would never hide the whole of the 
Sun  from us; for then h e  would appear under 
the Angle N k 0, eclipfing only that part  of the 
Sun which lies between AT and 0 ; were flre itill 
further from the Earth, as a t  X, f ie  would appear 
under the fmall angle TkW, like a fpot on the Sun, 
hiding only the part T W  from our light. 

upon the polition of her horns. P \ t z E  

2152. ‘That the Moon turns  round her Axis in A proofof the time that flie goes round her Orbit, is quice,u,ni,, the Moon\ 

demonltr;lble j for a fI)e&tator a t  relt, without round her 
the periphery of the Moon’3 Orbit, wvuld fee all4”’* 
her fides turned regulnrly toward him in that 
time. She turns round her Axis from any Star to 
the fame Star again in 27 days S hours ; from the 
S u n  to the Sun again in 298 days : the former is 
the length of her fydercal day, and the latter the 
length of her filar day. A body mov,ing round 
the Sun would have a iolar day in every revolution, 
without turning on its Axis; the fame as i f  i t  

had 



*An ea/r Way of repreJenting 

had kept all the while at reit, and the Sun moved 
round it: but without turning round its Axis it 
could never have one fydereal day, becade it would 
always keep the fame fide toward any  given Star. 

F e r p d a -  263. If the Earth had no annual motion, the 
:;;;&zYMoon would go round it fo as to complete a 1,u- 
volution. nation, a iydcreal, and a folar day, all in the fame 

time. But becaufe the Earth goes forward in its 
Orbit while the Moon goes round' the Earth in 
her Orbit, the Moon mull go as much more than 
round her Orbit from Change to Change in 'com- 
pleting a filar day, as the Ear th  has gone for- 
ward in its Orbit during that time, i. e. almofi a 
twelfth part of a Circle. 

264. The Moon's periodical and fynodical revo- 
lution may be familiarly reprefented by the mo- 
tions of the hour and minute hands of a watcb 
round its dial plate, which is divided into 12 equal 
parts or hours, as the Ecliptic is divided into 12 
Signs, and the year into 12 months. Let  us fup- 
pol& there 12 hours to be 12 Signs, the hour-hand 
the Sun, and the minute-hand the Mwn ; then 
the former will go round once in atyear, and the 
latter once in a month: but the Moon, or minute- 
hand, muit go more than round from any point: 
of the Circle whdre it was lait conjoined with 

Familirrfy 
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the Sun, or hour-hand, to overtake it again : for 
the hour-hand, being i n  motion', can never be w e t -  
taken by the minute-band at that  point from which 
they ftarted at  their lai t  conjonbion. Tile firfi 
column of the preceding Table h e w s  the number 
of conjunaions which the hour and minute-hand' 

\make while the hour-hand goes once round Ihc 
dial-plate ; and the other columns hew the tiineg 
when the t w o  hands meet a~ each con-iuntlion. 
Thus, fuppofc the two hands to be in con.juntlion 
at XII, as they always are; then, at the f i r f i  ful- 
lowink conjun&ion it is 5 minutes 27 feconds 16 
thirds 21 foutths 49;r fifths pnfi I ,  where they 
meet: at the fecund conjunflion it is IO  minutes 
54 feconds 32 thirds 43 fourths 38+ fifths pail 11; 
and io m, This, thmgh an eafy ihitratibn of 
the motions of [lie Sun and Moon, is not pricife 
as to the times of their conjunQions; becaufc, 
while the Sun Goes round the &cliptic, the 'Moon 
make$ I 2; conJun&ioils with him j but the minute 
hand of a watch or cloclc inakes only 1 1  conjunc- 
tions with the hour-hand in one period round the ' 
dial-plate, Rut  if, inltead of the common wheel- 
work at the back of the dial-plate, the Axis of the 
minute-hand had a pinion of 6 leaves turning a 
wheel oF74, and this la& turning the hour-hand, 
in  every revolution it malres round the dial-plate, 
the minute- hand would make I z ; conjun&ions 
with it; and fo would be a precry device for hew- 
ing the motions of the Sun and Moon ; efpecially, 
as the floweft moving hand wight have a little 
Sun fixed on its point, and the quiclceit a little 
Moon. 

I 

265.  If  the Earth had no Bnnual'  motion, the ThrMoon'* 
motinri Moon's motion round the Earth,  and her track in ,))rouRh 

open fppace, would be always the iitnc". But ope11 fprca 
Jelcnbod. 

* In thie place, wc !nay conGder the Orbits of all thc Satel- 
lites a5 circular, with r d p d t  to their primary i%nets ; becaufe 
the eccentricities of thek Orbits arc too fmdl to cffcfc the 
h t iomcna  hcrc dclcribcd, 

9 as 



494 The Moon’J Pa?k delineated. 
PLhTE as the Earth and Moon move round the S u n ,  the 

Moon’s real path in the Heavens is very different 
from her vifible path round the Earth:  the latter 
being in a progreave Circle, and the former in 
a curve of different degrees of concavity, which 
would always be the fame in the bine parts of 
the Heavens, i f  the Moon performed a com- 
plete number of Lunations in a year without any 
fraA ion. 

Anidea of 266. Let a nail in  the end of the axle of a cha- 
riot-wheel reprefent the E a r t h ,  and a pin i n  the 

theMm’r .  nave of the Moon; i f  the body of the chariot be 
propped up To as to keep that wheel from touch- 
ing the ground, and the wheel be then turned 
round by hand, the pin will drfcribe a Circle both 
round the nail, and i n  the rpace it moves through. 
But if the props be taken away, the horfes put to, 
and ehe chariot driven over a piece of ground 
which is circuldrly convex; the nail in the axle 
will defcribe a circular curve, and the pin i n  the 
nave will Rill  defcribe a circle round the progrer- 
fiv: nail in the axle, but not in the fpace through 
which it  moves. In chis cafe, the curve defcribed 
by the nail will refemble in miniature as much of 
theEarth’s annual path round the Sun, as it de- 
fcribes while the Moon goes as often round the 
Ear th  as the pin does round the nail: and the 
curve defcribed by the nail will have  fome refem- 
blance of the Moon’s path during io niany Luna- 
tions. 

Let  us now fuppofe that the radius of the cir- 
cular curve defcribed by the nail i n  the axle is to 
the radius of the circle which the pin in the nave 
defcribes round the axle as 3374 to t ; which is 
the proportion of the radius or ferni-diameter of the 
Earth’s Orbit to that  of the Moon’s; or of the 
circular curve A I 2 3 4 5 6 7 B, &c. to the little 
circle LZ ; and then, while the progrefivc nail de- 
fcribes the faid curve from A to E,  the pin will go 
once round the nail with regard to the center of 

its 

v11. 

the Earth’s 

~ i g ;  11. 



The Moon’s Path d d t k t  cd. 
its path, and in io doin@ will defcribe the curve PLATE 
a b c d e .  T h e  former will be a true reprefentation vllp 

of the Earth’s path for one Lunation, and the 
latter of the Moon’s for that  time. Here we may 
fet alide the inequalities of the Moon’s motion, 
and alro the Earth’s moving round its common 

. center of gravity and the Moon’s: all which, if 
they were truly copied in this experiment, would 
not fenfibly alter the figure of the paths defcribed 
by the nail and pin, even though they fhould rub 
againft a plain upright furface all the way, and 
leave their t r a b  vifible upon it. And if the 
chariot was driven forward on fuch a convex piece 
of ground, To as to turn the wheel feveral times 
round, the track of the pin in the nave would ltill 
be concave toward the center of the circular curve 
defcribed by the pin in the axle: as the MOOII’S 
path i s  always concave to the S u n  in the center of 
the Earth’s annual Orbit. 

In this Diagram, the thickelt curve-line ABCDE, 
with the numeral figures fet to it, reprerents as 
much of the Earth’s annua l  Orbit as it defcribes 
in  32 days from weft to catl ; the little circles at  
R ,  L, c, d, e, h e w  the Moon’s Orbit in due propor- 
tion to the Earth’s ; and the fmallett curve o I c dcf 
reprerents the line of the Moon’s path in the Hea- 
tens for 32 days, accounted from any particular 
New Moon at a. l’he Machine, Fig. 5th, is for 
delineating the Moon’s path, and hall  be defcribed, 
with the reft of my Aftronomical machinery, in 
the IaR Chapter. T h e  Sun is fuppofed to be in 
the center of the curve A I, 2 3 4 5 6 7 B, Src. and 
the . fmall-dotted circles upon it reprefent the Prnpartion 
Moon’s Orbit, of which the radius is in the fame oftl ie 

proportion to the Earth’s path in this i‘cheme, that bit tothc 
the radius of the Moon’s Orbit in the Heavens Earth’s 

bears to the radius of the Earth’s annual path 
round the S u n  : that  is, as ~40,000, to 8 I,OOO,OOO”, 
Or as I to337t. 

* For the true difiancer, fee p. 108, 
0 2  When 

‘9 5 

Moon’* Or- 
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The ModnS Path delineated. 

When the E a r t h  is at A, the New lvfodn ;:at a 3 
and in the feven days that the Earth defcribes the 
corve I 2 3 4 5 G 7,.  the Moon in  accompanying 
the Earth defcribcs the curve n b ;  and is in her 
f i t f t  cparter at 6 when the F,arth is at B.  As the 
Earth defcribes t!ie curve 13 8 9 IO I I 1 2  13 r4 ,  
the Moon defcribes the curvc b c ; and is at c, op- 
pofiretto the Sun, when che Earth is at C. While' 
tlie Ear th  defcribcs the curve C 15 1 6  17  1 8  I g 2 0  
2~ 22, the Moon defcrihes the curve c d ; and is in 
her third Q m r t c r  at d when the Earth is at D. 
And laftly, w h i k  tRz! Earth defcribes rhe curve 
D 9.3 24 25 26 27 98 29, the Moon deftribes the / 
curve d e ; and is agdio iri tonjuntkiod at e with the 
,SUII when the Ear th  is ar E, betweerv tlie 29th arid' 
,m,h day of the Mom's age, accounted. by the nut 
nqeral Pipyes from tlie NW Moon at A. I n  de-', 
l k i h i n g  the curve n b c d e, the Moon goes roo'ild' 
the rogrellive Earth as really as if ihe hadlkept in 

moveable in the center of rhat circle, 
And thus we fee that, although the Moon gdes 

round the Earth in a Circle, with r e f p i t  to the 
Eartb's center, her real path ia the,Heavens j s  not 
very different in appearance from the Earth's path. 
To fliew that the Moon's path is concave to the: 
Sun, even a t  the time of Change, it is carried on' 
a little farther into a fcond Lunation, a3 tof. 

267. T h e  Moon's abfolure motion from her  
Change to her firit Qiarwr, or from'a to b, itr fo 
much flower than the Earth's, that ihe falls 240 
thourand miles (equal to the femi-diameter of her 
Orbit] behind the Earth at her firR Quarter in b, 
when the Earth is a t  B ;  that is, he falls back as 
@ace equal to her diitance from the Earth, From: 

f ow her that titne her motion is gradually accelerated tbc 
her Qypufition or Full at cy and then ihe is coinc Motipn io 

alwrndjely 
rctardca and L$ as fw as a t  hc Earth, hatring regained what fhc' 

JoR in her firf2. Qarrer from a tab. From *ttw *ccolcratcd. 

Pull to the la!$ Qiarnr at d h a  m m i m  concinue~ 
acceler a red, 

t h e  !i otted Circle A, and the Eartb continued im- 
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accelerated, To as to be ju t t  as far before the Earth 
at d, as fhe was behind i t  a t  her firft Q a r t r r  in 
be But from d to e her motion is retarded To, 
that. f ie lofes as much with refpea to the Ea r th  as 
is equal to her difiance from it, or to the remi- 
diameter of her Orbit; and by tha t  means fie 
comes to e, and is then in con.junAion with the Sun 
as k e n  from the Ear th  at  E. €-lcnrt. we find, tha t  
the Moon’s abfolute Motion is flower t h a n  the 
Earth’s from her third Qiarter to her f i r l t ;  and 
fwifter than the Earth’s from her fidt Quarter  to 
her third : her path being lefs curved t h n  the 
Earth’s in the former cafe, and morc in the latter. 
Yet it is itill bent the fame way toward the Suns 
for if we imagine the concavity of the Earth’s Or- 
bit to be meafured by the length of a perpendicular 
line Cg, let down from the Earth’s place upon the 
firaighc line b g  d a t  the F u l l  of the Moon, and 
ConneCting the places of the Earth at  the end oE 
the ‘Moan’s firR and third Qiarters, that length 
will be about 640 t h o u h d  miles ; and the Moon 
when New only approaching nearer to the Sun by 
e40 thoufand miles than the E a r t h  is, the length 
of the perpendicular let down from her place at 
that  time upon the h e  Itraight line, and which 
ihews the concavity of t h a t  part of her path, will 
be about 400 thouland miles. 

Sun throughout, demonfirares that her gravity 
toward the Sun  at her Conjunttion, exceeds her 
gravity toward the li.arth. And if we confider 
chat the quantity of matter in rhr Sun is aIrr?oll 
230 thouland times as gieat as the qu:intlty of 
matter in the Earth, and that the attlatiioti ot each 
body diminifhes as the Cquare of the ciilt.i~ice from 
it increafes, we hail ioon‘ find, that the point: of 
equal ateraftion between the Earth anti the Sun, 
is about 7 0  thoufand rniles neater the Earth t h m  
the Moon is at her CYiange. I t  may thFn appear 

0 3  furprifing 

268. T h e  Moon’s path being conc,ive to the A difficulty 
’ rcmoved. 
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furpriiing tha t  the Moon does not abandon the 
Earth when ihe is between it and the Sun, becaufe 
k e  is confiderably more actraEled by the Sun than 
by the Earth at that time. But this dificulty 
vanil'hes when we confider, that a common impulfe 
on any fyfiern of bodies affr&s not their relative 
motions; but that they will continue to atcraA, 
impel, or circulate round,one another, i n  the farno 
manner asb if there was no fuch impulfe. The 
Moon is fQ near the earth, and both of them fo 
far from the Sun, t h a t  the attra6tive power of the 
Sun may be confidered as equal on both: and 
therefore the Moon will continue to circulate round 
the Earth in the fame manner a6 if the Sun did 
not attra& them at all. For bodies in the cabin 
of a hip, may move round, or impel one another 
in the fame manner when the hip  is under fail, 
as when it is at refi ; becauk they are all equally 
affeaed by the common motion of the hip. 
If by any other caufe, fuch as the near approach 
of a Comet, the Moon's &fiance from the Earth 
mould happen to be Co much increafed, that the 
difference of their gravitating forces toward the 
Sun ihould exceed that of the Moon toward the 
Earth; in that cafe the Moon when in conjunc- 
tion, would abandon the Earth, and be either 
drawn into the Sun, gr Cpmrt, or circulate round 
about it. 

269. T h e  cprves which Jupiter's Satellites dc- 
fcribe, are all of different forts from the path de- 
fcribed by our Moon, ;although there Satellites go 
round Jupiter, as the Moon goes round the Earth. 
Let ABCDE, &c. be as much of Jupiter's Qrbit 
as he delcribes in 1 8  days from A to I; and the 
curves a, b, c,  d, will be the paths of his four Moons 
going round hitn in his progreflive mo1jot-j. 

Now let us fuppofe all thefe Moons to fet out from 
a conjunaion with the Sun, as ken from Jupiter 

at 

Pip.111. 

/ 



abandon the Eartb at the Crimb of her Change, 1 9 7  

his fecond at  b, his third at c, and his fourth at d, Theabfo. v1 I. 
at A; then, his fire or nearefi Moon will be at a, PLATE 

At the end of 24 terrcfirial Hours after this con- ~utepathof  
Jjunttion, Jupiter has moved to B, his firfi Moon $$::E;!* 
or Satellite has defcribed the curve o I ,  his fecand lltei deline- 
the curve b I, his third c I, and his fourth d I .  
T h e  next day, when Jupiter is at C, his firfitatel- 
h e  .has defcribed the curve B 2, from its conjunc- 
tion, his fecond the curve b 2, his third the curve 
c 2, and his fourth the curve d 2, and To on. The 
numeral Figures under the capital letters h e w  

~ Jupiter’s place in his path every day for 18 days, 
accounted from A to I; and the like Figures fet 
to the paths of his Satellite, fhew ,where they are 
at the like times, The  firlt Satellites, almofi under 
C, is fiationary at +, as feen from the Sun ; and 
rctrogade from + to 2: at 2 it appears Rationary 
again, and thence ic moves forward until it has 
paffed 3, and is twice fiationary, and once retro- 
grade between 3 and 4. The path of this Satel- 
lite interfelts idelf every 42% hours, making fucli 
loops as in the Diagram at  2. 3. 5. 7. 9. io. 12, 
14, 16. 18, a little after every conjunflion. The 
fecond Satellite 6, moving flower, barely crofles its 
path every 3 days 1 3  hours ; as at 4.7. I I. 14. 18, 
malting only 5 Loops and as many conjunaions 
in the time t’lat the f i r i t  makes ten. T h e  Third 
Satellite c moving i t i l l  flower, and having defcribed 
the curve c I. 2. 3. 4. 5. 6. 7, comes to an angle 
at 7, in conjunRion wi th  the So-n, at the end of7  
days four hours 5 and fo goes on to defcribe fuch ~ i p ,  itr. 
another curve 7. 8. 9 .  IO.  1 1 .  12. 13 .  14, and is 
at 14 in its next conjuntlion. T h e  fourth Satel- 
lite d is always progreilive, making neither Loops 
nor Angles in  the Heavens; but comes to its next 
conjunktion at e between the numeral figures 16 
and 17, or i n  16 days I %  hours, In order to have 
a tolerable good figure of the paths of thefc Satel- 
lites, I took the following method. 

0 4  Having 
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The Redoon why the Moon does not, &c. 

PLATE Having drawn their Orbits on a Card, in prof 
Fjg. iv, portion to their relative diftances from Jupiter, 1 

meafured the radius of the Orbit  of the fourth 
Satellite, which was a n  inch and ;-& parts of a 0  
inch; then multiplied this by 424 for the radius 
of Jupiter’s Orbit, bemure Jupiter is 424 tiincs as 
far from the Sun’s center as his fourth Satellite js 
from his center; and the produ& thence arifing 

HOW to de was 483 &?& inches. Thcri  taking a h a l l  cord of 
plthsofJu- this length, and fixing one end of it to the floor 
plter’* of  a long room by a nail, with a Islack-lead pencil 

at the ocher end I drew the curve ABCD, &c. and 
fet off a degree and a half thereon, from A to I; 
becaufe Jupiter moves only fo inuch, while his 
outerrnoit Satellite goes once round him, and 
fomewhat more ; To that  this h a l l  portion of fo 
large a circle differs but very 1itKk fieom a Itraight 
line. This done, I divided the {pace AT into 1 8  
equal parts, as A B, B C, &c, for the daily pro- 
grefs of Jupiter; and each part into 24 for his 
hourly progrds. ‘The Orbit of each Satellite was 
alro divided into as many equal parts as the Satel- 
lite is hours in finifliing its iynodical period round 
Jupiter. Then drawing a right line through the 
center of the Card, as a diameter to all the four 
Orbits upon it, I put the card upon the line of 
Jupiter’s motion, and transferred i t  to every horary 
hiiilion tilereon, Iceeping always tile fame diameter- 
line on the line of Jupiter’s path ; and running a 
pin through each horary divifion in the*Orbit  of 
each Sacrllite as the card was gradually transferred 
along die line A B  CD, &c. of Jopicer’s motion, I 
marked points for every hour through the Card 
for the curves delcribed by the Sirtellitcs, as the 
primarv Planet in thc center of the Card was car- 
ried forward on the h e ;  a i d  fo finilbed the 
Figure, by drawirig the lirics of cnch Satellite’s 
 notion thruugh thoie ( a i m f t  innunierable) points 3 
by wliich means,.this is, perhaps, as true a Figure 
qf the paths of tfl& S a p U e s  as can be defired. 

And 

VIJ 

hnrrtc the  
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And in the Time rninner might thofe of Saturn’s 2::; 
Satrllites be delineated, 

270. I t  appears by r’ie fcherne, that  the three Thr gran, 

firfl: Satellites conic dlnofi into the fame line Ofl’rriodrof 
pofition every feventh day ; the firil: being only a $::G’g 
lirtle behind wi th  tile fccond, and the fecond bc- 
hind wit11 the third. But the period of the: fourth 
Satellite is fo incomrncnhrare to the periods of 
the other three, that i t  cannoc be giiefkl at by 
the diagram whel1 it wocilcl fall again into a line 
of conjun&ion with tlierii Iwwrrn Jutliter and 
the Sun. And no wondei.; for f‘ippofiiig thrm alf 
to have been once in wnjunflion, it  will require 
3,087,043,493,260 v ears to’ bring then? in con- 
junltion again. See $ 73. 

PLATE 
v11. 

271, I n  Fig. 4th’ we hzve the proportions o f F k  IV, 
l‘bc propnr- 

the Orbits of Saturn’s five Satrllites, and of J u -  t i w s  o f  the 

Plrnets  a r i l  
piter’s four, to one another, to our Moon’s Orbit, Otbirsnftha 

and to the Difc of thr Sun. 
t h e  Moon’s Orbit (the Earth fuppofrd to be at E ) ;  
J Jupiter; 1. 2. 3. 4, the Orbits of his four 
Moons or Satellites ; Sat. Saturn ; and I,  2.3.4.5, 
the Orbits of his five Mootis, Hence it appears, 
tha t  the Sun would inuch more than f i l l  the whole 
Orbit of the M o o n ;  for the Sun’s diameter is 
763,000 miles, and the diameter of the Moon’s 
Orbit only 480,000. In proportion to all thefc 
Orbits of the Satellites, the radius of Saturn’s 
annual Orbit .would be 2r$ yards, of Jupicer’s 
Orbit I I:, and of the Earth’s 23,  taking them in 
round nutnbers. 
272. The annexed table h e w s  at once what 

proportion the 01 bits, Revolutions, and Veioci-’ 
ties of  all the Satellites bear to thofi of their 
primary Planets, and what fort of curves the feveral 
Satellites defcribe. For thofe Satellites, whofe ve- 
Iocitics round their Primaries are greater than the 
vclociries of their Primaries in open fpace, make 
Loops at their conjunEtions, 9 269 ; appearing re- 
trograde as ken from thc Sun while they delcribe 

the 
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202 The Curves dflcrited Jy the fecondary Planets. 
the inferior Parts of their?Orbits, and dire& while 
they defcribe the fuperior. T h i s  is the cafe with 
Jupiter’s f i r l t  and fecond Satellites, and with Sa- 
turn’s firfi. But thok  Sdtellites, whore velocities 
are leis than  the velocities of their primary Planets, 
move dire& in their whole circurnvolutions ; which 
is the cafe of the third and fourth Satellites of Ju -  
piter, and of  the ficond, third, fourth, and fifth 
Satellites of Saturn, as well as of our Satellite the 
Moon : But the Moon is the only Satellite whore 
motion is always concave to the Sun. There  is a 

Proportion o f  thi ’ 4 Radius of the Pla 
$ net’s Orbit to thr 8 Radius of the Orb1 ‘ ut each $atcllirc. - 
I As 5322 to I ’ 2~ 4155 I 

; 4 1 2 9 5  1 
5 432 ’ 

0, I As 1851 to I 
1165 1 

-- 

-- 
l .hc /As 337; to I 

Moon I As 12: to I As 12; to 3376 I 
table of this fort in De la Caillc’s Afironoiny, but 
i t  is’very different from the above, which I have 
computed from our EngZiP accounts of the periods 
and diftaoces of t h e k  Planets and Satellites, 

C H A P .  



Of tbc Haru$-Moon, 

C H A P. XVI. 

n e  Phenomena fl the HarueJ-Moon explained ty a 
common Globe. The Yenrs in which the HarveJ- 
Moons are leal  and moJ lenejcinl fi'grn 17 5 I to  
I 86 I .  '1 he long Duration of Moon- Iigbt at the 
Poles in Winter. 

073. IT is generally believed t h a t  the Moon riks N n H m e t L  

about 5 0  minutes later every day than on E,,''' 
the preceding ; but this is true only with regard to 

In places of confiderable i! atitude there is a remarkable difference, dpccially 
i n  the harveR time, with which farmers were better 
pcquaintcd than Afiionomers till of lace; and 
gratefully afcribed the early riling of the F u l l  Moon 
at that time of the year to the gopdnefs of God, 
not doubting that he had ordered it fo on purpofe 
to give them an imtnediate fiupply of moon-light 
after fin-fet for their greater conveniency in reap- 
jng the fruits of the Earth. 

I n  this infiance of the Harvelt-Moon, as in many 
others difcoverable by Afironomy, the wirdom and 
beneficence of the Ilcicy is conrpicuous, who really 
ordered the cpurfe of the Moon fq as to beitow' 
more .or lefs light on all parts of the Earth as their 
fevcrai circiirnltances and feafotis render it more 
or lefs krviceable. About the E uator, where 
there Es no variety of i'eafons, an 3 the weather 
changes fcldom, and at Rated times, Moon-light 
is not necefGry for gathering in the produce of 
the ground j and there the Moon rifts about 50 
minutes later every day or night than on the for- 
mer. I n  confiderable diRances from the Equator, 
where the weather and feafons are more uncertain, 
the autumnal Full Moons rife very foon after fun- 

€et 

aces on the Equitor. 
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But mal kibk fct for feveral evenings together. At the polar 
acto d i n F f O  circles, where the mild reafon is of very ihort du- 
~~~~~;~ ration, the autumnal Full Moon rifes a t  fun-fet 
fromit. from the fiif i  to the third qoarwr. And a t  the 

coles, where the Sun is for half a year abient, the 
winter full Moons k ine  conff antly without fitting 
from the firft to the third quarter. 

It is foon faid that all there Phenomena are ow- 
ing to the different Angles made by.the Horizon 
and different parts of the Moon’s Orbit ; and that 
the Moon can be full but once or twice in a.year 
in thofe parts of her Orbit which rife with the katc  
Angles. But to explain this fubjea intelligibly, 
we mufi dwell much longer upon it, 
274. The  * plane of  the Equino&ial is perpen- 

dicular to the Earth’s Axis ; and therefore, as the 
Earth turos,round its Axis, all parts of the Equi- 
noEtial make equal angles with the Horizon both 
at riling and fitting; fo tha t  equal portions of it 
always rife or fet in equal times. Confequently, if 
.$he Mob's motion were equable, and in the Qui- 
no&ial, at the rate of i 2  degrees I t min. from the 
,Sun every day, as it is in her Oibir, flx would 
r i k  and fit 50 minutes later every d a y  than on the 
preceding ; for I z deg. I I mh. of the EquinoCtiaJ, 
rife or k t  in 50 minuces of time in all Latirudes. 

275. But the Moon’s motion is To nearly in the 
Ecljptic, chat we may confidkr her a t  prefent as 
moving in it. Now the different parts o f  the 
Ecliptic, on wcmint of its obliquity to the Earth’s 

’Axis, malte very different angles with the Hori- 
zon as they rife or fit. Thole parts or Signs which 
rife with the finallefi angles fit with the grcateR, 
and vice veva, In equal times, whenever this 
Angle is leait, a greqter portion of the Ecliptic 
d e s  than when the tingle is larger; as m3y bc 
fren by elevating the polc of ’a Globe tQ any con- 

* If a Globe be cut quite through upon any Circlc, tlic 
flat furfdce wfiere it  is FO divided i‘j the plano of that Cirde. . 

of this. 

iidera blc 



Of tha Harrr& Moon, 
gderable Latitude, and then turning it roudd its PLATP 
Axis, Confequently, when the Moon is in thofe '"* 
Signs which rife or fet with the fmnlleR Angles, 

rifes or rets with the leaft: difference of time; 
and with the grentelt differenrz in thofe Signs'Fis.111. 
which rife or fet with the greatelf Angles. 

But, becaufe a11 who read this Trentifi: may not 
be prav3ded wi th  Globes, though in this cafe it is 
requiGte to know how to life them, we Ilia11 Tub- 
flitute the Figure of a globe ; i n  which E' U P is 
the Axis, G 1' R the 'Tropic of Cancer, L t Y' 
the Tropic of Capricorn, m E U w the Ecliptic 
touching both the Tropics, which are 47 degrees 
from each other, and AB che Hor4zr.m. The 
Equator, being in  the middle between the Trd-  
IJics, is cut by the Ecliptic in two uppofite points, 
\Ghich are the beginnings of CT Aries and A Libra, 
#' is the Hour-circle with its Index, k' the North 
pole of the Globe efevared ro a cdhfiderabledLati- 
cude, fuppofie 40 degrees :hove the Horizon ; and 
P the South Pole de i~ re fk l  as much below it. Fi(r. In. 
Becauft: of the oblique poficion of the Spliere in 
this Latitude, the Ecliptic has the high elevation The diff,r- 

cnt Angles 
m d e  by the N la above the Horizon, malcitig the Angle 

N U  of 73: degrees with it when Cancer is ncl ipt icmd 

on the Metidian, at which tlme c, Libra rifrs in H"'izo''* 
Ghe Eafi. But ler the Globe be turned half  round 
its Axis, till ~rp Capricorn cbmes to the  hkridian 
and (r Aries n l s  i n  the Eafk, and then the Edip- 
Eli0 will have the low elevation N,?. above the 
Horizon, making o d y  an Angle N U L  of 265 
degree5 with it ; which is 11.7 degrees lcrs thari the 
fotrner Angle, equal to the diftawe between the 
Tropics. 

2761 In Rorthern Latitudes, the finallefi Angle 
made by the Ecliptic and Ilorizon is. when Aries when, 
rifts, at which time Libra fecs ; the greateft when 
Libra rifes, at which time Aries fkts, prom the 
r-jfing of A,r& to the rifing of Libra (which is 

twelve: 

ani 
great&, 
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twelve * Sydereal hours) the angle increah ; and 
from the riGng of Libra to the rifing of Aries it 
decreaies in the fame proportion. By this art& 
and the preceding i t  appears t h a t  the Ecliycic rife3 
fafieR about Aries, and floweR about Libra. 

Rer,,ltof 277. On the parallel of Landon, as much of 
thcquanlity the Ecliptic riles about 
Anelcat Pikes and Aries in  two 
of this 

hours as the Moon goes 
through in fix days: and 
therefore while the Moon 
is in thefe Signs, h e  
differs but two hours in 
riling for fix days toge- 
ther; tha t  is, about 20 
minutes later every day 
or night than on the pre- 
ceding, at a mean rate. 
But in  fourteen days 
afterward, the Moon 
comes to Virgo and Li- 
bra, which are the op- 
pofite Signs to Pikes and 
Aries ; and then h e  
differs almofi four times 
as much in rifing ; name- 
ly, one hour and about 
fifteen minutes later 
every day or night than  
the former, while h e  
is in thcfe Signs. T h e  
annexed Table fliews 
the daily mean differ- 
ence of the Moon's 

The Ecliptic, together with the fixed Stars, make 366:. 
apparent diurnal revolutions about the Earth in a year ; the 
Sun only 365i .  Therefore the Stais gain 3 minutes 56 fecondr 
upon the Sun every Day ; Ib that a Sydertal day contains only 
rt3 hours 56, minntcs of m a n  Solar time; and a natural w 
Solar day  14 hours, Hence 1 2  Sydereal hours are one minute: 
58 fecondr ihorter than I 2 Solar hours. 

14 riling 
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rifing and fetting on the Parallel of London,' for PLATE 
28 days; in which time the Moon finifhes her 
period round the Ecliptic, and gets g degrees into 
the fame Sign from the beginning of which ffie 
fet out, So it appears by the Table, that  when 

'the Moon is in rill and .a fie rifes an hour and a 
qua-ater h e r  every day than h e  rofe on the former ; 
and differs only 28, 24,  20, 18 or 17 minutes in 
fetting, But, when f i e  comes to )E and 'v", fie 
is only 2 0  or 17 minutes later in riling; and an 
hour and a qriarter later in fetting. 

271). All thefe things will be made plain by 
putting finall patches on the Ecliptic of a Globe, 
as far from oiie another as the Moon moves from 
any point of the celeffial Ecliptic jn 2 4  hours, 
which at a mean rate is * 134 degrees; and then 
i n  turn ing  the Globe round, obfirve the riGng and 
fetthg of the patches in the Horizon, as the Index 
points out the different times in the hour-circle. 
A few of thefe patches are reprefented by dots at 
o I 2 3, &c. on the Ecliptic, which has the pofi- Fig. XIS, 
tion I, UI when Aries rifes in the Edt; and by 
the dots Q I 2 3, &c. when Libra rifes in the Eatt, 
at which time the Ecliptic has the pofrtion E U y : 
making an angle of 62 degrees with the Horizon 
in the latter cafe, and an  angle of no more than I; 
degrees with i t  in the former ; fiippofing the Globe 
rcftified to the Latitude of London. 

279. Having reaifird the Globe, turn it until 
the patch at 0, about the beginning of x Pikes in 
the half L UI of the Ecliptic, comes to the Faailern 
fide of the HoriSon; and then, keeping the ball 
fieady, fer the hour-index to XII, becaufe that 
hour may perhaps be more eafily remembered than 
any other. Theh turn the Globe round W e i t -  

111. 

* T h e  Sun advances almoft a degree in the Ecliptic in 24 
hour3, the fame way that the Moon moves ; and therefore the 
Mom by advancing 13k degrees in that time goes little more' 
than I z degree6 farther horn the Sun than f i e  was on tho day 
bcfore,. 

ward, 
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ward; and in t h a t  time; fuppofe the piitch o to, 
have moved thence to T, r3+.degkes, while thc 
Earth turns  once round its Axis, and you will fee 
that  I rifes only about 20 minutes later than o did 
un the day before. T u r n  the Globe round again, 
and i n  t ha t  time fippofr: the fame patch to have 
moved from I to 2 ;  and it will rife only 20 minutes 
later by the hour-index than it did at I on the 
day or turn before. A t  the end of the next turn 
fuppde the patch to have gone from 2 to 3 a t  V, 
and it will rife 20 minutes later than it did at 2. 
And-fo on for fix turns, in which time there will 
fc'caree be two  hours difference; nor would there 
have been Io'inLich, if the G degrees of the Sun's 
motion in - that  rimc hat1 been allowed for, At 
ehe firfT turn the patch fifes South of the Ea&, 
at the rnitftllc rum due Iiaft, and a t  the laA turn 
North of the ]la&. But tllel'e pawtics will be g 
hours i n  fetting on the Wellern fide of the Hori- 
zon,' which h e w s  that the Moon's fetting will be 
fo much retarded in that week in which f i e  moves 
through there two Signs. The  caufe of this dif- 
ference is evident; for Pikes and Aries make only 
an Anglc of 1 5  degrees with the I-lorizon when 
they rife ; but they make an Anglc of 62 degrees 
with it when they let. As the Signs Taurus, Ge- 
mini, Cancer, Leo, Virgo, and Libra, rife fuc- 
ceflivrly, the Angle increaks gradually which they 
make with the Horizon, :ind decre 
proportion as they fit. And*for t 
Moon differs gradually more in  the time of her 
iifing every day while flie js  in thefe Signs, and 
tefs i n  her ferting : aftcr which, through the other 
fix Signs,, vix. Scorpio, Sagictary, Capricorn, 
Aquarius, Pikes, arid Aries, tile rifing difference 
becomes Ids every day, until i t  be at the leafi of 
fill, namely, in Pikes and Aries. 

280. T h e  Moon goes round the Ecliptic in 27 
days 8 hours: but not from Change to Change in 
Icfs$an 29 days I z hours : fo chat h e  is in  Yifces 

9 and 
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and Aries at leaR once in every Lunation, and in 
fome Lunations twice. 

rzsr. I f  the Earth had no annual motion, the why the 

And then every New Moon would fall difierent 

Moon IS r1- Sug would never appear to ihift his place i n  the ways Full sn 
&liptic. 
in the fame fig" and degree of the Ecliptic, and Sign** 
every Full Moon in the oppoftte : for rhe Moon 
would go precikly round the Ecliptic from Change 
to Change. So that if the Moon were once Full 
in Pikes or Aries, flie would alw+ys be E'ull when 
fie came round to the fame Sigp and Deqee  
again. And as the Full Moon rifes at Sun-fix 
(becaufc when any point of the Ecliptic fets, the 
oppofice point rifis) the would conltnntly rire within 
two hours of Sun-let, on the parallel 'of L G ~ G ~ z ,  
during the week in which h e  wcre Full. Bur in 
the time chat the Moon goes round the Ecliptic 
from any conjunCtion or dppoficion, the Earth goes 
ahnoit a Sign forward: and therefore the Sun will 
kern to go as far forward in that time, namely, 
~ 7 t  degrees j To that the Moon muit go 27; de- 
grees more than round, and as much farther as the 
Sun advances in that interval, which is 24T de- 
grees, before flie can be in coiijundmn with, or 
oppqfite- to the Sun again. Hence it is evident, 
that there can bc but one conjunEtion or oppoGtion 
gf the Sun and Moon in a year in any prtticular 
part of the Ecl~ptic. This may be familiarly ex- Wcrperfndi. 

watch, which are never in conjunklion or oppofition wlu~ion e t -  

lafi before. And indeed if we compare the twclvc 
hours on the dial plate to the twelve fgns of the 
Ecliptic, the hour-hand to the Sun, and the 
minute-hand to the Moan, we &all have a tolera- 
bly near refemblance in miniatye to die motions 
of our great celeitial Luminaries, The only  dif- 
ference IS, that while the Sun goes once round the 
Ecliptic, the Moon makes I 2; conjuii8ions wi th  
him : but while &he ,hour-hand goes rouiid clic 

9 dial- 

01 Bod fy- emplified by the hour and minute-hands bf a nodical Re- 

in that part of the dial-plate where they were lo tmylihcd. 
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dial-plate, the minute-hand makes only r r  COIF' 
junEtions with it ; becaufe the minute-hand moves 
flower in refpee to the hour-hand than the Moon 
does with regard to the Sun. 

TheNarvcR 282. As the Mnon can never be full but when 
n n d ~ l n -  f i e  iuoppofite to the Sun, and the Sun is never 

in Virgo and Libra bur i n  our autumnal months, 
ir  is plain that the Moon is never full in the oppo- 
fite figns, Pikes and Aries, but in there 2 two  
months. And therefore we can have only two 
Full Moons 'in the year, which rife fo near the 
time of Sun fit for a week together, as above- 
meptioncd. T h e  former of thefe is called the  
Haruej-Moon, and t h i  latter the Hunter's Moon. 

w h y t h e  283. Here it will probably be aflced, why we 
gular r r r r ,  never obferve this remarkable riGng of the Moon 
i r  never re,- but in harveit, feeing fie is in Pifces and Aries 
i n ~ n r v e f i ,  twelve times in the year befides; and mufi then 

rife with as little diEerence of time as in harvefi? 
T h e  anfwer is plain: for i n  winter thefe figns rife 
at fiooft ; and being then only a Qarter of a Circle 
diftant from the Sun, the Moon in them is in her 
firit Quarter: but when the Sun is above the  
Horizon, .%he Moon's rifing is neither, regarded 

'~ ior  perceived. In fpring rhrfe Sigrp rife with the, 
Son, becauk he is then in  them i and'ag &e Moon 
changeth in them at that time of the ye#, ihc ie 
quite ir~ifible. In fummer they rife .aWut mid-, 
night, and the Sun being then thre&Sghs, or a, 
Quarter of a Circle before them, the Moon is in 
them about her third Qar,tir; when riftng fo late, 
atid giving but very litclc:'*Ii bt, her rifing a h  
unobferved, . And in abtu' nfi /i tl+efe Signs, bPeing 
oppofite to the Sun, rife.wbep he rets, with tha 
Moon in Oppofition, or at'the Ful!, which make6 
her ri6ng very conipicuous;' 

284. At  the Eguiror, the!' Worth and Sduth 
Poles lie in the HorizQn ; and rherefore the Eclip- 
tic makes the Earn& An& foutlrwaid with the H- 

I, rizon 

tcr's Muon. 

Moon'c re. 

c t i v c d  hut 
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rizon when Aries rifes, as it does northward when 
Libra rifes. Conkqoently, as the Moan at a11 the 
fore-mentioned patches rifes and Tics nearly at equal 
Angles wirh the Horizbn all the year round, and' 
about 5 0  minutes later every day or night than 
on the preceding, there can be no particular Hard 
vcit-Moon at the Equator. 

285. T h e  farther that any place is from the 
Equator, if it be not beyond the Polar Circle, t h e  
Angle gradually dirninifhes which the Ecliptic and 
Horizon make when Pifcces and Aries rife : a n d  
therefore when the Moon is in thrfe Signs fie rites 
with a +nearly proportionable difference later every 
day than on the former; and is for that reafon tlic 
more remarkable about the Full, until we come Co 
the Polar Circles, or 66 degrees from the Equa- 
tor ; in which Latitude the Ecliptic and Horizon 
become coincident every day for a moment, at the  
fame @derea1 hour (or 3 minutes 56 feconds 
fooncr cvery'day than rhe 'former), and the very 
next moment one half of the Ecliptic conrainbg 
Capricorn, Aquarius, Pifces, Aries, Taurus, and 
Gemini, rifes, and the oppolite hal l  fits. There- 
fore, while the  Moon is going from the beginning 
of Capricorn to 31ic beginning of Cancer, 'which 
ia alm& 14 days, ihe riles at the 6 m e  Cyderea1 
hour; and in autumn jufl at Sun-let, becaule all 
the half of the Ecliptic, 'in which vhe Sun is a t  
that time, k t s  at the 6me fydereal hoar", and the 
oppofire half rifes i that is, 3 minutes- 6 fmonds, * 

day before. So while the Moon is going from 
Capricorn to Cancer, fie rifes earlier. every day 
t h a n  on the precedingi contrary PO what h e  dote 
at alb places bekeen the Polar Circles. But dur- 

above faurccen days, the M m n  is '24 
I fydericdlv l iwrs later in+ feteingi for Vie fix Signs 
which rife all at onceboon the cafiern f i d i r ~ f  the 
Horizon are 24 hours in iening OII the wtAdan frdi 
of it 3 8s any one may fee by m&iiig chak-marks 

P 2  BE 

of mean hlar time, fooner every daFt t n on tha 
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at the beginning of Capricorn and of Cancer, and 
then, having elevated the Pole 66) degrees, turn 
theGlobc flowly round its Axis, and obferve the 
rifing and fitting of the Ecliptit. As the begin- 
ning of Aries is equally diftant fram the beginning 
of Cancer and of Capricorn, it is in the middle 
of that  half of the Ecliptic which rifes all at once. 
And when the Sun is at the beginning of Libra, 
he is in the middleof the other half, "lierefore, 
when the Sun is in Libra, and the Moon in Capri- 
corn, the Moon is a Quarrer of a Circle before the 
S u n ;  oppoiite to him, and confeqwently full in- 
Aries, and a Quarter of a Circle behind him, when 
in Cancer. But when Libra riles, Aries fets, and 
all that half of the Ecliptic of which Aries is the  
middle, and therefore, a t  that time of the year, the 
Moon rifes a t  Sun-fet from her firlt. to her third 
Quarter. 

T h e  Har. 286. In northern Latitudes, the autumnal Full 
Moons are i n  Pikes and Aries; and the vernall 

hoth G m  of Full Moons in Virgo and Libra : i n  fouthern L a -  
titudes, juR the reverfe, btcaufe the kafons are 
contrary. Rut Virgo and Libra rife at as fmall 
Angles with the Horizon in fouthern Latitudes, 
as Pikes and Aries do in the northern ; and there- 
fme die HarveR-Moons are jufi as regular on one 
Gkle of the Equator as on the other. 
: 187. As there Signs, which rife *ith the IeaR 
Angles, kit with the greatelt, the vernal Fu l l  
Moons diRr as much in their times of rifing every 
night, as the autumnal Full Moons diEer in their 
times of retting; and fet with as little diperence 
as the autumnal Full Moons rife: the one being 
in all cafes the reverfe of the other. 
. 288. I-litherto, for the fake of plainnefi, we 
have fuppofed thcMoon to move in the 
from which the Sun never deviates. 
Orbit in which the Moon really moves is different 
from the Ecliptic ; one half being elevated 5; de- 
grees above it, and the other half as much de- 

pre&d 

VLA Moon# 

the Equator. 
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prered below it, The Moon’s Orbit therefbe 
incerfeEts the Ecliptic in two points diametrically 
oppoGte to each other ; and thefe interfeltions are 
called the MOQB’S Nodes. 
he in the Ecliptic but when ibe is in either of her Nom* 
Nodes, ,which is at Ieafi twice in every courfe from 
Change to Change, and fometiines thrice. For, 
as the Moon goes almoit a, whole> Sign more than 
round her Orbic from Change to Change i if h e  
paffes by either Node about the time of Change, 
h e  will pars by the other i n  about fourteen days 
after, and come round to the former Node two 
days again before the. next Change, T h a t  Node 

’ from which the Moon begins to afcend northward, 
or above the Ecliptic, in northern latitudes, i s  
called the AfcetJding Node; and the other the De- 
fiendifig Node, becaufe the Moon, when the paK& 
by it, dckends below the €!,cliptic fouthward. 

289, T h e  Moon’s oblique [notion with reqmt 
to the Ecliptic caufes Ibmc dicerence in the t h e s  
of her rifing and retting from wha t  is already men- 
tioned. For when flie is notthward of the Eclip- 
tic, flie riks fooncr and I’rts later than if flie moved 
in the Ecliptic and when ilx is h i t h w a r d  of the 
Ecliptic, ihe rifes later and Sets Sooner. T h i s  dif- 
ference is variable, even in the fame Signs, becaufe 
the Nodes Ihift backward about 19; degrees in 
the Ecliptic every year; and To go round it con- 
trary to the order of Signs in i W years 225 days. 

290, When the afcending Node is in Aries, the 
fouthern half of the Mgon’S Qrbit inalres an Angle 
of 5.; degrees lrfs wirli the Horizori than  the 
Ecliptir: does, when Aries rifts in northern Lati- 
tudes: for which rearm the Moon riks with lek 
difference of time while flic is in Pikes a i d  Aries, 
thm fie would do if flie kept in  the Fdiptic. 
R u t  in p years and IIZ days afterward, die lie- 
fc‘cending Node comes to hries;  arid then ttle 
Moon’s Orbit makes an An& 5 ;  degrees grcacer 
with the Horigon when q r i e h  rifcs, rkaii tire 

p 3  E, ul i p t ic 

Sa the Moon can never The M ~ ~ ~ ’ ,  
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’ Ecliptic doe8 at that timei which caufes the Moon 

to rife with greater difference of time in Pifcces and 
Aries than if fie moved in the Ecliptic, 

291. T o  be a little more particular ; ahen the 
Arcending Node is in Aries, the Angle is only 
94 degrees on the parallel af London when Aries 
rifes. But when the Defcending Node- comes to 
Aries, the Angle is 20; degrees ; this occafions as 
great a difference of the Moon’s rifing in the fame 
Signs every nine years, as there would be on two pa- 
rallel$ 10% degrees from one another, i f  the 
Moon’s courfe were in the Ecliptic. The follow- 
ing Table h e w s  haw much .the Obliquity of the 
Moon’s Orbit affe&ts her rifing and retting on the 
parallel of London, from the xzth to the 18th day 
of her age; f‘ippofing her to be full at the au- 
tumnql Equinox : and then, either in the Afcend- 
jng Node, higheft part of her Orbit, Defcending 
Node, or IoweR part; of her Orbit. Mfignifies 
morning, A afternoon : and the line at the ‘foot of 
the Table ihews a week’s difference in rifing and 
fe t t i n g , 

E Pull in  her Af- In the highclt Full in tier De- In ‘the lowelt 
8 eending Node. pt. of her Qrbit. fccoding Node. p t .  ofherorbit. 
1” --- 

This TabIe was not cimputed, but only eRi- 
mated as near 3s could be done from a common 
Globe, on which the Moon’s Orbit was deljneaced 
with a black-lead pencil, It may at firit fight ap- 

pear 
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pear erroneous ; fince as we have iuppofed‘ the 
Moon tobe full in either Node at the autumnal 
Equinox, fh’e ought by the Table to rire iurt a t  fix 
o’clock, or a t  Sun-fit, on the 1 5 t h  day of her age; 
being in the Ecliptic at that t inx.  But it mufi be 
confidered, that the Moon is only 142 days old 
when h e  is Full; and therefore in both cafes ft~e 
is a little paR tltc Node on the I 5th day, being above 
it at one time, and below it at the other. 

292. As there is a complete revolution of thk 
Nodes in 183  years, there muk be a regular period 
of all the varieties which can happen in  the riGng 
and fetting of the Moon during that time. 
this kifting of the Nodes never affckks the Moon’s vefi M m .  d i n g  fa much, even in her quiclcelt defcending 
Latitude, as not to allow us itill the benefit of her 
riGng nearer, the time of Sun-fet for B few days to- 
gether about the Full in I-Iarveft, than when fhq 
is Full at any other time of the year. T h e  follow- 
ing Table fhrws in what years the Harvefi-Moons 
are le& bcncficid as to the time6 of their riding, 
and in  what years moa, from 1751 to 1861. T h e  
column of years under the letter I, are thofe in 
which the Warvefi-Moons are leafi of all beneficial, 
becaufe they fall about the Defcendhg Node : and 
thofe under M are the moR of all beneficial, be- 
caufe they fall about the Arcending Node. In a11 
the columns from N to S the Hat veR-Moons de* 
fcend gradually in the Lunar qrbi t ,  and rice to l e 6  
heights above the I-lorizan, From S to N thcy aF 
‘cend in the fame proportion, and rile to greater 
heights above the Horizon. I n  both the Columns 
under 8, the I-Iarveft-Moons are in the lowek part 
of the Moon’s Orbit, t h a t  is, fartheft South of the 
Ecliptic ; and therefore flay fhortclt of all above 
,the Horizon : in the columns u d c r  N, jut\ the: re- 
verfe, And in both cafes, their riiings, though not 
at  the fame times, arc nearly the faarnl: with regard 
to difference of time, as i f  the Moon’s Orbit were 
coincident with the Ecliptic. 

1’ 4 Xmrs 

But The prriott 
of the Har- 
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1760 176~ 1762 1763 176) 1763 1766 1767 1768 1769 
8779 1780 1781 1782 1 7 d j  1784 1785 1786 1787 
1798 1799 itloo 1801 1802 1803 1804 180s 1806 
1816 1817 1818 1819 1820 1821 1822 1823 1824 1825 
1835 1836 1837 1838 1833 1840 1841 1842 1843 
1857 ' 85 .4  1855 1856 1857 1858 1859 1860 I M I  

293. At  the Polar Circles, when the Sun touches 
the Summer Tropic, he continues 24 hours above 
the Horizon; and 24 hours below it when he 
touches the Winter Tropic. For the fame reafon 
the Full Moon neither riks in Summer, nor rets 
in Winter, confidering her as moving in the Eclip- 
tic. ' For the Winter Fill1 Moon being as high in 
the Ecliptic as the Suirimer Sun, mtifi therefore 
continue as long above the Horizon; arid the 
Summer Full Moon being as low in the Ecliptic: 
as the Winter Son, can no more rife tharl he does. 
But there are only the, two Full Moons which  hap- 
pen about the 'I'ropics, for all the others r i k  and 
fct. In Summer the Full Moons are low, and their 
Ray is kortabove i,he Horizon, when the nights arc 
fhort, and we have leait. occafion for Moon-light : 
in TNinter they go high, and itay long above the 
Horizon, when the nights are long, and we wane 
the grearefi quantity of Moon-light. 

Thelong 294. At the Poles, one half of the Ecliptic 
hlcron- never fets, and the other half never riks : and 

l ight*$  [bc therefore, as the Sun is always half a year in de- 
[cribkg one hal f  of  the Ecliptic, and as long in YPlCY. 

going through the other hplf, it is natural to imar 
ginc 

CnntlnUd CC 

, ,  





Tbe long Duration of Moari-iigbt at tho Pokts. 
gine that the Sun continues half a year iogether 
above the Horizon of each Pole in its turn, and 
as long below i t ;  rifing to one Pole when he fits 
to $$q other, This would be exaAly the cafe if 
there,were no refraAion ; but by the Atmofphere's 
refratling the Sun's rays, he becomes vifible fome 
days footier, 5 183, and continues fome days 
longer in fight than he would othcrwife do: To that  
he appears above the Horizon of either Pole be- 
fore he has got below the Horizon of the other. 
And, a3 he never goes more than 23: degrees be- 
law the Horizon of the Poley, h e y  have very' 
lictlc dark night : it being twilitht th$re, as well as 
at all other pl'ices, till the Sun , e-18 degrees below 

Moon being al- 
be feen while 

the I-Iorizon, 5 177. 

the Sun is above the Horizon, except when the 
Moon falls in the northern half  of her Orbit, for 
whenever any  point of the Ecliptic riles, the op- 
pofice point k t s .  Therefore, as the Sun is above 
the Horizon of the north Pole from the 20th of 
March till the 23d of September, it  is plain that the 
Moon, when Full, being oppofite to the Sun, mull 
be below the Horizon during tha t  half of the year. 
But when the Sun is in the fouthern half of the 
Ecliptic, he never riks to the north Pole, during 
which half of the year, every Full Moon ha pens 
in fdme part af the northern half of the Ec e iptic, 
which never rets. Confeyuently, as the polar In- 
habitants never fee the Full Moon in Summer, 
they have her always i n  the Winter, before, at, 
and after the Full, ihining for 14 of our days and 
nights, And when the Sun is a t  his p a t e &  de- 
prefion below the Horizon, being then in Capri- 
corn, the Moon is at  her Fir& Quarter in AriesI 
+Full in Cancer, and at her Third Quarter in 
Libra. And as the beginning of Aries is the 
riling point of the Ecliptic, Cancer the higheft, 
and Libra the fitting point, the Moon rifes a t  her 
Firfi Qiarrter in Aries, is moR elevated above the 

Horizon, 

ways oppofice to the 
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PLATE Horizon, and FulI in Cancer, and rets at the be- 
VIIL ginning of  Libfa in her Third Qiarter, having 

continued vifible for 14 diurnal rotations of the 
Earth. T h u s  the Poles are fupplied one half of 
the winter-time with conRant Moon-light in the 
Sun's abfence; and only Jofe fight of the Moon 
from her Third to her f i r t l  'Qiarter, while fie 
gives but very little light: and could be but of 
little, and fornetimes of DO fervice to them. A 
bare view of the Figure will make this plain ; in 
which kt S be the Sun, e the Earth in Summer, 
when its north Pole n inclines toward the Son, 
and E the Earth in Winter, when its north Pole 
clcclines from him, 9 E N and NWS is the 1-30. 
rizon of the north Pole, which is coincident with 
the Equator; and, in  both theft: pofitions of the 
Ilartli, v a CI w is the Moon's Orbit, in which 
he goes round the Earth, according to the order 
of the letters a b c d, /ir B C D. W: hen the Moon 
js at  a, ihe is in her Third Quarter to the Earth 
at c, and juft.riGng to the north Pole n ; at  b f i e  
changes, and is a t  the great& height above the 
Horizon, as the Sun likewire is ; at c he is in her 
Pivit Quarter, fating below the Horizon ; and is 
loweft of all under i t  nt d, when oppofite to the 
Sun,.;an;d her enlightened Side toward the Earth. 
But then h e  is full in  view to the fouth Pole p; 
which is as much turned from the Son as the 
north Rplc inclines toward him, Thus in our 
Summer, the Moon is above the Horizon of the 
north Pede while ke defcribes the northern half 
o f  the Ecliptic ryr m I P ,  o r  from her Third Q a r -  
ter to her FirR; and below the Horizon during 
her progreCs through the fouthern half rp trp "P ; 
high,& at the Change, moit depreged at the Full. 
But irt. winter, when the Earth is at E, and its 
north Polc~declines from the Sun, the New Moon 
at d9 it her great& deprenion below the Hori- 
zon NWS,.wd the Full Moon at B at her greatcfi 

Fis.V, 

height above it; rifing at her FirR Q G t e r  A, 
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an$ keeping above the Horizon till fie comes to 
hird Quarter C. At  a mean ftate he is 23; 
es above the Horizon at B and b, and as 
below it at D and d, eqiial to the inclination 

S na or S w are, as it 
a ray of light proceeding froin the Sun  to 

arth ; and hews that when the Earth is at c, 
Sun is above the Horizon, verrical to the 
pic of Cancer; and when thc Earth is at E, 

the Horizon, vertical to the Tropic of 

Earth’s Axis I;: 

C M[ A P, XVII. 

Of $be Ebbins and E’lowirig if tbc Sen. 

H E  cauk of the T i d e  was difcovered 
by KEPLER, who, in his IntroduBiorr to  

tf the Heaverrs, thus explains it ; c‘ The mlccrlrre Orb bf the atrraEting power, which is in the Moon, difrovercd of thcTidn 

is Lxtendcdlas far as the Earth ; and draws the wa- b r  KW. 
tcrs under the TorGd Zone, n&ing upan places LLP* 
where it i s  vertical, infenfibly on confined ikas and 
bays, but fenfibly on the ocean, whofe beds are 
large, and the waters have the liberty of recipro- 
cation; that is, of rifing and falling.” And in the 

e Qf his Lunnr A!’ronomy--“ But the caufe 
des of the Sea appears to be the bodies of 
nd Moon drawing the waters of the Sea.” 

This hint being given, the inmortal Sir ISAAC Their The- 
*N@wTON improved it, and wrote fo amply on the ~ ~ ~ , , # ~ F  

, as tu make the Theory of the Tides in  a I ~ % A C  

ner quite his own ; by difcovering the cauk KLwroN* 

eir riting on the fide of the Earth oppofite to 
on. For KEPLER believed, that  the pre- 
f the Moon occafioned an impulft which 

caufed another in her abfence. 
h296. I t  has been already fllewn, $ 106, that the Erpfaincd 

on the New- 
power of gravity dimiiiiihes as the fquare of the tonian pria- dieaim increafcs 3 and therefore the waters at 2, ciylcr. 

on 
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PLATE on the fide of the Earth ABCDEFGN next the 

Moon M, are more attra&ted than the central parts 
of the Earth 0 by the Moon, and the central parts 
are more actralted by her than the waters on the 
oppofite Ode of the Earth at n : and therefore the 
difiance between the Earth’s center and the waters 
on its furface under and oppofite to the Moon 
wi!l be increaied. For, Icc there be three bodies 
at f< 0, and I): if they are all equally attrattted 
by the body M, they will all move equalfy fait 
toward it, their inutual diftances from each other 
continuing the fame. If the attrattion of M i s  un- 
equal, then that body which is mofi Rrongly at- 
trslCted will move fafieit, and this will increak its 
tliftance from the other body. Therefore, by the 
Jaw o f  gravitation, 1c1 will attr& Z;7 more itrongly 
than it does 0, by which the di(tance between N 
and 0 will be increafed : and a Speaator on 0 will 
perceive H rifing higher toward Z. I n  ,like man, 
ner, 0 being more firongly attraRed tliari W, it 
will move farther toward M than D does : confe- 
quently, the diitance betwein 0 and D will be 
increafed; and a ipcttator on 0, not perceiving 
his own motion, will fee D receding farther from 
him toward n: all effc&s and appearances be- 
ing the fame, whether D recedes from 0, or 0 
from D. 

297.  Suppofe now there is a number of bodies, 
as, A, B, C, D, E,  F, G, I€, placed round 0, lo as to 
form a flexible or flujd ring : then, as the whole is 
attratled towards M, the parts at I1 and D will 
have their difiance from 0 increafed; while the 
parts at  B and P, being nearly at the fame dilkance 
from M as 0 is, thek parts will not recede froin 
one another; but rather, by the oblique attraRion 
of f i f j  they will approach nearer to 0. Ilence, 
the fluid ring will forin itfelf into an elliyfe 
Z I I3 L rz K P N  2, whofe lopger Axis n 0 i5 pro- 
duced wil) pars through M, and its fiorrer Axis 
BO& will  termin;lte in B apd li, Let rbe r i ~ g  be 

filled 

lx* 

F ; ~ ,  1. 
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filled with fluid particleg, lo as to form a fjhw 
round 0 ; then, as the whole moves toward &I, the 
Auid fphere being Icngiliened at  2 and 71,  wilt  
aEume an oblong or oval form. If M i p  the 
Moon, 0 the Earth’s center, A3CDEZ*’Gli the 
Sea covering the Earth’s furface, i t  is evident, b y  
the above rearoning, that  while ttrc Ear th  by i t s  
gravity falls toward the Moon, the Wtiter dire&.ly 
‘below her at  B will fwell a n d  r i h  gradually toward 
her: alfo the Water at D will  recede from the 
center [ltriLtly fpeakiiig, the center reccdes from 
U], and rice on the oppolite fide of the Earth : while 
the Water at B and 1 3 ’  is depreGd, ;ind fills below 
the former level. I-knce, as the E.mh tiirns round 
its Axis from the Moon to the Moon again in 24; 
hours, there will be two ’l’idcs of Flood arid two of 
E b b  in that time, as we find by Experience. 

% 298, As this explanation of the ebbing and 
flowing of tlie Sea is deduced from the Earth’s con- 
itantly falling toward the Moon by the power of 
gravity, iome may find a difficulty in conceiving 
how this is pofible, when the Moon is full, or  in 
oppoficion to the Sun; Gnce the Earth revolves 
about the Sun,. and muft continually fall toward 
it, and therefore cannot fall contrary way\s at the 
fame time: or if the Earth is conttantly falling 
toward the Moon, they mutk corne together at 
laR, T o  remove this dificulty, let it be conG- 
dered, t h a t  it is not the center of the E a r t h  that 
defcribes the aiinual Orbit round the Sun, buc 
the * common center of gravity of the E a r t h  and 
Moan togetlier: and that  while the Earth is 

*‘This center is as much ncarer tlic Earth’s center than the 
Moon’s as the Earth is licayicr, or contains ;I grcatcr qunntit 
of matter than the Moon, namely, about 40 times. I f  bot[ 
bodies werc fufpcnded on i t ,  thcy would hang in equilihrio. 
So that dividiitg ~40,000 niilcs, the Moon’s dillance fioni the 
Earth’s center, by 40, the excrfs of the Lilrill’Y weight above 
the Moon’s, the quotient will he 6000 miles, which is the dif- 
lance of the common center of gravity of the Earth and Moon 
from thc Earth’s center, 

moving 
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PLATE moving round the Stin, it alfo defcribes a Circle 

round that center of gravity; going as many times 
round it in one revolution about the Sun as there 
are lunations or courfes of the Moon round the 
Earth in a year: and therefore, the Earth is con- 
itantly falling toward the Moon from a tangent 
to the Circle it defcribes round the faid common 

Fig,n. center of gravity. Let M be the Moon, TWp~rc 
of the Moon’s Orbit, and C the center of gravity 
of the Earth and Moon; while the Moon ~ O C S  
round her Orbit, the center of the Earth defcribes 
the Circle dg e round C, to which Circle g a  k is a 
tangent: and therefore, when the Moon has gone 
from M to a little paR W, ,the Earth has moved 
from g to e ;  and in that time has fallen toward 
the Moon, from the tangent at a to e j and To on, 
round the whole Circle. 

299. The Sun’s influence in raifing the Tides is 
but fmall in camparifon of the Moon’s : for though 
the Earth’s diameter bears a confiderable propor- 
tion to its diitance from the Moon, it is next to 
nothing when compared to its difitance from the 
Sun. And therefore, the difference of the Sun’s 
aetraltion 011 the fides of the Earth under and op- 
pofite to him, is much leis than the difference of 
the Moon’s attrattion on the fides of the Earrh 
under and oppofite to her: and therefore th$: 
Moon mull raife the Tides muck higher than they 
can be raifed by the Sun. 

Wtiy the 300. On  this Theory, To far as we have ex- 
no, higben plained it, the Tides ought: to be highefi direCtly 
wiienthc under and oppofite to the Moon j tha t  is, when 
theMcri- the Moon is due north and fouth, But we find, 
d i m .  that in open Seas, where the water flows freely, 

the Moon M is generally pafi the north and fouth 
Meridian, as a tp ,  when it is high water at 2 and 

Fig.1. at n. The reafon is obvious; for though the 
Moon’s attraRian was to ceafe altogether when flie 
was pafi the Meridian, yet the motion of afcent 

communi- 

Tidec are 

Moon i n  on 
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communicated to the water before that tiine,cwould Pf.ATE 
make it continue PO rife for h i e  time after ; much ''* 
more muR i t  do fa when the attraAion is onlv  
diminihed : as a little impulfe given to  a moving 
ball will ciufe it Rill to move farther t h a n  other- 
wife it could have dune. And as experience h e w s ,  
that the day is hotter about three i n  the afternoon 
than when the Sun is on the Meridian, becaufe of 
the encreafe made to die heat already imparted. 

301. The  'rides anfwer not always to the hme  Nn~a1wng.a 

diftance of the Moon from the Meridian at theherbr,ng at 

fame places ; but are varioufly affk%d by the a&ian the f m r  di- ItancL lrom of the Sun, which hrings them o n  fooner when theh. 
Moon is in her Ei rR and Third Quarters, and keeps 
them back later when f i e  is i n  her Second and 
Iiotirth : becaufe, in the former cafe, the 'Tide raifrd 
by the Sun alone would be earlier than the l ' ide 
raired by the Moon j and in the latter cafe later. 

302. The Moon goes round the Earth in an 
elliptic Orbit, and therefore, in every Lunar 
Month, fhe approaches nearer to the E a r t h  than her 
mean diltancc, and recedes farther fron) it, When Spring and 

fie is neareft, h e  amaas  Rrongclt, a:ld fo raifesncappridec* 
the Tides moil ; the contrary happens when h e  
is farthefi, becaufe of her weaker attrafiion. When 
both 1,uminaries are in the Equator, and the Moon 
in Psrigea, or at her leait difiance from the Earth,  
f ie  raifes the Tides highelt of all, cl'prcially ar 
her ConjunBion and Oppofition ; both becauk 
the equatorial parts have rhe g r e d l  centrifugal 
force from their defcribing the largeit Circle, and 
from the concurring aAions of the Sun and Moon, 
At the chanpe, the attraflive forces of the Sun 
and Moon being united, they diniinilh t!ie gravity 
of the waters under the Moon, and their gravity 
on the oppofito fide is diminilhed b y  m a n s  of a 
greater centrifugal force. 
Moon raifcs the Tide under and oypufite to her, 
che Sun aRing in the Came line, raiirs the l ' i d e  

'5 under 

d w e r  to 

At the Fdi, while chc Fig, VI, 
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under abd dppofite to him ; whence their conejoint 
effe€t is the fame as at  the Change; and in both 
cafes, occation what  we call the Sprtng Tides. But 
at the Q~arters the Sun's aAion on* the waters a t  
0 and N dirninilhes the ere& of the Moon's a&ion 
on the warers a t  Z and N ;  To that  they rife a little 
under and oppofite to the Sun. a t  0 and H, and 
fall as niucli under and oppofite to the Moon at 
Z and N ;  making what  we call the Neap Tides, 
becaure the Sun and Moon then a& crofs-wife to 
each other. But, firilt'cly fpealting, there Tides 
happen not till fome time after; becaufe in this, 
as in other caies,.$300, the adions do not produce 
the greatefi effeCt when they are. at the ftrongefi, 
but fome time afcerwafd. 

303. The Sun being nearer the Earth in Winter 
than in Summer, 0 205, is of courfe nearer to it in 
Febrtrary and Ob'ober, than in March and Seplem- 
ber ; and therefore the greatefi 'rides happen not 
till fome time after the autumnal Equinox, and re- 
turn a little before the vernal. 

T}jeTidrr The Sea being thus put in motion, would con- 
would not tinue to ebb and flow for feveral times, even thougll 
nte~yEsPfe the S u n  and Moon were annihilated, or their in- 
upon the Auence fllould ceak : as if a baron of water were 
of thesun  agitated, the water would continue to move for 
~ ~ d M o o n ~  fome time after the baron was left tQ Rand itill. 

Or like a pendulum, which having been put in 
motion by the hand, continues to make ieveral 
vibrations without any new impulfe. 

Not greatelt 

why. 

imnedi- 

annihilation 

T h e l u n a r  304. When the Moon is in the Equator, the 
The Tiden Tides are equally high i n  both parts of' the lunar 
t i f e t o u n e -  day, or time of the Moon's revolving from the 
in ,he fame Meridian to the Meridian again, which is 24 hours 
dry, and 50 minutes. But as the Nloon declines from'the 

Equator toward either Pole, the Tides are alter- 
nately higher a i d  lower at places having north or 
fouth Latitude. For one of the highefi elevations, 
which is that under the Moon, follows her toward 

' the 

day, what .  

qual heights 

why. 
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the Pole to which f i e  is near&, and the other PLATE 
declines toward the oppohe Pole ; each elevation 
defcrihing parallels as far difiant from the &pator, 
on oppofite fides, as the Moon declines frbm it  to 
either fide ; and confequently, the parallels de- 
fcribed by there elevations of the water are twice 
as many degrees froyo@ another*$ the Moon is 
from the Equator ;  in&eahg their dilkance as the 
Moon increah her declination, till it be at the 
greateR, when the faid paraliels are, at a menn Ltace, 
47 degrees from one another: and on t h a t  day, 
the tides are moIt unequa their heights. As 
the Moon returns toward t P e Equator, the parallels 
defcribed by the oppofite elevations approach to- 
ward each other, until the Moon comes to the 
Equator, and then they coincide. As the Moon 
declines toward the oppofite Pole, at equal dif- 
tanccs, each elevation delcribes the fame parallel 
in the other part of the lunar day, which its oppo- 
fite elevation defcribed before. While the Moon 
has norrh declination, the greateR tides in the 
northern Hemifphere are when ihe is above the 
Horizon ; and the reverfe while her declination is 
fouth. Let N E S e be the Earth,  N C S its Ffg, rIL 
Axis, 23% the Equator, I‘ m the Tropic of Cancer, IV. V. 
c the l’ropic of Capricorn, a G the artlic Circle, 
c d the antar&ic, N the North Pole, 8 the fouth 
Pole, M the Moon, F and G the two eminences of 
water, whofe low& parts are at  G and a’ (Fig. 111,) 
at N and S (Fig, IV.) and at B and c (Fig. V.) 
always go degrees from the highelt. Now when 
the Moon is in her greatefi north declination at 
M, the highefi elevation G under her, is on the Fig, IN. 
Tropic of Cancer T pa, and the oppohce elevation 
F on the Tropic of Cnpricorn, t w ; and thefc two 
elevations defctibe the Tropics by the Earth’o 
diurnal rotation. All places in the northern He- 
mifpherc: E N 8 have the high& ‘Tides when thet 
come into the pofition b cm $& under the Moonj 
and the loweR T i d e  ‘when the Earch’s diurnal 

Q rotatior” 

lx0  
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PLATE 
IX+ 

Fig. IV. 

Fig. V. 

Fig. VI. 

Of the Tides, 
rotation carries them into the pofition a " E ,  on 
the fide oppofite to the Moon ; the reverfe happens 
at the fame time in, the iouthern Nemifjihere 
E S % as is evident to. fight. T h e  Axis of the 
Tides a Cd tias now its Poles a and d (being always 
go degrees from the highefi elevations) in the 
arElic and antarQic Circles ; and therefore it is 
plain, tha t  at  there Circles there is but one Tide 
of l~lood, and one of Ebb, in the lunar day. For, 
when the point a revolves h a l f  round to 6, in 12 
luna: hours i t  has a tide of Flood; but when it  
comes to the fame point n again i n  1 2  hours more, 
it has the lowefi Ebb. In feven days afterward, 
the Moon -14 comes to the equinoEtia1 Circle, and 
is over the Equator E ,2, when both elevations 
dclcr ibe the Equator ; and in both I-IemiTpheres, 
a t  equal diftances from die Equator, the 'rides are 
equally high in both parts of the lunar  day. The 
whole PIienoinena being reverfcd, when the Moon 
has fouth declination, to what  they were when 
her declination was north, require no farther de- 
fcription. 

3 0 5 .  In the three lafl-mentioned figures, the 
Ear th  is orthographically projelled on the plane of 
the Meridian ; but in cjrcler to defcribe a particular 
Phenomqcon, we now projdt  it on the plane of 
the EcliBtic. L e t  H Z 0 N be the Ear th  and Sea, 
F E D  the Equator, T the Tropic of Cancer, C 
the arRic Circle, I-' the north Pole, and the Curves 
I ,  2, 3, €36. 24 Meridians, or Hour-circlea, inter- 
f'etlting each other i n  the Poles; A G M  is the 
Moon's Orbit. S the Sun, M the Moon, 2 the 

When both Water elevated uiider the Moon, and Av the oppo- 
e q i i a i l y h i ~ h  T'dc;arf fire equal Elevation. As the lowefi parts of the 
in rhe Water are always QO degrees from the higheft, 
Jn), t t icyai .  rive at  un- when the Moon is in either of the l'ropics (as at  
C V d l  inter M )  the Elevation Z i s  011 the Tropic of Capricorn, 

and ' 

v f c c w r / i .  Cancer; the low-water Circle HCO touches the 
pojar Circles at C, aird the high-water Circle 

L T P  6 

rda o f  
Tim; m d  the oppofite Elcvarion N on the Tropic of 
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&P.P G goes over the Poles at p ,  and divides 
every parallel of latitude into two equal fe'egments. 
In this cafe the Tides upon every parallel are 
alternately higher and lower J but they return in 
cqhal  tiinrs: the point T, for example, on the 
Tropic of Cancer (where the depth of the Tide is 
kprefented by the breadth of the dark ihnde) ha3 
a fhallower Tide of Flood at  T, than when it re- 
volves llalf rnbnd from thence to 6, according to 
the order of the numeral Figures; but it revolves 
as foon from 6 to I HS i t  did froin I' to 6. When  
the Moon is in the EquinoAial, the Elevations 8 
and N a r e  transferred to the Equator at  0 and H, 
and the  high and low-water Circles are got into 
tech other's former placesj in which cafe the 
Tides recur6 i n  unequsl times, but are equally 
high i n  parts of the lunar day:  for a place a t  
I (under D) revolving as formerly, goes fooner 
from I to I I (under F )  than froin I I to I j  be- 
cauk the parallel it defcribes is cut into unequal 
fegments by the high-water Circle i"lC0 : but the 
points x and X I  being equicliltant from the Pole 
of the Tides at  C, which is direAly under the Pole 
of the Moon's Orbit M G A ,  the Elevations art! 
equally high in both parts of the day. 

"7 

306. And thus it appears, that as the Tides 
are governed by the Moon, they muIt turn on the 
Axis of the Moon's 01 bit, which is inclined 236 
degrees to the Earth's Axis at  a mean itate: and 
therefore the Poles of the Tides muft be To many 
degrees from the Poles of the Earth, or in oppo- 
fire points of the polar Circles, going round there 
Circles i n  every lunarday. I t  is true, that accord- 
in to Fig. IV. when the Moon is vertical td the 
Equator E c q, the Poles of the Tides feein to 
fall-in with the Poles of the world N a n d  S; but 
when we confider t h a t  F G H is under the Moon's 
Orbit, it will appear, that when the Moon is over 
H, in the '1'ropic of Capricorn, the north Pole of u the 
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the Tides (which can be no more than go degrees 
from under the Moon) mufi be at  C in the arttia 
Circle, not at P, the north Pole of the Earth) 
and as the Moon aicends from tZ to G in her Orbit, 
the north Pole of the Tides mufi ihift from c to a 
in the ar&ic circle, and the fouth Pole as much in 
the antar&ic. 

It is not to be doubted, but that the Eprth’s 
quick rotation brings the Poles of the Tides pearer 
to the Poles of the World, than  they woukl be if 
the Earth were at reit, and the Moon revolved 
about it only once a month; for otherwife the 
Tides would be more unequal in their heights, and 
times of their returns, than  we find they are. But 
how near the Earth’s rotation may bring the Poles 
of its Axis and thok of the Tides together, or 
how far the preceding Tides may affeCt: thofc 
which follow, fo as to make them lceep u p  nearly 
to the fame heights, and tirnes of ebbing and flow- 
ing, is a problem more fit to be folved by obfcrva- 
tioo than by theory. 

Toknowat  307. Thofe who have opportunity to makc 
may obkrvations, and choofe to fatisfy themielves whe- 

peathe  ther the Tides are rrally affeoed. i n  the above 
haft Ti&#. manner by the different pofitions of the Moon, 

efpecially as to the unequal times of their returns, 
may take this general rule for knowing when they 

When the Earth’s Asis 
inclines to the Moon, the northern Tides, if not 
retardcd in their pail;qge through Shoals and Chan- 
nels, nor affeEted by the Winds, ought to be 
greateft when the Moon is above the Horizon, leak 
when flie is below i t ;  and quite the reverfe when 
the Earth’s Axis decliiies from her : but in both 
cafes, at equal intervals of time, When the 
Earth’s Axis inclines fidewiie to the Moon, both 
Tides are equally high, but they happen at unequal 
intervals of time. In every Lunation the Earth’s 
Axis inclines once to the Moon, once from her, 

and 

what timer 

great4 and 

I ought to be To affeL3t.d. 
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and twice fidewife to her, as i t  does to the Sun 
every year: becaufe the Moon goes round the 
Ecliptic every Month, and the Sun but once in a 
year, In Summer, the Earth's Axis inclines to- 
ward the Moon when N e w ;  and therefhe the 
day-ti& in the north ought to be high&, and 
night- tides loweit, about the Change : at tlie Full 
the reverfe. At the Qarters they ought to be 
equally high, but unequal in their returns; becaufc 
the Earth's Axis then inclines iidewife to the Moon. 
In Winter, the Phenomena are the fame at Full- 
Moon as in Summer a t  New. In Autumn, the 
Earth's Axis inclines Gdewife to the Moon when 
New and Full; therefore the Tides ought to be 
equally high, and unequal in their returns at there 
times. 
fhould bc leait when the Moon is above the Hori- 
zon, great& when h e  is below i t ;  and the reverfc 
at her Third Quarter. In Spring, the Phenomena 
of the Firft Quarter anfwer to thofe of the Third 
Quarter in Autumn j and vice uarjid. The nearer 
any time is to either of there feafons, the more the 
Tides partake of the Phenomena of there feafons ; 
and in the middle between any two of thein the 
Tides are at  a mean itate between thofe of both, 

308. In open Seas, the Tides rice but to very why the 
h a l l  heights in proportion to what  they do in ~ ~ ; ~ r ~ ~  

wide mouthed rivers, opening in the Direaion o f R i v e n  than 
the Stream of Tide. For, in Channels growingin'hCBea* 
narrower gradually, the water is accumulated by 
the oppolition of the contratting Bank. Like a 

and br ik  in a itrretj efpecialiy if tlic wider en 8 gentle wind, little felt on an open plain, but firon 

of the fireet be next the plain, and in the way of 
the wind, 

A t  the Firit Quarter, the Tides of Flood ' 

309. The  ,Tides are To retarded in their paffage Tile Tidoe h a p p c n d l  

the Moon 
from the 

through different Shoals and Channels, and other- d IltJnCCO Of 
wife fo varioufly affekled by tiriking againit Capes 
and Headlands, that to difFerrrnt places they hap- Mcridlsn 

pen at all difiances of the Moon from the Meridian; $&;rapd 
4 3  Conk- wbp 
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confequently at all hours of the lunar day. The 
Tide propagated by the Moon in the Germaq 
Ocean, when he is three hours paR the Meridian, 
takes 12 hours to come from thence to Lodon- 
bridge; where it arrives by the time that a new 
T i d e  is raifed in the Ocean. e n d  therefore when 
the Moon has north declination, arid .we fl~ould 
expe& the T ide  at London to be greatelt when the 
Moon is above the Horizon, we find it is leaa; 
and the contrary when fhe has fo&h declination. 
At feveral places it is high-water three hours be7 
fore the Moon comes to the Meridian ; but tha t  
Tide which the Moon pufhes as it were before 
her, is only the T ide  oppofire to tha t  which was 
raifed by her when f i e  was nine hours pait the op- 
pofite Meridian. 

9*ke wafer 310. There are no Titles in L,akes, becaufe they 
%krkc,. are generally fo h a l l ,  that when the Moon is 

vertical f i e  attraRs every part of them alike, and 
therefore by  rendering all the water equally light 
po part of it can be railtd higher than another. 
The Mediterraxreakt and Baltic Seas have veiy {mall 
elevations, becauk the lnlrts by which they com- 
municate with the Ocean are To nairow that they 
cannot io fo fliort a time, receive or difcharge 
enough to raik or link tlmeir-furfaces fenfibly, 

pver rife, 

T h e m ~ o n  3 1 1 .  Air being lighter than Water, and tho 
IB theair. furface of the Armoffihere bring nearer to the 

Moon than the fljrface of the: Sea, i t  canqot be 
doubtrd that  the Moon rail'es much higher Tides 
in the Air t h a n  in the Sea. And therefore many 
havc wondered w h y  the Mercury docs not fink in 
the Barometer % h e n  the Moon's a6tion on the 
particles of Air makes them lighter as h e  paKes 
over t l ic  Meridian. But we niuft confider, that 

Mercury in  as t h t k  particles are rendered lighter, a greater 
meter *hqBdro- is not number of them is accumulated, until thc defi- 
8ftcRtd by ciency of gravjty be made up by the heigllt of the 

wid column i and then there is an quilitrium, and con- 
iequentty 'Sidoi, 

faifec Tide8 

Wby the 



fequently an equal preITurc upon the Mercrrry 
as  before; fo that it  cannot bc affeCted by the 
aerial Tidea. 

C E3 A P. XVIII. 
Of Eclipjs : I‘hcir Number and Periods. A large 

Ctmlogue of Ancient and Modern EcI$/?s. 

312, E V E R Y  Planet and Satellite is ilturni- A findow 

toward that point of the Heavens which is oppo- 
lite to the Sun. This hadow is nitthing but a 

rivation of light in the {pace hid from the Sun 
!y the opake body that intercepts his rays. 

the Moon, that to any place o f  the Earth the SunMooa, 
appears partly or wholly covered, he, is  kid to w ~ r r t .  

undergo an Eclipfe ; though, properly fpeaking, 
it is only an Eclipk of that part of the Garth where 
the Moon’s Ihad(+w or * Penumbra falls, When 
the Edrrh comes between the Sun and Moon. the 
&don fails into the Ear~h’s fliadow ; and having 
no lighc of her own, h e  fuffcrs .I real Eclipfe from 
the interception of the Sun’s rays. b‘heii the Sun 
is eclipfed to us, the M o o i ~ ’ ~  Inhabicancs on the 
fide next the Earth (if any hc41 there be) fee her 
ihadow like a dark fpot travelling over the Earth, 
about twice as fail as its equatorial parrs move, 
and the fame way as they move. When the Moon 
is in an Eclipfe, the Sun  appears eclipled to her, 
total to all thore parrs on which the Earth’s fhadow 
falls, and of as long cootinuance as they are in the 
ihadow. 

314. That the Earth is fpherical (for the hiUs Apmofthrt 
take off no inore from the roundnef’ of the Earth, 
than grains of duR do from the roundnefs of a mdobul*  

nated by the Sun, and c& a ihadvw whof. 

L 

313. When the Sun’s light is to intercepted by W i l r c a o f  t t x  8un sad 

the Eirth 
Mn,ln 

bdici. 
cy The Pcnuybra is a faint kind of hadow all around the 

.perfe€t ntadow of the Planet or Satellite, and will bc more fully 
explained by and by. 

4 4  common 
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common Globe) is evident from the Sgure of its 
ihadow on the Moon; which is always bounded 
by a circular line, although the Earth is inceffantly 
turning its different fides to the Moon, and very 
Eeldorn hews (he fame fide to her in different 
Eclipfes, hecaufe they feldom happen at the fame 
hours. Were theJEarch ihaped like a round flat 

would only be circular when 
dircatly faced the Moan; and 

more or lefs elliptical as the Earth happened to be 
turned more or IeG obliqliely toward the Muon 
when he is eclipfed, The Moon’s different Phafis 
prove her to be romd, 5 254 ; for, as f ie  k e e p  
faill thq fame fide toward the Earth, if that fide 
were flat, as it appears to be, h e  would never be 
vifible from the Third Q a r t e r  to the Firfi 3 and 
from the FirR Quai ter to the 1 hi] d, he would ap- 
pear as round as when we Ciiy ihe is Full: hecaufc 
at the end of her Fir& Qarter the Suu’s light would 
come as fuddenly on all her fide next the Earth, as 
i t  does on B Aac,walf, and go off as abruptly at the 
end of her Third Quarter. . If the Ear th  and Sun were equally big, 

muchblgge, the 32 arth’s hadow would be infinitely extended, 
than the akd. all of the fame bulk; and the Planet Mars, 
thr M~~~ in ,+her of.”its Nodes, and oppofite to the Sun, 
+~ch Ic f i .  would be eclipfed in the Earth‘s hadow.  Were 

the Earth big’ er than the Sun, its ihadow would 
increak in bo P k the fdrthkr it excrndcd,-and would 
eclipfe the giedt Planets Jupiter and Saturn ,  with 
all their Moons,‘ wlicn they were oppofite co the 
Sun. But as Mars in o pofirion ncver falls into 

42 mi\Iions of miles frqm thF Earth, it is plain 
that the Earth is much Ids than the Sun ; for 

cotherwife its ihadow ci)uld !lot elid in a point at 
fo fmall a dittance. If the Sun and Moon were 
equally big, the Moon’s h a d o t  would go on to 
the Earth with an equal breedth, and cover a por- 
tion of the Earth’s lurface more phan zoo0 milos 

broad, 

And that 
the bun ie 

Earth, on$ 

the Earth’s hadow; altho r )gh he is no t  then above 
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broad, even if it fell direAly againR the Esrth’s 
center, as feen from the Moon; and much more 
if it fell obliquely on the Earth: but the Moon’s 
kadow is C~ldom 150 miles broad at the Earth, 
unlefs when it fall9 very obliquely on it in total 
Eclipfes of the Sun. In  annular Eclipfes, the 
Moon’s real ihadow ends in a point a t  fome diE 
tance from the Earth. T h e  Moon’s fmall diItance 
from the Earth, and the fliortnefs of her ihadow, 

And as the 
Larch’s Ihadow is large enough to cover the 
Moon, if her diameter were three times as large as 
it is (which is evident from her long continuance 
in the fhadow when flie goes through its center), 
it is plain that the Earth is much bigser than the 

rove her to be leis than the Sun .  

,Moon. * 
316. Though all opake bodies on which tlieThs pil- 

bulk of the Sun, and the ditlances of the Planets, cclipfc OM 

t h a t  the primary Planets ‘can never eclipfe oneuBLhPr* 
anorher. -4 Primary can eclipre only its Secon- 
dary, or be eclipfrd by it ; and never but when in 
oppofirion or conjunltion with the Sun. T h e  pri- 
mary Planets ate very ieldom in tbelr pofirions, 
but the Sun’and Mooii are To every month : whence 
one may imagine chat tbek two Luminaries ihould 
be rclipfed every month. But there are few 
Eclipfis in refpea to the number of New and Full 
Moons ; the reafon of u hich we hall  now explain. 

317. If the Moon’s Orbit were coincident withwhythsrs 
the Plane of the Ecliptic, in which the Earth al-;$f:.,W 
way4 moves, and the Sun appears to move, the 
Moon*s flidow would fall upon the Earth at every 
Change, and eclipk the Sun to Come parts of the 
Earth.  In like inannrr the Moon would go 
through the Middle of the Earth’s ihadow, and be 
pclipl;-d at every 17~11; but with this difference, 
that fhe qould be totally darkened for above an 
hour and an half j whereas the Sun never was above 
dour minutes tstally eclipfid by the interpofition 

of 

mary Pia- 
Sun kines have their fhadows, yet fuch i s  the new ncver 
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TheMoon’r bf the Moon. But one half of the MDon’s Orbit 

is elevated 5; degrees above the Ecliptic, and the 
bther. half as much depreKed M o w  i t :  confe- 
quently the Moon’s Qrbic interfE&s the Ecliptic 
i n  two oppofite points called tbe Moon’s Nodes, as 
has been already taken notice of, 5 288. When 
thefr points are in  a right l ine with  the center of 
the Sun at New or Foll Moon, t he  Sun, Muon, 
arid Earth,  are all in a right line ; and if the Moon 
be then New, Iiet ihadow falls upon the Earth ; 
if Full, the Earth’s kadow falls upon her. When 
the S u n  and Moon are more than 17 degrees from 

L;mir90f either of the Nodes at  the time of .ConjunBion, 
the Moon i s  then generally too high or too low in 
her Orbit to ca& any part of her h a d o w  upon the 
Earth.  And when the Suo is mort: than 1 2  de- 
grees from eithcr of the Nudes at the time of Full 
Moon, the Moon is generally too high or too low 
in  her Orbit to go through any parr of the Earth’s 
ihadow: and in both theft: caris there will be no 
Eclipk. But when the Moon is lefs t han  17 de- 
btee, from either Node at the time of ConjunCtion, 
her ihadow or Penumbra f d s  more or Ids upon 
the Earth,  as flie is more or lefs within this 
limit*. And when Ihe is Ids  ,than 12 degrees 
from either Node at the time of Oypofition, fhe 
goes through a greater or Ids portion of the Earth’s 
fhadow as flie is more or lek, within this limit. 
H e r  Orbit contains 360 degrees, of which 17, the 
limit of M a r  kclipfes on either fide of the Nodes, 
and 12, the limit of lunar  LI:clipft.s, are bur fmall 
portions: and as the Sun commonly paffes by the 
Nodes but twice in a yea-, it is no wondcr that 

Eclipfrr. 

* This admits sf fime variation : for, in apageal Eclipfes, 
the folar lirnrt i a  but 162 degrees ; arid in  perigeal Eclipfrs it 
i s  18; ---When the Full Moon IS in  her Apogee, h e  will 
be eclipfed if Ihe.bc within to$ degrees of the Node ; arid 
when ’fie is full in her Perigee, he will be eclipfcd if he be 
within 1 2  .& degrees of the Node. 

WC 





we have fo many New and 'Full MOWIS without PLATE& 

RS TU a Circle lying in the ?atne Plane w i t h  the 
Ecliptic, aqd YWXY the Moon's Orlir, all thrown 
into an oblique view, which gives them an ellipti- 
cal ihape ro the ~ Y G .  One hi i l f  of the Moon's 
Orbit, as YWXLis always below the Ecliptic, arid 
the other halPX2Tabove it. 'The points Y and, 
X, where the Moon's Orbit interktts the. Circle 
Ii STU, which lies even with the Ecliptic, are the 
Moon's Nodes ; and a right h e ,  as X E  V, drawn, Line 
from one to the other, through the Earth's center, 
is called the Line of lhe Nodes, which is carried al- 

I moft parallel to i t k l f  round the S u n  in  a year. 
' If the Moon moved round the Earth in  the Or- 
it R S TU, which is coinciderit with the Plane of 

the Ecliptic, her ihadow woiild fall upon the Earth 
every time ihe is in conjunRion with the Sun, and 
at every .oppokion f i e  would go through the 
Earth's fhadow. Were this the cafe, the S u n  would 
be eclipfed at  every Change, and the Moon at 
every Full, as already mentioned. 
, But although the Moon's fliadow N m u 8  fall 
upon the Earth at a, when the k a r t h  is at  E, and 
the Moon in conjunttion with the Sun at i, becaol'c 
ihe is thea very near one of her Kodes, and a t  
her oppafition n h e  mufi go through the Earth's 
fiadow J, becaufr !he is thea near theother NoJe 5 
yet, in the time that  fhe goes round the Earth t'o 
her next Change, according to the order of the 
letters XrPW, the Earth advances from E to e, 
according to the order of the letters E F G  H, and 
the line or the Notlrs Y E X being carried nearly 
parallel to itklf, brings the pointfof the Moon's 
Orbit in conjunttion with the Sun at  that <next 
Change; and then the Moan being a t  f, is too 
high above the Ecliptic to edit her kadow on the 
Earth: and as the Larch is itill moving forward, 
the Moon at her next oppoficion will be at p, poo 

fils 

Nodac. 
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?LATEX. far below the Ecliptic to go through any part of 

the Earth’s fhadow; for by that time the point,$ 
will be at a confiderable difiance from the EarFb 
as feen from the Sun. 

When the Earth comes to E, the Moos in con- 
junktion with the Sun 2 is not at k, in a Plane coin- 
cident with the Ecliptic, but above it at T in the 
highefi part of her Orbit : and then the point b of 
her ihadow 0 goes far above the Earth (as in 
Fig. IS. which is an  edge view of Fig, I , ) .  ’The 

Pig.Lmd Moon in her nex 
11. but at W, where t 

her (as in Fig. I1 
the Nodes V E X  
the Sun, and bot 
from the limits of EclipCrs. 

When the Earth has gone half round the Eclip. 
tic from E to G, the line of the Nodes Y G X  is 
nearly, if not exa&lp, direRed towards the Sun at  
Z ; and then the new Moon I caRs her kadow P 
on the Earth G j and the Full Moon p goes througb 
the Earth’s fhadow L; which brings on Eclipfes 
again, as when the Earth was at E. 
I W en the Earth comes to H, the New Moon 

falls ot at m in a plane coincident with the Ecliptic 
C but a t  W in her Orbit below i t :  and then 
h i hadow 2 (lee Fig. 11.) goes fpr below the 
Earth, At the next Full he is not at q (Fig. I.) 
but at r i n  her Orbit 5; degrees above q ,  and at  
her greateit height above the Ecliptic C D  ; being 
then as far as pdiible, a t  any oppofitipn, from dit: 
Earth’s h a d o w  M (as in Fig. 11.). 

So, when the Earth is at E and G, the Moon is 
about her Nodes at New and Full; and in her 
greateit: norch and fouth Deciinaiion (or Latitude as 
it i s  generally called) from the Ecliptic at her 
Quarters: but when the Earth is at F or H, thc 
Moon is in her greatell north andfiuih Declination 
from the Ecliptic at New and Full, and in the 
Noh about her Qarters. 

318, The 
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1x8, T h e  point X where the Moon's Orbit PLATEX. 

TbeMwn'r 

kendin& 

cmkes the Ecliptic is called tke AJcendilrg Node, be- arccndin' 
cauk the Moon afcends from it above the Ecliptic: and de- 
and the oppofite point of interfe&ion Vis called the Node. 
DeJcendinx Node, becaufe the Moon dcficends from 
it below the Ecliptic. When the Moon is at Y i n  Hernohh 
the highelt point of her Orbit, h e  is in her great- Lotiludc 
ect nortb Latitude; and when fie is a t  W in the 
IoweR point of her Orbit, fhe is in her greatefi 

fouih Latitude, 

Axis, were carried parallel to itfelf round the Sun, trogndr 
there would be juR half a year between the con- motion* 
juntlions of the Sun and Nodes. But the Nodes 
ihifc backward, or contrary to the Earth's annual 
motion, 19; degrees every year ; aad therefore the FiZ;*L 
fame Node comes round to the Sun 19 days fooner 
every year than on the year before. Confequcndy, 
from the time that  the afccnding Node X (when 
the Earth is at E) pares by the Sun as feen from 
the Earth, it is only 173 days (not half a year) 
till the defcending Node V paires by him. Therc- 
fore, in whatever time of the year we have Eclipfes Which 
of the Luminaries about either Node, we may be theEclipfm 
fure that in 173 days afterward we hal l  have foonere*w 
Eclipfes about the othkr Node. And when at any theywoull 
time of the year the line of the Nodes is in the 
fituation V G  X, at the fame time next year it will notfuchr 

be hi the fituation rGs; the aficending Node hav- motion* 
iog gone backward, that is, contrary to the order 
of Signs, from X to s, and the defcending Node 
from Y to r ;  each 19; degrees. A t  this rate the 
Nodes kift through all the figns and degrees of 
the Ecliptic in 18 years and 225  days; in which 
time there would always be a regular period of 
Eclipfes, if any complete number of Lunations 
were finifhed without a fratlion. But this never 
happen$; for if both the Sun and Moon ihould 
i t a r t  from a line of conjunftion with either of the 
Nodes in any point of the Ecliptic, the Sun would 

'3 perform 

and fouth 

3 I 9. I f  the line of the Nodes, like the Earth's The Nodu have a re- 

brinps on 

year than 

be i f  the 
Nodos L1 
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perform 18 annual revolutions and 222 degrees 
over and above, and the Moon 230 Lunations and, 
85 degrees of the 231ft, by the time the Node 
came round to the fame point of the Ecliptic 
again : fo that the S u n  would then be 138 degrees 
from the Node, and the Moon 85 degrees from tha 
Sun. 

320. But, in 223 mean Lunations, after the 
Sun, Moon, and Nodes, have been Once in a line 
of conjunaion, they return io nedrly to the fame 

Aperiod of 
Ec''pfe'* 

P 

Gate again, as that ;he fame Node,. which was in 
conjunttion with the S u n  and Moon at the bcgin- 
ning of the firfi of thde Lunations will be within 
28' 12" of a degree of a line of conjunttion with 
the Sun and Moon again, when the lafi of there 
Lunations is completed. Arid therefore, in that 
time, there will be a regular period of Eclipfes, 
or  return of the fame Eclipfe, for many ages.-In 
this period (which was f i r i t  difcovered by the 
Cbaldeam) there are 18 Julian years I I days 7 
hours 4.7 minutes 20 Ceconds, when the laft day 
of F'brzrary in Leap-years is four times included I 
but when it is five times included, the period con- 
fifis of only 18 years xo days 7 hours 43 minutes 
2 0  feconds. Conkquently, if to the mean time 
of any Eclipfe, either of the Sun or Moon, you 
add I 8 yulian years I I days 7 hours 43 minutes 20 
feconds, when the latt day of Febrzrnry in Leap- 
years comes in four times, or a day iefs when it  
comes in five times, you will have the mean time 
of ,the return of the fame Eclipfe. 

But the falling back of the line of conjunRions 
or  oppofitions of the Sun and Moon 28' 12" with 
refpen to the line of the Nodes in every period, 
will wear it out in procds of time; and after that, 
it will not return again in 14s t han  12492 years.- 
There Iiclipks of the Sun, which happen about 
the Arcending Node, and begin to come in at the 
North Pole of the Earth, will go a little foutherly 
at each return, till they go quite off the Earth a t  

9 the 



the South Pole; and thofe which happen about 
the dcfcending Node, and begin to come in at 
the South Pole of the Enrth, will go a little nor- 
therly at  each return, till at  lafi they quite leave 
the Earth at  the Nbrth Pole. 

T o  exemplify this matter, we hal l  firR confider 
the Sun’s Eclipfe, Murcb 21it Old Stile (April I &  
New Stile) A. D. 1764, according to its mean 
revolutions, without equating the times, or the 
Sun’s dlfiance from the Node ; and then according 
to its true equated times. 

This Eclipfe fell in the open $ace at  each 
return, quite clear of the Earth, ever fince the: 
creation till A. D. 1295, rutre ~ 3 t h  Old Stile, a t  
12 h, 52 m. 59 fis.p@ meridiem, when the Moon’s 
fl ladow firit touched the Ea r th  a t  the Warth Pole5 
the Sun being then I 7” ,+O’ 27’! from the Afcend- 
ing Node.-ln period Gnce that time, the 
Sun hascome 2 nearer and nearer the fame 
Nude, and the Moan’s fliadow has therefore gone 
more and more fotitht;rly.--In the year 1962, Jdy 
18th Old Stile, a t  IO 11. 36 m. 21 kc. p .  m. when 
the t m e ~  Eclipfe will have returired 38 times, the 
Sun will be only 24‘ 45’’ horn the Mcending 
Node, and the center of the Moon’s fhailow will 
fall a little northward of the Earth’s center,-At 
the end of the next’following period, -4. 1). 1980, 
Juiy 28th Old Stile, at I 8 11. I g m. 4 I fec. p. m. 
the Sun will have kxeded bdck 3’ 27” from the 
Afcending No& and the M o o n  will have a very 
fmall degree of fouthern Latitude, which will cauk 
the center of her fliadow to pais 3 very fmall rnatter 
fouth of the Earth’s ccnter.-After which, in 
every following period, the Sun will be 98’ 12” 
farther back froill the Afcending Node than  in 
the prriod la[i before; and the Moon’s hadow will 
go [till farther sild firther fourhward, until S e p  
tctfibtr 12th Old Stile, at  23 h, 46 in. 22 TX. p .  m. 
A. L). 2665; when the Eclipfe will have corn- 
pleated its 77Ch periodical return, and will go 

q u m  
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quite off the Earth at the South Pole (the Sun 
being then 17" 55' 22" back from the Node) i and 
it  cannot come in at  the North Pole, fo as to begin 
the fame Courfe over again, in lrfs than 1249% 
years afterward.-And fuch will  be the cafe of 
every other Eclipfr: of the Sun: for as there is 
about 18 degrees on each fide of  the Node within 
which there is a pombility of Eclipfes, their whole 
revolution goes through 36 degrees about that 
Node, which, taken from 360 degrees, leaves re- 
maining 324 degrees for the EcliplPs to travel in 
cxpavttm. And as this 36 degrees is not gcme 
through in lek than 77 periods, which takes up  
1388 years, the remaining 324 degrees cannot be 
fo gone through in Irk than fz492 years. For, 
as 36 is to 1388,  TQ is 324 to 124.92. 

321. In order to h e w  both the mean and true 
times af the'returns of rhis Kclipli-, through all its 
periods, together with the mcan Anomalies of the 
S u n  and Moon, at each return, and the mean and 
true difiances of the Sun from the Moon's afcend- 
ing Node, and the Moon's true Latitude at  the 
true time of each New Moon, 1 have calculated 
the following Tables far the hake of thofe who may 
choofe to projeR this Ecliple at  any of its returns, 
according to the rules hid down in the XVth 
Chapter ; and have by that  means taken by much 
the greatelt part of the trouble off their hands.- 
All the rimes arc according to the Old Stile, for the 
take of a regularity which, wi th  refpel3 to the 
nominal days of the Months, does not take place 
in the New : but by adding the days difference of 
Stile, they ale reduced to the times which agree 
with the New Stile. 

According to the mean (or fiippofed equable). 
motions of the Sun, Moon, and Nodes, the Moon's 
ihadow in this liclipfe would have  firfi' touched the 
karth at the North Pole, on the 13th of rune, 
A. I). 1295,  at 12 h, 52 111, 59 kc, paIt Noon on 
the Meridian of London ; aud would quite leave the 

Earth 
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Earth at the South Pole, on the I 2th of September, 
A. D. 2665, at 23 h. 46 m. 22 fec. pap Noonl at 
the completion of its 77th puisdi as hewn by 
.the firfi and fecond Tables. 

But, on account of the true (or unequable) moo 
tions of the Sun, Moon, and Nodes, the firR 
coming in of this Eclipfe, at the North Pole of the 
Earth, WBS on the 24th of June, A. D: 1313, at 
3 h. 57 m. 3 fec. paR Noon; and it will finally 
leave the Earth at the South Pole, on the 31R of 
Jab, A. De 2593, at IO h. 25 m. 31 fec. pa& 
Noon, at the completion of its 72d period i as 
ihewn by the third and fourth Tables.-So that 
the true motions do not only alter the true times 
from the mean, but they alfo cut off five periods 
from thofe of the mean returns of this Eclipfe, 8 

R TABLE 



Sgp and Moon, dnd the S d r  mean Di/unre f r o m  the Moon'; &&din 
hb ic ' ,  at the mean %ne of tach perhfical Return of the Sun's ,??dipfi< 

I__ -_- I --- -- ___ 
4 Mean 'I'ime of Sun's mean Moon'e mean un'smern D.R. 

Anomaly. Anomaly. h r n  the Node. 

s. o ' " s o ' " 8 0 ' "  
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*I'Af$LE 1V. Tba truc J inic of' New bloon, with the Stm'z true I)fla~fcr 
fro?& tbc Moon's Afiending Nodc andthe Moon's truc Latitude ~t tach pcrio- 

, dical Re~uriz of ibc Sun's Eclik), March 2 I)', Old Stilt, A. D. 1764, from 
' i t s  failing t*igbt again1 the Eartb'J Cmtet., t i / /  it fitzally /caves ibe Earth. 

V True: Time of Sun's true hit. Moon's true Latitude 

[ '$Montli.D.H.M.S. 3 o ' " o ' " South. . 

--- - 
n. 0 3  New Moon. from the Node. South. z g K $  

' 37 1 9  2 t July 18 o 31 3 8 1 1  29 

-. ---e_. 

.--- -__I - 
3 6  19 4July G 17 5 0  35 1 1  29 55 2 8  o o 24 S. A. 

2 S. A. 
38 iy8oJuly 28 7 18 5 3 1 1  28 1 1  3 2  o y zg S. A. 

I 39 19y8 Aug. 8 ~~i 1 2  2 1  I I  2 7  2 6  41 o 13 25 S .  A. 
40 20iG Aug. 18 2 1  1 4  5 3  1 1  26 +z 16 o 17 18 S. A,  
41 2034 Aug. 30 4 25 45 1 1  26 2 o o 2 0  48 S. A, 
42 2052  Srpt. g I I  45 17 I I  25 26 40 o 23 5 3  S. A. 
43 zo7oScpt. 20 19 17 26 t i  24 5 5  .+ o 26 3 9  S. A. 

' 44 zo88Ofi. I 2 57 8 1 1  2 4  27 43 o 28 58 S. A, 
45 z106Oct. 12 IO 47 3 9  I I  24 4 38 o 3 1  a S. A, 
46 21z4O&. 22 18 37 + o i l  23  48 z8 o 3 2  26 S. A. 
47 2142NOv. 7 z 56 1 9 1 1  23 35 1 1  o 33 5 3  S .  A. 

, 48 z160 Nov. 1 3  1 1  I I 20 1 1  23 za  2 2  o 34 4 2  S. A. 

2 35 o 5 

245 

49 
50 
S I  
$ 2  
5 3  
54 
5 5  
56 
57 
58 
59 
60 
61 
62 
6 3  
64 
6s 
66 
67 
68 
69 
70 
71 
7 2  
o 
By 

2178 Nov.  z,c 19 36 14 1 1  z3 18 57 o 35  o S. A. 
2196I)ec. 5 4 4 9 1 1  23 14 110 0 3 5  a 2  S. A. 
zz14Dec.  16  12 3 5  4811  23 JO 43 0 35 43 S. A, 
2232Dec. 26 20 21) g I I  2 3  6 47 o 3 6  I S. A. 
Z Z ~ I  Jan. 7 5 42 y i i  23 4 27 o 3 6  16 J. A. 
zzGg Jan. 1 7  14 14 8511 23 0 41 0 36 35 S. A. 
2287 Jan. 2 8  2 2  43  34111 z z  53 58 o 3 7  IO S. A. 
2305 h b .  8 7 8 3011l a2 44 44 0 37 59 S. A. 
2323Peb. 19 1 5  7 i o 1 1  22 31 1 o 33 8 S. A,  
2341 Mar. 2 o 6 5 1 1  22  17 4G 0 40 28 S. A. 
2353Ma' .  13 7 59 1 7 1 1  2 1  5 5  29 O 4 2  9 S. A. 
2377 Mar. 23 1s 5 1  5') 1 1  2 1  3 9  40 o 43 , 4 1  S. A. 
2395 Apr. 3 45 7 I I  2 1  o gj o 46 5 %  S. A. 
24.13 Apr. 14 7 3 2  4 0  1 1  2 0  26 22 o '$9 48 S. A. 
2431 Apr. 25 1 j  12 5 7 1 1  19 4 7  34 0 5 3  17 s. A. 
2449May 5 2 2  45 1 4 1 1  19 6 2r o 56 50 S. A. 
2467 May 17 G 1 7  30 I I  1 8  zl 16 I o 4 0  S. A. 
2485 May 27 13 46 2911 17 3 4  20 2 4 42 S. A. 
2503 June 7 21 10 3 1  1 1  16 43 1 7  $1  9 3 S. A. 
ZSZI June 18  4 2 4  4 . 2 1 1  1 s  5 1  48 1 13 26 S. A. 
253gJune 29 1 1  58 q b 1 1  1 5  I 12  I 17 43 S. A, 
2 5 ~ 7  July '3 19 2 4  7 I I  14 g 1 3  1 2 2  6 S, A. 
2 5 7 5  July 21  2 5 2  34 I I  13  ry 2 2  I 26 16 S. A. 
2593July 31 IO zs  3 1  1 1  12 13 43  1 3 1  44 S. A. 
2 6 1 1  Aug. I I  1 7  $ 8  9 9 1 1  1 1  45 13' I 36 1 3  S. A. 
the true M u t l o - ; ; ; - ~ t h c h u n , M ~ o , , ~ ~ ~ d - ~ ~ ~ ~ l ~ ~ ~ ~  

goes off the k h r t b  four Periods foonrr that i t  would l ~avc  done by 
mean cq\iablc Motions. -.*, - 

a *  'fa K 3  



246 Of EcI@fcs. 
From Mr, T o  illufirate this a little farther, we fliall exa- 

mine fome of the mofi remarkable circumfiances 
on Eclipfcr, u of the returns of the Eclipk which happened 
La,,don, by July r q ,  1745, about noon. T h i s  Eclipfc, after 
E.CAvFl ir) traverfing the voids of fpace from the Creation, 

at  lafi began to enter the Term Au$lralis,Incog- 3748. 
cc nita, about 88 years after the Conqueft, which 
u was the laCt of King STEPHEN’S reign j every 
ar Chaldkan * period it has crept more northerly, 
c‘ bu; was itill invifible in Britnilt before the year 

1622; when on the 30th of April it began ta 
touch the fouth parts of England about I? in the 
afternoon : its central appearance rifing in the 

f a  American South Seas, and traverfing Peru and 
c c  the Amazon’s country, through the Atlantic ocean 

into Africa, and fetting in the Elhiopicln conti- 
‘c nent, not far from the beginning of the Red Sea. 

c c  Its next vifible period was after three Chaldeaiz 
revolutions in 1676, on the firfi of Jane, rifing 

e r  central in the Atlan/ic ocean, pafing us about 
g in  the morning, with four t Digits eclipfed on 
the under limb ; and fetting in the gulph of Cow 

‘C I t  being now near the Solfiice, this Ec l ipf~  
was vifible the very next return in 1694, i n  the 
evening; and i n  two periods more, which was 
in 1 7 3 ~ ,  on the 4th of July, was feen above half 

u eclipkd jurC zftcr Son-rife, and obferved borb 
(‘ at kVit!e&wrg i n  Germany, and Pekin in China, 
6s foon after which  it went OR-. 

( 6  E:ighteen years more afforded us thtEcli pie 
which fell on the r q t h  of ?a&, 1748. 

?’he next vifible return will happen on yub 
25, 17GG, i n  the evening, about four Digits 

f *  eclrpkti 5 and aftfr two periods more, on AquJ 

* T h e  above period of 1 8  years I I  day3 7 hours 43 mi- 
niitea 20  feconds, which was found out by the Chnldcunr, and 
by thcm called 8at.o~. 

.f Digit is a twclfrh part of thc diameter of clip Sun or 
Moon. 

CI S M ~ T I I ’ #  (c 
Differcation 

printed at  

the yrar 

c *  chitichina in the EaJ Indics. 

41 J 6th, 



u~ rbth, 1802, early in the morning, about five 
*' Digits, the center comiqg from the north frozen 
sc continent, by the capes of Norway, througli 

Tartary, China, and Japan, to the Ladrone 
" iflands, where it goes off. 
" Again, in ~ 8 2 0 ;  AupJ 26, betwixt one and 
two, there will be another great Eclipfe a t  Londotl, 

" about IO  Digits; but happening fo near the 
I' Equinox, the center will leave every part of 
c c  Britain to che WeR, and enter Germmy at E'nth- 
'( den, pafing by Venice, Naples, Grand Gairo, and 

fee in the gulf of BaJoova near that city. 
(' ]rt will be no [nore vifible till 1874,  when five 

" Digits will be obfcured (the center being now 
" about to leave the Earth) on September 28. In  
'' 1892 the Sun will go down eclipkd at Londolr, 
cc and again in xs28 die paffagc of the center will 
IC 'be i n  the expanfion, though there will bc t w o  
cc Digits eclipfed at London, ORoLer the grit of 
g f  that year; and about the year 2090 the,whole 
c c  Penumbra will bc wore off; whence no mure 
cc returns of chis Eclipje can  happen till after a re- 
.CC volution of 10 thoufand years. 

c c  From there remarks on the intire revolwtion 
C( of this Eclipk, w e  m a y  gather that a thoufand 
6' years more or lek! (for there are fome irrigola- 
c~ rities that may protratk or lengthen this period 

109 years), complete the whole terrefirial Plm 
nomena of any fingle Eclipfe : and rtnce 20 pe- 

cc  riods of 54 years each, and about 33 days, corn- 
'( prehend the entire extent of their revolution, i t  
cc is evident that the times of the returns will pafs 

through a circuit of one year and ten months, 
every Chnldeait pcriod being ten or elevpn days 

" later, and of the equable appearances about 32 
Or 33 days. T J ~ ~ J S ,  ctlougb this Eclipk happens 

cc about the middle of Jz@, no acher fubkquent 
Eclipf' of this period wdl return to the middle 
of the famc month again ; but wear, confiantly 

SF each period 19 or r j days forward j and at I& 
* 4  'c aipcar 



appear in Winter, but then it begins to cede' 
(C from affeaing us. 

cf Another conclufion from this revolution may 
be drawn, that there will fcldom be any more 

6c than two great Ec1ipfes.of the Sun in the interval 
of this period, and thefe follow fomctimes next 

e( return, s n d  often at greater difiances. That of 
(c 1715 returned again in 1733 very great; but 

this prefent Eclipfe will not be great till the 
(( arrival of 1820, which is a revolution of four 
(I Cbaldean periods : To t b a t  the irregularities of 

their circuits muff undergo new computations 
to afign them exaely. 
( 6  Nor do all Eclipfes come in at the fouth Pole: 

8' that depends altogether on the pofition of the 
lunar nodes, which will bring in  as many from 
the expanJuum one way as the other: and fuch 

4' Eclipfes will wear more foutherly by degrees 
u contrary to what happens in the rcfent cafe. 

(C tember, had its center in the expanjum, and ret 
(( about the middle of its obfcurity in Britain; it 
'( will wear in at the North Pole, and in the year 
c' 2600, or thereabout, go off in the expanfam on 
," the fouth fide of the Earth. 

t' T h e  Eclipfes therefore which happened about 
cr the Creation are little more than half way yet 
u of their ethereal circuit; and will be 4000 years 
C( before they enter the Earth any more. This 
(( grand revolution feems to have been entirely 

unknown to the ancients. 
why our 322. cc I t  is particularly to be noted, that Eclipfes 
Le' refent agree To-ec  which have happened many centuries ago, will 
not with cc not be found by our preient Tables KO agree ex- 
ancient fcrvrtionr, Ob- '' attly with ancient obfervations, by reafon of the 

'c great Anomalies in the lunar motions ; which 
appears an inconteitable demonitration of the 

gc non-eternity of the Univerfe. For it ieems con- 
(( firmed by undeniable proofs, that the Moon now 
.'f finiihes her period in lefs time than formerly, 

c: and 

"'he Eclipfe, for example, o P 1736, in Sep- 



,249' q EClQJk 
IrC and will continue by the centripetal law to ap- 
t( proach nearer and nearer the Earth, and GO gQ 
cr fooner and fooner round it: nor will the wwi- 
cc fuga1 power be fufficient to cornpenface the dif- 
'' ferent gravitations of fuch an affcmblage of bo- 
" dies as confiituce the folar fyfiem, which would 
'' come to ruin of itfelf, without Come new regula- 
*( tion and adjufiment of their originat"motions *. 
cr mony of the ancients, chat tbere was a total 'r''p'c* 

<' Eclipfe of the Sun prediaed by ~ N A L E S  to hap- 
<' pen in the fourth year of the 4XtIzt C&mphd, 

( t  eirher 

323. '( We are credibly informed from the teiti- THAI r8.t 

* There arc two ancient Eclipfe9 of the Moon, rccordcd by 
Piolemy from Hipparchmi, which atFord an undeniable, proof of 
the Moon's accelcrarion. The  firR of there was obfcrved ut Ba- 
ly/on,-Dccctnbcr the 22d, in the year before C H R I S T  383 : when 
the Moon began to be eclipfcd about half an hour before the 
Sun rofe, and the Ecliple was not over before the Moon fet : 
but by molt. of our Altronomical Tables, she Moon was let a t  
AabyIon half an hour before the Eclipk began ; in which cafe, 
there could have been no yoflibility of obfervin T h e  lc- 

year before CHRIST 201 ; where the Moon rofe fo much cclip- 
fed, that the Eclipfc muit have begun about half arl hour before 
fie role; whereas, by moR of our Tables, the beginning of 
this Ecliplc was not till about ten minutes after the Moon r o k  
a t  Ahxatidriu. Had chcle Ecliplcs ticgun and ended while the 
Sun was below the Horizon, we might havc imagined, that as 
the ancients had no certain way of meaiuring time, they might 
have been fo far miflaken in the houri' that we could not have 
laid any Arefs on the account8 given by them. Bur, as in  t b  
firR Eclipfc the Moon was fet, and code  urntly the Sun rifen, 
before it was over ; and in the fecond Ec 1 ipfc the Sun was fet 
and the Moon not rifen, till ionic time after it be an : thFfc are 

Mr. Stryk, in the following Catalogue, notwithltandlng 
the cxprels words of pfoltvy, puts down there two  Kclipfes 

oblervcd at&ctlJ; where they might have becn kcti as 
above, without any accclcration of the Moon's morion : A / h z  
being 20 degrees Wcfi of Babylon, and 7 degrees Welt of A h -  
nrtdria , 

4- Each Obmpindbegan at  the time of Pull Moon next after 
the Summer SolRice, and lafled four years, which were of un- 
equal lengths, b c c d e  the time of Full Moon differs 1 1  day8 
cvW year : fo that they might fomerimes bcgin on the next 

cond Eclipfe waa obferved at /l/cxandria, Srptcni d cr k. the zad, the 

fuch circumltances ay theoblurvers could not poflib f y be miltalfen 

day 



CC either at SardiJ or Miletus in AJa, where THALEJ 
T h a t  year correfponds to tile 

16 585th year before Chrifi ; when accordingly 
u there happened a v5ry Iignal eclipfe of the Sun, 
gc on the 28th of May, anfwering to the prefent 
cc 10th of that  month *, central through Norlb 
cc  America, the fouth parts of France, Italy, &c. as 

far as Athens, or the Jfles in  the /Egcaiz Sea; 
6; which is the farthefi that even the Cnroltnc Tables 
IC carry i t ;  and confequently make it invifible to 
6 6  any part of Ai’&, in the total cl~ara&tcer; thougll 
C( I have good reafons to believe that  it extended 

to Babylon, and went down central over that city. 
We are not however to imagine, that  it wds i?t 

day after the SolRice, and at other times not till four wcclrs 
after it. T h e  firit Oljmnpiad began in the year of thc ulisn Pe- 
riod 3938, which was 770 years before the f i r i t  year o f’ CH K I S r ,  
or 775 before the year of his birth; and the la11 O!yr,rpiad, which 
was the 293d, began A. D. 393. At the expiration of Cacti 
O!yrqjiad, the OIJtnq~ic Carm were celebrated in the E l e m  fieldp, 
near the river A&m in  the Pefnponrtfliz (now Mows) in  honour 
of J U P I T E R  O L Y M r u a .  See S T K A U C A I U S ’ S  Brewiariun; 
Cbro~~ofogicum, p. 247-25 I .  

* The reader may robably find it dificulr to underffand 

4th year of the 48th Obnrpicrd, aa it wa9 only in the end of tkc: 
third year : and alfo why the 28th of Muy, In the 585th year 
before C H R I S T ,  lhould anlwer to the prefcnt loth of that month. 
N u t  we hope the following explanation will remove there diffi. 
cultirs. 

T h e  month of Muy (when the Sun was eclipfed: in the 585th 
year before tlie firlt year of CHRIST, which was a leap-year, 
fell i n  tlie latter end of the third year o f  die 48th Ol~tq iad;  
nnd the fourth year of that olympiad began at  the Summer 
Solltice following : but perhaps Mr. S M I T H  begins the year o f  
thc O/yrrqiad from yunuaty, in order to make them correrpond 
more readily with J I I ~  Years; and fo reckons the month of  
M o ~ ,  whcn the Eclipk happened, to bc in the fourth year of 
that O!ympiad. 

T h e  Place or Longitude of the Sun at  that timc was 8 29. 
43’ 17’’’ to which lame place the fun returned (after 2300 
years, wia.) A. 1). 1716, on M ~ Y  9‘’ 5h 6”’ after noon: fo 
that, with r e f p d  to the Sun’s place, the 9th of May, 1716, 
anfwers to the 28th ofMay in thc 585th year before the f irR y e w  
of CH R I S T  j that is, the Sun had the fame Longitude on both 
thde days. 

then reGded. 

why Mr. S M IT H fhoul R reckon this Ecliple to have been in the 

before 



Of E cli~eet . 
Cc‘before it paffed Sards and the Ajutic towns, 

whore the prediAor lived ; becaure an invifible 
<* Eclipfe could have been of no fervice to demon- 
cc firate his ability in ARronornical Sciences to his 
“ countrymen, as it  could give no proof of its 

reality. 
324, 

<( relates, that a fi lar Eclipfc happened on a Sum- Ellipit 
mer’s day in the afternoon, in the fir& year of 

I C  peared. liriourus was viaor in the Olympic i i 

cc games the fourthy,ear of the iaid war, being alfo i. f- 
‘‘ the fourth of thc”’87th obm$d, on the 428th 

-” 

cc year before CHRIST. So that  the Eklipfe muk 
I‘ have happened in the 4310: year beforc CrsRfsT; 
c r  and by computation it appears, that  on the 3d 
c f  of AquJ there was a Ggnal Eclipfe which would 
I C  have paced over Athens, central about 6 in the 
6‘ evening, but which our prefent Tqblcs bring no 

farther than the ancient g l r t e ~  on the A’ricrrn 
cc con(?, above 400 miles f iod  Atbens; which 
6~ fiiffering in that  cafe but 9 Digits, could by no 
ccc means exhibit the remarkable dnrknefs recited 

by this IiiItoriJn ; the cciiter therefore fecrns to 
Cc have pared Athem about 6 in t l x  evening, and 
cc probably might go down about rjer@fcnl, or 
t c  near it contrdry to the conitrutlion of the y e -  
a I n t  T h l e s ,  ,l Iiave only obviated t h d e  things 
g f  by way of ciution to the prefeiit Atlraoomcrs, 
I C  in re-computing ancient li:clipl‘es; and refer them 
I‘ toexamine the Eclipli of A’ i~ i~s ,  fo fatal to the 
‘‘ Athenian fleet* j that  which overthrew tht 
‘‘ ccdunian Army j-, UC.” So far Mr. SMITH. 

Luminaries catinot be lefs than two, nor more than frs, 
h e n  j the mok uflial n u r d x r  is four, and it is 
very rare to have more than fix. For the Sun 
pares by both the  Nodes but once a year, unlcfs 

For a further illufiration, THUCYDIOES T~tvct -  
nists .8  

the Peloponnr/iaa war, fo great that the S ta r s  ap- j F t  4” ,* ‘ l ) i  8 $11 ) 

325. In any year, the number of Eclipks of both The nurn- 
h r o f  Y d i p  

* Before C C Z R I S T  4r3, Atyty? 27.  
t Uefore C H R I S T  168, > m e  21.  

14 bC 



Of Eclipjs, 
he paffes by one of then? in the beginning of the 
year; and if he does, he will pais by the fame Node 
again a little before theyear be finiihed; becauk 
as thefe points move 19; degrees backward every 
year, the Sun will come to either of them 173 days 
after the other, § 319. And when either Node is 
within 17 degrees of the Sun at the time of New 
Moon, the Sun will be eclipfed, At the fubfe- 
quent oppofition, the Moon will be eclipfed in the 
ocher Node ; and come round to the next conjunc- 
tion again ere the former Node be 17 degrees pafi 
the Sun, arid will therefore eclipfe him again. 
W h e n  three Eclipfes fall about either Node, the 
like number generally falls about the oppofire ; as 
the Sun comes to it in 173 days afterward j and 
fix Lunations contain but four days more. Thus 
there may be two Eclipfcs of the Sun and one of 
the Moon about each of her Nodes, But when the 
Moon changes in either of the Nodes, f i e  cannot 
be near enough the other Node at the next Full 
tq be eclipfed ; and in fix lunar months afterward 
ih.3 will change near the other Node : in t h fe  cafes 
theke can be but two Eclipks in  a year, and they 
are both of the Sun. 

3 2 6 ,  A longer period thaq the above mentioned, 
9 320, for comparing and examining Eclipfes which 

'happened at long intervals of time, is 557 years 21 
days 1 8  hours 30 minutes I I feconds, in which 
timc' there are 6890 mean Lunations ; and the Sun 
and Node meet again To nearly as to be but X I  f e w  
conds diitant; but then it is not the fame Eclipfc 
that returns, as in the ihorter period above-men- 
timed. 
327. We hall  fubjoin a catalogue of Eclipfes 

recorded in hifitary, from 721 years before CHRIST 
to A. D. 1485 ; of computed Eclipfes from 1485 
to 1700: and of all the Eclipfes vifible in EWGPC 
from 1700 to 1300. From the beginning of the 
Catalogue to A. D. 14-85, the Eclipia are taken 
fro91 STRWY K'S IntroduBion tu univegai Geogrupby, 

as 



Of Eclipjs. 353 
as that indefatigablc author has, with much labour, An account 

colletted them from Ptolemy, Tbucydides, I’liftarch, lowing cp- 
Cnlor$us, Xenophon, Diodortis Siculus,Jupin, PObbiUJ, talogue of 

Titus Livius, Cjcero, Lgcclnus, Tbeophanes, 
C d h ,  and many others. From 1485 to 1700 the 
Eclipfes are taken from Ricciolrrs’s Aitlrage) : and 
from I 700 to I 800 from L’ Art de ver$er (cs Dates. 
Thofe from Str-uyk have all the places mentioned 
where they were obferved : Thafe from the Frcncb 
authors, v i z ,  the religious Benediflilies of the con- 
gregation of S t ,  Mnur, are fjtted to the Meridian of 
Puris ; And concerning thofc from Xicc ioh ,  that 
author gives the following account : 
‘‘ Becauie it is of great ufe for fixing the Cycles 

or Revolutions of Eclipfets, to have at hand, with- 
out the trouble of calculaCon, a liR of fucceffive 
Eclipfes for. many years, computed by authors of 
.Ephemerides, although from Tables not perfeR in 
all refpeEls, I hall, for the benefit of Afironomcrs, 
give a fummary colleltion of fuch. T h e  authors I 
extra& from are, an anonymous one who publihed 
Ephemerides from 1484 to I 506 inclufive : Jacobus 
Pslaumenand Jo. Stq?erinus, to the Meridian of Uln, 
from I 07 to I 534 : Lucas Gnuricus, to the Lati- 

Appian, to the Meridiin of Leyfing, from 1 5 3 8  to 
1578 : Jo. Stdjerus, to the Meridian of Tiding, 
from 1543  to 1554:  Petrus Pilatus, to the Meri- 
dian of Vetlice, from 1544 to 1556 : Georgius Joa- 
chimus Rbeticus, for the year I 5 5 I : Nicholus Simus, 
to the Meridian of Bolopa, from 1552 to 19%: 
Michad Ma/Zlin, to the Meridian of Tiding, from 
’557 to 1590: 70. Stadius, to the Meridian of 
Antwerp, from I 554 to I 574 : Jo. Antoninus Magi- 
WUS, to the Meridian of Ycnice, from I 58  I to 1630 :. 
David Origan, to the Meridian of Franckfart qn the 
OdeG from 1595 to 1664.: &drew Argd, to the 
Meridian of Rome, From 1630 to 1700 : Fruncijcus 
Montehruaus, to the Meridian of Bologtin, froth 146 I 
30 1660: Among which, Stadius, MdjUn, and Ma- 

r 5  ginus, 

of  the fd- 

j ~ ~ i ~ ~  Eclipfco. 

tude o f 45 degrees, from 1534 to 1 5 5 1  : Peter 



ginus, ufed the Prutenic Tables ; Origin the Pruttl 
z ic  and Tychonic ; Mantelrunus the LanjZergiart, as 
lilcewife thok of Durat. Almdtt all the rclt rhc 
Alpbonjne. 

But that  the places may readily be known for 
which there Eclipfes were computed, and from what  
Tables, confulc the following Lilt, in which the 
years inclujve are alfo fee down : 

From To 
~ 4 . 8 5  I 506 The  place and author unknown.' 
1507 1553 Uhz in Suabia, from the AbbonJne. 
3554 1576 Atitweup, from the Prutenic. 
1477 1585 Tubing, from the Prutenic. 
~ 5 8 6  1594 Yenice, from the Prutenic. 
I 595 i 600 Franckfortob ~heOder,fronitliePrutenic. 
1601 I 640 FranckfartontlieOdcr,from theochonic. 
1641 1660 Bologna, from the La?lJlergian. 
1661 1700 Rome, from the Tychonic. 

So far RICCIOLUS. 

1 N. B. T h e  Eclipfes marked with an Afieriffc are 
not in RICCIOLUS'S Catalogue, but are fupplied 
from L'Art de verger k s  Dates. 

From the beginning of the Catalogue to A. D. 
1700, the time is reckoned from the noon of the 
day mentioned to the noon of the following day : 
but from 1700 to 1800 the time is fet down ac- 
cording to our common way of reckoning. Thofe 
marked Pekin and Canton are Eclipfes from the 
Chinge chronology according to STRUYK ; and 
throughout the Table this mark @ fignifies Sun, 
and ;D MQon, 

S TR u Y ~3 
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BTRUYK'S Catalogue of E C L 1 P S E S. 
lief, 
Chr, 

721 
720 
720 
621 

523 
502 
491 
431 
425 
424  
4 1 3  
406 
404 
403 
394 
383 
382 
382 
364 
357 
357 
340 
3 3 1  
3 IO 
2 1 9  
2 18 
z t 7 
203 
202 
201 
zoo 
200 
198 
190 
188 
I 74 
168 
141 
104 
63 
GO 
34 
5 1  
48 
45 
76 

- 
6Cliples of the Sui 
and Moon feen at 

Rabylon 
Babylon 
Babylon 
Ihbylon 
Babylon 
Babylon 
Babylon 
Athens 
Athens 
Athens 
Atheiiv 
Athens 
Athens 
Pekin 
Gnide 
Athens 
Athens 
Athens 
Thebcs 
Syracufe 
Zant 
Znnc 
Arhcla 
Sicily Ifland 
Myfia 
Pergarncrs 
Sardinia 
Frufini 
Cumia 
Athens 
Athens 
Athens 
Rome 
Rome 
Rome 
Athens 
Macedonia 
Rhodes 
Rome 
Rome 
Gibraltar 
Canton 
Rome 
Rome 
Rome 
Komc 

__II 

- 

D 
D 
D 
II 
D 
D 
I, 

3 
I.) 
D 

> 
3 
J 
I, 
D 
;" 

D 
D 
;;5 
1, 
D 
3 

I, 
D 

3 
D 
D 
D 

1, 
3 
p 
9 

-II_ 

March 1 9  to 34 Total 
March 8 I [  56 I 5 
Sept. I 10 I g  5 4 
Apr. 2 1 \ 1 8  zz z 3f 
luly 16 *z 47 7 24 
Nov. ~ 9 1 2  2 1  I 5 2  
April 25 1 2  1 2  I 44 
Aug. 3 6 35 I S  c 
OQ. 9 6 45 Total 
March2020 17 9 c 
Aug., 27 io 1s Total 
Apr. 15 8 50  Total 

P S e p t .  2 2 1  1 2  8 4 c  
Acg.  28 5 53 I O  4c 
Aug. 13 22 8 7 1 1  c 
Dec. 2 2  19 G 2 I 
June 18 8 5 4  6 1 5  
Dec. 12 10 21 Total 
J ,dy  1 2 1 3  S J  6 ac 
Etb. 28 22 - 3 33 
A%* 2 9  7 29 4 21 

D S e p t .  14 r B  9 E 
Sept. 20 20 g Total 
Aug.  1 4  20 5 io zz 
March 19 14 5 Total 
Sept. I riGng Total 
Feh. I I  I 57  9 t 

3 M a y  6 2 5 2  5 4c 
;>OB. 18 za 24 I c 

Sept. 22 7 14 8 gF 
March 1 9  I 3 g Total 

) , S e p t .  1 1  14 48 Total 

$March 1 3 1 8  - 1 1  c 
July. i 6 z O  j8 to 4t 
April 3 0 1 4  33  7 I 
June 21 8 P Total 
Jan. 27 IO 8 3 z.! 

$July Jh22 0 1 1  5s 
OB. 27 6 22 Total 
March 16 retting Centra 
May g 3 41 ' r a d  
March 7 2 12 

o .PotaI' 

$ A u ~ *  6-- 

ip, ':I1; - 
3 May 19 3 5 2  

Total 
6 42 

STRUYIC' 



STRUYK’S Catalogue of E C L I P S E S, 
clipfees of the Sui M. dr ,-,!Middle H. M. 

@ Aug. 20 retting 
8 Jan. 5 4 P c! June 18 23 48 
DOt3. 23 4 16 
Q April 7 4 1 1  

E Feb, 1 20 8 

e 

ONOV.  I 5 13  

Digits 
eclipkd 

Gr.Ecl. 
I I  o 
Total: 

I I  1 5 ~  
2 o 

1 1  4 2  

-- 

2 8 

26 
24 I 16 
z 

Aft. 
Chr. 
3 I 

5 
14 
27 
30 
40 

:g 
46 
49 
53 
55 
56 
sg 
60 
65 
69 
70 
71 
95 

I 25 
t 3 3 
I 94 
I 36 
237 
238 
290 
304 
3i6 
3 3 4  
34% 
360 
,364 
401 
lor 
402 

--- 

Canton 
Pekin 
l’ekia 
Canton __ I_ 

Pekin 
Rome 
Panonia 
Canton 
Canton 
Pekin 
Rome 
Pekin 
Rome 
Pekin 
Canton 
Pekin 
Canton 
Rome 
Canton 
Canton 

,Rome 
Canton , 

Rome 
Ephefus 
Alexandria 
Alexandria 
Alexandria 
Alexandria 
Bologna 
Rome I 
Carthage 
Rome 
Conltantinople - 
Toledo 
Conffantinople 
Ifpahan 
Alexandria 
Rome’ 
Rome 
,Kame 

- 

crl 
Q 
B 
Q 

@ 

$3 
I, 
Q 
8 
c;, 

D 

D 
D 
D 
D 
D 
Q 
s;i; 

D 
0 
Q 

6) 
D 
D 
J) 

- 
June IO I I C  1 1  43 
March 28 4 45 
Sept. 26 17 :: ;fbtal 
July 22 8 50 Total 
Nov. 1 3  19 20 IO 30’ 
April 3 0  5 so 7 34 
July 3 1  22 I 5 17 
July 2122 2s z 10 
Dec. 31  9 52 Total 
May 20 7 16 to 8 
March 8 2 0  4 2  1 1  d 
July 1 2 2 1  50 6 40 

O.Dec. 25 o 28 g 20 
GApri l  30 3 8 I O  38 

G D e c .  1 5 z i  50 I O  23, 

GSept.  2 2 2 1  1 3  ,8 26 
March 4 8 32 6 o 

@ M a y  ZJ-- I o 
April 5 9 16 I 44 
May 6 1 1  44. Total 
OR. 20 1 1  5 10 19 
March 5 1 5  56 q 17 
April 1 2  - Total 
April I 20 20 8 45 

Aug. 3’ g 36 Total 
Dec. 30 19 5 3  2 18 
July 1 7  at noon Central 

$)OR. 8 19 24 8 o 
Aug. 27 I 8 o Central 
Nov. 25 1 5  24 Total 
June I I - ‘rota1 
Dec. 6 1 2  15 Total 

]).June I 8 47 10 z 
STRUYK’S 

ooa-  1 3  3 3 ’  10 34 

OB. 18 IO 43 10 49 

G M a y  I j  3 2 0 1 1  20 



STRUYIC'C'B Cat;srlogw of E C L ? P S E 
Middle, Digit8 Mb & D9 H. M. rcliprcd 

rft;, Eclipfes of the Sun , 
Jhr. and Moon ken at 

402 Rome Q N o v .  1020  33 10 .30  
447 CompoDello @ b ~ .  23 0 46 I - 
45 I Compoftello D April I 16 3 4  ' 9  5 2  
45 1 CbmpOltdlO 1, Scpt, 26 6 30'  o 2, 

$58 Chavea ' @ M a y  27 23 1618 1 3  
462 Cornpoffello I) March 1 ' 3  2 x 1  1 1  

48+Con(tantinoplQ J W L  1 3  19 53 10 o 
,+86ConRantiiiople @ M a y  I Y  I i o  5 15 
497 Conbacinople Q April 1 8  5 '7 57 
5 1 2  ConRantinople c%I ] U W  28 23 8 I 50 
5 38 England @!?ebb 1419 -* 8 23 

?k::. 1017 a8 6 46 
540 London 
577 Touts 
581 Paris D April 4 13 33 G 42 
582 Paris 1 h p t .  17 12 41 Total 
590 Prria I) OQ. 1 8  6 30 g 2s 
,592 Conttantinoplo @ March 18 2 2  G I O  o 
603 ,Pari$ @ A u g .  I2 3 3 I t  20 
6 2 2  Co@antSnopie 8 Fcb. I 1 1  28 Total 
644 Paris Q Nov, 
680 Paris June 17 12 30  
683 Paris 3 April 16 11  30 Total 
693Conffantinople Bo& 4 J 3  54 1 1  54 
716 Confianthopk 1) Jan- '3 7 Total 
719 Confiantinople 63 June 3 I 1 5  Total 
733 England @ Aug. 1320 - I I  t 
734 England 8 Jan. 23 14 - Total 
7 5 3  England July 30 l j  - Total 
7s3 England 4'0 June 8 4 2  rc 10 35~ 
7 5 3  England 3 Jan. 23 13 - rota1 
760 England Q Aug. 1 5  4 - 8 15 

764 England June 4 at  noon 1 5  
770 London 1 kkb. 19 7 12 4otal. 
774 Rome' NOV. 22 14 37 1 1  5 4  
7 84 London Nov, t 14 2 Total' 

796 Confiantinople D March a? 16 2 %  l o t a  t3 787ConRantinoplc 8 jept.  1420 43 9 

800 Rome 2, Jan. 15 g o IO 17 
807 Angoulofme Q Pcb, 1 0 2 1  84 42 
807 P a i s  D Feb. zs 13 43h#otal 
807 Paris D Aug. 0 1  10 PO Total 

809 Paris * D ec. ' 25 8 - l o t a l  
i t a  Paris U u n c  20 , 8  - Total 

_)-- _---- 

464 Chavee 8 f u l y  ry ' 9  4 ' 0  1 5  

1920 1 5  8 - 

O 30 %d3 

760 London ! A%. 30 5 50 10 40 

809 Paria Og ly  1521 33 8, 8 

- 

6 STRWYK'S 



Of EcZipfis, 
STRUYIC'B Catalogue of E C L I P S E S. 

i t t .  
:hr. 

8 IO 
810 
8 I z 
8 I 3 
817 
818 
8 2 0  

8r4 
828 
828 
831 
831 
83 I 
832 
840 
841 
842 
843 
861 
878 
878 
883 
889 
89 1 
901 
904 
904 
9 1 2  
926 
934 
939 
955 
961 
970 
976 
985 
989 
990 
990 
990 
995 
009 
0 1 0  
016 

Ecli lrb ot the Sur 
an L! Moon ken at ----- 

Paris 
Paris 
Confiantinoplc 
Cappadocia 
Paris 
Paris 
Paris 
Paria 
Paris 
Paris 
Paris 
Patis 
Paris 
Paria 
Paris 
Paris 
Paris 
Paris 
Paris 
Paris 
Paris 
Arraaa 
ConRantinaple 
ConRantinople 
Arratta 
London 
London 
Loridon 
Paris 
Paris 
Paris 
Paris 
Khemes 
ConRantinoplc 
London 
Mefina 
ConRantinople 
Fulda 
Fulda 
Confiantinopk 
Aufburgli 
Perrara 
Mcfina 
Nimeguen 

1 ,Middie I Digits ' '* 13. M. eclipkd 

f& 
) 

II 

D 
I, 
I, 
I, 
D 

D 
D 

D 
D 
I) 
D 

I, 

9 
D 
D 
D 
D 
I, 

S'J 
D 
0 

D 

1, 
D 

1, 
I, 
1) 
@ 

D 

---__L_- 

Nov. 30 o 12  Total 
Dec. 1 4  8 - Total 

I'eb. 5 5 42 To:al 

Nov. 23 6 26, Total 
March 18 7 55 Total 
Juiic 30 1 5  - Total 
Dec. 24 1 3  45 Total 
April  30 6 19 I I  8 

@May 1 5 2 3  - 4 24 
Ott. 24 I I  18 Total 
April 18 g ' c Total 

@ M a y  423 2 2  g 20 
D O &  1 7  18 58 24 

March zg 14 38 +otal 
March 19 7 I Total 
March zg 1 5  7 Total 
OEt. 14 16 - TQtal 

$Ofit. 29 I - I I  14 
July 23 7 44': - 

$$April 3 17 52 9 23 
Aug. 7 23 48 io 30 
Aug. z 1 5  7 Total 
May 31 1 1  47 Total 
Nov. 25 9 o Total 
Jan. 6 15 12  Total 
March 31 1 5  17 Total 

$April  16 4 3 0 r r  36 

Scpt. 4 I I  1 8  Total 
May 1620  1 3  9 18 

DMay 7 1 8  3 8 r 1  22 
July 13 15 7 Total 

@July  20 3 52 4 xo 
$,$May 28 6 54 8 40 

April 1 2  I O  a i  g 5 
OCt. 6 1 5  4 I IO 

July 14 1 1  2 7  Total 
OR. 6 1 1  38 Total 
Match 18 5 41 12 
Nov. 16 16 '39 40td 

B O A .  zz 2 8 6 - 

@May l r t  2 ' 1 3  9 - 
Q M a y  3 17 5 I O  35 

@July 618 - 6 35 

July 15 19 '4510 7 

L30R. 21 0 45 10 5 

Sept.. 4 1 1  38 Total 
d 

STRUYK'B 



I 

-m1 
i% D’ €3. M, eclipfed 

I -- 
5p. 23 23 zg S I  - 
II cb. zo II 43 Total 

Fab. g II 5 1  Total 
D Dec. 8 1 1  i t  9 17 
D June 4 g 8 Total 
51 Apr. ’7 2 0  45 1 0  4s 
SAug. 21 8 3  4011 5 
D Jan. 8 16 39 Total 
D Nov. 7 16 f 2 t o  r .  
c,&ov. 21  22 1211  - 
1, April 2 12 g Total 
> Nov. 8 i z  16 Total 
9 OR. 7 io  13 Total 
I, Nov. zg 1 1  12  9 3 6  
E, M a y  14 IO 3 2 1 0  z 
3 Pebc 7 Total 
D June :; 2 0 Total 
@ Sa t. 2 2 2 1  3 5 1 0  1 2  
D Fe!. IC 16 4 Total 
D Aug, 6 8 21 Total 

D Nov. 3 0  4 58 Total 
1 Sept. 17 IO 18 Total 
21 July 17 1 1  2 8 t r  54 
I) Jan. 19 13 16 Total 
8 May 31  I joro ao 
D May 5 IO 5 1  Total 
0 March 18 19 o 9 12  
D Aug. 17 1 5  5 Total 
D June 1 5  1 3  26 Total 
1, Dec. IO I P  5 1  Total 
D Nov. 2 0 1 5  46 1 1  
2, Sept. 27 16 87 $oca! 
1’ Mar. 24 II 20 3 $9 D Feb. 1 6 43 ,8 39 (;?J Aug. 1023 zt.~ 9 58 
I, Mar. 3 8 14 Total 
D Feb. 20 16 41 3 a3 
D pee. 2 2 2 0  I I  Total 
D Fcb. 1 1  14. r;, 8 30 
D Feb. I 6 36 Total 
@?&. 25 za 38 7 zo 
I, March 25 13 s4 5 zg 
I, Aug. 2 0 1 2  4 4 a9 Q Jan. 26, o 4211 - 
.I, J y e  26 16 I Total 

S a  STWV? IC*@ 

8 DCC. Z j  25 o 1% 

1 rru- W 



STRU~K'S Catalogue of E C LI P S E S. 
Middle Digiti 
H. M. eclipfed 

D Dec. 21 tl 30 4 22 
1, June 16 8 45 o 53  
D Allg. 1s 7 53 6 4 
I, Aug. 
D Feb. I 6 40 5 56 
I, luly 2721 30 4 1 1  

July 3 7 40 z o 
D june 6 I O  o Total 
I, Sept, 18 14. o Total 
D Jan. I I  1 3  31 Total 
b Apr. 25 7 2 8 6 
D OA. 1 9 1 1  20 8 53 
I, Mar. 5 fitting 7 5 2  

I, Aug. 2 9 1 3  5 2  5 3 1  
5) Sept. 12- IO 5 1  
ll Aug. 18 14 28 Total 

Jan. 28 4 14 to 34 
@July  1 3  3 15 3 48 
I, Dec. 2 2  8 58 4 +o 

D April 5 - "otal 
k? April 2c 7 19 4 o 
,D Mar. 25 16 17 8 4; 
Ei Sept. 3 zs 54 8 
D Feb. z IO - 9 - 
1?3 June 23 o 20 I I  32 
D NOV. 2014 - 6 --, 

D Nov. IO 5 27 Total 
0 April 22 o '5 6 49 
I) Jan. 2 17 2 4 35 
D June 17 15 4 Total 
Ir April 1 5  i z  '33 Total 
I, OR. 10 6 3 2  Total 
UFeb. 2 7  I O  5 0 1 0  20 
D Feb. 2 5 I O  Total 
D Nov. 21 13 5 7  Total 
D March 16 1 5  3 5  Total 
LE1Feb. 11121 1 5 1 1  36 
D March 5 9 28 7 4 
D July g 9 4611 31 
B OR. 22 14 zx Total 
D April 16 8 1 3 1 1  o 

' 
- -- 

7 8 1 1  'rota P 

@May: I ; 53 0 

19 17 - Total 

t 164 
8 I 68 
f 17 2 
I 176 
t 176 
I I 78 
f 178 
L I 7 
I I 79 
I180 
I 1 8 1  
I I 8 I 
i I 85 
I I 86 
f 186 
I I 87 
1 I 87 

I 

Milan 
London 
Cologne 
Auranches 
Auranches 
Cologne 
Auranches 

8lCol0gne 
Cologne 
Auraoches 
Auranches 
Auranchcs 
Rhemcs 
Cologne 
Franckfort 
Paris ' 
England 

1204 England 
1 1  204 6altzburg 
1207 Rhemes 
I 208 Rhemes 
I ZI I Vienna 
I 2 I 5 Cologne 
1216 Acre 
1216 Acre-, 
I 2 I 8 Dam1etta * 
1222 Rome 
I 223 Colmar 
r 2 2 8 Nhples 
1230 Naples 
I 230 London 

11232 Rhemea 



Of Ec&@i 

*-I_ I- 
I I 241: Rhernes 
I 248 London 
I 25 5 London 
1255 ConAantinoplc 
r t58  Augfburbh 
I a6 I Vienna 
1 2 6 1  Vienna 
I 262 Vienna 
1263 Vienna 
1263 Augfiurgh 
I 263 Vieona 
I 265 Vienna 
r 2 6 7  ConRantinople 
I 270 Vienna 
1272 Vienna 
1274 Vienna 
1275 Lauben 
I 276 Vjenna 
1277 Vienna 
1279 Franckfort 
I 280 London 
I 2 84 Reggio 
1290 Wittemburg 
1291 London 
I 302  ConRantinople 
I 307 E'eyrara 
I gog London 
,I 309 Lucca 
1giolWittcmburg 
I 3 I O  Torcello 
1310 Torcello 
13 12 Witternburg 
I 3 12  Plaifance 
I 3 I 3 Torcello 
I 3 I 6 Modena 
1321 Witternburg 
1323 Florence 
13a4 Florence 
1324 Wittemburg 
$1327 ConRantinople 
1328 ConRantinople 
1330 Florence 
I 3 30 ConRantinople 
I 330 Prague 
133 I Prague 
I 3 3 t Prague 

STRUYK'S Catalogue of E C L I P S J!X, 

D 
c; 
D 
0 
D 

) 
Q 

D 
@ 
@ 
I) 

D 
D 
6 
2, 
D 
g4 
D 
D 
$7 
1 
I) 
a 
2, 
D 
g: 
D 
D 
D 

D 
D 
@ 
2, 
D 
D 
Ci 
D 
@ 
D 

D 

D 

t 

r x K p x z - m  
Chr. and Moon feen ai 

July 
Dec. 
May 
March 
March 

Feb. 
Aug. 

Dec. 
May 
March 
Aug. 

No'v. 
May 
April 
March 
Dec. 
scpr. 
Feb. 
Jan. 
April 
Pcb. 
Aug. 
Jan. 
I'eb. 
Aug. 

Dec. 
Dcc. 
OQ. 

h g .  

Aug. 

k:. 

July 

knc aY 
May 
April 

Fcb. 
June 

Dec. 
Nov. 
Dec. 

Aug- 

duly 

- 

24 

30 
18 

3 1  

30 
24, 

23 
24 
z z  

23 

2 2  

12 

1 7  
23 

5 
14 
14 

24 

31 
I4 

20 

2 0  

10 

18 

2 

2 1  

10 

'4 

25 

23 
3 1  
25 
30 
16 
25 
29 
14 

1 

20 

'7 
7 8  

9 

t i  
22 

7 5  
'4 
6 

5 3  
7 

16 

23 
18 
7 
to 

4 6  
15 

6 
l? 
16 
'9 
10 
to 

'7 

2 

- 

a2 

I O  
2 

4 
15  

4 ' 9  
7 

3 8  
'4 
18, 
' 5  

Y 6  
6 

18 
'3 
15 
4 
'5 
111 
2 0  

49, 
4 j  
5 2  
17 
40 
50 
39 
52 
2411 
35 
25 
1 1  
47 
27 
39 
29 - - 
:5  
35 
1 1  

25 
18 
44 
3 2  

8 
33 
49 

2 

19' 

Total 
Total 
Annul 
Total 
9 s 
Toto1 
Total 
6 29 

17' 

Tota 
1 1  40 
10 ,40 
8 53 
9 25 
4 2 
Toraf 
Total 

9 '3 

Total 
0 54 
Total 
Total 

IO 20 
7 16 

9 [ 

%Ot$ 

'%P 

to 10 

!id? 

47 6 - 

1 I I  17 

3 Total 

26 Totrl 
4 7 1 1  - 
'0 7 34 

49 Tom 
26 7 4' 

24 Total 

35' 8 8 

5 1 0  y 
- 1 1  - 

.I 
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' Middle Digiu' 
H. M. eclipkd 

ti!! May 1 4  3 -IO 18 
D April rgio  33 Total 
D NOV. 23 12 2; Total 

@Dec.  8 2 2  15 6 30 
D May 2014 27 Total 
GO& 618 40 6 5 
D June 3 0 1 2  20 Totar  

@Sept. 1620 45 8 4 
I, Feb. 16 I I 43 Tota? 
G May 4 1 2  15 8 54 
D Jan, 16 8 27 Tota l  
D Nova 3 17 5 Total 

C3J.n. 1 1  o 16 6 22  
D June 21 [ I  io  Total 
GO&. zy 0 4: 9 - 
I) June 1 1 3  - I O  3 1  

June 1 5 1 8  I I I  38 
%io&. 1821 47 g 32 
DApril  1 5  3 J I O  48 
I, March 20 13 1 3  Total 
8 June 6 6 43 Total 
@ March 25 22 5 I 45 
D Feb. 17 8 z Total 
D Feb. 6 8 zb111 7 

rl, Fcb. 1 2  z 4 I 39 
;I: June 1 7  5 - Total  
5 Srpt. 1 8  20 59 8 7 
Dw. I i  3 59 Total 

3 Aut:. 2 3  2 2  231 8 s ?  
D J,uly 24 7 19 Total 

3 1 1  17 Tota l -  ; ,"zfi' 3 7 31 5 23 
~ J u ~ Y  1 7  17 3 2 1 1  19 
D Dcc. 27 1 3  30 Total 
D June 2 2  I I  5 0  Total 
D Dec. 17 - 'Total 
D lune 1 1  1 5  - 7 38 
3Nov. 2 1  o I O  z 6 
D April Z J  JZ 43 Total 
3 Scpt. 20 5 1 5  B 46 
D OLI. 4 5 12 Total 
D Jan. 27 7 g 'Total 
3 March 16 3 5 3  I I  - 

-- 

D J u n e  2 6  3 57 I i i  20 

- r 
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, 

Aft. Ecljpfes of the st 
Chr. and Moon feen at 

1333 Witternburg 
I 334 Cefena 
1341 Conitantinople 
1341 Conitantinople 
1342 Conitantinopk 
1344 Alexandria 
1349 Witternburg 
1354 Witternburg 
1356 Florence 
1361 Conitantinople 
1367 Sienna 
r389 Eugibio 

' 1396 Auglburgh 
1396 Aughwrgh 
I 399 Forli 
1406 Conflantinople 
1406 Conitantinople 
I 408 Forli 
1409 Conitantinople 
1410 Vienna 
1415 Witternburg 
1419 Franckfort 
142 I Forli 
I 4 2 2  Forli 
1424 Witternburg 
I 43 I Fotli 
1433 Witternburg 
1438 Witternburg 
I 442 Rome 
I 448 Tubing 
I 450 Conflantinople 
1457Vienna 
1460 Aullria 
1460 AuRria 
i +GO Vienna 
1461 Vienna 

1 4 2  Viterbo 
1462 Vitcrbo 
t 464 Padua 
1465 Rome 
I 465 Rome 
1469 Rome 
1485 Nurimburg 

-- 

I 4G1 I Rome 

I----- 

AU 



All the following ECLIPSES arc taken from RICCIOLUS, 
except thore marked with an AReriR, which are from L'Art 
de verger lex Date.t. 

-- Chr. -- 
1486 I, Feb. 1 8  5 
1@6Q Mar. 5 '7  
1487 1) Feb. 7 1 5  

1491 U Nov. 1 5  1 8  - 
1492 Q Apr. 26 7 - * 
1 4 9 2 @ 0 & .  2023 - * 

1497 Q July 2 9  3 z 3 o 1 5 2 0  D Mar. ZI 17 - * 
Q April 6 19 - * * 1499 p June zz 17 - * 15421 

1499 i .  Aug, 23'18 - * i s z i  GSept. 30 3 9 

1499 1, Nov. 17 IO - 1 5 2 1  I, Srpt. 5 iz 17 Total 
1500<> Mar. z p  In the Night r j z 3  D Mar. 1 8 2 6  Total 
1400 )J Apr. I I  1 5 2 3  B Aug. zg r y  a4 Total 
1500 2, OB. 5 1 4  i j 2 4 Q  Feb. 4 I - * 
1501 r, May 2 1 7  
1 5 0 2  f~ Sept. 39 19 
1502 D Oct. 1 5 1 1 ~  

503 D S e p t .  i g z z  - $ 0 3 ' 1 ,  Mar, li/ g 

509 1) Fcb. 2 9 , 1 3  
so+@Mar. 161 3 

506 I, Fcb. 7,'s 
507 @ July 2 0 :  3 
506 1) AUK. 3 ' 1 0  

508 & Ian, z 4 

505 I) Aug. '$1 8 

5 0 7  3 Jan. iz:rg 
- ___ -  . - -. _-. _- I_._--_I 

t R l c  c I O L  us's 
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RICCIOLUL~S Catalogue of ECLIPSES. 
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RIccraLus’a Catalogue of E C L I P S E S .  
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268 Of Eclipjs, 
B ~ C C I O L U S ’ S  CataIoguc of E C L I P S E 5. 

Aft. Middle Digits Aft, 
Chr. ‘ Ha h4. eclipfed Chr. ’ D’ 

RICCIOLW s’8 



I - 
Months ‘rime of Aft. Monttrs b line ot 

and the Day Ch and the Day 
Days. or Night. “ 1  Days .  or Night. - _I- 1. -. 

Aft. 
CAr* 
-- 

1706 D Ott. 21 7 A ,  
17.07 D Apr. 1; .z h l .  T. 
1708 D Apr. 5 6 M. 
r 7 0 8 a  DCC. 14 8 M. 1 7 2 4 B  May z z  7 A. ‘f: 
1708 2, Sept. 20 9 A. 1724 D Nov. 1 4 M. , 
1 7 0 y ~ M a r .  1 1  z A. 1 7 z q i b  OB. 21 7 A. 
1710 D Feb. 1 3  1 1  A. 17zh,G;; Sept. z s  6 A. 
1 7 1 o a F c b .  z8 I A. 1 7 2 6 ’ )  OCt. 1 1  5 M. 

, 1 7 1 1  Q July 1 5  8 A. I i 7 2 7 Q  Sept. 1 5  7 M. 
1 7 1 1  2, July 29 6 A. Q. 1729, D Fcb. 13 6 A. rl. 
1 7 1 2  D Jan. 23 8 A. 17291 11 AUIT. g I M. 
1 7 1 3  1 Junc 8 6 A. 1730 B Fcb. 4 3 M. 
1713 1, Dec. z 4 M. 1731 Di lunc  20 2 &la 

-1 --- ..---- ---__I_ 
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4 
c 
- 
I 
I 
I 
I 
I 
1 
I 
I 
I 

I 

I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I' 
1 
I '  
I 
1 
I 
t '  
I 
I '  
I '  

i 

I 
I '  

I '  
I '  
I '  
I '  
I' 
I 
I 
I 
I 
m 



328.  A Lip of Eclipfes, mid hij?orical Events, 
which happmed aLozit the fame Tinits, porn RE- 
CIOLUS. 

Before C H R I S T .  

~ d y  5 

March rg 

May 28 

jab 6 

NOV. 19 

dptil 30 

But according to an old Calen- 
dar, this Ecl ipl  of  the Sun was 
on the 2iR of April, on which 
day the foundations of Rome werc 
laid ; if we may believe laruntius 
Firmanus. 
A total Eclipfe of the Moon. 

The AJyrinn l impire  at an end j 
the Balylonimz eltablifhhed. 

by THALES, by which a peace was Ec'ipfc. 
brought about between the Me&$ 
and Lydians. 
An Eclipi'e of the Moon, which 

was followed by the death of 
CAMBYSES. 

An Eclipfe of the Moon, which 
was followed by the flaughter of 
thp  Subincs, and death of Yderius 
Publtcoia. 

The 
Petylan war, and the fdling-off of 
the YerJms froin tlir Zgyptians, 

An Eclipfe: of the Sun foretold Hifloricrl 

An Eclipfe of the Sun. 



1 
After C H K I S T .  

d’ril 30 

ApriZ 12 

27 

Ma9 4 

- 
dag@ 2 

An Eclipfe of the Moon, which 
was followed by a great famine at 
Rome j and the beginning of the 
PcloponneJian war. 

A total Eclipfe,of the Sun. A 
Comet and Pliigue at  Athens *. 

A total Eclipfc: of the Moon. 
Nicim with his k ip  defiroyed a t  
Yyrncufi. 

An Eclipfe of the Sun. The 
PerJan5 beat by Conon in a fua-end 
gagemen t. 

A total Eclipfe of the Moon, 
The next day PerJeeuJ King of 
Macedonia was conquered by 
Paulris Etnilius. 

An Eclipfe of the Sun: This 
is reckoned among the prodigies, 
on account of thc murder of 
lflgrippinus by Nero. 

A total Eclipfe of the Sun, A 
fign that the reign of the Gordiad 
would not continue long. A fixth 
perfecution of the Chriitians. 

An Eclipfe of the Sun. The 
Stars were feen, and the Emperor 
Coil/tantius died. 

A dreadful Eclipfe of the Sun. 
And Lewis the Pious died within 
fix months after it. 

An Eclipfe gf the Sun. And 
geru/alem taken by the Saracens. 

A tcrrible Eclipfe of the Sun, 
The Stars were feen. A fchifm in 
thc Church, occafioned by there 
being three Popes at once. 

ai Thir Edipie happened in the firfi year of tho Pcloponne- 
gsn war. 

3.29* 1 
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have not cited one half of RICCTOLUS’S The fuper. 

rtentous Eclipfes ; and for the fame rea- :!:;;& 
he declines giving any more of them than socieata 

with regard 
at liR cotjtains; namely, that it is moil to Eclipfer. 

le to dwell any  longer on fuch nonfenfe, 
and as b u c h  as pofliblt: to avoid tiring the reader: 
the I‘uperRition of the ancients may be feen by the 
few here copied. My author farther fays, that 
there were treatifes written to hew againlt: what 
regions the malevolent ereits of any particular 
Eclipfe was aimed ; and the writers affirmed, that  
the effeRs of an Eclipfe of the Sun continued as 
many years as the eclipfe lafieti hours; and tha t  
of the Moon as m a n y  monrks. 

330. Yet filch idle notions were once of no fmall  yo^'^* 
advantage to CIIXISTOPHBR COLUMBUS, who, in totCHnis. 

the year 1493, was driven on the ifland of ’Jamaica, z;;;: 
wliere he was in the greateR diftrefs for want of U w S .  

rovifions, and was moreover refufed any afiltance 

them with a plague, and told them, that in token 
of it, there hould be an Eclipfe: which accord- 
ingly fell on the day he had foretold, and fo terri- 
fied the Barbarians, that they itrove who fliould 
be f i r f t  in bringing him all forts of provifions; 
throwing them at  his feer, and imploring his for- 
given& RICCIOLUS’S Almagg, Vol. I.  1, v, c. i i ,  

33 1 .  Eclipi’es of the Sun art more frequent than why there 

greate; than the Moon’s, § 317 : yet we have inore OftheMoor 
vifible Eclipfes of the Moon than of the Sun, be- Sun, 
cat& EcIipfes of the Moon are feen from all parrs 
of that Hemifphere of the Earth which is next 
her, and are equally great to each of;. thok parts ; 
but the Sun’s Eclipfes are vifible only to that fmall 
portion of the Hemifphere next him whereon the 
Moon’s fliadow falls, as h a l l  be explained by and 
by at large. 

332.’ The Moon’s Orbit being elliptical, and 
the Earth in onc of its focufes, h e  is once a t  her 

T lea& 

. P rom the inhabitants; on which he threatened 

arc mure vi- Qf the’Moon, becauk the Sun’s ecliptic limits are fihlcEclipfer 

than of tho 



974 Of Ectipfis. 
PLATE leait diflance , from, the Earth, and once at her 'Fc;, ereateit in  every Lunation. When the Moon 

changes at her led3 difiance from the Earth, and 
f i ~  near the Node that hcr dark f i a d o w  falls upon 
the Earth, he appears big enough to cover the 
whole *DiTc of the Sun from that part on which 

Toto1 and her thadow falls; and the Sun appears totally 
annular cclipied there, as at  A, for fome miriutes: but Eclipfrs of 
thesun. wheD the Moon changes a t  her greateft difiance 

from the Earth, and lo near the Node that  her dark 
ihadow is direRrd toward the Earth,  her diame- 
ter fubtends a lefs angle than the Sun's; and there- 
fore ihe cannot hide his whole Difc from any part 
of the Earth,  nor does her fliadow reach it at that  
time; and to the place over which the point 'of 
her fhadow hangs, the Eclipfc is annular, as at  B ;  
the Sun's edge appearing like a luminous ring all 
around the body of the Moon. When the Change 
happens within 17 degrees of the Node, and the 
Moon at her mean difiance from the Earth, the 
point of her fhadow jurt touches the Eartb, and 
h e  eclipfes the Sun totally to that fmall fpot 
whereon her fhadow falls; but, the darknefi is not 
of a moment's continuance. 

The longeR 333. T h e  Moon's apparentdiameter, when largeft, 

fer of the feconds of a degree : and in the greateft Eclipfe 
""* of the Sun that can happen at any time and place, 

the total darknefi continues no longer than  while 
the Moon is going I minute 38 feconds from the 
S u n  in her Orbit; which is about 3. minutes and 
13 feconds of an  hour, 

T~ how 334. T h e  Moon's dark Ihadow covers only a 
Earth much:if the thE fpot on the Earth's furface, about I 80 Engl$ miles 
sun maybe broad, when the Moon's diameter appears largefi 
totally or 
partially 
cclipfcdat * Although the Sun and Moon are fpherical bodice, a #  
once. feeh from the Earth they appear to be circular planes ; and fo 

would the Earth do, if i t  were ken from thc Moon. ThF 
apparently flat iurfacea of the Sun and Moon are called thew 
D$s by Afironomers. 

totllBc,ip~-exceeds duration of the Sun's when leait, only I minute' 38 

and 



. and the Sun’s leait; and the total daiknefs can ex- PyI:E 
tend no farther than the dark fhadom covers. Yet 

’ the Moon’s partial Shadow o r  Penumbra may then 
Cover a circular @ace 4900 miles diameter, within 
all which tlie Sun is more or ,let9 eclipfcd, as the 
places are Ids or more diftant from the Center of 
the Penumbra. When the Moon changes exaaly 
in the Node, the Penumbra is circular on the: 
Earth at the middle of the general Eclipfe ; be- 
caufe a t  that time it falls perpendicularly on the 
Earth’s fiirface: but a t  every other moment it 
falls obliquely, and will therefore be elliptical, 
and the inore To, as the time is longer before or 
after tlie middle of the general Eclipfei and then, 
much greater portions of the Earth’s furface arc 
involved in the Penumbra, 

33q. When the Penurnbra firfi touches the Durationof 
Earth,  the general Eclipfe begins : when it leaves ~ ~ ~ ~ $ ~ ~ *  
the Enrfh, the general Eclipfc ends: from the be- EciipLs, 
ginning to the end the Sun appears eclipfed in fome 
part of the Earth or other. When the Penumbra 
touches any place, the Eclipfe begins at that place, 
and ends when the Penumbra leaves it. When the 
Moon changes in the Node, the Penumbragoes over 
the centre of the Earth’s Difc as &en from the 
Moon ; and confequently by defcribing the Iongelt 
line pofible on the Earth, continues the longek 
upon i t ;  namely, at a mean rate, 5 hours 50 mi- 
nutes: more, if the Moon be at her greatelt dire 
tance from the Earth,  becaufe f i e  then moves 
Qowe[t; lefs, if h e  be at her leaR diltance, be- 
cauk of her quicker motion, 

336. T o  malte the laf i  five articles and frveral 
other phenamena plaIw-, k t  S be the Sun, ,?l the 
&rth, A4 the MOOD, and A M P  the Moon’s Orbit. 
Draw the right line W c  12 from the wcltern fide 
of the Sun at  W, touching the wefiern fide of the 
Moon at c, and the Earth at 12:  draw alh the 
right line V d  1 2  from the eafiern Gdc of.tlie Sun 
a V, touching the eattern fide of the Moan a t  d, 

‘T z and 

, 



Thekloon’c 
dark Siia- 
duw, 

a113 Penurn. 
bra. 

of EdiP/GS. 
3nd the Earth at  I 2 : the dark fpacc 4 c I z dincluded 
between -thofe lines in the Mbon’s thadow, ending 
in a poiht a t  12, where it touches the Earth4 be- 
c d e  in this care the Moon is fuppofed to change 
at M in the middle becwccn A the Apogee, or far- 
ttiefi paint of her Orbit from the Earth, and P the 
Perigee, or neaicff p ~ i r ~ i  to it. For, had the poinf 
P becn a t  &I, [he I’vloon had been riearer the Earth., 
and her dark fh:+docv a t  E would have coveted 4 
+ace upon it about 1 8 0  miles broad, and the Sun 
would have been totally darkened, as a t  A (Fig. I,) 
with fome continuance: but had the poiat r8 
(Fig. I I  ) been a t  M, the M6on would have been 
farther from the Earth,  and her fkiadow ,would have 
ended i n  a point about e, and therefore the Sun 
would have appeared, as at B (Fig. I.) like a lu-. 
minous ring all around the Moon. Draw the right 
lines W X d b  and Yx cg, touching the contrary 
fides of the Sun and Moon, and ending on the 
Eart,h a t  a and b ;  draw alfo the right line S X M  
12, from the center of the Sun’s Dik, through the 
Moon’s center, to the Earth at  i2; and fuppofe 
.the two former lines W X d b  and Y X c g  to revolve 
on the line S X M ,  12 as an Axis, anwie i r  points 
a and I will defcribc the limits of the Penumbra 
Tt7‘ on the Earth’s furface, including the large 
fpace a o b 12 a within which the Sun appears 
more or lefs eclipfed, as the places are more or lefs 
difiant from the verge of the Penumbra a o b. 

Draw the right line j 12  acrofs the Sun’s Difc, 
perpendicular to 8x24, the Axis of the Penumbra : 
then divide the line y 12 into twelve equal partsI 
as in the Figure, for the twelve *Digits d the 
Sun’s diameter: and at equal difianccs from the 
center of the Penumbra at 12 (on the Earth’s fur*# 
face YT). to its edge ra o b, draw twelve coacen- 
wic Circles, as marked with the numeral Figurea 
I 2 3 4, &c. and remember that the Maon’s mo- 

* 4 Digit ilr a twclftb part of the diameter of the Sun and 
Moon. * a  

‘ 5  tivn 
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tion in her Orbit AMP is from We(t to Eaet, as P!$Tg 

* from E to 1. 
To an obkrver on the E a r t h  a t  8, the eaRern Thrdifix- 

limb of the Muon at d feeins to touch the wefiern 7:;;;: 
limb of the Sun at W, when the Moon is at Mj ~ c ~ i p f e .  
and the Sun’s Eclipfe begins at  b, appearing as at  
Ain Fig. 111. ac the left hand; but at the fame 
moment of abfolute time to an obfetver at u in 
Fig 11. the weRern edge of the Moon at c leaves 
the eafiern edge of the Sun at 11, and the Eclipfe 
ends, as at  the right hand C of FiG. 111. At the 
?cry fame inRant to all thore who live .on the Cir- 
cle marked I an the l‘.arth E in Fig. 11. the Moon 
Mcuts’off or darkens a twelfth part of the Sun S, 
and eclipfrs him one Digit, as at I in Fig. 111: to 
thofe who live 011 the Circle marked 2 in Fig. 11, 
the Moon cuts off two twelfth parrs of the Sun ,  
as at 2 in Fig, 111 : to thak on the Circle 3, three 
parts‘; and lo on to the ceriter at IZ i n  Fig. 11, 
where the Sun is centrally cclipfed, as at B in the  
middle of Pig. I11 ; under which Figure there is a Fig, 
fcale of hours and minutes, to f l ~ w  at a mean rate 
how long it is from the beginning to the end of a 
central Eclipfc of the Sun on tlic parallel of Lon- 
don ; and how many Digits are eclipfed a t  any par- 
ticular time from the beginning at A ta the middle 
at B, or the end at C. Thus, in 16 minutes from 
the beginning, the Sun is two Digits eclipfed ; in 
an hour and five minutes, eight Digits 3 and i n  an 
hour and thirty-feven minutes, 1% Digits. 

337. By Fig 11, it is plain, that the Sun is to- 
tally Qr centrally eclipfed but to,a h a l l  part of the 
e a r t h  at any time; becauie the dark conical fhadow 
e of the Moon M falls but on a frrrall part of the F h  14 
Earth: and that a partial Eclipfe is confined at 
that time to the fp~ce  included by the Circlea o b, 
of which only one half can be projckted in  the 

,Figure, the other half being fuppoled to be hid by 
the convexity of the Earth E: and likewik, that  

part Qf cht Sun is eclipfed to the large fpace X+T 

Then, 

4 - 3  kif 
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PLATE of the Earth, becaufe the Moon is not between the: 

Th:,!ils- Sun and any of that part of the Earth: and there- 
c i t ~ o [ t h c  fore to all that part the Eclipfe is invjfible. The 
hadow on Earth turns eaitward on its Axis, as from g to h, 
P E a r t b .  which is the fame way thqt  the Moon’s fhadow 

moves ; bot the Moon’s motion is much fwifter in 
her Orbit from 5 to t :  and therefore, although 
Eclipfcs of the S u n  are of longer duration on ac- 
count of the Earth‘s motion on its Axis than they 
would bq if t h a t  motion was itopt, yet io four mi- 
nutes of time a t  molt  the Moon% fwifcer morioni 
parries her dark lhadaw quite over any place that 
its center touches a t  the iime of greateR obfcura-r 
tion. T h e  motion of the fhadow on the Earth’s 
DiCc is equal to th’e Moon’s motion from the Sun, 
which is about $05 minutes oPa degree every hour 
at a mean rate; but fo much of the Moon’s Orbit 
is equal to 30; degrees of a great Circle on the 
E a r t h ,  5 320 ; and thereforc the Moon’s. kadovv 
goes 304 dcgrces or 1830 geographical miles on 
the Earth in an hour, or 30% miles i n  a minute; 
which is almoft four times as fwift as the motion of 
a cannon ball. 

338. As k e n  from the Sun or Moon, the Earth’s 
&xis appears differently inclined every day of tha 
year, on account of keeping its parallelifm through- 
out its a n n u a l  courfi. Let E, 11, 0, N be the 
Earth a t  the two Equinoxes and the two Solfiices, 
NS its Axis, f l  the North Pole, S the South Pole, 
@ %,the Equator, the Tropic of Cancer, t the 
Tropic of Capricorn, and AB C the Circumference 

Phenomena of the Earth’s enlightened Difc as fee9 from the 
rsfcrnfrom Sun  or New Moon at thefe times. T h e  Earth’s 
the Sun or Axis  has the pofrtion N E  Y at the vernal Equinox, 
ofdigtrent lying toward the right hand, as fee0 from the Sun 
tlmc6oftbeor New Moon; its Poles N a n d  S being then in 

the Circumference of the Difc 5 and the Equator 
and all its parallels feem to be Itraight lines, be- 
caufe their planes ptf ,  through the obferver’s eye 
looking down upon the Earth from the Sun or 

Moon 

N o o n  I 

Fbi !Vs 

o f  the Earth 

N c w  Moon 

year* 
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Moon direaly over E, where the-Ecliptic F G  in=. 
terfeats the Equator a. At the Fiimmer Sollticc, 
the Earth’s Axis has the pofition ND 8 ;  and tha t  
part of the Ecliptic I3 G, in which the Moon i s  
then New, touches the Tropic of Cancer Tar D. 
The North Pole Nat that  time inclining 23i de- 
grees taward the Sun, falls fo many degrees wirhin 
the Earth’s enlightened Difc, becaufe die Sun is 
then vertical to D, 23# degrees north of the Egua- 
tor & g; and the Equator with all  its parilleis 
iiem elliptic curves bending downward, or toward 
the South Pole, as l ien from the Sun : which Pole, 
together with 2 3  f degrees all around ir, is hid be- 
hind the Ilifc in the dark tieinifphere of  the Earth, 
At the Auturnnnl Equinox, the Earth’s Axis has 
the pofition NO S* lying to the kft hand as feen 
from the Sun or New Moon, which are then ver- 
tical to 0, where the Ecliptic cub the Equator 
.& a ,Both Poles now lie in the circumference 
of the Difc the North Pole j u f i  going to difip- 
ptar behind it, and the South Potc j u I t  entcriiig 
into it i ancl the Equator with all its parallels feem 
to be Rraight lines, becauk their planes pars 
through the obferver’s eye, as k e n  from the Sun, 
and very nearly To as feen from the Moon, Ac 
the Winter Solfiice, the Earth’s Axis has the pp- 
firion NNSj when its South Pole S inclining 2 3 ~  
degrees toward the Sur;, fails 234 degrees within 
the enlightened Difc, as fren from the Sun or New 
Moon, whiah are then vertical co the Tropic of 
Capricorn J, $34 degrees fouth of the Equator 
~3 %i and the‘Equator with all its parallcis iecrn 
elliptic curves bending upward j the North Pole 
being as far behind the Difc in the dark liemi- 
fphere, as the South Pole is come into the light, 
T h e  nearer t h d t  any timc af the year is to the 
Equinoxes or Solltices, tlic morc it partaim of the 
Phenomena’ relating (o tliem. 

339. Thus it appears, that from theVcrna1 Equi- 
nox to the Autumnal, the Norch Pole is enlighten- 

T4 cd ; 
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PLATE ed; and the Equator and all its parallels appear 

vargt; elliptical rn reen from the Sun, more or lefs curved 
iitionsof cis the time is nearer to or farther from the Sum- 

mer SolRice ; and bending downward, or toward 
kcnf iom the South Pole; the reverie of which happens 
d,lt’crcnt from the Autumnal Equinox to the Vernal. A 
‘itne*of the little confideration will be hfficient to convince 

the reader, t h a t  the Earth’s Axis inclines toward 
the Sun at the Summer Solitice; from the Sur, at 
the Winter Solitice; and Sidewire to the Sun at  
the Equinoxes; but toward the righc hand, as 
feen from the Sun at the Vernal Equinox ; and to- 
ward the left hand at the Autumnal. From the 
Winter to the Summer SolRice, the Earth’s Axis 
i::clines more or leis ro the right hand, as ken from 
the Sun; and the contrary from the Summer to 
the Winter Solitice. 
340. The  different pofitions of the Earth’s Axis, 

as ieen from the Sun at different times of the year, 
affeR folar Eclipfes greatly with regard to particui 
lar places j yea To far as would make central Ecliy- 
fes which fall at one time of the year invifible if 
they had+fallen at another, even though the Moon 
fliould always change in the Nodes, and at the fame 
hour of the day : of which indefinitely various af- 
fettions, we kall only give Examples for the times 
of the Equinoxes and Solitices. 

In the fame Diagram, lec F G  be part of the 
Ecliptic, and I K ,  i k, i k, i k part of the Moon’s 
Orbit ; both hen edgewire, and therefore projetted 
into right lines; and let the interfettions JV, 0, 
D,E, be one and the fame Nodes at the above times, 
when the Earth has the foremenrioned different 
pofitions j and let the fpace included by the Cir- 
cles P, p ,  9, p, be the Penumbra at rhele times, as 
its center is pafling over the center of the Earth’s 
Djfc. At the winter Solftice, when the Earth’s 
Axis has the pofition N N S ,  the center of the Pe- 
numbra P touches the Tropic of Caprkorp c in I\f 
IC the middle of the ggnetal EclipCi~ but no part 

of 

the Earth’s 

thr Stin at 

’ 
year. 

HOW there 

88fo,lr 
Eclipkci 

poltions af- 

riS, IV, 
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of the Penumbra touches the Tropic of Cancer !C 
A t  the Summer Solitice, when the .Earth’s Axis 
has the pofition N . b  S ( i  D k being then part of 
the Moon’s Orbit, whofc Node is at D),. the Pe- 
numbra p has its center at D, on the Tropic of 
Cancer I; at the middle’ of the general Eciipfe, 
and then no part of i t  touches the Tropic of Ca- * 

pricorn t. At the autiimnal Equinox, the Earth’s 
Axis has tlie poGtion NOS (io k being then part; 
of ,the Moon’s 01 bit), and tlie Penumbra equally 
includes part of both .?‘ropics “and t. a t  the middle 
of the general Eclipfe: at the vernal Equinox it + 

does the fame, bccauk the Earth’s Axis bas the 
pofition NES: but in the former of thefe two 
IaR cafes, the Penumbra enters the Earth at A, 
north of the Tropic of Cancer “r, and leaves it at 
M, fouth of the Tropic of.Capricorii C; having 
gone over the Earth ublique1y ibuthwnrd, as its 
ceiieer defcribed the line AO i ~ ) :  whereas, i n  the 
latter care, the Penumbra touches the Earrh at w, 
fiuch of the Equator &g, and dekribing the 
line nE4 (fimilar to the forinCtr line AOM in open 
$pace) goes obliquely northward over the Jiarch 
and leaves ic  at q, north of the Equator. 

In all thefe circumfiances, the Moon has been 
fuppoied to change at noon i n  her defcending 
Node : had flx changed in her afceading Node, the 
Phenomena would have been as various the con- 
trary way, with refpet3 to the Pcntiiiibra’s going 
northward or fouthward over the Earth. But be- 
caulk the Moon changes a t  all haurs, as often in 
one Node as in the other, and at all drfitances from 
them bwh at dirirrenc times as it happens, the va- 
riety of the PhaCes of Eclipfis are almoft innume. 
rable, even at the fame places; confidering alro 
how varioufly the fame places ore iituated on the 
enlightened Dil’c of tbc Earth, with relIxA to the 
Penumbra’s motion, at the diffmnt hours when 
Bcliyfiis happen, 1 

34). When 



283 Of Ectip/eJ. 
WOW mucli 341. When the M o o n  changes 17 degrees lhqrt’ 
Of nunibrafrllc of her derceqding Node, the Penumbra P 18  jurt 
ontheEarth touches the northern parr of the Earth’s Difc, 
It difiancrr dlff‘rclrt near the Korth Pole N; and as feen from that 
f r m ~ h r r  place, the Moon appears to touch the Sun, but 

hides no part of him fromi fight. Had  the Change 
been as far fliort of the attending Node, the Pe- 
nurribra would have touched the routhern part of 
the Dik near the South Pole S. When the Moon 
changes I 2 degrees fhort of the defcending Node, 
inore than  a tliird part of the Penumbra P 12 falls 
on tlie northerri parts of the Earth a t  the middleof 
the general Ecliple: had f ie  changedias far paR 
the fame Node, as much of the other fide of the 
X’rnun;bra about P would have fallen on the fouth- 
ern part of rhe x.arth ; all the refi in the expnrr/um, 
or open fpace. When the Moon changes 6 degrees 
from the Mode, alrnofi the whole Penumbra P 6 
falls on the .Earth at  the: middle of the general 
Eclipfe. And laltly, w h e n  the Moon changes in 
the Node at N, the Penumbra Y N takes the 
longefi c o d e  pofible on the Earth’s Dik; its 
center failing 011 the midclle of it, a t  che inid& 
of the general Eclipfe. The farther the Moon 
changes from either Node, within 17 degrees of 
it, the ihorter is the 1)cnumbra’s continuance on 
the Earth, becaufe it goes over a l c h  proportion of 
the Difc, as is evident by tho Figure, 

ThcEarth’a 342. T h e  nrarer t h a t  the Penumbra’s center is to 
ti,,,, length- the Equator at the initidle of the kenera) Eclipfe, 
;;;.ti;;;;- the loiiger is the duration of the Eclipfe at all 
jar Etlipfrs, thore places wlierr: i t  i k  c c n t r ~ l ;  brcaufe, the nearer 
which t h a t  any place is to the Equator, the greater is the 
pitlarcir- Circle it defcribes bv the Earth’s motion on its 
rlc’* Axis 5 and To, the place moving quicltrr, keeps 

longer in the Penumbra, w h o k  motion ,is the lame 
way with that of the place, though faller, as has, 
been already mentioned, $ 337. T h u s  (fee the 
Earth at D and rhe Pciiurribra at  12) while the 
point b in thc polar Circle a b t d is carried from b 

7 to 

Wodt6. 

diurnal mo- 

wiihour the 
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& c by the Earth’s diurnal motion, the point d on 
the Tropic of Cancer rT is carried a rnpcli,greater 
length from d to D: and therrfore, if the Pen- 
umbra’s center goes one tinx over c, and another 
rime over D, the Penumbra will be longer in  pa8- 
ing over the moving place d than  it was in palling 
over the moving place b. Cosrfequently, centrhl 
Eclipks about the Poles are of the ffiortefi: dura? 
tion ; aqd about the Equator the longefi. 

343. I h  the middle of Summer, the whole fri- Andlhort- 

lightened ; and if it  then happen? that the Penum- fnmrwhirh 
loll within 

be eclipfed rnoch the fame number of Digits at (I CJW 

as at c j but while the Penumbra moves eafiward 
over c, it moves weftward,over n, becaufe, wi th  
refpet3 to the Penumbra, the motions of a and c a re  
contrary : for c moves the fame way with th,e Pen* 
umbra toward d, but LE moves the contrary w.iy 
toward b ;  and therefore the Eclipfe ,will be of 
longer duration a t  c than at a. At  a the Eclipfe 
begins on the Sun’s ealtern limb, but at  E on his 
weltern: a t  all places lying without the polar Cir- 
cles, the Sun’s Eclipfes begin on his weRern limb, 

‘or near it, and end on or near his eaAern, At thole 
laces where the Penumbra touclies the Earth, tlie 

kclipre be, uins with the rifing Sun,’ on the top of 
his wenern or uppermofl edge j and ac thofe places 
where the Penumbra leaves the Earth,  the Eclipiit 

, ends with the letting Sun, on the cop of his eattern 
edge, which is then rhe uppermolt, jiifi at its difd 
appearing on the Horizon. 

344. If  the Moon were furrounded by an At- The Moon 

molphere of any confiderable denfity, it would t d p h u c r  ‘I6 

feein to touch the Sun a little before the Moon 
mode her appulk co his edge, arid we ihould fee a 
little faintnek on that edge before i t  were eclipfcd 
by rhc Moon: but as no Tpch faiw.nef~ has been 
obferved, at le& fo far as I ever heard, it f‘eems 
plain, that the Noan has no CuchAtinofphcre as that  

of 

ens the du- 
gid Zone included, by the polar Circle a G c d is ea- id t ion of 

bra’s center goes over the North Pole, the Sun will thek Cir- 
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PLATE of the Earth. . T h e  faint ring of light furroundings 

the Suo in total, Eclipfes; called by CASSINI la 
CheveIure du Soleil, kerns to be the Atmofphere of 
the Sun; becaufe it has been obferved to move 
equally with the Sun, not with the Moon. 

345. Having faid io much about Eclipfes of 
the Sun,  we k a l l  drop that fubje& a t  prefent, and 

roceed to the do&trine of lunar Eclipfes: which, 
&ing more fimple, may be explained in lefi 

Pilipretof That the Moon can never be eclipfed but at the 
thcMuon* time of her being,Full, and the reafon why  f ie  is 

not eclipfed at every Full, has been h e w n  already, 
g 31 6, 3‘7. Let S be the Sun, E the Earth, R R 
the Earth’s k a d o w ,  and B the Moon in oppofition 
to the Sun: in this ficuation the Eivth intercepts 
the Sun’s light i n  irs way to the Moon j and when 
the Moon touches the Earth’s fliadow at v, fhe be- 
gins to be eclipfed on her eaftern limb x, and con- 
tinues eclipied until her weRern limb y leaves the 
fhadow at w ;  at B fhe is in the middle of the 
fhadow, and eonfcquenrly in the middle of the 
Ecl i p Ti. 

846. T h e  Moon when totally eclipfed is not 
invifible, if he be above the Horizon and the Sky 
be clear; bur appears generally of a duiky colour 
like tarniflied copper which fome have thought to 

w h y  rha be the Moon’s native light. But the true caufc of 
her being vifible is the kattered beams of the Sun, 

tdeciipfe. bent into the EarEli’s h i d o w  by going through-the 
Atmofphcre; which, being more drnk  near the 
Earth than, at confiderable heights above ir,  re-, 
fraEts or bends the Sun’s rays more inward § 179; 
and thore which pais neareft the Earth’s furfacc, 
are bent more than thofe,rays which go through 
higher parts of the A\moCphere, where it is 
lefo denk, until i c  be io thin or rare as to lofe 
its refraltive power. Let  the Circlefg h i, con- 
centric to the Earth, include the Atmofphere, 
whok refraAive power vanijhes at  the hcights j’ 

and . 

2.1. 

I time. 

pig, JL 
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and i ;  fo that the rays W f w  and Y i v  go on PLATE 
firaight without fugering the leait: rcfi.n&ion : But 
d l  thok rays which enter the Atmofpiiere between 
f and  k, and betweeu i and 2, on oppoGte fides of 
the Earth, are gradnally more bent inward as they 
60 through a greater portion of the Atmofphcre, 
until the rays W k  and V I  touching the Earth at 
rn arid M, are bent lo rnoch as to meet at 4 ,  a little 
for t  of the Moon ; and tlicrcfore the dark fhadow 
of the Earth is contained in the fpltce v z  a 4 p t ~ ,  
where ndnc of the Sun’s rays can encer: all  the 
refi RR, being mixed by the fcattered rays which 
are reFra&ed as above, is in forne meafure enlight- 
ened by them ; and fotiie of thofc raps falling un 
the Moon, give her the colour of tarniflied copper, 
or of iron dmoit: red-hor. So that if the Ear th  
had no Atmof‘here, the Moon would be as invi- 
fible in total Eclipfcs as f ie  is when New. If  the 
Moon were fo near the Earth as to go into its dark 
fhadow, fuppofe about p 0 ,  b e  would be inviGble 
during’her fiay in i t ;  but vifible before and after 
in  the fainter lhadow KR. 

xL 

347. When the Moon goes through the center myth 

the Sun : yet the Moon has been often reen to- $;,;;;I;;~ 
tally eclipfed in the Horizon when the Sun was the Mooa 
alfo vifible in the oppofite part of it : for, the ho- $?$ 
rizontal refrattion being almofi 34 minutes of a 
degree, $ 181,  and the diameter of the Sun and 
Moon bring each at a mean Rdte but 32 minutes, 
the refraaioii caul‘es both Luminaries to appear 
above the Horizon when they are really below iF, 

from either of hcr Nodes, ihc juf t  touches the 
Earth’s thadow, but enters not into it. L e t  G H  
be the Ecliptic, ef the Moon’s Orbit where llie i s  
.is degrees from the Node at her k’ull; c d licr 
Orbit where he is 6 degrees froin the Node, n b 
her Orbit where flie is Full in the Nodc, A B  the 

Earth’s 

Sun 2nd of the Earth’s fiadow, flie is direfitly oppofite to Mnon HQ 

§ 179. 
348. When the Moon is Full at ra degrees Fig. V, ’ 
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Dwation Earth’s fhadaw, and .M the Moon; When tbc 
Etl;preIof Moon delcribes the line ef, fhe juR touches the 
the Moon. fhadow, but does not enter into it j when h e  de- 

fcribes the line c d, h e  is totally, thou h not cen- 
trally, immerfed in the fhadow ; and w % en f i e  de- 
fcribcs the line ab,  fie paffes by the Node at M 
in the center of  the Ihadow ; and takes the long& 
line pofible, which is a diameter, through i t ;  and 
fuch an Eclipre being both total and central is of 
the longell duitation, namely, 3 hours 57 minutes 
6 feconds from the beginning to the end, if the 
Moon be at her gwatelt difiance fro’m the Earth : 
arid 3 hours 37 minutes 26 feconds, if  h e  be at 
her IeaR difiance. T h e  reafon of t k s  difference 
is, ‘that when the Moon is fartheft from the Earth, 
f i e  moves the floweit j and when neareit to it, 
quicltefi. 

349. T h e  Moon’s diameter, as well as the Sun’s, 
is fuppofed to be divided into twelve equal parts, 
called Digit$; and fo many of thefe parts as are 
darkened by the Earth’s Ihadow, io many Digits 
is the Moon eclipkd. All that the Moon is 

ove 12 Digits, fhew how far the fhadow 
th is over the body of the Moon, on 

that edge to which f i e  is neareft at the middle of 
the Eclipfe. 

Whythe 350. It is difficult to obferve: exaRly ;ither the 
beginning and end uf b eginning or ending of a lunar Eclipfe, even with 
a lunar a good lelefcope ; becaufe the Earth’s fhadow is 

to fo faint and ill-defined about the edges, that when 
be d e w -  the Moon is either ju t% toi.icliing or leaving it, the 
obfervrtinn, obfcuration of her limb is karce fenfible;’ and 

therefore the niceR obiervers can hardly be certain 
to feveral feconds of time. But both the be- 
ginning and ending of folar Eclipfes are vifibly 
infianrarieous; for the moment that the edge of 
the Moon’s Difc iouches the Sun’s, his roundnefs 
f k m s  a little broken on that part i and the moincnt 
f i e  leaves it, he appears perletkly round again. 

351. I n  
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35 I ,  In Aflronomy, Eclipfes of the Moon are The tifaof 

motions ; efpccially (iich Eclipfes as are obfrrved :;p:*~s 

to be alike in all circumltances, mid have long no~ogy. 

intervals of time bctween rliem. In Geogra- 
phy, the Longitudrs of places are found by 
Eciipfes, as already h e w  in the Eleventh Chap- 
ter. In Chronology, both folar and l u n a r  Eclipfes 
ferve co determine cxnftly the' time o f  any pa& 
event: for there are fo many particulars ob- 
fervable in  every Eclipfe, with refpdt to its 
quantity the places where it is vifible (if of the 
Sun) and the time of the day or n i e h t ;  that it is 
.impofible rhere can be two folar kclipfes in the 
courfe of many ages which are alike in all circurn- 
fiances. 

352. From the above explanation of the doc- 
trine of Eclipfes it is evident, that the darknefs ac s ~ ~ ~ ~ ~ ~ ' ,  
our SAVIOUR'S Crucifixion was fupernatural. For c*uciflxion 

fW%,t,. he fuRered on the day on which the PafIjver was r ~ i .  
eaten by the Jews, on vr&ich day i t  was irnpofibie 
that the Moon's fliadow could fall on the Earth ; 
for the yewor kept the Paaover at the time of Full 
Moon : nor does the dnrlcnefs in total Eclipfes of 
the Sun  Ian above four iriinutes in any place, § 333, 
whereas the darknefs a t  the Crucifixion lafied three 
hours, Mutt. xxviii, x5. and ovrrfprrad at katl all 
the land of Jtden.  

Eel pic9 In 
Of great ufe for alcertaining the periods of her ARronomy, 

The dark- 
nsl8 d t  our 

e w ,4 P. 
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C W A P. XIX. 

Shewing the Principles on which the followwing AJvo- 
nomica2 Tables are conJrrdfled, ana' the Method of 
calculating the Times uf New aqd Full Moons and 
Ecliples by them. 

H E  nearer tha t  any objelt is to the eye 
353* T of an oblerver, the greater is the angle 
under which it appears : the farther from the eye, 
the l ek  

T h e  diameters of the Sun and Modn fubcend 
d$%rcnc angles at different times. And, a t  equal 
k~terv:ds of time, thek angles are once at the 
greateft, and oiice a t  the leafl, in fornewhat more 
rhan a complete revolutionof the Luminary through 
the Ecliptic, from any given fixed Star to the fame 
Star again.-This proves that  h e  Sun and Moon 
are conflantiy changirlg their difiances from the . Earth;  and that they are once at their greatefi 
difiance, and once at their leaf?, in little more than 
a complete revolution, 

The,gradual differences of there angles are not 
what they would be, if the Luminaries moved in 
circular Orbits, the Earth being fuppafed to be 
placed a t  Come diftance from the center : but they 
agree perfeQly with elJiptic orbits, fuppofing ,the 
lowcr focus of each orbit ro be at the center of the 
Earth.  

T h e  fdrtheit point of each Orbit from the 
Earth's center is called the Apogee, and the neareR ' 

point is called the Pevigee.-Thefe points are di- 
reoly oppofite to each other. 

Afironoiners divide each Orbit into 12  equal 
parts, called Signs; each fign into 30 equal parts, 
called Degreer ; each Degree into 60 equal parts, 
called &inates ; and every minute into 60 equal 
parrs, called Seconds. The diltance of the Sun 
or Moon from any given point of its orbit, is rec- 

koned 
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koned in iigns, degrees, minutes, and feconds. 
Here we mean the difiance that  the Luminary has 
moved %through from any given point; not the 
$ace it is fhort of it in coming round agzin, though 
ever io little. 

T h e  difraiice of the Sun or Moon from its 
Apogee at any given time i s  called its mean 
Anenialy: io that, in  the Apogee, t!ie Anomaly is 
nothing; in the Perigee, i t  is fix figns. 

The motions of the Sun and Moon are obferved 
.to be tonrinunlly accelerated from the Apogee to 
the Perigeq-hnd as gradually retarded from the 
Perigee to the Apogee; being flowcfi of dl when 
the mean Anomaly is nothing, and fwifiefi of all 
when it is Gx Ggns. 

When the Luminary is in its Apogee or its Pe- 
rigee, its place is the fame as i t  would be, if its 
motion were equable in all parts of its Orbit.- 
T h e  hppofed equable motiotis are called tnean; 
the unequable are juitly called the true. 

The mean place of the Sun or Moon is always 
forwarder than the true place *, while the Lumi- 
nary is moving from its Apogee to its Perigee ; 
and the true place is always forwarder than the 
mean, while the Luminary is moving from its 
Perigee to its Apogee.-In the former cafe, the 

* Anomaly is always lrfs than fix figns; and in the 
latter cafe, more. 

It has been found, by a long feries of obferva- 
tions, that the Sun goes through the Ecliptic, fi-om 
the Vernal Epuinax to the fame Equinox a sin, in 
365 days 5 hours 48 minutes 55 feconds : f o m  the 
&/I Star Of Aries to the fame Star again, in ,365 days 
6 hours 9 minutes 24 feconds : and from his.rfpogce 
to the fame agaiiy, in 365 days G hours 14 minutcs 
0 frconds.-’rhe firft  of thrk is called the S ~ U U  
rear, the frcond the Sydcreal Year, and the third 

* The point of the Ecliptic in wllicll the Sun or Moon is 
at any givan momcnt of time io cdlcd the f f u rc  of the Sun ar 
Moon BE that time. 

U ,the 
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the AnoinaZiJ2ic Yeor. So that  the Solar Year is 20 
minutes 29 feconds hotter than the Sydereal ; and 
the Sydereal Year is 4 minutes 36 feconds ihorter 
t h a n  the Anornalifiic.--Hence it appears that the 
Equiuoniat Point, or interfeltion of the Ecliptic 
and ITquator at the beginning of Aries, goes back- 
ward with refpea to the fixed Stars, a i d  that the 
Sun’s Apogee goes forward. 

It  is alfo obferved that the Moon goes through 
her Orbit from any given fixed Star to the fame 
Star again, in 27 days 7 hours 43 minutes 4 fe- 
conds at a mean rate: from her Apogee to her 
Apogee again, in 27 days 13 hours 1 8  minutes 
43  feconds: and from the Sun to the Sun again, 
in 29 days 1 2  hours 44 minutes 326 feconds.- 
T h i s  hews, t h a t  the Moon’s Apogee moves for- 
ward in the Ekliptic, and that a t  a much quicker 
rate than the Sun’s Apogee does ; fince the Moon 
is s hours 55 minutes 39 feconds longer in re- 
volving from her Apogee to her Apogee again, 
than from any Star to the fame Star again. 

T h e  Moon’s Orbit croffes the Ecliptic in two 
oppoG:e points, which are called her Nodes: and 
it is obfervcd tha t  h e  revolves fooner from any 
Node to the fame Node again, than from any Star 
to’the fame Star again, by 2 hours 38 minutes 27 
feconds, which fliews tha t  her Nodes move back- 
ward, or codtrary to the order of Ggns, in the 
Ecliptic. 

T h e  time in which the Moon revolves from the 
S u n  to the Sun again (or from change to change) 
i s  called a Lunation; which, according to Dr. 
POUND’S mean meafures, would always conGfi of 
29 days 12 hours 44. minutes 3 feconds 2 thirds 
58 fourths, if the motions of the Sun and Moon 
were always equable *,-l-Tence, I 2 mean Luna- 

* We have thought proper to keep by Dr. Pound’s lcngth 
of a mean Lunation, hecaufe hia numbers come nearer to the 
time8 of the ancient E ipfes, than Mqer’o do, without al- 
lowing for the Moon’s a 

tions 



The ConJru~Zion of the following I'attts. zg r 
tions contain 354 days 8 hours 46 minutes 36 
feconds 35 thirds 40 fourths, which is xo days 2 I 
hours I I  minutes 23 feconds 24 thirds 20 hirtlis 
lefs than the length of a common yulianyear, con- 
iiltihgof 365 days 6 hours; and 13  mean Lunations 
contain 383 days 21 hours, 32 rninutes 39 feconds 
38 thirds 38 fourths, which exceeds the length of 
a common Julianyear, by  18 days 1 5  hours 32 
minutes 39 feconds 38 thirds 38 fourths. 

Ap The  mean rime of New Moon being found for 
any given year and month, as fuppofe for March 
2700, Old Stile, if this mean New Moon fXs later 
than  the I I t h  day of Mclrch, then, 1 2  mean Luna- 
tions added to the time of this mean New Moon, 
will give the titpe of the mean New Moon in 
March 1701, after having thrown off 365 days,- 
But when the mean New Moon happens to be be- 
fore the 11th of March, we muit add 13 mean 
Lunations, i n  order to have the time of mean New 
Moon in March the, year following: always taking 
care to fubcralt 365 days in common years, and 
366 days in lenp-years, from the fum of this 
addition. 

Thus, A. D. 1700, Old Stile, the time of mean 
New Moon in March was the 8th day, ;It rG hours 
I I  ttiiriutes 25 feconds after thc noon of that day 
(vix. at I I  minutes 25 feconds paR 1V in the 
morning of the 9th day, according to common 
reckoning). To this we mufl add I 3 mean Luna- 
tions, or 383 days 21 hours 32 minutes 39 feconds 
38 thirds 38 fourths, and the <urn will be 392 
days 13 hours 44 minutes 4 feconds 38 thirds 3d 
fourths; fiom which fubtra& 365 days, becauk 
the year 1701 is a common year, and there will 
remain 27 days 13 hours 44 minutes 4 feconds 38 
thirds 38 fourths for the time of mean New Moon 
in Murch, A. D. 1701, 

Carrying on this addition and fuubtra&ion till 
A. D, 1703, wc find the time of mean New Moon 
in L'March that year, to be on the 6th day at 7 uz hours 

I 

' 
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hours 21 minutes 17 leconds 49 thirds 46 fourths 
palt noon ; to which add I 3 mean Lunations, and ' 

the fum will be 390 days 4 hours 53 minutes 57 
feconds 18 thirds 2 0  fourths j from which fubrrao 
366 days, becaufe the year I 704 is a leap-yen, and 
there will remain 24days 4 hours 53 minures 57 
feconds 28 thirds 20 fourths for the time of mean 
New Moon iq March, A. D. 1704. 

In this manner was the firlt  of the following 
Tables conitruEted to feconds, thirds, and fourths p 
and then wrote out to the neareft feconds.-The 
reafon why we chore to begin the year with Mar& 

the tabular time in leap years after February, or 
fubtratting a day therefrom in yanuary and Fcbru- 
ary in rhofe years j to which all tables of this kind 
are fubjeh, which begin the year with ymuary, in 
calculating the times of New or Full Moons. 

T h e  mean Anomalies of the Sun and Moon, and 
the Sun's mean motion from the afcending Node 
of the Moon's Orbit, are fet down in Table 111. 
from one to 13 mean Lunations.-There Num- 
bers, for 1 3  Lunations, being added to the radical 
Anomalies of the Sun and Moon, and to the Sun's 
mean diftance from the afcending Node, at the 
time of mean NewMoon in March 1700, (Table I . )  
will give their mean Anomalies, and the Sun's mean 
difiaiice from the Node, at  the time of mean New 
Moon in lllarch 1701'; and being added for 12 
Lunations to chafe for 1701,  give them for the 
time of mean New Moon in March 1702. And 
fo on, as far as you pleaie to continue the Table 
(which is here carried on to the year 1800) always 
throwing off 1 2  figris when their fuin exceeds 12, 
and fctting down the remaiiider as the proper 

'quantity . 
' I f  the numbcrs belonging to A. D. 1700 (in 

'I'Jble I.) be fubcraAed fram thofi: belonging to 
1800, we ihall bave their whale differences i n  100 
coniplete Julian years j which accordingly we find 

7 t0 
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to be 4 days 8 hours I O  minutes 52 feconds 15 
thirds 4 0  fourths, with refpe& to the time of mean 
New Moon.--1'hefe being added together 60 times 
(always taking care to throw off a whole Lunarion 
when the days exceed 294) making up Go centu- 
ries, or 6000 years, as in Table VI.  which was 
carried on to feconds, thirds, and foutths; and 
then wrote out to the nearefi feconds. I n  the fame 
iiiannrr were the refpehive Anomalies and the Sun's 
diitance from the Node found, for thefe centurial 
years ; and then (for want  of room) wrote QUI only 
to the neaieiE minutes, which is ruflicient in whole 
centuries.-5y &ncans of thefe two 'l'ables, we may 
find the time of any mean New Moon i n  Martk, 
together with the A noinalies of the Sun and Moon, 
and the Sun's difiance from the Node, aq thefe 
rimes, within the limits of 6000 years, either be- 
fore or after any given year i n  the 18th cencury; 
and.the mean time of any New or Full  Moon in 
any given month after Mnrcb, by means of the 
third and fourth Tables, within the T h e  limits, as 
hewn in the precepts for calculdrion. 

T h u s  it would be.a very eafy matter to calculate 
the time of any New or Full Moon, if the Sun 
and Moon moved equably in all parts of their 
Orbits.-But we have already hewn that their 
places are never the Came as they would be by 
equable motions, except when they are in Apogee 
or Perigee ; which is when their mean A nornalies 
are either nothing, or fix ligns: and that their 
mean places are always forwarder than their t rue 
places, while the Anomaly i s  lefi t h a n  fix figns; 
and their true places are forwarder than the mean, 
while the Anomaly is more. 

Hence it is evident, that while the Sun's Ano- 
maly is lefs than  fix Ggns, the Moon will  overtalte 
him, or be oppofite t6 him, fooner than ilie could 
if hts motion were equable j Aid later while his 
Anomaly is more than fix figns.--'I'he gredtefi dif. 
fcrencc that can pofibly happen between the mean 

u3 and 
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and true time of New 0% Full Moon, on account 
of the inequality of the Sun’s motion, is hours 
48 minutes 28 feconds: and tha t  is, when the 
Sun’s Anomaly is either 7 figns I degree, or 8 l ips  
29 degrees; honer  in the f i r i t  cafe, and later in 
the laft.-In all other figns and degree8 of Ano- 
maly, the difference is gradually lefs, and vaniihes 
when the Apninaly is either nothing or fix @is. 

T h e  S u n  is in ,his Apogee on the 30th of June, 
and in his Perigee on the 30th of December, i n  the 
prefent age ; To that he is nearer the Earth in our 
winrer than  i n ’  our Cummer. T h e  proportional 
difference of diltance, deduced frotn the difference 
of the Sun’s apparent’diamcter at theft. rimes, is 
as 983 to 1017. 

T h e  Moon’s orbit is dilated in winter, and con- 
traff ed in fummer ; therefore the Lunations are  
longer in winter than  in fiimmer. The grcaceit: 
difference is found to be 2 2  minutes 29  kconds : 
the Lunations inc reahg  grxlually i n  length while 
the Sun is moving from his Apogee to his Perigee, 
and decreafing in length while  he is moving ft-om 
his Perigee ro h is  Apogee.-On this account the 
Moon will be later cvcry time in coming to 11w 
conjuntltion with the Sun ,  or being i n  oppofition 
to him, from Decembcr till Yune, and rooner from 
rune  to Dccember, than if her orbit had continued 
of the fame fize all the year round. 

As both thefie: diFerences depend on the Sun’s 
Anomaly, they may be fitly put together into one 
Table, and called Theannual, 9rjrjt equalion of the 
mean t o  the trtre “Jrzygy (fee Table V l l , ) .  ‘I’his 
equational difference is to be fubtratled from the 
time of the mean fyzygy when the Sun’s Anomaly 
is lrfs than fix ligns, and added when the Anomaly 
is more.-At the greatefi, it is 4 hours IO minutes 

‘ 57 Ceconds, viz. 3 hours 48 minutes 28  feconds, 
on account of the Sun’s unequal motion, and 2 2  

T h e  word Jvrysy fignifies both the conjunttion and oppo- 

14 minutes 
fi;ion of thcpo and Moon, 
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minutes 29 feconds, on account of the dilitation of 
the Moon’s orbic. 

This compound equation would be fufficient for 
reducing the mean time of New or 17~11 Moon to 
the true time, if the Moon’s orbit were of a 
circular form, and her motion quire equable i n  
it.-But the Moon% Orbit is inore elliptical than 
the Sun’s and her motion in it io much the more 
unequal. T h e  difference is To great, that  flie js 
Iiornetimes in conjun&ion with the Sun, or in 01’- 
pofition to him, fooner by g hours 47 minutes 54. 
feconds, than flie would be if her motion weie 
equable; and at other times as moch later.-The 
former happens when her mean Anomaly is 9 Gens 
4 degrees, and the latter when it is 2 Ggns 26 .de- 
grees, See T a b l e  IX. 

At different dihnces of the Sun from the Moon’s 
Apogee, the figure of the Moon’s Orbit becomes 
different.-It is longeft of all, or moit excentric, , 
When the Sun is in the fame fign and degree either 
with the Moon’s Apogee or Perigee ; fiortelt d‘ 
all, or lealt excentric, when the SuII’s diff ance 
from the Moon’s Apogee is either three figns or 
nine ligr,s ; and a t  a mean I tate when the diltmce 
is either I Ggn 1 5  degrees, 4 figns 1 5  degrees, 7 
figns 15 degrees, or IO figns 15 degrees,-When 
the MOOKI’S Orbit is at its greateft excentricity, her 
apogeal diitance from the Earth’s center is to her 
pcrigeal diilance from it, as 1067 is to 933 ; when 
Jeafi excentric, as io.t.3 i s  to 957 j and when a t  
the mean ftate, as 1055 is to 945. 

But the Sun’s difkance from the Moon’s Apogee 
is equal to the quant i ty  of the Moon’s mean Ano- 
maly at the time of N e w  Moon, and by the addi- 
tion of fix figns, it becomes cqual in quantity to 
the Moon’s mean Anomaly at the t i m e  of Full 
Moon.-’I’herefore, a table may be conltrufied ib 
as to aniwer all the various inequalities depending 
an the different excentricitics of the Moon’s Orbit 
ie the fyzygies j and called The fecondequation of 

U 4  tbc 
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the matt t o  the truehzygy (fee Table IX.) and the 
Moon’s Anomaly, whrnequated by TableVlII. map 
be made the proper argument for taking out this 
fecond equation of time, which,muR be added to 

‘ the former e uated time, when the Moon’s Ano- 

Anomaly is more. 
There are ieveral other inequalities in die Moon’s 

motion, which fometimes bring on the true fyzygy 
;I little honer, and at  other times keep it back a 
little later than it would otherwife be : but they 
are fo h a l l ,  tha t  they may be all omitted except 
two; the former of which  (Jee Table X.) depends 
on the difference bettveeri the Anomalirs’of the Sun 
and Moon in the fyzygizs, and the latter (Jet 
‘Table XI.) depends on the Sun’s diftance from 
the Moon’s Nodes a t  there times.-The greateit: 
difference arifing from the former, is 4 minutes 58. 
feconds; 2nd fiorn the latter, I minute 34 feconds. 

maly is lefi t 1 an fix figns, and CubtraAed when the 

ll’aviiig dejcribta’ the Phenomena ariJing from the inc- 
rjualiiies of the S o h  and Lzrnnr Motions, w e / l d  
now fiew the regom of tbge inequajities. 

I n  all calciilations relating to the Sun and Moon, 
we confider the Sun as a moving body, and the 
’f7artli as a body ;it Idt; Gnce all the appearances 
are the lame, wfirtlier it be the Siin.or the Earth 
rhat moves.-But the t ru th  is, tha t  the Sun is at 
relt, a t d  the E a r t h  moves round him once a year, 
in the plane of the Ecliptic. Therefore, whatever 
Ggn and degree of the Ecliptic the Earth is in, at 
any given time, the Sun will then appear to be in 
the oppoljte fig” and degree. 

The nearer that any body is to the Sun, the 
more it is attraQed by him; and this attraaion 
Encreafes as the fquare of the diitarice diminifhes ; 
and vice uerfi?. 

The Earth’s annual Orbit is elliptical, ana the! 
Sun is placed in one of its focufcs. T h e  rernoteR 

point 
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point of the Earth’s Orbit from the S u n  i s  called 
The Earth’s A’helion 5 and the nearefi point of the 
Earth’s Orbit to the Sun, is called Tbe Earth’s Peri- 
belion.-When the Earth is i n  its Aphelion, the 
Sun appears co be in  its Apogee; and when the 
Earth is in its Perihelioi~, the Sun appears to be 
in its Perigee. 

As the E,arth moves from its Aphelion to its 
Perillelion, it is confiantly more and more attra&tcd 
by the Sun ; and this actraftion, by confpiring in 
fome drgrre‘ with the Earth’s motion, mull neccf- 
IariIy accelerate it. But as the Earth moves from 
its Perihelion to its Aphelion, it is continultlly 
Iefs and Ids attrafited by the Sun ; and as th i s  at- 
traCtion a&s then  jurt as much agiinfi  the E:3rth’s 
motion, as it a&ed for i t  in  the other half of the 
Orbit, it retards the motion in the like degree.- 
T h e  hRer the Earth moves, the fatter will t h e  Sun 
appear to move; the flower die: Earth moves, die 
flower is the Sun’s apparenr 1noti011, 

The Moon’s Orbit i s  alfo elliptical, and the Earth 
keeps cunhanrly in one of its focules.--‘Thc Ear th’s  
attra&tion has the h m e  kind of influence on  the 
Moon’s motion, as the Sun’s ntrrnAion l i d s  on the 
motion of the Earth: and tlicrefol-e, tile Moon’s 
motion muft be continually accelerated while ke 
is paRing from her Apogee to her Pcrigee ; and as 
gradually retarded in moving from lier Perigee 
to her Apogee. 

A t  the time of N e w  Moon, the Moon is nearer 
the Sun than  the Earth is at that time, by the whole 
fernidiarneter of the Moon’sOrbit; which, at a mean 
Rate, is 240,000 mi!r$ ; and at the FUII, ihe is as 
much farther from the Sun t h a n  the Earth t h e n  is. 
-Confequently, the Sun atrra&s the Moon more 
r h n  it attraBs the Earth in the former cafe, and 
Jefs in the Litter. The :  difference is great& when 
the Earth is neareit the Sun, and lea& when it is far- 
theit from him. The obvious refult of this is, that 
as the Earth is neareft to the Sun in winter, and 

fartheft 
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farthelt from him in fummer, the Moon's Orbit 
m u f i  be dilated in winter, and contrafled in 
fummer. 

Thefe are the principal caufrs of the difference 
of the, that generally happens between the mean 
and true times of conjunttion or oppofirion of the 
Sun'and Moon. As to the other t W Q  diiyerences, 
viz, thofe which depend on the difference between 
the Anomalies of the S u n  and Moan, cnd upon the 
Sun's clifisnce from the lunar Nodes, in the fyzy- 
gies, they are owing to the different degrees of 
attraltion of the Sun  and Earth upon the Moon, 
at greater or kfs diftances, accordiiig to their re- 
jpeaive Anomalies, and to the  poGtion of the 
Moon's Wotfes with r d p &  to the S u n .  

I f  ever it ihould happen, that  the Anomalies of 
both the S u n  ant1 Pdoon were either nothing or fix 
iigns, a t  the mean time of New o r  Full Moon, and 
the Sun koiild then be i n  conjuriltion with either 
of the Moon's I'iodes, all the above-mentioned 
equations would vanifli, and the inem and true 
time of the fyzygy would coincide. But if ever 
this circumitance did happen; we cannot expea the 
like again in many ages afterwa'rd. 

Every 49th Lunation (or Courre of the Moon 
from Change to Change) returns very nearly to the 
fame time of the day as before. For, in 49 mean 
h n a t i o n s  there are 1446 days  23 hours 58 minutes 
29 kccnds 2 5  thirds, which wants bur I minute 
30 fcconds 34. thirds of 1477 days. 
In 2~~530sgo851o8days, there are IOOOOOOOOOOQ 

mean Lunations exa&ly : and tliis is the finalleft 
number of natural days i n  which any  exalt number 
of mean Lunations are complered, 

T A B L E  
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I'""'." IV. 
The Dayi of the Year, reckoned from thc 

Irqinning of .March. 
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158 - 
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rABLE VI. Tbcjir,? mean New Moan, wi th  the mean AnomafieJ oft i  
Sun and Mow, and the1 Sun'$ mean D;/fance f rom thr A/rending Nod 
next after complete CenturieJ ydian /cars. 

Sun trom 
Node, -- 
b o '  

4 '9 =7 
9 8 5 s  

6 '7 49 
I zR 2 2  

I I  7 IG 

7 ' 5  3'  
3 16 44 

0 4 5 8  

4 24 = s  
9, '3 53 
2 3 20 
6 2 2  47 

IO 21 30 
3 10 58 
8 0 2 5  
0 ' 9 ' 5 2  

TABLI 
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M. S .  
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L 40 

I 45 
1 49 

3 1 52 
4 1 56 
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-- 
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---- 

0 
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6 2  4 
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9 2 18 
0 2 22 
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I I f'RB'LE X11. T'he Sun's mean Longitude, Motion, a d  
Unomalv : Old Stile. - 
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l o  calcdate the true Time of New or Fiill Moon. 

PRECEPT I. If the rcquired time be witliin the 
limits of the 18th century, write out the mean time 
of New Moon in Murch, for tlie propokd y e w ,  
from Table I. in the Old Stile, or from Table 11. 
in the New 6 together with the mean Anomalies 
of the S u n  and Moon, and the Sun's mean DiC 
tance from the Moon's afcending Node.-If you 
Want the time of Full Moon in March, add the 
half Lunation at the foot of Table  I l l .  with its 
Anomdies, &c. to the former numbers, if the 
New Moon falls before the 15th of Marcb ; but 
if it fdls after, fiibtrdt the half Lunation, with 
the Anomalies, &c. belonging to ic, from the for- 
mer numbers, and write down the rerpe&ive fums 
or  remainders. 

11. I n  there additions or fubtraEtions, obfrrve, 
that 60 fwonds m a k e  a minute, 60 minutes make 
a degree, 30 degrees inake a Ggn, and 1 2  Ggns 
make a circle. When YQU exceed 1 2  iigns in ad- 
dition, rejett I z, and kt down the remainder,- 
When the numbertof figns to be 'fubtralted is 
greater than the number you CubtraEt from, add 
1% Ggns to the kKer number, and then you will 

' have a remainder to fec down.-In the Tables, 
figns are marked thus degrees thusa, minutes 
thus', and fecotids thus ". 

111. When the required New or Full Moon is 
in  any given month after March, wrice out as many 
Lunations, with their Ariomdlies, and the Sun's 
ditlance from the Node, from TableIII .  as the 
given month is after March ; retting tliriii in order 
below the numbers taken out for M ~ c b .  

IV. Add all thefie together, and they will give 
the mean time of the required New or Full Moon, 
with the mean Anomalies and Sun's mean difianct: 
from the afcending Node, which tire the Argil- 
ments for'finding the proper Equations. 

1.4 V. With 



3’8 Precepts relative f a  ;be preceding Tables. 

VI  With the number of days added togethcri 
enter Table IV. under the given Month; and againit 
tha t  number you have the day of mean q e w  or 
Ful l  Moon , i n  the left-hand column, which fet 
before the hours, minutes, and feconds, already 
found, 

But (as it will fometimes happen) i f  the faid 
number of days fall fhorc of any in the column 
under the given tlionth, add one Lunation and its 
Anomalies, &c.. (fqom Table 111,) to the forefaid 
furns, and then you will have a new furn of days 
wherewith to enter Table IV. under the given 
month, where yw are fure to find it the fecond 
time if the firit falls kort .  

VI. With the figns and degrees of the Sun’s 
Anomaly, enter Table VII.,and therewith take 
out the annual or fir& Equation for reducing the 
mean Syzygy to the t r u e ;  taking care to make 
proportions in the Table for the odd minutes and 
feconds of Anomaly, as the table gives the Equa- 
’tion only to whole degrees. 

Obferve, in this and every other cafe of finding 
Equations, that  if the Ggns are at the head of the 
Table, their degrees are a t  the left hand, and are 
reckoned downward; buc if the figns are at the 
foot of the Table, their degrees are a t  the right 
hand, and ate counted upward ; the equation be- 
ing in the body <if the Ta$le, under or over the 
figns, in a collateral line with the degrees.-The 
titles Add or Subtrntf at the h e d  or foot of the 
Tables where the figns are found, k e w  whether 
the Equation is to be added to the mean time of 
New or Full Moon, or to be fubtrafied fi-dm it, 
In this Table, the Equation is to be fubtraQed 
if the Ggns of the Sun’s Anomaly are found at 
the head of the Table;  but it is to be added, if 
the Ggns are a t  die foot. 

VII. With the figns a n d  degrees of the Sun’s 
mean Anomaly, enter Table VIII. and take out 
the Equation of the Moon’s mean Anomaly ; fub- 

I tralt 



Precepts relative to tbe preceding Tables. 3’9 
tra& this Equation from her mean Anomaly, if the 
Ggns of the Sun’s Anomaly be at the head of the 
Table, but add it i f  they are at the foot; the re- 
Cult will be the Moon’s equated Anomaly, with 
which enter Table IX, and take out the ikcond 
Equation for reducing the mean to the true time 
of New or Full Moon; adding shis Equation, if 
the Ggns of ’the Moon’s Anomaly are at the liead 
of the Table, but fubtrafting it if they are at the 
foot, and the refult will give you the mean time of 
the required New or Full Moon twice equated, 
which will be iufficiently near for common dma-  
i~aclts.--But when you want to calculate an Eclipfe, 
the following Equations tnult b;: ufed : thus, 

VIII. Subtralt the Moon’s equated Anomaly 
from the Sun’s mean Anomaly, and with the re- 
mainder in figns arid degrees, enter TableX,  and 
take out the third Equation, applying it to the 
former equated time, as the titles Add or Subtraff 
do dire&. 

JX, With the Sun’s mean difiance from the 
arcencling Node enter Table XI, and take out the 
Equation anfwcring to chat argument, adding it tOJ 
or ruberatling it from, the former equated time, as 
the titles dire&, and the refult will give the time 
of New or Full Moon, agtreing with well regu- 
lated clocks or watches, very near the truth. But, 
to make it agree with the folar, or apparent time, 
apply the Equation of natural days, found in the 
Table (from page 163 to page 1 7 5 )  .as it is Leap- 
year, or the firlt, ficond, or third after, 
, T h e  method o f  calculating the time of any New 

or Full Moon without thc limits of the 18th cen- 
tury,  will be fliewn further on. And a fw EY- 
amples, compared with the Precepts, will make the 
whole work plain. 

N, B. T h e  Tables begin the day at noon, and 
reckon forward from thence to the noon fallowing. 
-Thus, Murcb the 3 10, at 22 11. 30 min. 25 kc. of 
tabular time, is April rft: (in common reckoning) a t  
30 mio, 25 fcc. after IO o’clock i n  the morning. 

E X A M -  
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calculate the time of New and Fall Moon in a give12 year 
and month of my particerlar century ,letween tke Cbr#im 
,&a and the i8tb century. 
PmcEr-r I, Find a year of the fame number in the 

18th century with that of the year in the century propofed, 
and take out the mean Time of New Moon in Murcb, Old 
Stile, for that year, with the mean Anomalies and Sun's 
mean Diltance from the Nodc,at that time, as already 
taught, 

11, Take as many complete centuries of years f<om 
Tabls VI. as, when fiikra&ed from the above hid year in 
th 18th century, will anfwcr to the given yrar ; m d  take 
Out the fir@ mean Ncw Moon and its Anomalies, &c. be- 

Y longing 
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longing to the faid centuries, and fee them below thofc 
talten out for March in the 13th century. 

111. Subrra&t the numbers belonging to there centuries,, 
from thok  of the I 8th ceritory, and the remainders will be 
the mean T h e  atici Anal-nalics, &c. of New Moon in 
March, in the given year of die cer~tury propokd.-Then, 
work in all refpec9s for the true t ime of New or Full Moon, 
as hewn in the above Preccpts and Exainples. 

IV. If the davs antiexed to thefi  centuries exceed the 
number of days from the beginning of Marc! taken out in 
the J 8 t h  century, adcl-.a Lunat ion and its Anomalies, &c. 
frofn Table 111. to the T i m e  and Anomalies of New Moon, 
i n  Miwch, and thkn proccd in all relpeCts a5 above,-Thiu . 
circurnitance hapiiens i n  Example V. 



- peefatiroe to the preceding Tabtes. 3’3 
yo tafcuefate the true time of New or Full Moon in any given 

year and month before the CbriJZian &ra. 
PRECEPT I.  Find a year in the 18th century, which 

being added to the given number of years before ChriR 
diminihed by one, &all make a number of complete cen- 
turies. 

11. Find this number ofcenturies in Table VI. and fib- 
tra& the Time and Anomalies belonging to i r  from thofe of 
the mean New Moon in March, the above-found year of 
the 18th century ; and the remainder will denote the Time 

I and Anomalies, &c. of the mean New Moon in Marcb, the 
iven year before Chrifi.--?’hen, for the true time of that 

k e w  Moon, in any month of that year,,proceed in the man- 
ner taught above. 

Y 2  T hefc 



P 4  Precqts akd Exanrples 
There Tables arc calculated for the meridian of London i 

but they will ferve for any other place, by fubtraaing four 
ininutes from the tabular time, for every degree that the 
meridian of the given place is wefiward of .Lo~don, or 
adding four minutes for every degree that the meridian of 
the given place is eaftward : as in 

.* 
N 
I 
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% 

EXAMPLE 



Yo calculate tbc true lime of New or Full Moon in airy given 
year a d  month after the 18th centlrty.. 

- PRECEPT I. Find a yrar of the fame nurnbcr.jn the 18th 
century with that of the ycnr propufed, and take out the' 
mean Time and Anomalies, &c. of New Mgon in March, 
Old Stile, for thdt p r ,  i n  'I'able 1. 

11. Take TO rnany'years from Table VI. as when added 
to the above-mentioned yedr in the  18th  century, will an- 
fiver to the given year in which the New or Full Moon is 
required : and take out the firfi  New M o w l  with its Ana- 
Mniies, for thefc: complete centuries. 

y3 > n r ,  ; ~ d d  
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111. Add all thefe together, and then work in all re- 

fpe&s as ibewn pbove, only remember to fubtrae a Luna- 
tion and its Anomalies, when the above-mentioned addition 
carries the.New Moon beyond the 3 ~ f i  of March i as in tho 

* following example : 

In keeping by the Old Stile, we are always fire to be 
right, by adding or fubtraoing whole hundreds of years 
to or from any given year in the 18th century, But-in 
the New Stile we may be very apt to make miltaltrs, on 
account of the Leap-yey's not coming in regularly every 
fourth year: And therefore,, when we go without the 

limits 



reZdue to  the $cccdiig rrit$Zes, , 

' h i t s  of the 18th centu?y3 we had beR keep to 
the Old Stile, and a t  the end' of the calculation 
reduce the time to the New. Thus, in the 2 d  
century, there wiii be 74 days difference between 
the Si?es ; and therehre, the true time of,New\ 
Moon in this la& Example being reduced to the 
New Stile, will be the 22d of July, at 32 minutes 
53 feconds pall VI in the evening. 

To cnlctrlate the fruep1nc-e o f  thc Sunnfar any given 
rnoraent of t h e .  

PRECEPT 1. I n  Tabk XIT, find the next leffer 
year in number to that in  which the Sun's place 
is fought, and write out his mean Longitude and 
Anomaly anfwering thereto : to which add his 
mean Motinn and Anomaly for the complete re- 
fidue of years, mopchs, days, hours, minttes, and 
fecands down to the given t h e ,  and rhis will bc 
the Sun'sv mean place and Anomaly at that time, 
in the Old Stile, provided the h i d  time be in any 
year after the Chriltian ma. See tbefit$following 
Exatnple. 

11. Enter Table ZIII. with the Sun's mean Ano- 
maly, and making proportions for the odd minutes 
and feconds thereof, take out  the Eqoation of the 
Sun's center: which, being applied to his me3n 
Place, as the title Add or SuJtrat3 dire&s, will give 
his true Place or Longitude from the Vernal Equi- 
nox, at the time for which it was required. 

111. T o  calculate the Sun's place for any time 
in a given year before the Chriitian m a ,  take out 
his mean Longitude and  Anorruly for the firit year 
thereof, and from t h e k  numbers, fiibtraR the mean 
Motions and Anomalies for the complete hundreds 
or thoufands next above the given year; and, to 
the remainders, add thofe for the reGdue of years, 
months, &c. and then work in a l l  rel je&s as above, 
See rbs Jccond Example followitig. 

y 4  EXAM- 
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Concerning ZcI@fis of the Suit and Moon. a 

So that in the meridian of London, the Sun waa 
then j u R  entering the fign QI Librn, and confe- 
quently was upon the point of the Aurumnal 
E uinox. If to the above time o f  the Autumnal Equinox 
at London, we add 2 hours 25 minutes 4 fe- 
conds for the longitude of Bn6yh2, we hall have 
for the time of the fame Equinox, a t  t h d t  place, 
OEtoCer 2 3 4  at 19  hours 22 minutes 41 feconds ; 
which in the common way of reckoning, is OBtb- 
Eier 24th ,  at 22 minutes 41 fieconds paf  VI1 in 
the morning*. 

And it appears by ExampleVI. that  in  the rime 
year, {he true time of Full Moon at  Ba6ylon was 
Otfuber 23d, at 42 minutes 4G feconds after VI in 
the morning; fo that the Aurumnal Equinox was 
on the day next aftcr the day of Full Moon.-Tho 

,Dominica1 letter for that year was G, and conk- 
quently the 24th of OBuber was on a Wcdqfday. 

* T h e  reafon why this calculation makes the Autumnal 
Equinox, in rhe year of the Julran l'triod 706, to be two days 
Iooner than the time of the fame Equinox mentioned in page 
1 5 3 ,  is, that  i n  /but page only rke mean time i s  taken into 
the account, as if there was no Equation of the Sun's motion. 

The  Equation at the Autumnal Equinoh then, did not ex, 
ceed an hour and a quarter, vhmi re#uced to time, But, in 
the year of Chrilt 1756, (which was 5763 yeare after,) the 
Equation a t  the Autumnal Equinox amounted to I day 2% 
hours 24 minutee, by which quantity the true tinicf fell later 
than the mean.-So that if we confider tbc truc time of this 
lait-mentivned gquinox, only as V~NCIN time, the mepn Motion 
of the Sun carried thence back to the Aptuinnal Equinox in 
the year  of the Yulian Period 7 6  will fix it to the 25th qf 
QBohr in that year, 
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IT0 f n d  the Sun’s dgance from the Moon’s afiending 
Node, at the time of any giveti New or Full Moon ; 
awd conjquenf ly ,  lo know wbetber tbere i s  an 
Eclipre a t  that time or not. 

The Sun’s difiance from the Moon’s afcending 
Node is the argument for finding the Moon’b 
fourth Equatjon in the Syzygies, and therefore it 

‘ is taken into all the foregoing Examples, in finding 
the times of thefe Phenomena.--Thus, at the time 
ofmean New Moon in Apri l  1764, the Sun’s mean 
Difiance from the afcending Node, is 0’ 5O 35’ 3“. 
See Example I. p. 3 2 0 .  

T h e  defcending Node is oppofite to the afcend- 
ing one, and they are jufi fix Signs diffant froin 
each other. 

When the S u n  is within 17 degrees of either of 
the Nodes at the time of New Moon, he will bc 
eclipied a t  that  time: and when he is within 12 
degrees of cither of the Nodes at the time of Full 
Moon, the Moon will be then eclipfed.-Thus we 
find, that  there will be an Eclipfc of the Sun at 
the time of New Moon in April 1764, 

But the true timeof that  New Moon comes out 
by the Equations to bs 50 minutes 46 feconds 
later than the mean time thereof, by comparing 
thefe times in ‘the sbove Example : and therefore, 
we mult add the Sun’s rnotisn from the Node 
during that interval to the above mean Diltance 

.os 50 35’ 2”, which motion i s  found in Table XII. 
for 50 minuteS 46 feconds, to be 2’ 12”. And to 
this we mutt apply the Equation of the Sun’s 
tnean Diltance from the Node, in Table XV. found 
by the Sun’s Anomaly, which, at the mean time 
of New Moon in Example I. is g* 1’ 26’ 19’’; 
and then we fhall have the Sun’s true DiRance 
from the‘ Node, at the true time of New Moon, 
as follows ; 

he 

, 



Sun. fro? Node. 
a 40 I 

3 0 5 3 s  ? 2  
‘ Node for - 3 46 ftconds 2 

3 5 37 14 

3 2 5 6  

3 0 7 4 2  14 

At the mean time of New Moon in 

Sun’s motion from the 50 minutes 2 ro 

Sun’s mean diflance from Node at 

Equation of mean dilt-ance from 

Sun’s m e  &lance froi-h the af- 

which, being far within the above limit of 17 
degrees, thews t ha t  the S u n  mu& then be eclipfed. 

And now we ihal l  fliew how to proje& this, or 
any other eclipfe, either of,the Sun or Moon. 

/@Til 17 64 - - 
-- 

crue New Moon - .- 
Node, add - - - 
cending Node - c 

To prt@ an Ecli’fi of the Sun. 
‘ In  order to this, we mufi find the ten following 

E l e m e n t s  by means of the T a b l a .  
I .  The rrue time of conjunoion of the Sun and 

Moon ; and at  that time, 2. The fernidiamcterof 
t’nc Earth’s dik,  as k e n  from tliu Moon, which is 
equal to the Moon’s horizontal parallax. 3. The 
Sun’s dihr ice  fiom the foittitial Colure to which 
he i s  then nearrt l .  , 4. The Sun’s declinatian. 

‘ 1 1 ~  anglc of the Moon’s viGble path with the 
kcliptic. 6 .  The Moan’s latitude, 7. The  Moon’s 
trtieliorary motion from the Sun. 8. The  Sun’s 
feemidiameter. 9. The Moon’s. IO. The  kmi- 
diameter, of the l~eournbra .  

for the Sun’s Eclipie i n  April 1764. 
This, by 

Example I. p. 320, is found to be on the fir(+ 
day of the faid month, at 30 tninutes 25 feconds 
after X in the morning. 

2. 2-0 

5: 

we h a l l  now proceed to find thefe Elementq 

To find the true time of NCW Moon. 



Elenrents fop: Solar Eclip fes. 

diameter o j  t b e  Envtb's di/c, as h e n  from the Moon. 
Enter Tabl'e XVII, with the Ggns arid degrees of 

+the Modo's Anoinaly, (making proportions, becaufe 
the Ahoinaly is in the Table only to every 6th 
drgree,) and thereby take out the Moon's horizon- 

pa~allax ; which, for the above t h e ,  anfNering 
he Anomaly 11' 9" 24' 21", is 5+' 43". 

3. Tojnd the Sun's d(j?nnce f r m  the uenre) Sol- 
pice, vix. the beginniiig of Cmcer, which is 3' or go" 
f rom the beginnhg of Aries. IC appears by the E x -  
ample on page 3ztl (where the Sun's place is cal- 
culated to the above time of New Moon) that the 
Sun's longitude from the beginning of Arks is then 
0' 12' IO' 7", that is, the Sun's place at that time 
is v Aries, 12" IO' 7''. 

refore from - 11.1- - 3 o o o 
traa the Sun's longitude or place o 12 IO 7 

2. f o j n d  the Moon's korixontnl pnqalhx, or 

- 0  I ' I  

-- 
Remains the Sun's diftance from 

the Solfiice c 

Or 77" 49' 53" ; each fign containing 30 degrees. 
4. xo the sun's deciilmtiou, Entcc +able 

XIV. with the Ggns and degrees of the Sun's true 
place, viz, 0' 120, and. malting proporrion for 
{he IO' 7", take our the Sun's declination nnfwcr- 
ing to his true place, and it will be found to be 
4' 49' North. 
, 5. Z b j n d  rbe Moon's laritude. This depends on 
her diitance from her afcending Node, which is the 
fame as the Sun's' diltance from it at the time of 
New Moon ; and with this the Moon's Latitude 'is 
b u n d  in Tablc XVI. 
Now we: have already found, that the Sun's 

equated diitance from the afcending Node, at rhc 
time of New Moon in ApriI 1764, is 0' 7" 42' 14". 
See the preceding page, 

Therefore, enter Table XVI. with o iigns at the 
a and 7 and 8 dc recs at the left hand, and 

ta e Out 36' and 39 ,, the latitudc for 7'; and 
41' 

3 = 2 I7  49 53 

E Y 
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534 fbe betineation 6$ Solar Etlidis; 
I‘ 51”, the latitude for 8”: and by making prod 

portion between- thefe latitudes for the 42‘ r4” 
by’which the Moon’s dillance Aom the Node ex- 
ceeds 7 degrees; her true latitude will be f o u d  
to be 40’ 18” north afcending. 

6 ,  T o j n d l h e  Moon’s true horavy motion from tht 
Suit. With the Moon’s Anomaly, viz. 1 1 8  9“ 24‘ 
21”, enter Table XVII. and take out the Moon’s 
horary motion ; which, by making proportion in  
that  I’able, will be found to be 30’ 22”. Then, 
with the Sun’s Anomaly, 9’ io 26’ ig”, take out 
his horary motion 2‘ 28” from the fame Table : 
and fubtraEting the latter from the former, there 
will remain 27‘ 54‘’ for the Moon’s true horary 
motion from the Sun, 

7. To $nd the Angle of the Moon’s v$He path 

fees, may be always rated at 50 35‘J without &; 
fenfible error. 

8, 9. To Jind the femidameters of the Sun and 
2l$oon, Thefe are found in the fame Table, and 
by the fame Arguments, as their horary Motions. 
-In the prefent cafe the Sun’s Anomaly gives his 
femidiameter I 6’ B”, and the Moon’% Anomaly 
gives her femidiameter 14’ 57”. 

IO. To j n d  the femidiameier of the Penumbra, 
‘ Add the Moon’s h id i ame te r  to the Sun’s, and 
their fum will be the femidiameter of the Penum- 
bra, viz. 31‘ 3”. 
Now collc& thefe Elements, that they may be 

found the more readily when they are wanted in 
the conflruaion of this Eclipfe. 

I .  True time of New Moon in 
1o Jo ~~ 

N! 

pwith the Ecliptic. This, in the projeAion of Ec 

-_c_ 

@ I ‘ I  

April 1764 c 

e. Semidiameter. of the Earth’s difc, 6 54 43 
3. Sun’s difi. from the near& Solit., 77 49 $3 

5.  Moon’s latitude, North afcending o 40 18 
6: M Q O I ~ S  

4, Sun’s drclinarion, Narth 4 4 9  0 





The Delinention of Solar Eclip/cr, 

6. Moods horary motion from the Sun Q 27 54 
7. Angle’ of the Moon’s vifible 

path’kith the Ecliptic I 

8. Sun’s remidiameter zG 6 

v I 8 )  

3 5 3 5  O T  

9. Moon’s femidiameter ’4 57 
i o ,  Semidiameter of the Penumbra 31 3 

To projeEt an Eclip /e of tbe Stin groinetricalty, 
Make a kale of any convenient length, as AC, PLAm 

and divide i t  into as many equal parts as the Earth’s 
femi-difc contains minutes of a degree j .  which, at  
the time of the Eclipk in Apd 1764, is 54’ 43“. 
Then, with the whole length of the kale as a 
radius, defcribe the fernicircle A M - B  u on the 

northern half of the Earth’s enlightened difc, as 
Een from the Sun..  

Upon the center C raife the firaight line CH, 
perpendicular to the diameter ACB;  fo ACR k a l l  
be a part of the Ikliptic, and C f l  its Axis. 

Being provided with a good CeEtor, open it to 
the radius CA in the line of chords; and taking 
from thence the chord of 23Q degrees in your 

f i s ,  k t  it off both way8 from 1% tog and to 
he Periphery of the femi-difc ; and draw rhc 

ftraiglit lineg Y h, in  w11icl.r the North Pole of the 
Difc will be always found. 

When the Sun is i n  Aries, Taurus, Gemini, 
Cancer, Leo, and Virgo, the North Pole of tlic 
Earth is enlightened by the Sun: but while the 

in  the other fix Signs, the South Pole is en- 
ed, and the North Pole is in the dark. 

X I I .  
FiK. I, 

center C; which femicircle h t l l  repre f ent the 

i , 
1 And when the Sun is in 
Pikes, Aries, Taurus, ,and - half of che Earth’s Axis CXII f‘ lies to the right 
hand of the Axis of the Ecliptic, as fern from thtr 
Sun j and to the left hand, .while the Sun is in. the 
Other fix Signs, 

Open 



‘ The Delineation 0s Solar Ecl&k. 
Open the feAor till the radius (or difiance oftlie 

two 90’s) of the Signs be equal to the length of 
Y h ,  and  take the fine of the Sun’s diitance from 
the Solitice (77” 49‘ 53”) as nearly as you can 
gue6, in your C6mpaffk3, from the line of fines, 
and fet off that  difiance from Y to P in the line 
Yb, becaufe the Earth’s Axis lies to the ’right 

f and  of the A x i s  of tlie Ecliptic in this cafe, the 
Sun being in@Arirs; and draw the Ctraight line 
C XI1 P for the Earth’s Axis, of which P is the 
North Pole. If the Earth’s Axis bad lain to the 
left hand from the Axis of tbe Ecliptic,’ the difiance 
Y P  would have  been fet off from Y toward g. 

T o  draw the Paraltd of Latitude of any given 
place, as fuppfe London, or tlie path of that place 
on the Earth’s enlightened Difc as feeti ,from the 
Sun, from Sun-rife t i l l  Sun-fer, take the following 
method. 

SubcraQ the Latitude of Loitdon, 5 I io from 90’ 
and the remainder 3840  wi41 be the co-latitude, 
which take in your compaGs from the l ine of 
chords, making C A  or CB the radius, and fet it 
from h (where  the Earrh’s Axis meets the Prri- 
phery of the Diyc.) to V I  and VI, and draw the 
occult or dotted line VI  R V I .  Then, from the 
points where this line meets the Earth’s Difc, fcet 
off the chord of the Sun’s declination 4” 49’ to 
D and F, and to E and G. and connrA thefe points 
by the two occult lines PkrI G and D L E .  ‘ 

BifeA L K XI1 i n  K,  and through the point I< 
the black line VI K Vi .  Then malting C B 

of a line of fines on the iieCt.or, take the 
of London 38i” frdni the fines in your 

and fet it both ways froin K ,  to VI and 

but at no other time in the 

taken into your corn- 

hours will be juit in the edge of the 

K (in the black line below 
and with the other foot 

I4 defcribc 
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defcribc the femicircle VI 7 8 g IO, &c, and dividi 
it into 12 equal parts. Then from thefc points of. 
divifion, draw t h e  occult lines 7 e, -8 o, g n, &e. 
parallel to the kr th’s  Axis C XIS P. 

With the fmall extent k XI1 as it radfus, def‘cribe 
khe quadradtal Arc XI1 f, and divide it into fix 
equal parts, as XI1 at (s 6, b C, t d ,  de, and c f s  
and through the divifion-points a, b, t, d, 8, draw 
the occult lincs VI1 e V, VIII d lV, IX t 111, X b 
11, and XI dz 1, all parallel to VI K VI, and meet; 
h g  the former occult lines 7 p ,  8 0, &c, in the 
points VI1 VI11 Ix x xr, v Iv 111 11 and I :  \ 
which points hal l  mark the feveral fituations oE 
London on the Earth’s Difc, at there hours refpec- 
tively as fieen .from the Suns and the elliptic 
eorve VI VI1 VIII, &c: being drawn through 
there points, hall reyrefent the parallel of lati- 
tude, or path of London on the Piic, as feen from 
the Sun, from its rifing to its fitting. 
N B, If the Sun’s declination had 

the diurnal path of  London would have been on the 
hpper fide of the line V I  KVI,  and would have 
touched the line D L E in L.-It is r 
divide the horary rpaces into quarters (as 
in the figure) and, if pofible, into min 

Feaor, and taking therefrom the chord 
the an$c of the Moon’s vifible path with t 
tic, fee it off from H to M on the left hat) 
the Axis of the Ecliptic, becauft: the M 
tudc  is north arcending. Then draw CM 
Axis of the Moon’s Orbit, and bifi& t 
’ N C H  by the right line Cx.-If the Moo 
tudc had been north defcending, the Axi 
Orbit would have been on the right hand from the 
Axis of the Ecliptic.-N. B .  The Axis of the 
Moon’s Orbit l iCS the fame way when her latitude 
is fouth afcending, as when ie is north arcending f 
and the fame way when fouth defcending, as w hcn 
north defcending: 

2 

f. p 

Make C 3 the radius of a line of chords on the 



.s“ 8 w 33, Tbc Delineution of Solar EclipJh. 
Take the Moon’s latitude 40‘ I 8” from the fcalc 

CA in your compaRes, and fqt it from i to x in the 
bifeaing line C x ,  making i x parallel to Cy : and 

Moon’s Orbit C M, draw the fihight line N w x y  S 
through x,  a t  right-angles,$to the Axis of the 

for the path of the Penumbra’s center over the 
Earth’s Difc.-The p 4 n t  w,  in the Axis of the 
Moon’s Orbit, is that ‘where the Penumbra’s center 
approaches nearett to the crnrer of  the Earth’s 
Difc, and confcquently is the middle o f  the general 
Eclipfe: the point x i s  that where the conjunfiion 
of the S u n  and Moon fails, accotding to equal 
time by the Tables; and the pointy is the eclip- 
tical conjun&ion,of the S u n  and Motin.’ 

Take the Moon’s true horary motion from the 
Sun, 27’ 54”, i n  your cornpaffes, from the fcak 
C A  (every divifion of which is a pinute of a de- 
gree), and with tha t  extent make marks along the 
path of the Penumbra’s center; and divide each 
fpace from mark to mark, into fixty equal parts or 
horary minutes, by dots; and fet the hours to 
every 60th minute in fuch a manner, that the dot 
iignifying the inRant of New MOdn by the Ta-  
bles, may fall into the point x, hal f  way between 
the Axi’s of the Muoti’~ Orbit, and the Axis of the 
Ecliptic; and theii, the refi of the dots will fiew 
the points of the Earth’s Difc, where the Penum- 
bra’s center is at the initatits dedoted by them, in 
its trantit over the.Earth, 

Apply one fide of a fquare to rhe line of the 
Penumbra’s path, and move the fquare backward 
and forward, until  the ocher fide of it cuts the 
fame hour and minute (as at nz and n) both in the 
path of‘ London, atid in the path of the Penumbra’s 
center : and the particular minute or i n R a n t  which 
the fqrtare cuts a t  the fame time in both paths, 
ihall be the i n h i t  of the vifible conjunflivn of the 
Sun and Moon, or greatdl obkuration of the Sun,  
at the place for which the conltrultion is made, 
namely, Londan, in thc prefcnt cxarnple ; and thio 

ineaot 
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inLtant is at 47i minutes paft X o’clock in the 
morning; which is 17 minutes 5 f‘conds Inter than 
the tabular time of true conjun(3ion. 

Take the Sun’s, femidiarncter, I 6‘ 6”, in your 
compaKes, from the fcale C A, and retting one foot 
i n  the path of h d o n  at tll, naindv at minutes’ 
pati X, with the other foot defcribe the circle Ur, 
which i h a l l  reprefent the Sun’s Difc as fecn\from 
London at the greateit obfcuration-Then take the 
Moon’s femidiameter, I 4.’ 57”, in your compaffcs 
froin the fame fcale; and fitting one foot in the 
path of the Penumbra’s center at m, 474 minutes 
after X ; with the athrr foot dckribe the circle l 2 “  
for the Moon’s Difc, 3s feen from London, at the 
time when the Eclipfe is at the greateit ; hnd {he 
portion of the Sun’s Difc which is hid or cut off 
by the Moon’s, will ihrw the quant i ty  of the 
Eclipfe a t  that  time j which quantity may be mea- 
fured on a line equal to the Sun’s diameter, and 
divided into twelve equal parrs for digits. 

Lafily, take the femidiaineter of the Penumbra 
3x‘,3‘’, from the fcalr C A in your compaKrs; and 
fitting one foot in the line of the Penumbra’s cen- 
tral path, on the left hand from the Axis of the 
Ecliptic, dire& the other foot toward the path of 
London; and carry that extent backward and for- 
ward ti l l  both the poiiits of the compafis fall 
into the fame inilant in both the paths: and that 
infianc will denote the rime when the Eclipft. be- 
gins at London.-’l’hen, do the like on the right 
!land of the Axis of the Ecliptic ; and where “the 
points of the cornpaffes fill1 into the lime infiant 
i n  both the paths, that  iiiRant will be the time 
when the Eclipfe ends at  London. 

T h d e  trials give 20 ininutes after IX in the 
morning for the beginning of the Eclipfr: at London, 
at the points N a n d  0 ; 47; minutes after X, at 
the points m and ti ,  for the time of great& ob- 
fcuration j and 18 minutes after XII, at R and S, 

2 2  for 
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for the time when the  Eclipfr ends ; according tQ 
mean or eqwl time. 

From there times we muit fubtratt. the equation 
of natural days, viz, 3 minutes 48 it.conds, in Leap& 
year April I, and we h a l l  hsve h e  apparerit times; 
namely, IX hours 16 minutes 12 ieconds for the: 
beginning of thr EcIiJ.de, X hours 43 minutes 42 
fcconds fix the time of greatefi obfcuration, and 
XI1 hours 14 minutes xz feconds for the time 
wfien the Eclipk ends.-Buc the brit way is to 
apply chis equation to the true equal time of New 
Moon, before the projeaion be begun ; as is done 
i n  Example I. For the motion or pofition of 
places on the Earth’s Difc anfwer to apparent or 
folar time. 

I n  this conitrutlion it is fiippofed, that the angle: 
under which the Moon’s Difc is k e n ,  during the: 
whole time of the Ecliple, continues invariably the 
fame ; and tha t  the Moon’s motion is uniform and 
re&i li n ea r d II ri n g that c i  me. - U u c the fe fu ppoG I i on s 
do not exably agree with the truth ; and therefore, 
f ~ p p ~ f i i i g  the Elernents given by the Tables to be 
accurate, yet the times and phafes of the Ecliyfe, 
deduced from its contlruEtion, will not anfwer 
exaaly to what pa(rcch in t h e  Heavens j but may 
he at leait two or thrcc minutes wrong, though 
done with the greateit care.-Moreover the path 
of all places of confiderable latitudes arc nearer the 
center of the Earth’$ Difc, as feen from the Sun, 
than thofe conitruEtions make them ; becauie the 
Difc is projeated as if the Earth were a perfe6t 
i‘pliere, although it is known to be a fpheroid.. 
Confequently, the Moon’s fhadow will go farther 
northward in  all places of northern latitude, and 
farther fouthward in all places of iouthern latitude, 
than it is h e w n  to do in there projeQions,-Ac- 
cording to Mayer’s Tables, this Eclipfe will be 
about a quarter of an hour honer than either thefi 
Tables, .or Mr, PlamJead’s, or Dr. Halley’s make 

it: 
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i r  : and Maycr's Tables do not mdke it annular at  
London. 

The prbjeEfion of Luiiar Xclipfer. 

When the Moon is within 12 degrees of either 
of hcr Notlrs, at the time when h e  is Full, fhe 
will be eclipfed, othcrwife not. 

We find by Example 11. page 321, that at the 
time of mean Full Moan in May, 1762, the Suo's 
diRance from the afcending Node was only 40 49' 
35"; and tbe Moon being then oppoGte to the 
Sun, muR have been jutt as near her dcfcending 
Node, and was therefore eclipfed. 

T h e  elenients for conitrutting an Eclipfe of thc 
Moon are eight in number, as follow: 

I. The true time of Full Moon: and at that 
time, 2. The Moon's horizontal parallax. 3. The 
Sun's feemidiameter. 4. T h e  Moon's. 5. T h e  
femidisineter of the Earth's ihadow at the Moon. 
6. The Moon's latitude. 7 .  T h e  angle of the 
Moon's vifible path with the Ecliptic, 8. The 
Moon's true horirry motion from the Sun, - 
Therefore, 

i. Toj'ind the true time of Fud Moon. Work as 
already taught in the lJrecepts.-'I'hus we have the 
true time of Full Mom in May, 1762, (lie Exam- 
ple 11, page 321,) on the 8th day, at 50 minutes 
50 fieconds patt 111 o'clock in the morning, 

2. Ibfind the Moon's horizontal Parallax. Enter 
Table XV11. with the Moon's mean Anomaly (a t  
the above full) g5 2' 42' 42", and thereby take out 
?er horizontal l'arallax; which by making the re- 
quifite proportion, will be found to be 57' 20". 
3, 4. To j n d  tbe Jcinidinmetcrs of tbe Sun and 

Moon. Enter 'Table XVII. with their refpettive 
Anomalies, the Sun's being IO' 7" 27.' 45'' (by ttic 
above example) and the Moon's 9' 2' 42' 42" 3 
and thereby take out their refp&ve fcrnidiame- 
tBrs : the Sunas 15' jb", and die Moon's 15' 39". 

z 3  5. To 
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5. ToJind theJemidiamefer of the Earth’s fiadow 
at the Moon. Add the Sun’s horizoutal parallax, 
which is always IO”, to the Moon’s, which in the 
prefent cafe is 57’ zo”, the Cum will be 57’ 30”, 
from which fubtra€t the Sun’s remidiameter 15’ 56”, 
and there will remain 41‘ 34” for the femidiameter 
of that part of the Earth’s fhadow which the Moon 
then pairs through. 

Find the Sun’s 
true diftance from the afcending Node (as already 
taught in page331) a t  the true time of Eull Moon ; 
and this diftnace, increakd by fix Ggns, will be the 
Moon’s true difiance from the fame Node; a n a  
confequently the argument for finding her true la- 
titude, as hewn in page 333. 

Thus, in Example 11. the Sun’s mean difiance 
from the arcending Node was os 4’’ 49’ 35”, at the 
time of mean Full Moon : but it. appears by the 
Example, that the true time thereof ‘was 6 hours 33 
!ninutes 38 ficonds foon-et than the mean time, and 
therefore we mufi fubtra%t the Sun’s motion from 
the Node (found in Table XI I. page 3 I 2 )  during 
this interval, from the above mean difiance on 4” 
49/35‘’, in order to have his mean diltance from 
it at the true time of Ful l  Moon.-Then to this 
apply the Equation of his *mean difiance from the 
Node found in Table XV. by his mean Anomaly 
io’ 7’ 27‘ 45” ; and laftly, add fix figns : io hall  
the Moon’s true diltarice from the arcending Node 
be found as follows : 

6 .  Zojnd the Moon’s Latitude, 

a 0 1 1 1  

Sun from NQde at mean Ful l  Moon o 4 49 $5 

”15  35 
p i s  motion from i t  i n  ‘53 minutes I ‘LG 

Sum, fubtraff from the uppermolt line 17 3 

I_- 

6 hours 

t j8 ieconds 2 - i 
Remains his mean difiance at true 

Full Moon - LI 

Equation 
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0 )  n 

Equation of his mean diltance, add I j, 0 -- 
Sun's true diItance from the Node o 6 I O  32 
T o  which add 6 0 0 0  

And the fum will be 6 6 IO 32 

Which is the Moon's true difiance from her afcend- 
ing Node at the true time of her being Full; and 
confequently the argument for finding her true 
Latitude at that time.-Therefore, with this argu- 
ment, enter Table XVI. making proportion be- 
tween the latitudes belonging to the 6th and 7th 
degree of the argument at the left hand (the figns 
being at the top) for the IO' 32", and it Wjll grve 
32' 21; for the Moon's true latitude, which ap- 
pears by the Table, to be h u c h  defcending. 

7. ToJirrd tbe angle oftbe Moon's v$llepatb witb 
tbe Ecliptic. This may be itated at 5" 34', with- 
out any error of confequence in the proje&ion of 
the Eclipfe. 

8. ToJind tke Moods true korary motion from tbe 
Suq. With their refpetlive Anomalies take out 
their horary motions from Table XVII. in page 
3 I 6 j and the Sun's horary motion fubtraQed from 
the Moon's, leaves remaining the Moon's true 
horary motion from the Sun: in the prefent cafe 

Now collelt thefe Elements together for ufe. 

* 30' 52". 

D. 14. Me S* 
I. "rue Time of Full Moon in 

May, 1762 

b 

-- 
0 t I1 

Moon's horizontal Parallax 
Sun's femidiameter (c 0 '5 56 

Semidiameter of the Earth's fliadow 
Moon's femidiameter 

0 57 20  

at the Moon 
2 4  1. Moon's 
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6. Moon's true latitude, fouth defcending o 32 21 
7. Angle of her vifihle path with the 

8. Her  true horary motion from the Sun o 30 5 %  

There Elements being found for the conftruc- 
tisn of the Moon's Eclipfe in Mayt 1762, proceed 

Make a kale of any convenient length, as WX, 
and divide it into 60 equal parts, each part itando 
ing for a minute of a degree. 

Draw the right line A C B (Fig 3.) for art of 
the Ecliptic, and CD perpendicular to it rp or the 
fouthern part of its Axis j the Moon having fouth 
latitude. 

Add the femidiameters of the Moon and Earth's 
Fadow together, which, in this Eclipfe, will make 
57' 13"; and take this from the kale in your com- 
paffes, and fetting one foot in the point C, as a 

'center, with the other foot defcribe the femicirclqr 
ADB ; in one point of which rhe Moon's center 
will be at the beginning of the Eclipfe, and in ano- 
ther at the end of it. 

Take  the femidiameter o f  the EarthL fhadow, 
41' 34/', i n  ydur compares from the fcale, and ret.+ 
ging one foot in the center C, with the other foot 
defcribe the femicircle X L M for the fouthcrn half 
of the Earth's ihadow, becaufe the Moon's latitude 
js h u t h  in this Eclipfe. 

Make C D  the radius of a line of chords on 
the feRor, and fee off the angle of the Moon's vi- 
fible path with (Ire Ecliptic, 5" 35', from 7 to E, 
and draw the right line C F E  for the outherq 
half of the Axis of the Moon's Orbit, lying to the 
right hand from the Axis of the @cJiptict C D, be- 
cailfe the Moon's latitude is fouth defcending.9 
It would have been the fame way (on the other 
fide of the Ecliptic) if her latitude had been 
porth defcending; but contrary in bqth cqfes, if 

' her 

0 I I4 

Ecliptic 

PLATE 

as  follows : 
Tig. 14, 

' 
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her latitude had been either north afcending or 
fouth afcending. 

Bife& the angle D C E  by the right h e  C g J  in 
which line, the true equal time of oppofition of the 
Sun and Moon falls, as given by the Tables, 

Take  the Moon's latitude, 32' 21", from the 
fcale with your compaffes, and fec it from C to G, 
in the line CGg ; and through the point G, at right 
angles to C F B ,  draw the right line P HG FNfor 
the path of the Moon's center. Then, Fihall  ba 
the point. in the Earth's ihadow, where the Moon's 
center is at the middle of the Eclipfe ; G, the point 
where her center is at the tabular time of her be- 
iqg Full ; and H, the point where her center is at  
?he initant of het ecliptical appofition. 

Take the Moon's horary motion from the Sun, 
so' 52", in your compalIes froin the fcale ; and 
with that extent make marks along the line of the 
Moon's path P G N: then divide each fpace from 
mark to mark, into GO equal parts, or horary mi- 
nutes, and fit the hours to the proper dots in fuch 
a manner, that  the dot fignifying the inltant of 
Full Moon (viz. 50 minutes 50 feconds after I11 
in the morning) may be in the point G, where the 
line of the Moon's path cuts the line that biiettts tho 
angle D C E .  

Take  the Moon's femidiameter, I 5' 39", in your 
compaffcs from the fcale, and with that extent, as 
a radius, upon the points N, F, and P, as centers, 
defcribe the circle e for the Moon at the begin- 
ning of the Eclipfe, when h e  touches the Earth's 
fiadow at V ;  the circle X for the Moon at the 
middle af the Eclipfe; and the circle S for the 

' Moon at the end of the uclipfe, jurt: leaving the 
Earth's ihadow at W. 

T h e  point Ndenotes the inftant when the Eclipk 
begins, namely, at 15 minutes IO feconds after I1 
in the morning: the point F the-middle of the 

clipie at 47 minutes 45 leconds pafi 111 ; and 

after 
point 4" riic end of the Eciipfe, at 18 minutes 
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afier V.-At the greaten obicuration the Moon is 
10 digits eclipfed. 

Concerning an ancient Ecl;pJe dJp the Moon. 
It is recorded by Ptolemy, from Hipparchus, that 

on the 22d of September, the year 201 before the 
f i r i t  year of Chriit, the Moon tofe io much eclipfed 
at Alexandria, t ha t  the Erlipfe muR have begun 
about half an hour before h e  rofe. 

’Mr. Carey puts down the Eclipfe in his Chrono- 
logy as follows, among fzveral other ancient ones, 
recorded by different authors : 

JuZ. Pw. Ecl. Per. Cali). 2 An. 54. Hor. 7. NahnaJur 
P. M. /Ilexandr. Dig. ercl. 10, I [Ptoiem. 1. 4. c. 1 1 . 1  Me/or. 16. 

45’3 .  
Srpt, 22. 

That  is, in  the 4513th year of the Julian period, 
which was the 547th year from NabonaJar, and the 
54th year of the fecond Celipic period, on the 16th 
day of the month Mq&i (which anfwers to the 
22d of September) the Moon was I O  digits eclipfed 
at Alexandria, at 7 o’clock in the evening. 

Now, as our,Saviour was born (according to the 
DionyJian or vulgar &a of his birch) in the 47 I 3th 
year o f  the Julian period, it is plain that the 45 13th 
year of tha t  period was the 200th year before the 
year of Chrifi’s birth ; and conkquently 201 years 
before the year of Chriit I ,  

And in the year 201, on the 22d of September, 
it appears by Example V. (page 324) that  the 
Moon was full at  26 minutes 28 feconds paR VU 
in the evening, in the rneridian of Alexandria. 

At that time, the Sun’s placer was Virgo 26’ rq’, 
according to our ’l’ables; To tha t  the Sun was 
then within 4 degrees of the Auturnnal Equinox : 
and according to calciilation he muit have fet at 
dlexandria about 5 minutes after VI, and about 
one degree north of the wrlt. 

I 547 

I The 
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T h e  Moon being Full at that time, would have 

rifen jufi at Sunfet, about one degree fouth of the 
cafi, if ihe had been in either of her Nodes, and 
her vifible place not depreffed by Parallax. 

Bur. her parallaAic dep rdhn  (as appears from 
her Anomaly, viz. IO' 6' nearly) muR have been 

, I ;  which exceeded her whole diameter by 
24 551 53 17"; but then, h e  mufi 'have been elevated 

3' 45'' by refra&tion j which, CubtraEted from her 
Sarallax, leaves 21' 32" for her viGble or apparent 
deprefion. 

And her true latitude was 3011' north defcend- 
ing, which being contrary to her ap arent depref- 

time of rifing mufi have been juf t  about VI o'clock. 
Now, as the Moon rore about one degree fouth 

of the ea& at  Alexandria, where the vifible Hori- 
zon is land, and not Tea, we can hardly imagine 
her to have been lers than I 5 or 2 0  minutes of time 
above the true Horizon before f ie  was vifble. 

It appears by Fig. 4, which is a delineation of 
this Eclipfe reduced to the time at Aexandria, that 
the Eclipft: began a t  53 minutes aftrr V in the 
evening; and confequently 7 minutes before the 
Moon was in the true Horizon: to which, if we 
add 20 minutes far the interval between, her t rue '  
riGng and her being vifible, we hall have 27 mi- 
nutes fg" the time that the Ecliyfe was begun 
before the Moon was viiibly rifcn,-The middle 
of this Ecljpfe was at 30 minutes paR V l l ,  when 
its quantity was almott I o digits, and its ending 
Was at  6 minutes pail IX in the eveniog.l.So that 
Our'Tables come as near to the recorded time of 
this Eclipfc as can be expetted, after an elapfe of 
a960 years. 

Gon, and p a r e r  than the fane by 8 P 5S", her true 

347 
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C H A P .  

Of theJiXed Stars. 

H E  Stars are faid to be fixed, becaiifc 
appear big- they have been generally obferved to 
gcrwben keep a t  the fame difiances from each other, their 
thebareeye, apparent diurnal revolution being caufed folely by 
feenthrovgh when the Earth's turning on its Axis. They appear of 
L tt~rcopt.  a fenfible magnitude to the bare eye, becaufe the 

retina is affetled not only by the rays of light 
which are emitted direaly from them, but by 
many thoufands more, which falling upon our eye- 
lids, and upon the aerial particles about us, are re- 
fleAed into our eyes To firongly, as to excite vi- 
brations not only in thofe points of the retina where 
the real images of the Stars are formed, but alfo 
in other points at fome diitance round about. This 
makes us imagine the Stars to be much bigger 
than they would a pear, if we faw them only by 

as to enter our eyes without being intermixed with 
others, Any one may be fenfible of this, by look- 
ing at a Star o f  the firit magnitude through a 
long narrow tube; which, though it #takes in as 
much of the Sky as would hold a thouknd fuch 
Stars, it fcarce renders that one vifible. 

The more a telefcope magnifies, the 1eTs is the' 
aperture through which the Star is feen j and 
confequently the fewer rays it admits into the eye. 

Aprmfthrt Now fince thestars appears Ids in a telefcope which 
bytheir magnifies 200 tilnes than they do to the bare eye, 
own light. jnfomuch tha t  ;_they feem to be only indivifible 

'points, it proveslat once that the Stars are a t  im- 
menfi difiances from us, and that they ihine by 
their own proper light. If thy hone by bor- 
rowed light, they would be as ihvifible without 
elelcopes as the Satellites of Jupitcr are: for thefe 

9 Satellites 

fixed Stsrr 

*icwcd by 

the' few rays whic R come direaly from them, fo 

\ 

they lbinc 
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Satellites appear bigger when viewed with a good 
telefcope than the large& fixed Stars do. 
255. T h e  number of Stais difcoverable in ei- 

ther I-Iemifphere, by rhe naked eye, is not above 
a thourand, This at firfi may appear incredible, 
becaufe t h t y  feem to be without number: But the Tlieirnum. 
deception arifes from our looking confuledly u r n  F;; 
them, without reducing them into any order or ucnctally 
look but ftedfaftly upon a pretty large portion ofimpginad- 
the fky,  and count the number of Stars in it, and 
you will be furprifed to find them lo few. And, if 
one confiders how feldom the Moon meets with 
any Stars in her way, alrhuugh there are as .many 
about her path as \in other parts of the Heavens, 
he will foon be convinced that the Stars are much 
thinner Iown than he was aware of. The  Britifi 
catalogue, which, befides the Scars vifible to the 
bare eye, iidudes a great number which cannot 
be feen without the aflifiancc of a telefcope, con- 
tains no more than 3030, in both Heinifpheres. 

356. As we have incomparably more Iiglii from T h e  ab%r- 
the Moon than from all the Stars together, It IS ponngtbe 

the greateft abfurdity to imagine ,that the Stars S t m  made were only 

light upon the Earth : cfpccially fince many more on u* in th+ 
require the afiiitance of a good telefcope to find 
them out, than are viGble without that inltrument. 
Our  Sun  is furrounded by a fyfitem of planets and 
Comers: all which would be invifible from the 
near& fixed Star. And from what we already 
know of the immenfe diitance of the Stars, the 
neareit may be computed at 32,000,000,0001u00 
of miles from us, which is further than a cannon- 
ball would fly i n  7,000,000 of years, Hence it 
is eafy to prove, that the Sun, feen from fuch a 
diltance, would appear no bigger than a Star of 
the firR magnitude. From all this it is highly 
probable that each Scar is a Sun to a fyllem of 
worlds moving round it, though u n f m  by ‘us; 
efpwially as the dottrine of plurality of worlds is 

rational, 

* * dlty of fup- 

were made for no other purpofe than to cafi a fainr t o  lhinc up- 

night. 
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rational, and greatly manif& the Power, Wifdorn, 
and Goodnels of the Great Creator. 

357. The stars, on account of their apparently 
arious tnagnitudrs, have been diltribuced into 

fieveral claffcs or orders, Thofe which appear 
Iargefi, are callrd Stars of tkejrJ  majniiude ; the 
next to them in lultre, Stars of the fecond magnituhi 
and To on to the Jixth, which. are the fmalleft chat 
are vifible to the bare eye. l h i s  difiribucion hav- 
ing been made long before the invention of trle- 
fccopes, the Stars which cannot be feen without the 
afiiRance of thefc infiruments, arc difiinguiihed by 
the darnme of fTpkt$copic Stars. 

Anddivifion' 358. T h e  nncirnts divided the tlarry Sphere into 
Pcllrtions, into Con- particular Corificllations, or Syfieins of Srars, ac- 

cording as they lay near one anocher, fo as, to oc- 
cupy thok fpaces with the figures of different 
forts of animals or things would take up, if they 
were there delineated. And thofe Stars which 
could not be brought into a n y  particular Confie12 
larion, were called t r t $ h ~ , d  Stars. 

359. This  divifion of the Srars into different 
Confiellacions or Afierifms, ferves to diitinguifli 
them from one another, To that  any particular Star 
may he readily found in the Heavens by means of 
9 Celefiial Globe ; on which the Coofiellations are 
fo delineated as to put the moil remarkable Stars 
into fuch parts of the figures as are moA enlily diG 
tinguilhrd. 'The number of the ancient Coofiel- 
lacions is 48, and upon our prefent Globes about 
70. On Sentx's tilobes, Bayer's Letrers are ioferc 
ed ; the fit;it in  the Greek Alphabet being put to 
the biggefi Star in each Canftellation, the iPcond 
to the next, and fo on j by which means, every Scar 
i s  as eafily found as i f  a name were given to it. 
Thus, if the Star y in die C~nfiellaeion of the Rnm 
be mentioned, every Afronomer knows as well 
what Star is meant, .as if it were poiiiied out to hirii 
in the Eleavens: 

3Go. l h c r e  

Their dif- 
fcrent 8itudrr mag- z 

Thcufeof 
thir diviton. 
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3Go. There is alfo a divifian of the Heavens Tbe Zodirc, 

into three parts. I. l ' he  Zodiac ((C&ZXW) from 
w ~ I o v  Zodion at] Animal, becaufe moft of the Con- d ellatiops in it, which are twelve i n  number, are 

the figures of Aninials : as Aries the Ram, Tuurus 
the Bull, G'eirzini the  Twins ,  Caizcer the Crap, L ~ o  
the L,ion, Virgo the Virgin, Libra the  Balance, 
$corpio the Scorpion, Sagitrarius the Archer, Capri- 
c o r n ~ ~  the Goat, Aguavius the water-bearer, and 
Pgces the Fiflies. 'The Zodiac goes quite round 
the Heavens: it is about 16 degrees broad, fo 
that i t  takes in the Orbits of all the Planers, and 
likewife t!ie Orbit of the Moon. Alon 
dle of'this Zone or Belt: is the Ecliptic 
which the JLarth defcribes annually as 
rhe Sun; and whirl1 the Sun ap ears to defcribe 

the Heavens, which is on the north Gde of the Zo- 
diac, contains 21 Conflellationu. And, 3d, That  
on the fouth fide, 1 5 .  

361, The ancients divided the Zodhc into theTh'~mm. 
above I 2 Confiellations or Signs in the following ~ ~ ~ f ~ $ ;  
manner, 
the bottom, and having filled it with water, fuf- 
fered the fame to diitil drop by drop into another 
veKel ret beneath to receive it ; beginning a t  the 
moment when fame Star rofe, and continuing until 
it tore the next followirig night. T h e  water fallen 
down into the receiver they divided into twelve 
equal parts; and having two other fmail vcITrls in 
readinefs, each of them fit to contain one part, .they 
again poured all the water into the upper veffel, 
and obferying the riling of forne Star in the Zodiac, 
they a t  the fame time fufirred the water to drop 
into one of the fmall veiyels ; and as foon as it was 
full they fliiftcd it, and i:c an empty one in its 
place. When  each veK'l was full, they took no- 
tice what Star of [he Zodiac rofe; and though this 
could not be done in one night, yet in many they 

Ob- 

L as tien from the Earth, P, Ai P that  Region of 

They took a veG1 with a h a l l  hole in w i e n o .  
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obferved the rifing of twel;e Stars or points, by which 
they divided the Zodiuc into twelve parts. 

362. The names of the Conitellations and the fiumber 
of Stars obferved in each of t h e q  by different Aftrona- 
mers, are, as follows i 

Urfi minor T h e  Little bear 8 7 12 
Urfa major T h e  Great Bear 
Draco T h e  Dragon 3 1  3" 46 80 

13 4 5' 39 
18 52 54 

Cepheus Cepheuo 
Bootes, ~ r ~ o p t i f a x  
Corona Borealis T h e  fJ0rthei.n Crows ' '2 8 8 21 

Hercules, Engonub Hercules Kneeling 29 28 4s '13 Lyra T h e  Harp IO I I  17 21  
Cy nus G a l h a  T h e  Swan 19 111 47 81 
Cakopea T h e L a d y i n h e r  Chait 1 3  26 37 5 5  
Perfeus Perfew 29 29 46 $9 
Auriga The Waggoner 14 g 40 = 66 
Serpcntarius, f&hiurhus Serpentarius 29 ' 5  40 74 
Serpens The Serpent 18 13 a t  64 
Sagitta The Arrow 4 5 5 ' 8  
Aquila, Vuliur 
Antinow 
Delpkiiwe T h c  Dolphin 10 10 

Equulua, Equifi8;~ T h e  Norre's Head 4 4  
Pegafvs, E p u s  T h e  Plying I-Iorf6 
Andromeda Andromeda 2 3  23 
Triangulum T h e  Triangle * 4 4 r,a 16 
Aries T h e  Ram 18 z i  27 66 
Taurus T h e  Bull 44 43 5' '4' 
Gemini T h e  Twins 25 25 38 89 
Cancer T h e  Crab 
Leo The Lion 3 0  49 95 
Coma Berenicec Berenice's Hair 
Virgo T h e  Virgin 32 33 50 110 
Libra Chch T h e  Scale8 17 IO 2e 5 '  
Scorpius T h e  Scorpion 24 10 20 '4.4 
Sagittarius T h e  Archer 31  14 zk 69 
Capricornus , T h e  Goat 28 a8 zg 5 1  
Aquarius 'l'he Water-bearer 45 4'  47 108 
Pikes T h e  Fil'hca 38 36 39 
Cetus T h e  Whale 2 %  21 3; 97 
Orion Orion 38 4 z  62 76 
Eridanus, F~uv ius  Eridanus, the River 34 10 27 84 
1,epti9 The Hare 1 2  13 16 19 
Calli3 major l h e  Great Dog zg  13 2 1  31 
Canis minor T h e  Little Dog 2 2 13 14 

ThZ ancitnt Conftolktionri Pkolcmy, 'Ijlcbo. Hoiul. FIamJ. 

'2 IO 

Tho 
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Argo 'The Ship 
hydra 
Crater 
Corvus 
Centaurus 

Ara 
Corona AuRralb 
Pilcia Audralis 

Lupus 

T h e  Hydra 
Tha Cup 
The Crow 
T h e  Centaur 
Tha Wolf 
T h e  Altar 
T h e  Southern Crown 
T h e  Southern Fih 

Pto?emy. Qrbo. Ilrvrl. Flamjl. 
4s 3 4 64 
2 7  19 3 1  Go 
7 3 10 3' 
7 4  9 

35 
e4 
9 7 

J 3  12 

j; 

18 e+ 

The New Southern ConRellations, 

Columba Naochi 
Kobur Carolinurn 
Grug 
Phcznix 
lndus 
Pavo 
Apus, Rdr Itrdicu 
Apis, Ma& 
Chamadeon 
Triangulum Auftralis 
Pifcis volans. Pafir . 
Dorado, Xiphiat 
Toucan 
Hydrus 

Noah's Dove 
T h e  Royal Oak 
T h e  Crane 
T h e  Phcnix 
The Indian 
The Percock 
T h e  Bird of Parodifc 
T h e  Bee or Fly 
T h e  Chameleon 
The South Triangle 
The Flying Fih 
T h e  Sword Fih 
T h e  Amcrican Goofe 
T h e  Water Snake 

10 
12 

1 3  
'3  
I2 
*e  
11 

4 
10 

5 
6 
9 

10 

ffeveliu's Conitcllations made out of the unformed Stars. 

Lynx 
Leo minor 
AReron and Cham 
Cerberus 
Vulpecula and Anfer 
Scutum Sobiefki 
Lacerta 
Camelopardalur 
Monoccros 
Sextans 

T h e  Lynx 
T h e  Little Lion 
T h e  Greyhounds 
Cerbcrus 
Tlrc Fox and Goofe 
Sobicki's Shield 
T h e  Lizard 
T h e  Camelopard 
The Unicorn 
T h e  Sextant 

J&u~fius. Fhrn!. 
' 9  44 

53 
23 =z 
a7 3s 

16 
32 58 
'9 3'  
I I  41 

4 

7 

363, There is a remarkable track round theTheMgb 
Neavens, called the Milky Wizy, f rom its peculiar 
whitenefs, which is found, by means' of the 

' tdefcope, to be owjng to a vafi  number of very 
h a l l  Scars t h a t  ace fituatcd in that part of the 

A a  heavens. 
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heavens. This track appears fin& in  fome parts, 
in others double. 

364. There are feveral little whitifh f‘pots in the 
Heavens, which appear magnified, and more lumi- 
nous when feen through telefcopes; yet without 
any Stars in them. One of there i s  in Andromeda’s 
girdle, and was f i r i t  obferved A. D. I 6 I z., by Simon 
Marius: it has fome whitilh rays near Its middle, 
is liable to feveral changes, and is fometimes invi- 
fible. I Another is near the Ecliptic, between the 
head and bow of Sagittarius : it is fmall, but very 
luminous. A third is on the back of the Centaur, 
which is too Car fouth to be fern in Britain. A 

*fourth, of a fmaller Gze, is before AfitinouJ’s right 
foot, hav ing  a h r  i n  it which makes it appear 
more briglit. A fifth is in  the conitellation of 
I-lercu?es, between the Stars {and 7, which fpot, 
though but fmall, is vifible to the bare eye, if the 
Skv be clear, and the Moon abfent. 

C:oudy 365, Cloua’~ . S l a m  are io called from their mifly 
strra* appearance. They look like dim Stars to the 

naked eye; but through a telcfcope they appear 
broad illuminated parts of the Sky j in fome of 
which:is one Star, in others more. Five of there 
are mentioned by Ptolemy. 1. One at the extre- 
mity of the right liand of Per/eeus. 2, One in the 
middle of the Crab. 3. One unformed, near th$ 
Sting of the Scorpion. 4. The  eye of Sngittarius: 
5. One in the head of Orioa. I n  the firR of thefcr 
appear more Stars through the telefcope than in 
any of thc reR, although 21 have been counted in 
the head of Orion, and above forty in  that of the 
C d .  Two are vilible in the eye of SagittdriqS 
without a telefcope, and feveral more with it. 
NamJend obferve3 a cloudy Star i n  the bow of 
Sagiltarius, containing many fmall Scars : and the 
Star d above Sagittarius’s right thoulder is encom- 
paffed with revera\ more. Both Cafini and Hrn#* 
Jead difcovered one between the Crcnt and Lid8 
Dag, which is w r y  fill1 of Stars vifiblc only by the 

tclercope. 

h e i d s p o t : .  
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telercope. T h e  two wi(itik Spots' near the Sourh 
Pole, called the Magellanic c h d 5  by Sailors, which Magrltanic 
to the bare eye refemble part of the Milky Way,C'oudh* 
appear. through telefcopes to be a mixture of h a l l  
Clouds and Stars. But the mofi rematkable of all 
the cloudy Stars is that in the middle of Orion's 
Sword, where feven Stars (of which three are very 
clofe together) feem to fhine throiigh a cloud, very 
lucid near the middle, but faint and ill-defined 
about the edges. It looks like a gap in the fiy, 
th ough which one may fee (as it were) part of a 
in I ch brighter region. Although moll of there 
fpaces are but a few minutes of a degree i n  breadth, 
yet, fince they are among the fixed Stars, they mutt 
be fpaces larger than what is occupied by our Solar 
Syfiem; and in which there feems to be a perpe- 
tual uninterrupted day among nuinberlefs Worlds, 
which no human art ever can difcover. 

Aitronomers, which are not now to be found ; and ::;:e*- 

others are now vifible to the bare cye which are 
not recorded in the ancient catalogue. Hipparcbus 
obf'erved a new Star abQut I 20 years before CHRIST; 
but hc has not mentioned in what part of the Hea- 
vens it was reen, although it occafioned his making 
a Catalogue of the Stars ; which is the inoR ancient 
tha t  we have. 

T h e  fire New Star that we have any good ac- N~\*star(* 
Count of, was difcovered by Cornelius Gemma on 
the 8th of Nouctnler, A, D. 1572, in  the Chair of 
CaJopea, It  furpared Sirius in brightnefs and 
rtugnirude ; and was feen for 16 rnollchq fuccef- 
fively. At firfi it appeared bigger than  Jupiter to 
Come eyes, by which it was k e n  at mid-day5 after- 
wards it decayed gradtially both in magnittide and 
]&e, until Mmcb 1573, when it became invifible. 

On the 13th of Augzr/z 1596, David Fabricius 
Qbfrrved the Sfella itfira, or wonderful Stw, in the 
J&k of the &?bale; which has been fince found co 
appear and difappear periodically fevcn times in 

A a 2  fix 

366. Several Stars are mentioned by ancicntmrhge, in 



356 Of New Periodicat Stars. 
fix years, continuing in the greateft luff re for I 5 
days together ; and is never quite extinguifhed. 
. I n  the year 1600, William JanJenius difcovered 8 
changeable Star in the Neck of the A w n  ; which, 
in time, became fo fmall as to be thought to dif- 
appear entirely, till the years 1657, 1658, and 
165g,, when it recovered its former lufire and 
magnitude ; but Coon decayed, and is now of the 
fmalleR h e .  

In the year 1604, Kepler and feveral of his friends 
faw a new Star near the heel of the right foot of 
Serpentarius, fo bright and fparkling, that it- ex- 
ceeded any thing they had ever feen before ; and 
took notice that i t  was every moment changing into 
fome of the colours of the rainbow, except when 
it was near the Horizon, a t  which time it was gene- 
rally white. It furpafled Jupiter in magnitude, 
which was near it all the month of OEloler, but 
talily diflinguihhed from Jzlpiter by the (teady 
light of that Planet. It difappeared between OCToLer, 
1605, and the Febrtrary following, and has not 
been feen Gnce that time. 

In the year 1670, f/uly 15, Hevelius difcovered 
a new Star, which in OEtober was fo decayed as to 
be icarce perceptible. I n  April following it re- 
gained its lufire, but wholly difappeared in AuguJ. 
In March 1672, i t  was Teen again, but very frnall; 
and has not been vilible fince. 

In the year 1686, a new Star was difcovered by 
K i d ,  which returns periodically in 404 days. 

In the year 1672, Cafini Taw a Stat in the Neck 
of the .Bull, which he thought was not vifiblt in  
Tjcho’s time ; nor when Bqer made his Figures. 

367. Many Stars, befide thore above-mentioned, 
have been obfirved to chpnge their magnitudes i 
and as ,  nooe of them could ever be perceived to 
have tails, it is plain they could not be Comets i 
efptcially as they had no Parallax, even when largen 
and brighteft. I t  would feem t h a t  the periodical 
Stars havc vafi clufiery of dark fiwts, and vet)’ 

QON 

cannot be 
~ o m c t l -  
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flow rotations op their Axes; by which means, 
they  muit dilappear when the fide covered with 
Fpots is turned towards us. And as for thofe which 
break out all of a fiudden with fuch Iuftre,' it is by 
110 means improbable that they are Suns whoie 
fuel is alrnolt fpcnt, and again fupplied by fome 
of their Comets falling upon them, and occafion- 
ing an uncommon blaze and fplendour for fome 
time : which indeed appears to be the greateil ufc 
of the cometary part of any fyfiern'. 

been obferved to change their places above a mi. $Lf 
nute of a degree with refpeb to others. But whc- 
ther this be owing to any real motion in the Stars 
themfelves, muit require the obiervations of many 
ages to determine. I f  our Solar Syftem changes 
its place with regard to abfolute fpace, this muft 
in  procefs of rime occafion an apparent charige in 
the diRances of the Stars from each other: and 'in 
fuch a- cafe, the places of the nearefi Srars to us 
being more affelted than thofe which are very re- 
mote, their relative poficions mult feem to alter, 
though the Stars chemfelves were really immove-' 
able. On the other hand, if our own fyltem be at 
relt, and any of the Stars in real motion, this muR 
vary their pofitions; and the more io, the nearer 

* M. M~upcr t rh ,  in his diKertation on the figures of the 
Celeftial Sodier (p. 61-63) is of opinion that fime Stars, by 
their prodigious quick rotations on their Axes, may not only 
affumc the ti ure8 of oblate fpheroids, hiit that by the grmt  
centrifugal B orce ariGng from h c h  rotations, they may be- 
tome of the figures of mill-itones ; or he reduced to flat cirr 
c d 8 r  pianos, fo thin as to be qnite invifible when their edges 
are turned toward us; as Saturn's Ring is in fuch pofitions, 
But when  any cccentric I'ianets or Comets go round any flat 
Star, i n  Orbits much inclined to i t s  Equator, the attratlion 
of the Planets or Cornets in their Periliclions niuR alter the in,, 
clirbation of the Aais of that Star; 011 which account it will 
appear more or lefs ,large and luminous, as its broadfidc is 
1 m r e  or lefc turned toward u9. And thus he imagines we 
foay account for the apparent changes of magnitude ynd luftra 
!" thole Stars, and likcwile for their appearink and difappear. 

Some of the Stars, particularly ArEluru~, have Some Star8 

1". 

ka 3 they 
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they arc to us, or fwifterrtheir motions are ; or tha 
more proper che direaion of their motion i s  for 
our perception, 

TheErlip. 368. The obliquity of the Ecliptic to the Equi- 
noLStial i s  found at prefenc to be above the third 

t o  the E v a -  part of a degree lek than Ptdemj foung it. And 
~,,ormccly, moft of the obrervers after him found it ts decreafc 

gradually down to Iycbo's time. If it be objeoed, 
t h a t  we cannot depend on the obfervations of the 
ancients, becaure of t h e  incarrefineis of their In-' 
firornetits ; we have to anfwer disc both Qcho and 
FZafnJtead arc allowrd to have been very good ob- 
f w w s  j and yet we find that I4'ltlifflead malce~ 
this obliquity 2 t  minutes of a degree lefs than 
'7jcbo did, about 100 years before him : and as 
Ptoletny was 1324 years before Qcbo, Tu thc gra- 
dual decrrafe anfwers nearly io the difference of 
time between rhefc three Afironorners, I f  wt; 
'confider, that the Earth is not 3 perf& +here, buc 
an oblate fpheroid, having irs Axis fliorter &an 
its equatorial diameter; and that the Sun a i d  
Moon qre conitantly atling obliquely upon, the 
greater quantity -;of mattcr about the liquatoi, 
pulling it as it were toward a nearer and nearer 
so-incidence with the Ecliptic; it will not appear 
improbable tha t  thefe aflions iliould gradually di- 
mini& the Angle between thofe Planes. JVor is it 
lafs probable that  rhe mutual attraaion of all the 
Planets kould have a tendency to bring their Or- 
bits to a co- incidence : but this change i s  too ftnall 
g~ become feflfible in many ages? 

tic left oh- 
Jique now 

t o r  thin 
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C H A P .  XXI. 
0s the Diugoia of Time. A perpelual Talle of New 

Moons. The Times of the Birth and Deatb of 
CHRIST. A Table ofremarkable a r u s  or Events. 

H E parts of Time are Secofids, Minutes, 
Hours, Days, Years, CyChS, Ages, and 

369. T 
Periods. 
370. Tlic original itandard, or integral meahre A Year, 

of time, is a Year; which is determined by the: 
Revolution of fome Celeltial Body in its Orl$t, 
viz. the Sun or Moon. 

tion in the Ecliptic, from any Equinox or Solfiice 
to the fame again, is called the Solar or Tropic42 
rear, which contains 365 days, 5 hours, 48 mi- 

' nutes, 57 feconds j and is the only proper or na- 
tural year, becauie it always keeps the fameafea- 
Eons to the fame months. 

Sun's Revolution as from any fixcd Star to the yaar* 
fante Star again, is called the Sydereal Ytar; which 
contains 365 days, 6 hours, 9 minutes, 143 .fe- 
conds; and is 2 0  minutes 1 7 i  feconds longer 
&than the true Solar Year. 

of the Moon, from the Sun to the Sun again, is 
called the Lunar Tear j it contains 354 days, 8 
hours, 48 minutes, 36 fconds; and is thereforp 
Io.days, 21 hours, o minutes, 21 fkonds flioizer 
than. the Solar Year. This is the foundatiori of 
the Epak 

374. The Civil Year is that which is in common civil Yarr. 
ufe among the diiferent nations of the world; of 
which, fome reckpn .by the Lynar, h i t  molt: by 
the Solar. The Civil Solar Year contains 365 days, 
for three years running, which are callcd Cammorr 
rem j qnd then comes in w h q  ig called the i3aJtx- 

A a  4 j i l t  

37 I. The Time meafured by the Sun's Revdu- Tropicrl 

372. T h e  quantity of time meafured by the.svaer,.l 

4 

373. The time meahred by twelve Revolutions LunarYea,, 
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tile or Leap-yenr, which contains 36G days, This 
is alfo called the Yulian Tear, on account of j$d igs  
Cdfar, who appointed the intercalary day every 
fourth year, thinking thereby to make the Civil 
and Solar Year keep pace together. And this 
day, being added to the 23d of February, which in 
the Roman Calendar was the fixth of the Calends 
of March, that Gxth day was twice reckoned, or 
the 23d and 24th were reckoned as one day;  and 
was called Bis fextus dies, and thence came the 
name Bigextile for that year, But in our common 
Almanacks this day is added at the end of Februav. 

37 5. T h e  Civil Liinar rear is alfo common o r  
intercalary. The common year confiRs of 12 
Lunations, which contain 354 days.; at  the end of 
which the year begins again. The htertalary, or 
Embolimic Year, is t h a t  wherein a month was added 
ro ndjult the Lunar Year to the Solar. This me- 
thod was ufed by theJews, who kept their account 
by the Lunar Motions. But by intercalating no 
more than a month of 30 days, which they called 
Ye-Adar, every third year they fell 36 days iborm: 
of the Solar Year i n  that time. 

376. T h e  Rowans alfo ufed the Ltrnar Emboli- 
mic Tear at fire, as ir: was fettled by K Q W ~ ~ J  their 
f i r f t  King, who made it to confiit only of ten 
months or L’unations; which fell 61 days hor t  of 
the Solar Year, and io their year became quite 
vague and unfixed; for which reafon they were 
forced to have a Table publilhed by *the High- 
Prieit, to inform them when the fpring and other 
feaions began, But ’jWius CdJar, as already men- 
tioned, 5 374, taking this tloublefome af&r into 
confideration, reformed the Cdrrndar, by making 
the year to contilt oT 365 days G hours. 

377. T h e  year thus ikctled, is what  was ukd in 
nil of,the Bvjtajo till A. 1). 1752 : but as it is fornewhat more 
Crrfortm 
a,NrTu thari I I minutes longer tlian the Solar Tropicalrear, 
SI’;. the rimes of the Equinoxes go backward, and fall 

ea~licr by one day in about 1 2 0  years. I n  the time 

Lunarycrr. 

RomanYcar. 

Qf 
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of the Nicene Council ( A .  D. 325), which was 1 4 . 3 ~  
years ago, the Vernal Equinox fell on the 2r[t O€ 
Murcb: and if we divide 1444 by 130, ic will 
quote 1 1 ,  which is the number of days rhe Equi- 
nox h‘as fallen back Gnce the Council of Nice. 
This caufing great difiurbances, by unfixing the 
times of the celebration of EnJer, and confequently 
of all the other moveable Fttnfis, Pope Gregory tlic 
XIII. in the year 1582, ordered ten days to be at 
once itruck our  of that year; and the next day 
after the fourth of OEfoGer was called the fifteenth, 
By this means the Vernd Equinox W:LY reftored to 
the 21it of Mwch;  and it was endeavoured, by 
the omifion of ttiree intercaliity days in  400 years, 
to make the Civil or political year keep pace with 
the Solar for the time to come. This  new form 
of the year is called the Gregorian Account, or Ntw 
Stile; which is received in all countries where die 
Pope’s authority is acknowledged, and ought to 
be in ail places where truth is rrgarded. 

378. The principal divifion of the year is into 
Months, which are of two Iorts, namely, @vrtomi- 
cal and Civil. ’The Ahonomical month is the time 
i n  which. the Moon runs through the Zodiuc, and 
is either Periodical or S’nodical, T h e  Periodical 
Month is tlie time fpent by the Moon in making 
one complete Revolution from any point of the 
Zodiac to the fame again ; which is 27d 7h 43Q. 
T h e  Synodical month, called a Lunatioti, is the time 
contained between the Moon’s parting wi th  the 
Sun at a Conjun&ion, and returning to hitn again ; 
which is 2gd I ztl 44’”. The Civil Months are thofe 
which are framed for the ufes of civil life; a n d  
are diffrrent. as ro their names, number of dnys, 
and times of beginning, in fcveral different Colin, 
tries. The f i r f i  Month of the JcwiJh 3”mr fcll nc- 
cording to tlie M o o n j  . i n  our Pugup and Sfpttmbe)-, 
Old Stile; the iecond in  Septeder and OEfci~r 
;and To on. 
began on the 29th of our dug@. The iirfi moiitlr 

of 

The firft month of the Egyptinn 1 
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af the Ambi'c,and Y'z{rk@ Yenr began the 16th af 
?ti&. T h e  f i r f l  month of the Grrciali 2@car fe!], ac- 
cording to the  moo:^, in r j m  and ffuh, the ficond 
in Jztb and Augt$, and 'io on, as in the following 
Table.  

379. A month is divided into four parts called 
Weeks, and a week into kven  parts called Days i 
fa that in a Ydiwa year there are 13 rich Months, 
or 52 Weeks, and onc J)ay over. The Gentilcs 
gave.tthe names of the Sun, 'Moon, and Planets, to 
the Days of the Week. To the firR, the Name of 
the S ~ l n  ; to the frcond bf die Mom j to the third, 
of Mars ; to the fourth, of Mercury j to the fifth, 
of Jnpiter; to the Gxth, of Yenu$; and to the 
fwenth, of Saturn. 

- - ------- 
The ,JEW:@ year. 7 - ...- 

I T i l r i  --- - - Aug.-Sept. 
2Marchefvan - - Sept.-O&. 
3Cafleau - - - O&.-Nov. 

SShebat .- -.I Dec.-Jan. 
6Adar I - - -, Jan.-Peb. 
7 Nifan or Abib - E'eb.-Mar. 
'd Jiar ,--- - - Mar.-Apr. 
gSivan - -. - A pr. -May 

i o  rainuz - - - May-June 

4'Tebcth - - - Nov.-D~c. 

I I  Ab - - - Jut1e--July 
1 ~ l i 1 u l  - - - J uly-Aug. 

Days in the year - -c 

- __I_- ------ 
I.. __-- .. _______._- -- .- - ----. 
in the hmtrultn5ic year atter Adur they adc 

1 month --__ called Ve-rldar of $0 days, I 
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N QJ T h e  Egyptian year. 

------- 
T h e  Arabirrns add I I days at the end of every year, 

I l'hoth -- 
2Paophi - 
3 Athir - 
4Chojac - 
6Mechir - . 
7 Phamenoth 
8 Parmuthi 

-9Pachon - 
IO Payni - 
I I  Epiphi - 
12 Mefori - 

5Tybi  - 

..- Augufi 29 - September 28 - O&tober 28 - November 27 - December 27 - January - 26 - February 25 - March 27 - April 26 
May 26 - June I 25 
JW 25 

Epogomem or days added - 

363 
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- (354 1 Days  in the year  I -- 
ps r. , 360. A Day is either Natural or ArtiJiciai. l’he 

Natural Day conrains 24 hours; the Artificial, the 
rime from Son-rife to Sunkc. T h e  Natural Day 
is either Aj2ronomical or Civil .  T h e  Aftronomical 
Day begins a t  Noon, becauk the increafe and de- 
creafr: of Days terminated by the Horizon are very 
unequal among themfelves ; which inequality is 
likewii-e augmented by the inconftancy of the hori- 
zontal KefraAions 4 I 83 ; and therefore the Afire- 
nonomkr takes the Meridian for the limit of diurnal 
Revolutions ; reckonin6 Naon, that is, the inltant 
when the Sun’s center i s  on tlie Meridian, for tbe 
beginning of the Day. The  Brit@, fkencb, DuIcJJ, 
Gerqnns, Spaniards, Portugz@e, and  Egyptians, be- 

tgin the Civil Day at Midnight : the ancient Greeks, 
yewsd Bohewninns, Silflans, with the modern I t d i ~ j ~ s  

$and CLinfle, b q i n  i t  at Sun-fktti~~g : and the an- 
icient Buhyhiltiis, P e ~ n n 3 ,  SYrbls ,  with  the modern 
Grrtks, at  Sun-rlfirig. 
381, An lTIoUr is a certain determinate part of 

the Uty, anti i b  cithrr equal o r  unrclual, An equal 
EIour IS die z+rh p m  of a mean natural Day, as 

fliewn 

Hour#, 

-7- .--..ccI 

CY ” The arrcirnt Grecian year. . Day: 

I Ht.catombzeon - - June-July 30 
p Mrt~gitnicm - - July-Aug. 29 
3UoGdro2~1ion - - hg.-Sept.  30 

MaiinaQerion - - ’OA.-Nov. 30 - Nova-Dcc. 29 - *Dec.-Jan. 3G 7 ;amelinn - 
8 Anthefietion - - Jan.-Feb. 29 
g Elaphebolion - ‘- Frb.-Mar, 30 

1 0  Mlunichcon - - Mar.-Apr. 39 
I 1 Thr,gelion - - -Apr.-May 30 
12 Schirrophorion - May-June 2 9  

e -I__ --- 

4,f’yanepfion 1 
6 5 Pofideon - 

- - Srpt.-OR. 29 

- -- 
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hewn by well-regulated Clocks and Watches ; but 
theft Hours ate not quite equal as mpafuted by 
the returns of the Sun to the Meridian, becaufc 
of the obliquity of the Ecliptic and Stin's unequal 
motion in it ,  $ 224-245. Unequal Hou'rs are 
thore by which the Artificial Day is divided into 
twelve parrs, and the Night into as many. 

3$2. An Hour is divided into 50 eqcial parts Mtnuoe., 
,called Minutes, a Minute into 60 equal parts called p;$f,g.and 
Sccojtds, and there again into 60 equal parts called Scruplcr, 

Tbivds. The Jews, Chnldenns, and At-abibns, divide 
the Hour into roSo equd parts c d h d  8CrUplpleJ ; 
which number contains 1 8  tjmes'bo, fo that one 
minute contains I 8 Scruples. 

tion of the h m e  parts of time of lany h r t .  The 

time the days of the months return again to the 
fame days of the week ; the Sun's Place to the 
fame Signs and Degrees of the Ecliptic on chi: 
game months and clays, io as not to differ one dc- 
gree in  IOO years ; and the Leap-years begin the 
faiqe courie over agsin with  rel'pect to the days of 
the week on which the days of the months fall, 

' T h e  Q c l e  of the Moon, commonly called the Colden 
NukLer, is a revolution of 19  years; in which time, 
the ConjonEtions, Oppiitions, and other Al'pefts 
of the Moon, are within an hour and halt of 
being the fame as they were on the fame dqys o l  
the months 19  years before. The hdi f l iou  is a 
revolution of I 5 years, ufed only by the Kotr,ans for 
indicating the times of certain payments made by 
the firbjifis to the Rrpublic : it was eftablifhed by 
Conjantine, A. 1). 3 1 2. 

ing to the vulgar A h ,  was the 9th year of the 
Soiilr Cycle ; the firfi year of tlir L u w r  Cycle ; 
and the 312th year aftcr his birth'was the firfi year I 

of the Kciiznrz IndiAion. Therefore to find the 
year of the Solar Cycle, add p CD any given yew 

of 

383. A Cycle is a perpetual round, or circula- cy~lee  of 

rnl 
1 Cycle oftbe Sun i s  a revolution of 28 years, in which IndiRioa, 

thr Sun, 

384. 'l'he year of our SAVIOUR'S Birth, accord- To find tilr 
Yrnrt of 
thc SCYCICS 
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of CHRIST, and divide the Turn by 28,,the Quotient 
is the number of Cycles elapkd fincc his birth, 
and the remainder is the Cycle for the given year : 
if nothing remain, the Cycle is 28. To find the 
L u n a r  Cycle, add ,I to the given year of CHRIST, 
and divide the Turn by 19; the Quotient is the 
number of Cycles elapkd in the interval, and the 
remainder is the Cycle for the given year: if no- 
thing remain, the Cycle is 19. Laftly, fubtra& 
312 from the given year of CHRIST, and divide 
the remainder by 15 ; and what remains after th'is 
divifion is the Ifidiffion for the given year: if no- 
thing remain, the Inditkion is 15. 

The dcfici- 385. Altbough the above deficiency 'in the Lu- 
c m ~ o f t b c  nar Cycle of an hour and half every rg years Lunar Cy- 
&,endcon- be but fmall, yet in time it becomes To fenfible as 
kqucnce thrrcof. to make a whole Natural Day in 310 years. So 

that, although this Cycle be of de ,  when the Golden 
I Numbers are rightly placed againft the days of the 

months in the Calendar, as in our Cuminon Prayer 
 book^, for finding the days of the mean Conjunc- 
tions or Oppofitions of the Sun and Moon, and 
confequently the'time of EoJer; it will only ferve 
for 310 years, Old Stile. For as t h i  New and Full 
Moons anticipate a day in that time, the Golden 

to be placed one day earlier in the 
next 310 years to come. There 

Numbers were rightly placed againit the days of 
New Moon in the Calendar, by the Council of 
Nice, A. D. 325 ; but the anticipation, which has 
been negl,e&ed ever fince, is now rown almoR 

bers ought now to be placed 5 days higher in the 
Calcadar for the Old Stile than they were at the 
time of the faid Council ; or fix days lower for the 
New Stile, becaufii at preknt it differs# I I days 
from the Old. 

Howtofina 386. In  the annexed Table, the Golden Num- 
the * h e d a y o f  New bers under the months fiand againfi the days of 
Moonbythe N e w  Moon in the lefc-hand column, for the New 

into 5 days ; and therefore all the E olden Num- 

Slilt j C)olden 
'Numbuc 
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Stile; adapted chiefly to the fecond year after 
Leap-year, as being the neareit mean for all the 
four; and will ferve till the year 1900. There- 
fore, to find the day  of New Moon in any month 
of a given year till t h a t  time, look for the Golden 
Number of that year under the defired month, and 
againit it, you have the day of New Moon, in the 
left hand column. Thus fiuppoft it were required 
to find the day of new Moon in September 1757 3 
the Golden Nuniber for that year IS IO, which I 
look for under September, and right againfi it in the 
left hand colurnn I find 13, which is the day of? 
N e w  Moon in that month. N. B. I f  all the Golden 
Numbers, except 17 and 6, were fer one day lower 
in the Table, it would ferve from the beginning 
of the year 1900 till the end of the year 2199, 
?'he firit Table after this Chapter hews thc Golden 
Number for 4000 years after the birth of CHRIST ; 
by looking for the even hundreds of any given year 
:it the left hand, and for the reit to make up that 
year at  the head of the Table ; and where the co- 
lumns meet, you have the Golden Number (which 
is the fame both in Old and New Stile) for the 
given year. Thus, iuppofe the Golden Number 
was wanted for the year 1757 ; I look for 1700 at 
the left hand o f  die Table, and for 57 at the top 
of it; then guiding my eye downward from 57 to 
over agairiR 1700, I find IO, which is the Golden 
Number for that year. 

A perpetual 387. But becaufe the Lunar Cycle of 19 years 
Table of I ~ I C  Cometimes includes five Leap-years, and at other 
Moan totibe times only four, this Table will iometimes vary a 
ncarefl for h Old I olur day from the truth in Leap-years after February. 
StiZ:. And it is impofible to have one more correa, un- 

lefs we extend it to four times 19 or 76 years j in 
'which there are i g  Leap-years without a remain- 
der, But even then to have  it of perpetual uk, it 
muft be adapted to the Old Sti i 'e j  becaufe in every 
ccnturial year not diviGble by 4, the regular coude 
of Leap-yeaIs is irirrrrupred i n  rtie New i as will 

G ' be 

t i m e d  Ncw 



Of ibr Divgotr of Tim& 
be the cafe in the year 1800; Therefore, upon 
the regular Old Stile plan, I have computed the 
following Table of the mean Times of all the New 

ning with the year of CHRIST 1724, and en in@; 
Moons to the nearen hour for 76 years; 

with the year 1800. 
This  Table may bc made perpetual, by Jedu&t.- 

ing 6 hours from the time of New Moon in any 
given year and month from 1724 to 1800, in or- 
der to have the mean time of Ncp Moon in any 
year and Mo,nth 76 years afterward or dedu&ting 
12 hours for r 5 z  years, 1 8  hours for a28 years, 
and 24 hours for 304 years: becaufe in that time 
the changes of the Moon anticipate alinofi a com- 
plete natural day. And if the like number of 
hours be added for fo many years paR, we hal l  
have the mean time of any New Moon already 
clapfed. Suppofe, for example, the mean time of 
Change was required for January, ~ 8 0 2 :  deduEt 
76 years, and there remains 1726, againq which, 
in the following Table, under 7ununv I find the 
time of N e w  Moon was on the zrf t  day, ar I I in 
the evening: from which take 6 hours, and there 
remains the 21it day,.at 5 in the evening, for thc 
mean time of Chan e in January 1802. Or, if the 

years, and it makes 1777, which 1 look for in rhc 
Table, and againit it, under Nq, I find the New 
Moon in thac year falls on the 25th day, a i  g in 
the evrning; to which add 6 hours and it giver 
the 26th day, at 3 in Lhe morning, for rhc time of 
New Moon in May, A. I). 1701. For this addi- 
tion for time pait, or fubcraCtion for tiFe to connp 
the Table wi l l  not vary 2.1. hours from the t r u d  
in lefs than 1.4592 years. Arid if, infiead df 6 
b u r s  for every 76 years, we add or ftibtra& ocly. 
5 hours 5 2  minutes, it  will n ~ t  vary il day in IO 
roillions of years, 

,time be required f or May, A. D. 1701, add 76 

\ 

B b  Although 



Although this Table is calculated for $6 years * 

only, and according to the Old Stile, yet by means 
of two eafy e uations it may be made to anfwer 

Thus  becaufe the year-1724 irl this Table is the 
firR year of the Cycle for which it is made; if 
from any year of CHRIST after 1800 you fribtraa 
1723, and divide the overplus by 76, the quotient 
will hew how many entire Cycles of 7 6  years 3rd 
elapfed fince the beginning of the Cycles here pro- 
vided for; and the remainder will ihew the year 
of the current Cycle anfwering to the piven'year 
of CHRIST. Hence, if the remainder bc 0, you, 
muIt infiead thereof put 76, and 1eiTen the quo- 
tient by unity. 

Then, look in the left-hand column of  the Table 
for the number in  ymir remainder, and againit it 
you will find the times of all the mean New Moons 
in that year of the prefent Cycle. And whereas 
in 76 YPrlian years the Moon anticipates 5 hour? 
52  minutes, if therefore rhefe 5 hours 52 minutes 
be m;ultiplied by the above found quotient, that  is, 
by the number of entire Cycles patl ; the produd 
fubtraaed from the times i n  the Table will leave 
the correAed times o f  the New Moons to the Old 
Stile; which may be reduced to the New Stile thus :. 

DivMe the number of entire hundreds in the 
given year of C H R I S T  by 4, multiply this ~ p O t i f 2 n C  
by 3, to the produe add the remainder, and from 
their fum fubtraa 2: this I a t l  remainder denotes 
the number of days to be added to the times above 
correaed, in order to reduce them. to the Ncw Stile. 
T h e  rearon of this is, that every 400 years of the 
Rew'Stile gains 3 days upon the Old Il'ti!e : one of 
which it gains in each of the crnturial years fur.+ 
ceeding tha t  which is exaAly diviGble by 4 without 
a remainder; but then, when y o o  h a v e  fuund the 
days io gained, z muit be fuhtraRd f rom their 
number on accounr of the retlifications made i n  
the Calendar by the Council of Nice, and firice 1))' 

as exaaly to t x e New Stile, for any time to come. 

I ' U p  



Of the Div$on of Tima. 
Pope Gregory. It muft alfo be obferved, that the 
additional days found as above dire&ted, do not 

, take place in the centurial years which are not 
multiples of 4 till F'lnuavy 29th Old Stile, for on 
that day begins the difference between the Stilts ; 
till which day, therefore, thofe that were added in 
the preceding years mufi be ufed. T h e  following 
Example will make this accommodation plain. 

Required the menw time of New Moon in June, A.D.. 
'yo9 N. S. 

From, 1909 take 1723 
years, and there remains 166 

Which divided by 76, 
gives the quotient 2 

and the remainder - 34 
Then, againfi 34 in the 
Table is run8 - 8h om Afternoon 
And 5% 52fi multiplied by 

2 make to be fubtr. - I I 44 
Remains the mean time 

according to the Ofd 
Stile, JUW - - sd ~ 6 " .  

Entire hundreds in  1909 
are I 9, which divide by 
4, quotes - - 4 

And leaves a remainder of 3 
w h i c h  quotient multipli- 

ed by 3 r n a k e i r z ,  and , 

the remairider added - ' 5  makes c 

From which fibcraft 2, 
and  there remains - 13 

\*Crhich number of d3ys 
added to the above time, 

' OidS!ilc, gives rrrne - I tId 8" IG," Morn. N. 8. 

B b 2  SO 



Of thi  Div$orr of T i m .  
So the mean time of New Moon in June rgap, 

New Stile, is the 18th day, at 16 minutes' pafi 8 in 
the Morning. 

If  I I days be sddtd to the time of any New 
Moon in this Table, it will gibe the time"of ihac 
New Mooh accurding to the New Stile till the year 
1800. And if 14 days 18 hodrs'22 minutes be 
added tO the mean time of New Moon in eitheb 
Stile, i t  wiil give the mean time of the next Full 
Moon accdrding to that Siile. 
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r3 1736 28 

t4 I737 18  

' 7 3 8  7 
6 r739 LG 
7 ( 7 4 G * 4  

8 1741 4 

tho. mean New Moon$, &c. 

'June Jtrly AtbguCJ3 

D. H.D.  H.D. H. 

IO 8M 3 g A  8 ~ O M  
2 9  6M28 7A.27 8M 
r8 2A r8 3M.16 4 A  
7 E Z A  7 , o A .  6%' xM. 

25 g A l t 5  1oM23 X I A  
15 GM.r4 7A.12 7M. 
4 3 A  4 3M, 2 4.A 
23 oA 23 1 M . 2 1  Z A  
1 1  g A ~ r  XOM 9 I I A  

8 M z 8  8 A .  
30 7 ~ 3 '  
20 3 M 1 g  4 A 1 8  5M 
g o A  g r M ' 7  2A 

27 1oM.rG I I A ~ S  o A ,  
16 6 A r 6  7M 14 

' 

P I .  --- 

I 6 M '  

6 3 A  5 4 A  4 SM 
23 3M 
1 1  o A  
30 8M 
19 6 A  

26 1 2 A  

16 8M 

9 3M 
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P 

E 4 r C y c l t  788. T h e  Q c l e  ufEaJer, alfo called the DionjJun 
Pe;iod, is a revolution of 532 years, found by mul- 
tiplying the Sblar Cycle 28 by the Lunar Cycle 
19. If the New Moons did not anticipate upon 
this Cycle, EuJer-day would always be the Sunday 
next after the firit: Full Moon which follows the 
21fi of March. But  on account of the above an- 
ticipation,' § 422. to which no proper regard was 
had before the late alteration of the Stile, the Etch- 
JaJic EaJez: has feveral times been a week ,differ- 
ent from the true EaJer within this la f i  Century : 
which inconvenience is now remedied by making 
the Table which ufed to find EaJer for ever, in 
the Common Prayer Book, of no longer ufe than 
the Lunar difference from the New Stile will admit 
of. 

nambcrof  389. The  earl$? EaJer pofiblc is the 22d of 
Dircfiion* Marcb, the'IateJ2 the 25th of April. Within thek 

limits are 3 5  days, and the number belonging to 
each of them is called the Number of DireEtion; 
becaufi thereby the timeof EaRer is found for any 
given year. To find the number of Diretlion, 
according to the iVew Stile, enter Table V. follow- 
ing t h i s  Chapter, with the complete hundreds of 
any given year at the top, and the years thereof 
(if anv) below a hundred at the left hand; and 
where the columns meet is the Dominical Letter 
for the given yea'r. T h e n  enter l 'able I. with 
the complete hundreds of the fame year at the left 
hand, and the years below a hundred a t  the top ; 
and where the colvmns meet is the Golden Num- 
ber fw the fame yt'dr. LaRly, enter Table 11. with 
rhe Dominica1 Let ter  a t  the left hsod and Golden 
Number at the top ; vand where the columns mecc 
is the Number of Dire&tion for that year- ; which 
humber addrd to t h e  21fI day of Mwcb, hews, 
on wl ia t  day, either of March or April, EoJZer Sunduy 
falls in t h a t  year. T h u s  rht. Dominical Lytter 
Mew. SliZe fur t tlr: -j:ea+r *x 7 5 7- i B ('Table V.) and 
the Cpldcn Number is IO, i'atblt: I.) by which 

dtficicat. 

I 1 n 
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in Table 11. the Number of  DircCtion is found to 
be 20 ; which reckoiing from thk zxfi of Mnrch, TO find the 
ends on the 10th of April, that is, Raper-Sun- 
day, in the year 17 57. N. B. There arc always two 
Dominica1 Letters to the Leap-year, the firR o f  
which takes place to the 24th o f  February, the lafi 
for the following part of the yesr. 

390. Tbe j i r j  /even Letters of the Alphabet are 
commonly placed in the annual A lmanacq, to. 
f i e w  on what  days of the werk the days of the 
months fall throughout the year. And I becaufe 
one of thofe kven Letters muit ntceITarily itand * o m i n i d  
againlt Spnduy, it is printed in a capital form, and . 
called the Dominical Letter: the other fix being in- 
h e e d  in finall charallers, to denote the other fix 
days of the week. Now, fince a common JuZian 
rear contains 365 Days, if this number be divided 
by 7'(tlie number of days in a week) there will re- 
Fa in  one day. I f  there had been no remainder, 
I t  is plain the year would conttantly begin ,on the 
&me day of the week. But Iince I remains, it  is 
as plain that the year mufi begin and end on the 
fame day of the week ; and therefore the next year 
bi l l  begin on the day following. Hence, when 
.fjanuary begins on Siindny, A is the Dominica] or 
Sundny Letter for that year : then, becaufe the next 
Pear begins on Monhy, the Sudsy will fall on the 
h e n t h  day, to which is annexed the Ceventh Lctccr 
G, which therefore will be the Dominical Letter 
for all chat year : and as the third -year will begin 
on Tut$day, the Smday will fall oil the Gxth clay i' 
therefore F will be the Sunday Letter for that yeilr. 
w h e n c e  it is evidcnt, that the Sunday Letters wilI 
80 annually i n  a retrograde order thus,  G, F, E, D, 
c, B, A. And in the courfe of i'even yews, if they 
were all common ones, the fame days of the wcelc 
and Dominical Z,etters would retur'n to the T h e  
days of the months, Bur becaui'e there are 366 
days in a Leap-year, if this nuinbet be divided by 
7, there will remain two ddys over  and abovc the  

true Eujcr. 

Lctrrr. 
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5 2  weeks of which the year confifts, And there- ' 

'fore, if the Leap-year begins on Sunday, it will end 
on Monday ; and the next year will begin on Tug- 
dap, the firfi Sundny whereof mu& fall on the Gxth 
of Januavy, ta which is annexed the Letter F, .and 
not G, as in common years. By this means, the 
Leap- year returning every fourth year, the order 
of the Ihminical Letters is interrupted ; and the 
Lries Cannot return to its firit fitate till after four 
times fevcn, or 28 years ; and then the fame days 
of the months return in order to the fame days of 
the week as before, 

391. To $izd tbe .i?)omhicnl Letfcrfor any rear 
either fiefare it. @fer the ChwilQirmBra. I n  Table 111. 
or IV. for Old Stile, or V.  for New StiZe, look for 
the hundreds of years at the head of the Table, 
and for the years below a hundred (to make up' 
the given year) at the left hand; and where the 
columns meet, you have the Dominical Letter for 
die year defired. Thus, fuppofe the Dominical 
Letter be required for [he year of CHRIST 1758, 
New Stile, I look for 17co a t  the head of Tabk V. 
and for $8 a t  the left hand of the fame Table; and 
in  the angle of meeting, 1 find A, which is the Do- 
rninical Letter for that year. IC it was wanting 
for the fame year Old Stile, it would be found by 
"lable IV. to be D. But t o j n d t h e  Dcwinical Lelter 

JOY ailygiwenrcar before CHRIST, fiibtra&t one from 
bbnt year, and then proceed in all rerpeAs as juft 

' now taught, to find it by Table 111. l ' h u s ,  fuppol'c 
thc Dominical Letter be required for the 585th 
pcar before the firR year of CI+stIs*r, look for 500 
at the head of Table J I I .  and for 84 at the lcfc 
hand ; in the nirctiiig of there columns is F E ,  
which were the Dominical Letters for that  yeart 
and h e w s  that it was a Leap-year ; beciufe Leap- 
year has always two Dominical Letters. 

~ ~ ' f i ~ c l  3 9 2 .  l o  find tbe duy ofthr morilh agwering 10 nny 
d w o t t h e  d q  of lhe week, or ihc dtay of ;he week anjwcriti,. 10 
YVJ'IhJ. a q  h y  of tbe month, ,for any year pa) Lor t o  come. 

1-1 a v ing 

TO find the 

kl!Lt. 
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Having found the Dominical Letter for the given 
year, enter Table’VI. with the Dominical Letter 
at the head ; and under it, all the days in that co- 
lumn are Sundajs, i n  the divifions of the months ; 
thencxt colutnn to the ri h t  hand arc Mondays; 

under G; from which go back to the column un- 
der A, and thence proceed toward the right hand 
as before, Thus,  in the year 1757, the Dominical 
Letter New Stileis B, inTableV. j then in Table VI. 
all the days under 23 are Sundqys in that year, wiz. 
the 2d, gth, 16 th~ 23d, and 30th of Jmuaryand 
0L”lobcr; the Mi, 13th, 201h, and 27th ofFtbruaty, 
March, and November: the 3d, roth, and 17th of 
April and Jdy, together with the 3 r i t  of July j.and 
fo on to the foot of the column. Then, of courfe, 
all the days under C arc Mondays, namely, the gd, 
roth, WTC. of January and OEtober ; and To of all 
the re& in that  cohmn. If tke day of tbe week an- 

fwering to any day of tbe m o d  be required, i t  is 
cafily had from the fame Table by the Letter that 

- Bands at the top of the column in which the given 
‘ day o f  the month is found. Thus, the Letrer that 

fiands over the 28th of May is A;  and in the year 
585 before CHRIST, the Dominical Letters were 
found to be F E ,  § 391 ; which being a Leap- 
year, and E taking place from the 24th of Februav 
to the end of that  year, fhews by the Table that the 
25th of May was on a Sunday; and therefore the 
28th mult have been on a WedneJday ; for when 
E ftands for Sunday, F niuft itand for Monday, G 
for Tugday, &c. Hence, as it is faid that  the fa- 
~ Q U S  Eclipfe of the Sun foretold by THALES, by 
which a peace was broughb,about between the 
dfedes and Lydians, happened on the 28th of Majr, 
in the 585th year bcforc CHRIST, it fell on’a Wed- 
nqday, 

393. From the niultiplicatian of the Solar Cycle ~ i a n  

of 2 8  years irito the Lunar Cycle of 19 years;-and Pui”d‘ 
the Romcm IndiCtion of 15 years, arifes the great 

c c  Julinn 

the next Tup/dnys j and f o on to the laR column 
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Julian Period, coofifiing of 7980 years, which had 
its beginning 764 year before Strauchitda fuppofed 
year of the Creation (for no later could all the three 
Cycles begin together), and it is not yet completed: 
and therefore it includes all other Cycles, Periods, 
and ZEras. There is but one year in  the whole 
Period that has the fame numbers for the three 
Cycles of which it is made up: and therefore, if 
hifiorians had remarked in their writings the Cycles 
of each year, there had been no difpure about the 
time of any atlion recorded by them. 

394.. The @onyptzn ar vulgar E r a  of CHRIST'S 
birth was about the end of the yeat of the JuZian. 
Period 4713; and confequently the f ir i t  year of 
his age, according to that account, was the 4714th 
year of rhe faid Period. lhereforc, if to the cur- 
rent year of C H R ~ ~ T  we add 4713, the fum will be 
the year of the Julian Period. So the year 1757 
will be found to be the 6470th year of that Period. 
Or, to find the year of  the Jdiun Period anfwering 
to any given year before the firh year of CHRIST, 
fubtraC% the number of that given year from 47 14, 
and the remainder will be the year of the Julian 
Period. Thus, the year 5 8 5  before the firit year 
of CHRIST (which was the 584th before his birth) 

. was the qrzgth year of the faid period. Laitly, 
to find the Cycles of the Sun, Moon, and IndiBion, 
for any given year of this Period, divide the given 
year by 28, I 9, and I 5 j the three remainders will 

And the be the Cycles fought, and the Quotients the num- 
c y c l e a d  bers of Cycles run fince the beginnin of the Pe- 

Period, the Cycle of the Sun was IO, the Cycle of 
the Moon 2, and the Cycle of IndiAion 4; the 
Solar Cycle having run through 168 cdurfes, the 
Lunar 248, and the Enditlion 3x4. 

Thetrue 395. T h e  vulgar B r a  of CHRIST'S birth 'wag 
Z r a o f  never fettled till the year 527, when DioqyJus E& 
birch, gw$J a Roman Abbot, fixed it to the end of thg 

4713ch year of the Jdim Period, which WBB four 
years 

To find the 
year of thir 
Period. 

riod. So in the above 4714th year o f the Julia# ibat year, 

Cw a I B ~ ' a  



years too late,-For our S,AVIOUR was born before, 
the death of Hcrod, who iou htso kill him as Coon 
as he heard of his birth. Wnd according to the 
teltimony of 'j%$epbus (E. xvii. ch, 8,) there was a6 
&clipfie of the Moon in the time of Herod's laft  ill- 
nefi 5 which Ecliple appears by our Aitronomical 
Tables to have been in the year of the 7uli.n Ee. 
riod 4710, March 13th, at 3 hours pafi midnighr, 
at Jeru/bZem, NOW as our SAVJOUR mu& have been 
born fome months before Herod's death, fince in 
the interva1,he was cslraied into Enpt, the latek, 
time in which we can 6r the true B r a  of his birth 
is about the end of the 4709th year of the Jzllim 
Period, 

Tsherc is a remarkable Prophecy delivered to ua 
in the ninth chapter of the book of Daqid, which, 
fr-oma certain &pock, fixes the time of reftqing the 
ftate of the. Jmv, and of buildiDg the walls of 
JerUJZem, the coming of the MESSIAH, his death 
and the dyhu&ion of fJeriiJalem.-But Come parts 
of this Prophecy (Yer, 2 5 . )  are io injudicioufly 
pointed in our Eng@J tranflatjon of the Bible, that, 
if they be read according to thofe flops of point- 
ing, they are quite unincelligib1e.-But the Icarned. 
Dr. Prideaux, by altering theft: ilops, q k e s  tbe 
ienfe very plain : and a3 he feems to me to'hve.  
explained the who$? of it better than any other au- 
thor I have read on the fubjekt, I h a l l  kt down 
the whole of the Prophecy according as he has 
pointed it, to fhew in what manner he has divided. 
it into four different parts, 

Ver. 24.. Seventy weeks art de/evmined upon tby. 
People, and upoa thy holy City, t0jinij-h tbe l"raMgre/- 

Jon, and $0 make alz end of SinsI and t o  make reme- 
tilintionjfor Iniquity, and to bring in  eperlu/)ing Righ- 
teoiy?n@, and t o  @ai up tbe Vgon, and tbe Propbeg, 
and t o  anaint tbe mop bob. Ver. 45. Know therefore 
and underJaird, that from tbegoingfortb of the Com- 
wandment $0 r&ore and biiild Jerufalem unto rbe 
MESSIAH tbe Princefidl b e j v e n  weeks and tbree- 

cc 2 fcore' 



388 Of the T‘inics dJCtbe Bifth and Death  CHRIST, 
&ore andtwo weeks, theJreetflaZ2 be built again, and 
the walleven in/roublous times. Ver. 26. &dafter 
threEJcore and two weeks Jhall MESSIAH be cut ofr 
but not for himself, and the people of the Prince that 
floll come,j%all dejroy the City and SanBuary, and the 
end thereofflall be with a Flood, and unto the end 
of the W a r  de/oZations are determined. Ver. 27. And 
be /hall confiYm the Covenant with many forpne week, 

* and in the mid’* of the week heflall cage the facri- 
$ce and the oblation t o  lea/, and for the ovetjpreading 
of abominations be Ball make it dgolate even until 
tbe Con&mmation, and that determined F a i l  bo 
poured upon the defilate. 

T h i s  Commandment was given to Ezra by &- 
taxerxeslongimanus, in  the feventh year o f  that 
King’s reign (Ezra, ch. vii. ver. I 1-26), Ezra be- 
gan the Work, which was afterwards accompliihed 
by Nehemiah : in which they met with great oppo- 
fition and trouble from the Samaritan$ and others, 
during the firlt feven weeks, or 49 years. 

From this accomplihment till the time when 
C H R I S T ’ S  meffhger, rohn the Baptifi, began to 
preach the Kingdom of the MESSIAH, 62 weeks, 
or 434 years. 

From thence to the beginning of CHRIST’S p u b  
Iic miniftry, ha l f  a week, or 34 years. 

And from thence to the death of CHRIST, half 
a week, or 3# years; in which half week he 
preached, and congfrmed tbe Covenant o f  the Gofpet 
with many. 

In all, from the going forth of the Command- 
tnent till the Death of CHRIST, 7 0  weeks, or 490 
years. 

And, laitly, in a very itriking manner, the Pro- 
phecy forerels what ihould come to pafs :ofrer the, 
expiration of theJewen0 weeks ; nainely, the De- 

Jtrziition of the City and Sannuary 4 the people of 
tbc Pviirce that was t o  come; which were the K o m ~  

* The DoRor fays, that this eught to lac rendotcd rk bur  
p: CJ‘ rbr w e e k ,  not the tnidp. 

‘ 3  armits, 



Of r&e rintls . ( f ib  Birib aljd Death ~ ~ C I - I R I S T ,  389 
armies, under the command ,of T h s  their Prince, 
,who came upon Jerz@enz as a torrent, with their 
idolatrous images, which were an abomination to the 
7ews, and under which they marched againR them, 
invaded their land, and befieged their holy City, 
and by a calamitous war, brought fuch utter de- 
.itru&ion upon both, that the yews have never been 
sble to recover themfelves, everi to this day. 
Now, both by the undoubted Canon of Ptolemy, 

and the famous &ra of NabonaJar, the beginnhg 
,of the fevepth year of the reign of Artaxerxrs Lcn- 
gimauuj, King of Pe&, (who is called Ahafuerus in 
the book of EJber,) is pintied down to the 4256th 
year of the Julian Period, in which year he gave 
Epra the above-mentioned ample Cornmillion : 
from which count 490 years to the death of 
CHRIST, and it will carry the fame to the 4746th 
year of the rulian Period. 

Our Saturdrty is the Jew@ Sabbath: and it  is 
plain froin St. Mark, ch. xv. vpr. 42. and St. Luk, 
c h .  xxiii. ver. 54, that C W ~ I S T  was crucified on 9 
Friday, feeing the Crucifixion was 04 the day next 
before the yew@ Sabbath.-And according to Sr. 
John, ch. rviii. ver. 28. gn  the day that the Paffover 
was to be eaten, at leaft by many of the J e w .  

The Jews reckoned their months by tk Moon, 
and their years by the apparenr revolution of the 
S u n :  and they ate the Parover on the 14th day of 
the month of Ngan, which was the firit month of 
tbcit year, reckoning from the firR appearance of 
the l$ev h$oonl which at rhat time of the year 
might be OJI the Fvening of the day ncyc after the 
change, if the &y was clear. So chqr their 14th day 
pf the month anfwers to our fifteenth day of thc 
Moon, on which  he is full.-Confequently, the 
X'aiTover was always kept on the day of Full Moon. 

I And the Full Moon at  which it was kept, was 
lhal one which happened next after the Vernal 
Equinox.-ForJoJephusexprersly fays (Antiq. B. iii. 
F Z ~ ,  IO,) 6' The Paffover was kept or) the 14th day 
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390 Oftbe Times $the Birth and Death of CHRIST. 
‘ 6  of the month of Nuan, according to the Mood 
c( when the Sun was in Aries.”-And the Sun al- 
ways enters Aries a t  the initant of the Vernal Equi- 
nox ; which, in our Saviour’s time, fell on the 22d 
day of IlIarcb. . 

T h e  difpute among Chronologers about the year 
of CHKIST’S Death is limited to four or five years 
8t moit.-But, a s  we have hewn that he was cru- 
cified on the day of a’ Pafcal Full Moon, and on 

Friday, all that we have to do, in order to aicer- 
tain ,the year of his death, is only to compute i n  
which of thofe years there was a PaKover Full 
Moon on a I;riday.-For; the Full Moons antici- 

ate elcve‘n days every year ( I  2 L u n a r  Months 
geing To much fiort of a Solar year), and therefore, 
once in every three years at leafi, the Jews were 
Dbliged to k t  their PaiTover a whole month for- 
warder than it fell by the courfe of the Moon, on 
the year next before, in order to keep it a t  the Full 

I Moon next after the Equinox ; therefore there could 
not be two Pairovers on the fame nominal day of 
the week within the compafs of a few neighbouring 
years. ‘And I find by calculation, the only PaITovef 
Full Moon that fell on a Friday, for ieveral years 
befire or after the difputed year of the Crucifixion, 
was on the 3d day of April, in the 4746th year of 
‘the Julian Period, which was the 490th year after 
J3zra received the above-mentioned Cornmillion 
from Artaxerxes Longimanus, according to Ptofemy’fi 
Canon, and rhe year in which the MESSIAH was to 
be cut off; according to the Prophecy, reckoning 
from the going forth of tbat Cornmillion or COW- 
rnandment : and this 490th year was the 33d year 
of our SAVIOUR’S age, reckoning from the vulgar 
E r a  of his birth ; but the 37th, reckoning fro@ 
the true E r a  thereof. 

And; when we reflea on what the Jews rold himi 
$ome time before his death (John, viii. 57.) ( e  I‘hdd 
FC art not yetjftyyears old,” we muR confers thag 
i t  flnoujd reem much likelier to h a w  been faid to a 

‘S perfafl 
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perfon near forty than to one 'but j u f i  turned of 
thirty. And we ,may eafily fuppofe illat St. Luke 
expreired himCelf only in round numbers, whrn he 
faid that ChriJZ was  baptized about the rjotbyear of 
&is age, when he began his public minitby ; as our 
SAVIOUR himielf did, when he faid he fliould lie 
tbree days and three nights in the grave. 

T h e  4796th year of the Julian Period, which 
we have aflronomically proved to be the year of 
the Crucifixion, was the 4th year of the 202d Olym- 
piad j in which year, Phlegm, a heathen writer, 
tells us, there was the moj' extra or dinar^ Eclipfe oftbe 
Sui5 that ever wasJerrt. Hut I find by calculation, 
that there could be no total Eclipfe of the Sun a t  
JeruJaZem, in a natural way, in that year.-So that 
what PhZegon here calls an Eclipk of the Sun ieenm 
to have been the great darknefs for three hours a t  
the time of our SAVIOUR'S Crucifixion, as men- 
tioned by the Evangelifis: a darknefs altogether 
fiipernatural, as the Moon was then in the fide of 
the Heavens oppofite to the Sun  ; and therefore 
could not poably darken the Sun ro any part of 
the Earth. 
'396. As there are certain fixed points in tke 

Heavens from whioh Aitronomers begin their com- 
putations, To there are certain points of time from 
which hitlorians begin to reckon ; and there points, 
or roots of time, are called Bms or Epocbs. The 
moft remarkable &ras are choir of the Creation, 
the Greek Olympiads, the building of Rome, the 
&ra of NabonaJar, the Death of AZexander, the 
Birth of CHRIST, the ArnLiai2 Hegira, and the Yer- 
Jan Ygdegird; all which, together with fcveral 
others of Ids note, have their Beginniogs in the 
following Table fixed to the years Qf the Julian 
Period to the Age of the World at thofe times, 
and t9 the Years before and after the year of 
 CHRIST'^ birth. 

391 
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A fable ofremarkable &ras and Events. 
Julidn Y.efihr 

~ & d .  wdd. 
1. The Creation of the World I - 706 ' 0 
2. The Deluge, or Noah's Flood ... -2362 16,5I. 
3, T h e  AJrian Monarchy founded by Nimrod - 2537 1831 

5 .  The DeRruEtion of Sodom and Gamorrah - z816 ziro 
6. The  Beginning of the Kingdom of Athens by Cecrogi 3 157 245 J 
7. Mo/h receives the Ten  Commandments - - 3222 2516 
8. T h e  Entrance of the I/raefrtes into Canaan - 3262 2556 
9. T h e  Argonuutic Expedition L - 3420 2714 

I I ,  The Beginning of King Dnwid's Reign - - $650 2944 
sz. The Foundation of Solomon's Temple - - 3 7 0 1  2995 
1 3 .  Lycurgus forms his excellent Laws - - 3829 3103 
f 4. ArbaceJ, the firlt King of the M d e i  ..- - 3818 1132 - 3865 3159 I 5. Mundaucrir, the fecond - - 

-3915 3209 16. So/krJtiur, the third - 
'3938 3232 3 7 .  Ths Beginning of the O!yintiah 

18, A h ,  the fourth King of the Medes -3945 3230 
3961 325s 

20. T h e  &a of Nabouaflar - - -3967 3261 
-3992 3286 - - 399% 3287 

23. Cardz'cca, the fifth King of the M C ~  - $996 3290 
34. Pbmortei, the txth - - c - 1058 ' 3 5 2  
25. Cyaxarcs, the feventh - - 7 p H 0  3374 

zg. The  DefiruBicrn of  Solomon's Temple - - t i 2 5  3419 
30. Ncbrrrbadnrzzar Rruck with Msdnefs - - 4'44 3438 

33. Thk Battle of Illarathan - - 
34. Artaxerxes @mgimatrus begins to reign - -4249 354? 

36. The B:ginning of the PeJopontr&an War - t z x z  3576 
37. Alexander's ViRory at Arbela - - - 4 3 s 3  3677 - 4390 3684 38. His Death L - - 
39. T h e  Captivity of 100,ooo Jewr by King Ptoletfiy 4.393 3687 1 "4491 3875 40. The Colofii~e of Rhode~ thrown down by 

4' a Aizirorbtu defeated by Ptoleny Pbilopqfer - 4436 3790 
42. The famous AftceiMlcDrs myrdered at SJvraciyZ 4506 3800 
43. J a h  butchers the Inhabitant5 of JerduIctn 4543 3837 
44. Corintb plundered and burnt by Conful Murnmirrr 9567 3661 
45. Ytdius clt/ar invades Britain * -46503953 
46. I-le corretts the Calendar - -4677 3961 
47. Is killed in the SenatcrHoufo '467' 3965 

48. 

4. T h e  Birth of Abraham - - 2 7 1 4  ZOO8 

- 
10, The DeltruQion of Troy c c - 3504 2798 

- 
" - 

19. The Cntoiiian Epotha of the Building of Rome 

21. The I)eRruKior\ of Samaria by SalqartP/er 
22. Tho fir8 Eclipfe of the Moon on Record - 
26. ?'he firlt Bab$onz$5 Captivity by Ncbucbudrrexxar 4107 3401 
27. T h e  long War ended betwecn the MeJes and Irydic~n~ 41  I I ,3405 
28. The fecond Bqh$m@ Captivity, and Birth of Cyrur +i14.')408 

3 1 .  Daniel's Vifion of the four Monarchies - 1158 3452 
32. Cyrw begins to reign in the Yel-Jian Empire - 4 1 7 5  $47' - 4223 3517 

35. The tleginrilng of Dhicl's feventy Weeks of Years $256 3550 

-. 

ai1 liartiquakc 

BeWU 
Chrm. 
4007 
2 3 5 1  
2176 

$897 
I 556 
149' 
145 I 
1 9 3  
1209 
1063 
1012 

884 
875 
848 
798 
775 
768 
752 
746 
721 
720 
717 
655 
633 
606 
602 
599 

1999 

sg8 
569 

461. 

555; 
536 
49O 

457 
431 
330 
313 
320 
zZz 
2'7 
207 
'70 
146 
54 
46 
4= 

Herod 



Plirn E crlod. 
48, Herod made Kin of rudea - c - '$73 

50. Agripjja builds the PantLeoti at R o ~  -,4688 
.. - 4683 

-4709 $1. The true &ra O ~ C ~ R I S T ' S  Birth - 't7'C $1. The Death of Herd  e , - - 
53. T h e  Dionj.anorvulgar z?A.ofCHR1ST'8Birth -4713 

'4746 54. The true year of his CrUCtfiXlOn 
m47g3 55. The DeRruLkion of yerr+a - - 

s6. Adrian builds the Long Wall in Brim'tJ - 4833 
$7, Cajfleatiuj defeats the Pi& in Britain - - 5019 - S O 3 8  58. T h e  Council of Nice' - - 

-f 5050 59, ' rhe Death of Coi$'nntine thc Great - $158 60, 'rhe ,$,mons invited into Britnin - S335 ' 61. The Ar&m Hegira - c 

62. The Death of Mahommed the pretended Prophet 5343 
5344 63. The PerJian Tfdqird - L 

64. The Sun, Moon, and dl the Planets in Lib#,  
sap. 14,  l as  reen from the  Earth 

65. The Art of Printing dircovered 

49. Anthony defeate d at the Battle of Anium - - 
* 

- 

- ~ - 

] 5899 
- 6 1 5 3  
'-,G230,5524 

- 
66, The Reformation begun by M W ~ J  L u d w  

TABLE 

Cofthr Befarc 
Morld Chrlt?. 
3907 40 

3982 2s 
3977 3 0  

4003 4 

4007 o 
4040 33 
4077 70 
4x27 120 

43'3 306 
4332 32s 
4344 337 
445' 445 
4629 6 2 1  
+637 630 
i G 3 8  6.31 

4004 Ane? 
Chrift. 

5133 1186 

$447 '4.10 
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--.- 1 I ' A B L E  L v Shrwmg the D o m i n h l  Letters, Of 
Stile, far 4200 r p t t - s  afier the Chriflinn /Era. 

Attcr Chr. Hundreds of Years. I 
--I 
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F G  
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1295785 B D F G 
2305886 A C E F 
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7356391 B P G 
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9376593 F A C D I 
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13967,gS D F A B 
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fables of Time. 
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Week Days. n c_ 
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c H A P. xxrr. 
A DeJtription of the AJlronom.icaZ Machinvyfcrtdng 

t o  expZaaa'n and ilhJtratc the foregoing part .of this 
I rea tge .  

This Machine h e w s  the THE Motions of the Sun,  Mercury, Venus, 
Earth, and Moon ; and occafionally, the fwperior 
Planets; Mars, Jupiter, and Saturn,  may be put 
on ; Jupiter's four Satellites are moved round him 
in their proper times by a fmall Winch ; and Sa- 
tu rn  has his five Satellites, and his King, which 
keeps its Paralleiifm round the Sun ;  and by 2 
Lamp put in the Sun's place, the Ring ihews all 
the Phafes defcribed in the 204th Article, 

In the Center, No. I. reprefents the SUN, fup- 
ported by its Axis inclining almofi 8 Degrees 
from the Axis of the Ecliptic ; and turning round 
in 2 5 ~  days on its Axis, of which the North Pole 
inclines toward the 8th degree of Pikes in the 

The Eclip. great Ecliptic (No. I I .), whereon the months and 
tic, Days are engraven over the Signs and Degrees in 

which the S u n  appears, as reen from the Earth, on 
the different days of the year., 

The neareit Planet (No. 2 . )  td the Sun is M Y -  
cury, which goes round him in t7  days 23 hours, 
or 874+ diurnal rotations of the Earth ; but has 
no Motion round its Axis in  the Machine, becaufe 
the time of irs diurnal Motion in the Heavens is 
not known to us. 

The next Planet in order is Venus (No. 3.) which 
performs her annual c o d e  in 224 days 1 7  hours i 
and turns round her Axis in 24 days 8 Iiours, Or 
in 24; diurnal rotations of the Earth,  Her Asis 
inclines 75  Degrees from the Axis of the Ecliptic, 
and her North Pole inclines toward the 20th De: 

4 ORRERY. Frontingthc 397. 
The Oa- 
Titla-page. 

f i ~ ~ r .  
* 
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The ORRERY ddcribed. 40% 
AJanchini. 
from the 30th to the , + ~ r h  Article in Chap. 1. 

(No, 4.) which turns round its Axis, to any fixed 
point at a great diltance, in 23 hours 56 minutes 
4 fcconds, of mean filar t i m e  (9 221,  &'&.I bite 
from the Sun to the Sun again in 24 hours o f  the 
fame time. No, 6, is a fydereal Dial-plate under 
the Ea1 t h  ; and No. 7. a fo1.w IM-pla te  on the 
cover of the Machine. The  Index of the former 
h e w s  fydereal, and of rhe latttr, folar time; and 
hence, the fnrmer Index gains one entire revolu- 
tion on the latter every year, as 365 folar or natu- 
ral days contain 366 fydered days, or apliaretit re- 
volutions of the Stars. In thc tiine that the Earth 
m a k s  3658 diurnal rotations on its Axis, it goes 
once round the Sun in the Plane. of the Ecliptic ; 
and always keeps oppofire to a moving Index 
( N o .  IO.), which fliews the Sun's apparent daily 
change of place, and alfo the days of the months. 

The Earth is half covered with a black cap, for 
dividing the apparently enligbcened hal f  next che 
S u n  from the other half, which wkcn turncd away 
from him is in the dark, 'L'h edge of the cap re- 
pre rents the Circle bourrdiig Light and Darkne/s, and 
ihews at what  time the Sun riks and fers to a11 
places throughout the year, The  Earth's Axis in- 
clines 23; Degrees from the Axis of the Ecliptic, 
the North Pole inclines toward t he  beginnillg uf 
Cancer, and keeps its Parallelifin throughout i t s  
annual Courfe, $ 48, 202 ; To tliat in Summer the 
northern ' parts of &he Edrtli i n c l h e ~  $$?yard die 
Sun, and in Winter from Iiitn : by whih -means 
the different lengths of days and nights, and the 

i'eafoiis, are deinonftratrd $0 

bread Horizon, to the upper fide; of 
a Meridian kmicirclt: in the Nortli 

$$ouch Points, yaduated on bath fides Tiom 
@@kTorizon .* to goo in the Zenith, or vertical Pojnc. 

I) #t The 

She fhews all  the Phenomena defcribed 

Next without the 01 bit of Venus is the Burtk, The Earth. 



4-02 $he ORRERY deJcribedi 
The ed, e o f  the Horizon is graduated from the 
E a R  an f WeIt to.the South and North Points, and 
within there Divifions are the Points of the Com- 
pafi. From the lower fide of this thin EIorizofi- 
plate ftand out four finzll Wires, 'to which is fixed 
a Twilight-circle, 1'8 Degrees from the graduated 
fide of the Horizon all round. This Horizon 
may be put upon the Ear th  (when the cap is taken 
away) and reatified to the 1,atitude of any place : 
and then, by a h a l l  Wire called the Solar Rdy, 
which may be put on fo as to proceed direalyfrorn 
the Sun's Center toward the Earth's, but to come 
no farther than  almofi to touch the Horizon. T h e  
beginning of Twilighr, time of Sun-riiing, with 
his Amplitude, Meridian Altitude, Time of Set- 
ting, Amplitude then, and End of Twilight, 'are 
kewn for every day of the year, a t  that place to 
which the Horizon is reeified. 

T h e  Moon (No. 5.) goes round the Earth, from 
between it and any fixed point at  a great diilunce, 
in 27 days 7 hours 43 minures, or through all the 
Signs and Degrees of her Orbit; which is called 
her Periodical Revoltition j bur f i e  goes round from 
the Sun to the S u n  again, or from .Change to 
Change, in 29 days 12  hours 45 minutes, which 
is hcr Synodical Revolution; and in that  time fie ex- 
hibits all the Phiif's already defcribed, § 255. 

When the above- mentioned Horizon is reEtified 
to the Latitude of any  given place, the Times oE 
the Moon's riling and ietting, together with her 
Amplitude, are f l ~ c w n  to t ha t  place as well as the 
Sun's j and all the various Phenomena of the Har- 
veil-Moon, 0 273, &'Jeq. are 'made obvious to 

meNodes ,  rhe Moon's ,orbit (No. 9.) is inclined 'the 
Ec% tic No, li I .) one lialf being above, and the 

%he Plane of t h e  Ecliptic, as defcribed 0 317, 
3i@, and 'Gft backward through all its Signs and 
Dekrees in I 8; years. l ' h c  Degrees of the Moon's 

I" Lati tude, 

mc 

&!le. 

othe 9 (  rbelow it. T h e  Nodes, or Points at o and 0, 
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Latitude, to the highefi a t  N L  (North Latitude) 
and low& at  S L (South Latirude) are engraven 
both ways from her Nodes at  o and 0; and, as the 
.Moon r i k s  find falls i n  her Orbit according to its 
inclination, her Lmitrrde and Ditlance from her 
’&odes are h e w n  for every day j hav ing  fir& reAi- 
fied her Orbit Co ‘ns to k t  the Nodes to their proper 
places in  the Eclipric : and ‘Itlien, as they colne 
abollt at different, and almolt oppofite, times of the 
year, 5 319, and point twice toward the Sun, all 
the EcIipfes ninp he fliewn for hundreds of years 
(without any new re&ification) by t u r n i n g  the 
Machinery backward for time palLt, or forward for 
time to come. A t  17 Degrees difiancc from each 
Node, on both fides, is engraven a find1 Sun; and 
at 12 Degrees diltance, a fmall Moon ; which 
ihew the iimits of folar and lunar Eclipfes, 5 317: 
and when; at any change, the Moon falls between 
either of thek Suns and the Node, the Sun will bc 
eclipfed on the day pointed to by the Annual In- 
dex (No. IO.), and as the Moon has then North or 
South Latitude, one may eafily judge whether that 
Eclipfe will be vifible in the Northern or Southern 
Nernifphere ; efpecinlly as the Earth’s Axis in- 
clines toward the Sun or from him a t  that  time. 
And when, at any Full, the Moon falls between 
either of the lirele Moons and Node, flie will be 
eclipfed, and the Annual Index hews the day of 
,gist Eclipfe. There is a Circle of 295  equal parts 
(No. 8 , )  on the cover of the Machine, on which 
an Index hews the days of the Moon’s age, 

A femi-ellipfis and femi-circle are fixed co an el- PLATE 

and the forked part F upon the Moon, 
&hews, the Tides 6 as the Earth turns round wirhin 
them, and they are led round it by the Moon, 
When the different places come to the frmi-ellipfis 
P 1z E 2, B, they have Tides of Flood ; and when 
lhey corne CQ the remicircle C E D, they l i i ive Tides 

R d  2 of 

ring, which being put like a cap upon the Fig, 1x. ,,, 
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of Ebb, $304, 305 ; the Index on the Hour-Circle 
(No. 7.) hewing the times ofthefe Phenomena. 

1 'There is a jointed Wire, of which one end being 
a hole i n  the upright Item that  holds the 

cap, and the Wire laid into a Pmall forked 
piece wliich may be accafionally put upon Venus 
or Mercury, fhews the direkt and retrograde Mo- 
tions of thefe two Qlanets, with their fiationary 
Times and Places as feen from the Earth, 

The  whole Machinery is turned by a winch or 
handle (No. 12.) and is fo errlily moved, that a 
clock might turn i t  without any danger of Aopping. 

T o  give a Plate of the wheel-work of this Ma- 
chine would anCwer no purpofe, becaufe many of 
the wheels lie fo behind others, as to hide them 
from fight in any view whatfoever. 

Anotber 398. Another ORRERY. In tliis Machine, which 
O R R E R Y .  is the firnplcit I ever raw, for fhewing the diurnal 

PLATE and- annual motions of the Earth, together with 
the motion of the Moon and her Nodes, A and B 
are two oblong fquare places held together by four 
upright pillars ; of which three appear a t 5  g, and 
g 2: Under the Plate A is an endlefs fcrew on the 
Axis of the handle b, which works in a wheel fixed 
on the fame Axis with the dauble-groovedgwheel 
E ;  and on the top of this Axis is fixed the toothed 
wheel i, which turns the pinion k, dn the top of 
whore Axis is the pinion k 2 ,  which turns another 
pinion b z ,  and that turns a third, which being 
fixed on u 2, the Axis of the Earth U, turns it! 
round, and the earth wi th  it: this lafi Axis inclines 
in an angle of 23: Degrees. T h e  fupporrer X 
in  which the Axis of  the Earth turns, is fixed tu 
the inoveable Plate C. 

I n  the fixed Place B, beyond H, is fixed the 
itrong wire d, on which hangs the S u n  T, To as it 
may turn round the wire, To  this Sun is fixed the 
wire or folar ray 2, which'(as the Earth U turns 
round its Axis) points ea all the places that  the 
Sun paires vertically Over, every day of the year. 

The 

Fig. I. 
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The Earth is half covered with a black c3p n, ab 
i n  the former Orrery, for dividing the day from 
the night; and, as the different places come out 
from below the edge of the cap, or gdin below it, 
they hew the times of Sun-rifing and retting every 
day of the year, This cap is fixed on the wire b, 
which has a forked piece C turning round the wire 
d :  and, as the Earth goes round the Sun, it car- 
ries the Cap, Wire, and folar Kay round him ; fa 
that the folar Ray conftantly points toward the 
Earth’s Cerrter. 

On the Axis of the pinion k is the pinion m, 
which turns a wheel on the cock or fupporter n, 
and on the Axis of this wheel nearefi n is a pinion 
(hid from view) under the Plate C, which pinion 
turns a wheel that carries the Moon Y round the 
Earth U; the Moon’s Axis riling and falling in 
the rocket JV, which is fixed to the triangular pieca 
above 2,; and this piece is fixed to the top of the 
Axis of the lafi-mentioned wheel, T h e  focltct W 
is flit on the outermolt: Gde: and in this flit the 
two pins near Y, fixed in the Moon’s Axis, move 
Up and down; one of them being above the in- 
clined Plane rX, and the otlier below it. By this 
mechanifm, the Moon Y moves round the Earth 
f in the inclined Orbit 2, parallel to the Plane of,  
the Ring TX; of which the Defcending Node is 
at X, a id  the Afcennding Node oppofitt: to it, bur 
hid by the lipporter X 2, 

T h e  finall wheel E turns~ehe large wheels D and 
of equal diameters, by cat-gut firings cromng 

between them: and the Axes of chefc two wheels 
ate cranked a t  G and H, above the Plate B. The 
upright items of chefe cranks going through’ the 
Plate C, carry it over and over the fixed Plate B, 
with a motion which carries the karth Uround the 
Sun T, keeping the Earth’s Axis always parallel 

tfelf, or ,tiill inclining doward the k f c  hand of 
Plate; and fliewing the vicilfirudes of Ceafons, 

QS defcribed in the tenth chapter. As the Garth 
D d 3  $ 0 0  
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goes round the Sun, the pinion k goes round the 
wheel i, for the Axis of k never couches the fixed 
Plate B, but turns on a wire fixed into thi: Place C. 

O n  the top of the crank G is an Index L, which 
goes round the Circle m 2 in the time that the 
Earth goes round the Sun, and points to the days 
of the months; which, together with the names of 
the feafons, are marked in this Circle. 

This Index has a fmall grooved wheel L fixed 
upon it, round which, and the Plate 2, goes a cat- 
gilt firing crofing between them; and by this 
means the Moon's inclined Plane TX, with its 
Nodes, is turned, backward, for fiewing rhe times 
and returns of Eclipfes, § 3 1 0 ~  JZO. 

The following parts of this machine muR be 
confidered as diftinEt from tliofe already defcrib- 
ed . 

Toward the right hand, let S be the Earth 
hung on tiit: wire e, which is fixed into the Plate 
3; and let 0 be the Moon fixed on the Axis M, 
and turning round within rhe cap P, in which, and 
in the Plate: C, the crooked wire %is fixed. On 
the Axis M i s  alfo fixed the  Index K, which goes 
round p Ciiclc: h 2, divided into 29$ equal parts, 
which are the days of the Moon's age: but to 
avoid confufion i n  the fcheme, it is only marked 
with the numel.ill figures 2 3 4, for the Quarters. 
3 s  the crank N carries this Moon round the Earth 
S in the Orbir t, fhe h w s  all her Phaks by means 
of the cap P for the different days of her age, 
which are h e w n  by the Index K j  this Index turn- 
ing jutt  as the Moon 0 does, demonfirates her 
turning round h e t  Axis, as fie ail1 k e e p  the fame 
fide toward the Earth S, 4 262. 

At the other end of the Plate C, a Moon N goes 
round an Earth R*in theOrhitp.  But this Moan's 
Axis is+ituck faIt into die Phre C at S 2, io that 
neither Moon nor Axis can turn round 4 and asi 
chis Moon goes round her Earth, flie fhews hcrfelf 
all round to i t ;  'which proves, that if the Moon 

5 '  Wag 
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was reen all round from the Earth in o Lunation, 
fhe could not turn round her Axis. 

N. B. If there were only the two wheels I) and 
F, with a cat-gut firing over them, biit hot crolling 
between them, the Axis of the E a r t h  U would keep 
its Parallelifm round the Sun ‘T, and fhew all the 
feafons; as I fometimes make there Machines: 
and the Moon 0 would go round the Earth 8, 
fiewing her Phaftrs as above ; as likewife would 
the  Moon N round the Earth R ; but then, neither 
could the diurnal motion of the Ear th  U on its 
Axis be hewn, nor the motion of the Moon Y 
round the Earth. e 

399. In the year 1746 I contrived a very firnple TheC*r- 
C U L A ’ I  OR. Machine, and dekribed its performance in a fmali 

Treatif: upon the I’lienomena of the1darveft-Moon, 
publiflied jn the  year 1747.  I improved i t  Coon 
after, by adding another wheel, and called it The 
Culculntor. I t  r n d y  be eafily made by any Gentlc- 
man who has a mechanical Genius. 

T h e  great f l ~ C  12irig fi.ipporter! b y  twelve pillars, PLATE 
and on which the twelve Signs with their reljm9ive l ~ i g , ~ ,  
Degrees are laid down, is t h e  Ecliptic j nearly, in 
the centre of i t  j s  the Sun S, fupported by the firong 
crooked Wire 1;  and from the Sun proceeds a 
Wire W, called the Solar Roy, I’ointing toward the 
centre of the Earth t;, wliicli IS furniflied with a 
moveable Horizon N, together with a brazen Me- 
ridian, and @adrant of Altitude. R is a fmall 
&cliptic, whofe Plane coincides with chat of the 
great one, and has the like Signs and Degrees 
marked upon it;  and is fupported by two Wires 
D and D, which are put into the Plane P P, but may 
be taken off a t  pleature. As the Earth goes round 
the SunJ the Signs of this finall. Circle keep paral- 
lel to themklves, and to ttrol‘e of the griac Eclip- 
tic, When it is talqen OR, and the tblar N a y  W 

‘drawn farther out, To as alinofi to touch the Hori- 
zon 22, or the Qadrant  of Altitude, the 1-Iorizon 

Dd4 being 

VII1. 
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bcirrg reElified to any  given Latirude, and the Earth 
turned round its Axis by hand, the point of rha 
Wire Whew the Sun's Declination i n  pafling over 
the graduated brak Meridian, apd his height a t  
any given time upon the Qadrant  of Altitude, to- 
gether with his Azimuth, or point of bearing upon 
the Horizon at that  tirnc ; and likewife his Ampli- 
tude, and time of riGng and fitting by the Hour- 
Index, for any day of cbe year that the Annual-In- 
dex Upoints to i i i  the Circle of Months below the; 
Sun. M is a Solar-Index or Pointer flipported by 
the wire L, which is fixed into t h t  1tnobIC.t the 1112 
of this Index is to fliew the Sun's place in the 
Ecliptic every day in,thc year ; for it goes over the 
Signs and Degiees as the Index Ugoes ov'er the 
Months and Days ; or rdther, as they pars under 
the Index i n  moving the cover-plate with the 
Ear th  and its Furniture round the Sun; for the 
Index U is fixed tight on the immoveable Axis in 
the Centre of the Machine. K is a kno6 or handle 
for moving the Earth round the Sun, and the Moon 
round the Earth. ' 

' As the Earth is,carried round the Sun, its Axis 
conitantly lterps the fiime oblique direftion, or 
p!rallel to i tk l f ,  $ 48, 202,  fliewing thereby the 

tdiffcrcnt lengths of dnys and nights at difhent  
times of rhe year, with all the various fiaions. 
And, in one annual revolution of the E a r t h ,  the 
Moon M goes I 2; times round it from Change 
to Change, having nn occafional provifion for ihew- 
jng her diFirent Phafis.  The lower end of the 
Moon's Axis bears by a final1 friEtion-wheel up00 
the inclined P lane  I; which caufes the Moor) to 
rife above and fink brlow the Ecliptic R i n  every 
Lunation ; croang i t  in her Nodes, which fhifc 
bwkward through'all the Signs and Degrees of the 
faid Ecliptic, by die rerrograde Motion of the in- 
clined Plane T, in 18  yrars and 225 days. On 
this Plane the Degrees and Parts of the Moon's 
North and South LaLitude are laid down fipm both 

t hs 
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the Nodes, one of which, viz, the Defcending 
Node, appears at 0, by D N above 3 ; the other 
Node being hid from Sight on this Plane by tho 
place P P ;  and from both NOdes, at proper dif- 
tancesk a$ in  the other Orrery, the limits of Eclip- 
fes are marked, and all the folar and lunar Eclipfes 
are hewn in the fame manner, for any given year 
within the limits of 6000, either before or after die 
Chriitian X r a .  On the plate that covers the wheel,- 
work, under the Sun 8, and round the knob K, 
are Aitronomical Tables, by which the Machine 
m a y  be reaified to the brginning of any given year 
within t h o k  limits, in three or four minutes of time; 
and when once fet right, may be turned backward 
lor  3ooyears pait, or forward for as many to come, 
without requiring any new recftification. There is 
ia method for its adding up the 29th of Febr,uary 
every fourth year, and allowing only 28 days to 
that month for every other three j but a l l  this be- 
ing performed by a particular manner of cutting 
the teeth of the Wheels, and dividing the Month- 
Circle, too long and intricate to be defcribed here, 
I fhal l  only fhew how there Motions may be per- 
formed near enough for common ufe, by wheels 
with grooves and car-gut firings round them ; only 
here I mqR put the Operator in mind, that tho 
grooves are to be made ha rp  (not round) bottom- 
ed, to keep the firings from nipping. 

* T h e  Moon's Axis moves up and down in the 
foclcet N fixed into the bar 0 (which carries her 
round the Earth) as flie rifes above or finks below. 
the Ecliptic ; and immediately below the inclined 
Plane T i,s a flat circular plate (between r a n d  T') 
on which the different Eccentricities of the Moon's 

' Orbit: are laid down i and likewife her mean Ano- 
niaiy and elliptic Equation, by which her true 
Place may be very nearly found at any time, Be- 
low, .this Apogee-plate, which hews the Anomaly, 
&C, is a Circle r divided intq 29: .  equal parts, re which 
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which are the days of the Moon's age: and the 
forked end A of the Index A B  (Fig. 11.) may be 
put into the apogee-part of this plate; there be- 
ing jufi fuch another Iridex to put into the inclined 
Plane I' at the Arcending Node:  and then the 
curved points B of chefe Indexes ihew the dire& 
motion of the Agogee, and retrograde Motion of 
the Nodes through the Ecliptic X, with their 
Places in it at any  given time. As the Moon M 
goes round the Earth E, ihe fhews her P,lace every 
day in the Ecliptic R, and the lower end of her 
&is fhews her Latitude and Difiance from her 
Node on the inclined Plane I; alfo her DiRance 
from her Apogee and Perigee, together with her 
mean Anornalv, the then Eccentricity of her Orbit, 
and her El!iptic €quation, all on the Apogee. plate, 
and the Day of her Age in the Circle Yof 2 9 t  

'equal parts ; for every day of the year pointed out 
by the Annual Index U in the Circle of Months. 

Having reltified the Machine by the Tables for 
the beginning of any year, move the Earth and 
Moon forward by the knob K,  until the Annual 
Index comes to any given day of the month,'then 
fiop, and not only all the above Phenomena may 
be ihewn for that day, but alfo, by turning the 
Earth round its Axis, the Dcclination, Azimuth, 
-Amplitude, Altitude of the Moon at any hour, 
and the Times of her r i h g  and retting, are hewn 
by rhe Horizon, Qindrant of Altitude, and Hour- 
Index. And in moving the Earth round the Sun, 
the days of all the New and Full Moons and Eclip- 
fes i n  a n y  given year are h e w n .  The  Phenomena 
of the HarveQ-Moon, and thofe of the 'Tides, by 
fuch a cap as that in Plate IX. Fig. IO. put upon 

-the Earth and Moon, together with the folucion of 
many problems not here related, are made con- 
fpicoous , 

The eafiefi, though not the beit way, that 11 can 
infiru& any mechanical perfon to make the wheel- 

work 
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work of loch a Machine, is as follows : 'which is thk 
way, that  I made it, before-I thought of numbers 
exa@ enough to make it worth the trouble of cut- 
ting teeth in the wheels. 

Fig. 3d of Plate VIII. is a feAion of this Ma- PLATE 
chine ; in which ABCD i s  a frame of woad held to- Fig, llI. 

. gether by four pillars at  the corners ; two of which 
appear at AC and BD. In the lower Plate CD 
of this frame are. three fmall friltion-wheels, a t  
equal difiances from each other 5 two of them ap- 
pearing at e and e. As the frame is moved round, 
there wheels run upon the fixed bottom Plate E& 
which fupports the whole work, 

Inpthe centre of this lafi-mkntioned Plate is fixed 
the upright Axis G If FA and on the lame Axis is 
fixed the Wheel H H H ,  in which are four Grooves, 
I, X, k, L, of different diameters. I n  tliefe Grooves 
are cat-gut firings going all0 round the feparate 
wheels A4, N, 0, and P. 

T h e  Wheel Mis fixed on 3 folid Spindle or Axis, 
the lower pivot of which tu rns  at Ii. in the under 
Plate of the moveable frame A B C D ;  and'on the 
upper end of this Axis is fixed the Plate o o (which 
is P P, under the Earth,  in Fig. I . )  and to this 

' Plate is fixed, at an Angle of 234 Degrees incli- 
nation j the Dial-plate below the Earth 8; on the 
Axis of which, the Index q is turned round by the 
Earth, This Axis, together with the Wheel M,. 
and Plate o 0, keep their Parallelifin in going round 
the Sun S. 

On the Axis of the Wheel M is  a moveable. 
focket, on which the h a l l  Wheel N is fixed, and 
on the upper end of this rocket is put on tight (but 

as it may be occafionally turned by hand) the 
bar 2 iz (viz. the bar 0 in Fig. 1.) which carries 

Moon m round the Earth I, by the fackec n, 
fixed into the bar, As the Moon goes round tlie 
Earth, her Axis rifes and falls in the Cocket n ; be- 
:auk, on the lower end of her Axis, which is turned 
Inward, there is a fmall friRion Wheel s running 

on 

v111. 
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on the inclined Plane X(which i s  9 i n  Fig. I . )  and 
To caufes. the Moon alternately to rife above and 
fink below the little Ecliptic Y Y ( R  in Fig. I . )  in 
every Lunation. 

On the focket or hollow Axis of the Wheel N, 
there is another rocket, on which the Wheel 0 is 
fixed; and the Moon's inclined Plsne X is put 
ti8hely on the upper end of this rocket, not on n 
fquarc, but on a round, that it may be occafionally 
f i t  by hand without wrencliing the Wheel or Rxlc. 

Lafiiy, on the hollow Axis of the Wheel 0 iu 
another focket, on which is fixed the Wheel P, and 
on the upper end of  this focltet is put on tightly 
the Apogee-plate 2! (that immediately below 5" in 
Fig. I . )  All thefie Axles turn in the upper Plate 
of the moveable frame a t  q; which Plate is co- 
vered with the thin Plate c c (fcrewed to it), where- 
on are the fore-mentioned Tables and Month-Cir- 
cie in Fig. t. 

The middle Dart of the thick fixed Wlieel N N  N 
is much broad& than the reIt of it, and comes out 
between the Wheels M and 0 alrnoit to the Wheel 
N. To adjuR the diameters of the Grooves of this 
fixed Wheel to the Grooves of the reparate Wheels 
34, N, 0, and P, fo as they may perform their tno- 
tioos in the proper times, the following method 
mufi be obferved. 

The Groove of the Wheel M, which keeps the 
Parallrlilin of the Earth's Axis, muR be precikly 
of the fame Diameter as the lower Groove I o f  the 
fixed W h q l  IZ FZ E l ;  but, when this Groove is h 
well adjufied as to h e w ,  that in ever To many an- 
nual revolutions of the Earth, its- Axis Beeps its 
Parallelifm, as may be obferved by the h l a r  Kay 
W(Fig, I . )  always coming preciiely to the fame 
Degree of'tlie imall Ecliptic l2 at the end of every 
annual revolution, when the Index M points to the 
like Degree in die great Ecliptic i then, with the 
edge of a thin File, give the Groove of thet Wheel 
M a h a l l  rub all round, and, by thar means lef- 

fining 
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fening the Diameter of the .Groove perhaps about 
the 20th part of a hair's breadth, i t  will caufe the 
Ear th  to h e w  the precenon of the Equinoxes; 
which, in many annual revolutions, will begin to 
be fenfible, as the Earth's Axis deviates flowty from 
its Parallelifm, § 246, toward the antecedent iigns 
of the Ecliptic. 

T h e  Diameter of the Groove of the Wheel N, 
which carries the Moon round the Earth, rnuR bi: 
to the Diameter of the Groove X, as a Lunation is 
to a year, that is, as 2 9 $  to 3658. 

The Diameter of the Groove of the Wheel 0, 
which turns the inclined Plane X with the Moon's 
Nodes backward, mufi be to the Diameter of the 
Groove k, as 20 to 18;t-& 

Lafily the Diameter of the Groove of the Wheel 
P, which carries the Moon's Apogee forward, mutt 
be to the Diameter af the Groove L, as TO to 62, 

n u t  after a11 this nice ad,juCcment of the Grooves 
to the proportional times af their refpeltive Wheels 
turning round, and which kerns ta promife very 
well in 'rheorv, there will  itill be found a necel"- 
f i ~ y  of a farther adjuRment by hand ; becaufe pro- 
per allowance muR be made for the Diarneters of 
the cat-gut firings1 and the Grooves rnuR be Tu 
adjuited by hand, as, t h a t  in the time the Earth is 

' moved once round<tht Sun, the Moon muf i  per- 
form I a fynodical revolutions round the Earth, and 
be almoft I I days old in her 13th revolution, The 
inclined Plane with its Nodes mufi go once round 
backward through ail the Signs and Degrees of the 
fmall Ecliptic in I 8 annual  revblurions ofche Earth, 
and zzs days over. And the Apogee-plate muk 
80 once round forward, fo as its lndex may go 
Over all the Signs and Degrees of the finall Eclip- 
tic .in eight years (or To inky annual revolutions of 
the Earth)  and 3s 2 days over, 
N, B, ' l he  itring which goes round the Groove's 

Xand N for the Moon's Motion miif1 crofi be-' 
tween there wheels ; but all the reit of the firings 

And, 

go * 
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go in their refpedive Grooves, IMk,  0, and L P, 
without croning. 

TheCoMg. 400. The  COMETARIUM. This curious Ma-  
~ * B I U M ~  chine h e w s  the Motion of a Comet, or eccentric 

Body moving round the Sun, deicribing equal areas 
in equal times, 5 152, and may be io contrived as 
to ihew fuch a Morion for any Degree of Eccen- 
tricity. J t  was invented by the late Dr. DESA- 

T h e  dark elliptical Groove round the letters 
o b c d e  f g h i k l m i s  theOrbitofthe CometT:  this 
Comet is carried round in the Groove, according 
to the order of letters by the Wire W fixed' in the 
Sun S, and flides on the Wire as it ,approaches 
nearer to or recedes firther from the Sun, being 
neareit of all in the Perihelion a, and fartheit in 
the Aphelion g. l 'he  areas a S 4, L S c, c S d, &c, 
or contents of there reveral Triangles, are all equal : 
and in every turn of the Winch N the Comet 2" is 
carried over one of there areas : coriiequently in as 
much time as it moves from J to g, or from g to k, 
it moves from m to a, or from a to b ;  and To of 
the reit being quickdl of all at a; and flowefi at gb 
Thus, the Comet's velocity in  its Orbit continually 
decreafes from the Perihelion a to the Aphelion g ; 
and increafes in the fame proportion from g to a. 

The elliptical Orbit is divided into 12 equal Parts 
or Signs, with their reipeklive Degrees, and Po is 
the Circle n o p  q r 5 t n, which rcprefents a great 
Circle in the Heavens, and to which the Comet's 
motion is referred by a fmall knob on the point of 
the Wire W'. While the Comet moves from f to g 
in its Orbit, it appears to move only about five 
degrees in this Circle, as is hewn-by the fmall knob 
on the end of the Wire W ;  but in the like time, 
as the Comer moves from m to a, or from a to:&, 
it appears to defcribe the large fpace t n or n D in 
the Heavens, either of which fpaces contains rao 
Degrees, or four Signs. Were the Eccenrricity 

of 

GULIERS.  
PLATE 

lV* 
Fig, 1V. 



Tbe. C o itr ETA R I er III n’firised. 
of its Orbit greater, the greater fl i i l  would be the 
difference of its motion, and vice vet$&. 

Al?CDET;’GHIKT,Md is a circular Orbit *for 
fllewing the equal Motion of a Body round the 
Sun S, defcribing equal Areis AS B, B S C, Scc, in 
q u a l  times with thok of the Body Tin its ellipticat 
Orbit above-mentioned j but with h i s  ,difference, 
that the circular motion dcfcribes the equd Arcc 
A B, B C, &c. in the fame equal times that the ellip- 
tical Motion defcribes the unequal Arcs R b, I C ,  &c. 
‘ Now, fuppofe the two Bodies r and I to fiart 

from the Points n and A a t  the fame moment Q€ 
time, and each having gone round its rerpeRive 
Orbit, to arrive at  thek Points again at the fame 
inftant, the Body Y will be forwarder in its Orbit 
than the Body I all the way from a tog, and from 
A to G ; bur I will be forwarder than 2‘ through 
all the other half of the Orbit ; and the diffweece 
is equal to the Equation of the Body Y in its Or- 
bit. At the points a, A, and g, G, that is, in the 
Perihelion and Aphelion, they will be equal ; and 
then the Equation vaniflies, This h e w s  why the 
Equation o f a  body moving in an elliptic Orbit, is 
added to the inem or fuppofed circular Motion 
from the Perihelion to the Aphelion, and fub- 
traaed fiom the Aphelion to t!ie Perihelion, in 
Bodies moving r o u d  the Sun, or from the Poi- 
gee to the Apogee, and from the Apogee to the 
Perigee in the Moon’s Motion raund the Earth, 
according to the Precepts i n  the 353d Article i 
only we are to confider, that when Motion is 
turned into Time, it revcrfks the titles in the 
Table of FTbe Moods elliptic Epafiorz. 

her by the Machine, 
.the box containing the wheel-work) above which 
art the Wheels 1) atid 8 ; and below it  the rlliptic 
plates F F  and G Gj, each Rare  being fixed on an 
h i s  in one of its Focuks, at  E and R :  and clic 
W h e l  23 is fixed on the fame Axis with {lie Plate 

I; F. 

41 $ 

This Motion is performed in the following man- PLATE 
A 1: C is a wooden bar (in Ki* v, 



at 6 D e  COMETARIVM dflcri8ed. 
FF. There Plates have Grooves round their edge8 
precifely of equal diameters to one anotller, and iri 
thek Grooves is the car-gut Rringgg, gg  crofling 
between the Plates at h. On H (the Axis of the 
handle or winch Nin Fig. 4th) is an endlefs h e w  
i n  Fig. 3, working in the Wheels D and E, whofa 
numbers of teeth being equal, and fhould be equal 
to  the number of lines a S, t S, c S, &c. in Fig. 4, 
they turn round their Axes in equal times to on0 
another, and to the Notion of the elliptic Plates, 
For, the Wheels D and E having equal numbers 
of teeth, the Plate FP, being fixed on the fame 
Axis with the Wheel E ,  and the P1,ate F F t u r n i n g  
the equally big Plate G G by a cat-gut firing round 
them both, they mufi all go round theirs Axes in 
as m a n y  turns of the handle N as either of the' 
WheeIs has teeth. 

I t  is eafy to fee, chat the end b of the elliptical 
Plate E'F  being farther from its Axis E than the 
oppofite end i is, muft dercribe a Circle To much 
the larger in proportion ; and mufi therefore move 
through fo much more $ace in the fame time; and 
for that reafon the end h moves To much fafier than 
the end i, although it goes no fooner round the 
Centre E ,  But then, the quick-moving end h of 
the Place F F  leads about the ko r t  end h K of the 
Plate GG with the fame velocity; and the flow 
moving cnd i of the Plate F E coming half round, 
as to By muft then lead the long end k of the Plate 
G G as flowly about: So that the elliptical Plate 
F F  and its Axis E move uniformly aod equally 
quick in every part of its revolutior~; but the 
elliptical Plate G G, together with its Axis K, mufi 
move very unequally in diffrrent parts of its rev09 
iution : the diffirence being always invcrfely as the 
diftance of any points of the Circumference of G 
from its Axis at K j or in other words, to in. 
fiance in two points, if the diltancc Kk, be four, 
five, or fix times as great as the difiance K b ,  the 
Point k will move in that poficion four, five, or fix 

timer 



!!'be improved CELESTIAL GLOBE de/"Cribd. 4i7 
. times as faR as the point k does : when the Plate 
G G has gone half round: an? fo o n  for a n y  other 
Eccentricity or DiEerence of the Diflances Kk and 
R b ,  ?'he tooth ion the Plate P P f a l l s  i n  between 
the two teeth a t  \k on the Pli~te G G, by which 
means cbc re,volutioh of the latter is Io adjuRed to 

'that of the former, 'that they can never vary froin 
one soother. 
On the top of  the Axis of the equal ly  moving 

Wheel D, in Fig. 5th,  is the Sun & i n  Fig.. 4th; 
which Sun, by the ,Wire 2 fixed to it, car& the 
Ball I round the Circle AB CD, &c. with an equa- 
ble Motioh according to the order of the letters! 
..and on the top of the Axis K of the- unequally- 
moving EllipBpGG, in Fig. Stli, is the Sun S in 
pig. qrh, ,carrying the Ball 2" uiiequallv 'round in 
&e elliptical Groove u I c d, &c. N. B.  This 
diptical Groove muIt be precifcly equal and limi- 
lar to the verge of the Plate G G, whicli is alfo equal 
40 that of F p ,  

&e true motion of the Moon about the Earth, or 
of any Planet about the Sun; by malting the ellip- 
tical Plates of the rame eccentricities, in  propor- 
*1Qn to the Radius, as the Orbits of the Pl,inets are, 
C"hofe Motions they reprefwe ; and To, their dif- 
'fCrene Equations, in diEcrent parts of their Orbits, 
may be made plain to the fight : and clearer ideas 
\of thefe Motions and Equations will be acquired in 
half an hour, than could be gained from reading 

In chis manner, Macliincs may be made to 

a day about them. 

401. The IMPROVED CECESTIAL GLOBE. On Theim- 

'$e north Pole ol the Axis, above d ie  Hour=Cirde, r'i:!,2:0 
Is fixed an Arch M X  N of 23; Degrees ; and ar O L ~ B E .  

the end N is fixed a n  upright pin HG, which 
ftands dir&ly over the North pole of the Elcliptic, 
and perpendicirlar to that part of the fur fxe of the 

Qn this pin are two movcabk Collets at PUTE 
'\and 13, to which are f ixed the quadrantal Wires Fjg,J[f. 

E e  2V and 
111. 



The itnproved CELEST~AL GLOBE dtfcribsd. 
Nand 0, having two little Balls on their ends for t h  
Sun and Moon, as in the Figure. The  Collet D ig 
fixed to the circular Plate F, on which the 294 days 
of the Moon’s age are engraven, beginning jufi 
under the Sun’s Wire N: and as this Wire is moved 
round the Globe, the Plate F turns round with ib 
T i d e  wires are eafily turned, if the fcrew G bc 
flaclcened ; and when they are (et to their proper 
place?, the h e w  ferves to fix them there; To that 
when the Globe is turned, the Wires with the Sun 
and Moon may go round with i t ;  a d  thefe two 
little Balls rife a i d  fet at the fame times, and on 
the fame points of the Horizon, for the day to 
which they are retltified, as the Sun and Moon do 
i n  the Heavens. d 

Becaufe the Moon keeps not her courf‘ in the 
Ecliptic (as the Sun appears to do) but has a Ded 
clination of 5; degrees, on each fide, from it ,in 
every Lunnrion, 317, her Ball may be fcrewed 
as many degrees to either fide of the Ecliptic 
her Latitude, or Declination from the Ecliptict 
amounts to, at: any  given time; and for this pur. 
gofe S is a fmall piece of pafieboard, of which the 
curved edge at S is to be iet upon the Globe, 
tight Angles to the Ecliptic, and the dark line over 
S to ftand upright upon it, From this line, ow 
the convex edge, are drawn the 5.; Degreea of the 
Moon’s Latitude on both Gdcs of the Ecliptic; 
and wBen this piece is k t  upright on the Glober 
i t s  graduated edge reaches to the Moon on ti)e 
Wire 0, by which means flie is eafily adjulted 10 
her Latitude found by an Ephemeris. 

The Horizon is fupported by two femicircdaf 
Arches, becaufe pill rs would fiop the progrefs df 
the Balls, when the 3 go below the Horizon in 
oblique fj~liere. ’ 

TorrRify To reEtify this GZQ~G. Elevate the Pole to tm 
Latitude of the J%CC 6 tlien bring the Sun’s pPce 
in the Ecliptic for the given day to the braf4 
Meridian, and kt  the Hour-Indcx to XI1 at n.ooPa 

it, 

7 FhP. 



Th PLANETARY GLOBE dflccrited, 

that is, to the upper XI1 on the Hour-Circle, 
keeping the Globe in that  fituatian ; fiacken the 
h e w  G, and fet the Sun direlttly over his place on 
the Meridian i which being done, fee the Moon’s 
wi re  under the number that exprefits Iter age for 
that day on the Place F, and h e  will then Rand 
over her place in the Ecliptic, and h e w  what Con- 
itellarion flte is in,  h f i l y ,  f a h n  the h e w  G, 
grid laying the curved edge of the pafieboard S over 

’ the Ecliptic, below the Moon, adjaR the Moon to 
her latitude over the graduated edge of the paltc- 
board; and the Globe will  be refiifizd. 

,and obferve on what points of the Morizbn the 
S u n  and Moon Balls rife and fer, for rhefe agree 
With the points of che Compafs on which the Sun 
.and Moon tire and fct in the Heavens on the given 
d a y  : and the Hour-Index fliews the times of their 
i i h g  and retting; , and lilcewil;: the time of the 
hzoon’s pafing over the Meridian. 

This iimpk Apparatus fliews all the varieties 
that can ~iappen in the rifing and retting of the 
Sun and Moon; and makes the forementioned, 
J’henornena of the EIclrvelt Moon (Chap, xvi.) 
fain to the eye. It is allb very ofeful in reading 

t ellures on the Globes, becaiife a large company 
$an Tec this Sun and Moon go round, riGng above 
and retting below the Horizon ae different times, 
according to the fcafons of the year ; and making 
their appuifes to direrent fixed Stars. But in the 
bfiial way, where there is only the places of the 
Sun and Moon i n  the Ecliptic to keep the eye 

they are eafily 1011 ii~$c of, unlefs they be 
Covered with parches. I 

419 . .\ 

Having thus reaified the Globe, t u rn  i-t round, rtc &. 

40% The  PLANETARY GLOBES. I n  this Ma- The  rLn- 
N x r A n r  

I is a terelirial Globe fixed on its Axis Gros..  
.%ding upright 011 the Pcddlal CD E, on whict)ii ’I,. VlI f .  

an Hour-Circle, ~iaving its Index fixed on thi: ‘l**lv* 
axis, which turns fornewhat tightly in the I’cctefid, 

E e  2 Eo 



&rr Tbt PLANETARY GLOBE dqiiibad. 
To that the Globe may not be liable to hake; to 
prevent which, the PedeRal is about two Inches 
thick, and the Axis goes quite through it, bearing 
on a fioulder. The  Globe i:s hung in a graduated 
brazen Meridian, much in the ufual way ; and 
th in  Plate N, NE, E is’a moveable Horizon, 
duated round the outer edge, for fiewing the Bear- 
ings and Amplitudes of the Sun, Muon, and 
nets. 
outer edge: and in this Groove is a flender fern;; 
circle of brafs, the ends of which are fixed to the 
Horizon in its North and South Points : this fiemi0 
circle aides in ‘the Groove as the Horizon is moved 
in rettifying it for different Latitudes. To the 
middle of the feml-circle is fixed a Pin, which a i l  
ways keeps in the Zenith of the’l-lorizon, and oh 
this Pin, the Quadratit of Altitude 4 tbrns; the 
lower end of which, in all pofitions, toucheg the 
Horizon as it is moved round the fine.  This 
Quadrant is divided into 90 Degrees from the Ha. 
rizon to the Zenithal Pin on which it is turned, at  
90. The great flat Circle or Plate AB is the kclip* 
tic, on the outer edgeof which the Signs and ’Der 
grees are laid down; and every fifth Degree 
drawn through the reR of the furface of this, Plat@ 
towards irs Center. On this Plate are fevefl 
Grooves, to which feven little 13alIs are adjufied by 
fliding Wires, To that they are eafily moved in th@ 
Grooves without danger of fiarting out of themi 
The Ball next the terrefirial Globe is the Mooor 
the next without it is Mercury, the next Venus# 
the next the Sun, then Mars, then Jupiter, and 
laltly Saturn ;  and in order ro know them, thcY 
are hparately Ltampt with the following Charai5tefs.l 
9, 9 Z! , Q ,  6 , 2 ~ ,  b . ThisPlateorEclipticJs 
Cupparted by four firong Wires, having their lowef 

Etjurth being hid by the Globe, The Ecliptic 
inclined 23f Degree! to the Pedeital, and is there- 

T h e  brazen Meridian is grooved round 

tiands fixed into the PedeRal, at C, Dj and E, 

fore 



sJ3be &ANETAR-Y GLOR E dt$cribed. 
fore properly inclined to the Axis of the Globe 
which Rands upright on the PedeRal. 
To rtnifY this Machine. Set the Sun and all the 

an,erary Balls, to their geocentric plnces in the g diptic for a n y  given time, by an Ephemeris; 
then fit the North Point of the Horizop to the 
Latitude of your place on the brazen Meridian, 
and the Qiadrant of Altitude to the South Point 
Qf the Horizon ; which done, turn the Globe with 
i t s  furniture till the Quadrant of Altitude comes 
right againR the Sun, viz. to his place in theEclip- 
tic; and keeping it tlierc, fet the Hour-Index to 
the Xi1 next t lx letter C; and the Machine will 
be rectified, not only for the followin Problems, 

find out. 
but for feveral others, which the Arti E may eafily 

422 ' 

P R O B L E M  I. 
To $nd the haplitudes, Mwidinn Altitudes, and 

times. of riJing, culminating, nnd fetting, of the 
Sun, ~ o o n ,  arid Pinnets. 

'Turn the Globe round eafiward, or accordlng ItrU{C. 

\6 the order of the Signs; and when the eaRern 
edge of the I-3[orizun comes riglit againit the Sun, 

or any Planet, the Hour-Index will ihcw 
the time of iis rifingi and the inner edge of the 
Ecliptic will cut its riling Ainplitude in the horizon. 
Turn on, and when the Qiadrdnt of Altitude comes 
righe againti the Sun, MoonS or any Planet, the 
1G~liptic will cut their Meridian Altitudes, on the 
&&adrant arid the Hour-lnrlex will h e w  the times 
Qfthcir coming to the Meridian. Continue turning, 
a!d when' the weitern edge of the Horizon comes 
right againR the Sun, Moon, or any Plai)et, their 
h n  Amplitudes will be cut on the Horizon by 

&liptic; and the rimes of their fetting will bo 
k w n  by the Index on the Hour-Circlc. 

E e  3 P&Om 
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P R O B L E M  11. 
t7bj i id the Ahitudc and Azimuth of the Siut, Mooti, 

and Planeis, nt any time of their Sehg ahove tlbs 
floorizon. 

T u r n  the Globe rill the Index comes to the 
given time in the Hour-Circle; then keep the 
Globe ficady, and moving the Qiadrant of Alti- 
tude to each Planet refpdtively, the edge of the 
Ecliptic will cut the Planet’s mean Altitude on the 
‘Qiadrant, and the Q a d r a n t  will cut the Planet’a 
Asirnuch, or Point of bearing on the Horizon, 

1’ R 0 B L E M 111. 
73e Stkn’s Atitade being given at any time either 

before or laJter Noon, tojibid the H o w  of tbe Day! 
and the Variption of ?be CompaJs, in +an1 know3 
L a h d e .  

With one hand hold the edge of the QuadraPt 
right again@ the S u n ;  and with the other hand? 
turn the Globe writward, i f  it be in the forenoon, 
or eaitward if it be in the afternoon, until th@ 
pun’s place at the inner edge of the Ecliptic cut9 
the Q a d r a n t  in  the Sun’s obferved Altitude, and ’ 
then the Hour-Index will p i n t  out the time $ 
$he day, and the Qiadran t  will cut the true Azf4 
muth or bearing <;f the S u n  for that  time: th@ 
difference betweeri which, and the Bearing 
’by the Azimuth Cotnpafs, is the variation of 
rhe Compafs in  that place o f  the Earth, 

403. T h e  TRAJECTORIWM LUNARE. This ’v’gi 

Moon, hewing what fort of Curves they make ia 
the ethereal regions; and was ju i t  mentioned ’ 

th4 

J L C T O R I -  Chine is for delineating the Paths of the Earth 
py Lu- 
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the 266th Article. 
whofe Centers are 8 1  Inches diflant from each 
bther ; every Inch anfwerinq to a Millian o f  Miles. 
$ 47. M is the Moon, whore Center is $2v parts 
of an Inch from the Earth’s i n  this Machine, this 
being in j u i t  propoition to the Moon’s diitance 
from the E:arth, Q 5 2 .  A A  is ;i I3ar of Wood, to 
be moved by hand round the Axis g, which is fixed 
in the Wheel r. T h e  Circumference of this 
wheel  is to the Circumference of the finall Wheel 

(below the other end of the Bar) as 365$ days 
IS to 29i.; or as a Year is to a Lunation. Tile 
Wheefs are grooved round their cdgcs, and i n  the 
Grooves is the c;it-gut itring G G crolling between 
the. Wheels at  X. On t5e Axis of the Wheel .L 
is the Index F ;  in which is fixed the Moon’s Axis 
&€ for carrying her round the E a r t h  E (fixed on 
the Axis of the Wheel L )  in  the time t h a t  the In- 
dex goes round a Circle of 29f q u a l  parts, which 
are the Days of the Moon’s age. The  Wheel T 
has the Months and Days of the Year all round its 
Limb;  arid in the Bar‘AA is fixed the Index I, 
Yhich points out the days of the Months anfwer- 
*“g to theDays of the Moon’s age, h e w n  by the 
Index F, i n  the Circle of 2 9 +  &qual parts at  the 
other end of the Bar, On the Axis of the Wheel 
t is put the piece P, below the Cock C, in which 
this Axis turns round ; and in D are put the Pen- 
cils e and m, dire€tly under the Earth E and Moon, 
M; fo t h a t  m is carried round e, as M is round E. 

w1 the Wheel Y, to cauk its fpikcd feet (of which 
WO appear at P and P, the third being fuppofcd 
to be hid fioln fight by the Wheel) to enter a little 
into the Floor, to fecure the Wheel  from turning. 
Then lay a paper about four feet long under thc 
Pencils e and m, crofs-wife to the Bar;  which done, 
nMve the Bar flowly round the Axis g of the Wheel 
r; and, as the Earth E goes round the S u n  5, the 
Moon M will go round theEarth with a duly pro- 

EG 4 portioned 

S is the Sun, and E rhe Earth, PLATE 
v11 

Lay theMachine 011 an  even Floor, prefin;: gently ItBure. 



424 The TIDE-DIAL dflcribed, 
portioned velocity j and the fridtion Wheel W ruq- 
ning on the Floor, will keep the Bar fro,m bearing 
too heavily on the Pencils e and m, which wil l  d& 
lineate the Paths of the Earth and Moon, as in 
Fig. zd. already defcribecl at large, 5 266, 267, 
As the Index I points out the Days of the MOntllSI 
the Index P fhews the Moon's age on thek Days 
i n  the Circle of 291 e q r d  parts. And as this la& 
Index points to the different days in its Circle, 
the like numeral Z;igures may 6e fet KO thofe parcs 
of the curves of the Earth's path and Moons, 
wheie the Pencils e and m are a t  thufc timrs re- 
fpeltivrly, to h e w  rhe Places of the E a r t h  and 
Moon. If the Pencil B be pufl~cd a very little off; 
as if fiom the Pencil m, to about & pare of their 
diltance, and the Pencil UT pu@ed as much toward 

to bring them to the t n i e  difiance again, though 
not to the fame points of fpace; then, as m goes 
round 6,  e will go as i t  were round the Center of 
Gravity betwecn the Earth 6 and Moon s, fs 298 8 
but this rnotion will not ienGbly alter the Figure 
pf the EarthJs Path 01: the Moon's, 

If a Pin, asp, be put through the Pencil m, with 
its head toward that of the Fin q in the Pencil ez 
the head of the former will always keep to the head 
of the latter as q goes round 4, and f lxws that  the 
fame fide of the Moon js continually turned IO the 
Earth.  But khe Pinp, which  may be confidered as 
an equatorial Diameter of the Moon, will t u r n  quite 
round the point m, making all pofiible Angles with 
the Line of its Progrefs, or h e  of the Moon's 
patL. This is an  ocular proof of the Mood% 
turning round her Axis. 

T b c T l p ~ ,  404. T h e  TZDE-DIAL, The outfide par'ts of 
thi i  Machine conftfi of, I .  A n  eight-fided vox, on 

PLATE the top of which at tlie corners is hewn the Phafes 
Fj8, vII, of the Moon a t  the ORants, Quarters, and Full: 

Within there is a Circle of zg,t'equal parts, which 
aye the days of the Moon's age accounted from tho 
Sun at New Moon, roynd to the Sun again, W ittiin 

th i s  

1x. 
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this Circle i s  one of 24  hours divided into their re- 
fpe&ive Halves and Q y t e r s .  2.  A moving el- 
liptical Plate, painted blue, to rcprefent the riling 
of the ?'ides under and oppofice ID the Moon-, 
and has the words, ' High Wnter, T'ide falling, Low 
Wnter, Tide r j h g ,  inarlted upon it. To  one end 
of this Place is fixed the Moon &l by the Wire Nf, 
and goes along with it, 3. A ~ O V G  this elliptical 
Plate is a round one; with the points of the Corn. 
pafs upon it, and alfo the names of above 200 places 
in tlic large Machine (but only 32 i n  the Figure, 
to avoid confiiGon) fer over thofe Points on which, 
the Moon bears when ihe raifes the Tides tojcha 
greateit heights at there Places twice i n  every lunar 
d a y :  and to the Nor th  and South Points of this 
?late are fixed two hdexes, I and  K,  which ihew 
the times ofHigli Water, i n  the Hour-Circle, at all 
there places, 4. Below the elliptical Plate are four 
f'mall Plates, two of which projea out from below 
its ends a t  N e w  and Full Moon ; and fo, by length- 
ening the Ellipfe, hew the Spring Tides, which 
are tllcn raiicd to the greateft. heights by the united 
attraRions of the Stin and Moon, $ 302, Theuru r ,  
other rwo of there fmall Plates appear at low water 
wheh the Moon is in tier Qiadratures, or ht the 
fides of the elliptical Plate to ihew the Neap-Tides; 
the Sun nnd Moon theti a&ing crofs- wire to each 
other. When any two of thcfi  fmall Plates appear, 
the bther two are hid; and when the Moon is in 
her Oaants, they all difappear, there being 'neither 
Spring nor Neap-Tides at tbok times, Within 
the Box are a few Wlieels for performing thek 
vot ions by the Handle or Winch I€. 

T u r n  the I-Iandle until the Moon Mconles to 
any given day of her age in the Circle of 291: equal 
parts, and the Moon's Wire W, will cut the time 
of her coming to the Meridian on that day, in the 
Hour Circle; the XI1 under the Sun being Mid- 
day, and the o polite XI1 Midnight; then looking 
for the name o any given place on the round Plate: 

'5 (which 
,e 
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(which makes 2 9 ;  rotations while the Moon M 
makes only one revolution from the Sun to the 
Sun again) tu rn  the Handle till that place comes 
to the word High Waier under the Moon, and the 
Index which falls-among the Forenoon Hours will 
fihew the time of High Water at  that  place in the 
Forenoon of the given day: then turn the Plate 
half round, till the fame place comrs to the oppo- 
fire High Water Mark, and the Index will h e w  
the time of High Water in-the Afternoon at tha t  
place. And thus, as all the different places come 
fuccefively under and oppofite to the Moon, the 
fndexes fhew the times of High Water at them in 
both parts of the day : and when the fame places 
come to the Low Water Marks, the Indexes h e w  
the times of Low Water. For about three days 
before and after the rimes of New and Full  Moon, 
the two fmall Rates come out a little way from 
below the High Water Marks on the elliptical 
Plate, to thew that the Tides rife itill higher about 
there times : and about the Qarters ,  the other two 
Plates come out a little from under the Low 
Water Marks toward the Sun and on the oppofite 
fide, hewing that the Tides of Flood rife not then 
fo high, nor do the Tides of ebb fall fb low, as '2 
bther times. , 

By pulling the Handle a little way ourward, it 
fs difengaged from the Wheel-work, and then chc 
upper Plate may be turned round quicltly by hand, 
fo as the Moon may be brought to any given day 
bf her age in about asquarter of a minute : and by 
puking in the Handle, it takes hold of the Wheel- 
work again. 

On AB, the Axis of the Handle H, is an endlefs 
Screw C, which turns the Wheel FED of 24 teeth 
round in n4 revolutipns of the Handle : this Wheel 
turns anorher ONG, of 48 teeth, and on its Axis 

PLATE is the Pinion P q  of four leaves, which turns the 
r i&. 'k  Wheel LKI of sg teeth round in 294 turnings or 

rotations of .the Wheel FED, or in 708 revolu- 
tions 

hheinfide 

F,ibcd. 
work dc- 
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$oris of the Handle, which is the number of Nohrs 
i n  a fynodical revolution of the Moan. The  round 
Place with the names of Places upon  it is fixed on 
the Axis of the Wheel P E D ;  arid the Elliptioal 
or Tide Plate with the Moon fixed to i t  is upon 
the Axis of the Wheel L X  7 ;  cdiiquently, the 
former makes 293 revolutions in the time t h a t  the 
latter makes one. T h e  whole Wheel F E D ,  
with the endlefs Screw C, and dotted part of the 
Axis of the Handle A B, together with the dotted 
part of the Wheel 0 NG, lie hid below the large 
Wheel L K I .  

Fig, lXth reprefem the under fide of the Ellip- 
tical or Tide-Plare a b c d ,  with the four fmall Plated 
ABCD, EFGH, IKLM, NOPq upon i t :  each 
of which has two flits, as TT, SS, KR, VU, fliding 
on two Pins, as nl@ fixed i n  chc Elliptical Plate. 
In the four imail Plates are fixed four Pins, at 
W, X, 2", and 2 ; 311 of which work in an Elliptic 
Groove o o u o on the cover of the Box below the 
Elliptical Place; the long& Axis of this Groove 
being in a right line with the Sun and Full Moon. 
'Confequently, when the Moon is in conjun&tion 
or Oppofition, the Pins Wand X thrufi out the 
Plates ABCD and IKLM a little beyond the 
cnds of the Elliptical, Plate at d and I, tof and e; 
while the Pins Y and 2 draw i n  the Plates E F G H 
and NOPi&qiiite under the Elliptic Plate to g and 
b. Hut, when the Moon comes to .her firR or 
third QJarter, the Elliptic Plate lies acrofs the fixed 
Elliptic Groove in which the Pins work; and there- 
fore the end Plates ABCD and IKLM are drawn 
in below the grrat Vl~te,  and the other two Plates 
E F G W and N 0 P are chruR out beyond it to 
a and c. When the Moon is in her Oelants, the 
Pins Y, X, Y, 2 arc in the parts O, O, 0, o of the 
Elliptic Groove, which parts are at a mean between 
t& greareft and leait diitances from the Center qr 
and rhen all the four fmall Plates difappear,' being 
hid by the great one. 

405. The 
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Tl;e E- ‘ 40.5:. The ECLIPSAREON. This piece of Met 
v 1’ * *- chq n i.ilii ex11 i b i ts the Ti n 1 e, Q a n t i t y, D u ra t i on, 
Er”xii~. and Piogreis cjf folar E c l i p f ~ s ,  at all parts of the 

Earth. 
, The principal parts of  this Machine are, I .  A 

tCFrefti.ial Globe A trirned U J U ~  its Axis B by the 
Haridle or Winch AZ; the Axis R incliries 23i 
Degrees, and bas a n  I i ~ d e x  which goes round the 
Hour-Circle 1) in each rotaticrri of ihe Globe. 2. 
A Circular Plate 2, on the Limb of which the 
Months and Days of the pear are inferted: T h i s  
Plate fupports the Globe, and gives its Axis the 
fame ~9fitiosl to the Sun ,  or to a Candle properly 
placed, t ha t  the Earth’s Axis has to the S u n  upon 
m y  ,day #of the year, 9 338, by turning the Plate 
r i l l  the given day of th,e Month comes to the fixed 
Pointer, or Annual Index G. 3.  A crookecl Wire 
F’ which . p i n t s  toward the miidle of the Earth’s 
enlightened Difc at all times, and fliews to  whae 
place of the E,artl) the Sun is vertical ac any given 
t h e .  4. A Penumbra, or thin circular Plate of 
brafs I divided irito 12 Digits by 1 2  coqcentric 
Circles, which reprcfenr a SeQiori of tlie Moon’s 
Penumbra, and .is proportionccl to the Gae of the 
Globe; io thdt die f l ~ d o w  of this Plate, formed 
by xhe Sun or a CalJdie placed at a convenient dif, 
tance, with, its Rays t,rarifini~trd I hrough II. convex 
Lcns  to make chcrn fall parallcl on the Globe, 
cgvers e x a ~ ~ y  all rb fe  places upon i t -  t!iat tile 
Moon’s fhadow and l’enumbra c!o on the Earth : 
fo” that the Phenomena of any filar Eclipfe rnay bc 
h e w n  by this,,i+hirie with Candle-light alrnoCt as 
well as by the light of the Sun. 5. An upright 
frame I / H I f H ,  on the fides of which are Scales 
of ,the Moon’s JJatitudc or Drclinatiqn frpin the 
gciiptic, 1’0 theft: Scales ,are fitred two Sliders K 
aod K ,  w i t h  Igdsxes for adjutling the Penuqbra’s 
CCTILW to tlie Moon’s Latitude, as ic ifi North or 
South Afcendingor Defcending. (5. A* folar.Ho- 
tiqon C, dividing the enlightened Hemifpllere d 

the 
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the Globe from that which is in thk dark at tin 
given time, and hewing R t  what places the gener ay 1 
Eclipfr begins and encis with the rifing rir 
Sun. 7 .  R i i a i d e  M, whicti turns rht  C;&E 
round irs Axis b y  wheel-work, and at the fime r i m  
moveh the Penumbra ncrofs the frame byrthikd& 
over t h e  i ' u t leys  I,, I,, L, with  a vctociiy ifuly pro'.. 
portioncd to that of the Moon's ihsdow 'o;i/er 'the 
'Earth, as the Earth turns  on i rs Axis. 
the Moon's Motion is quicker or flower according 
to her rtifkrent djflances from the Earr'h, the pd- 
numbral Motion is eafily icgulared in the MacRirie 

Ahd 

'by changing b f ~ e  of t h e  
To retlijj the Mncbive 

'New Moon and her 
'foregoing Ptecepts, 
exceeds' the number 
'Scales (which a k  on the fide o f ? k  frame hid fiortr 
view in the Figure of the Machine) there can be 
no,Eclipfe of the Sun at  rhac ConjufiBion i but if 

'Sr does not, the Sun will be ec1ipl"cd ro h m e  pl 
of the Earth ; and, to kew thc: times and variods 
appearances of the Eclipfe at thofie places, proced 
'in order as follows. 

To ve8'lify the Macbitte forpcrformifi~ by /he Light 
of rbe Stm. I .  Move the Sliders K K  t i l l  their in-  
dexes prhc  KO the Moon's 1,atirudr on the Scate3, 
as it is NoIth or South Akending,or Defcending, 

*at that  time. 2. Turn the Month-Plate E ti l l  the 
day of the given Ntw Moon comes to the Annual- 
Index G. 2. U n l ' c r e w g h e  Collar N a  little on the 
A'xis of the lSandlc, to 1ooft.n thc coqti$uoos i b c k t t  
on 'which the threads tha t  move the 'Petiiumbra arc 
wound, and fet the Penumbra by hand till its 
Center coines ro the perpendiculx thread in the 
middle of the frame ; which thread reprdcncs rhe 
Axis of the Ecliptic. 4, Turn  the €-Taridle till~che 
Meridian of London on -the Globe comes jurt uncicr 
the point of the cro6ked Wire I j l ~  then ROF, and 
turn die Hour Circle ;D by Hand till XI1 n t  Wobn 

cunes 

The  true rime'bf T o  KW 
It. 
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,comes to its Index, and fet tlie Penumbra’s middk 
,to the thread. 5. Turn-the Handle till the Mour- 
‘Index pciints to the time of New Moon in the Circle 
D ;  and holding it there, fcrew.fafi the Collar N, 
Lafily, elevate the Machine till the Sun ihines 
,through the Sight-Holes in the fmall upright Plates 
0, 0 on the Pedeffal; and the whole Machine 
.will be reltified. 

To reEtfi the Machine for fiewing by)5’andle-ligb/d 
Proceed in every rdpetl as above, except in  chat 
part  of the lafi paragraph where the Sun is men- 
tioned ; infiead of which, place a Candle before the 
Machine, about four yards from it, fo as the fhadow 
of interfr&ion of the crofs threads in the middle 
of the fiatne may fall precirily on that part of the 
Globe to which the crooked Wire F points : then, 
with a pair of compalTes, take the diitance be- 
tween the Penumbra’s Center and interrehion of 
the threads ; and equal to that difiance fet the Can- 

’ dle higher or lower, as the Penumbra’s Center is, 
above or below the faid interfeAion. Laltly, place 
a large convex Lens between the Machine and 
Candle, fo as the Candle may be in the Focus of 
the Lens, and then the Rays will fall parallel, and 
cafi a itrong light on the Globe. 

Thefe things being done (and they may be done 
fooner than they can be expreffed) turn the Handle 
backward,untilthePcnumbraalmofi touches thefide, 
f I F  of the frame; then turning gradually forward, 
obferve the following Phaenomena. I. Where the 
eatiern edge of tlie fliadoq of the Penumbral Plate 
I firit: touches the Globe a t  the iolar Horizon : thoie 
who inhabit the correfponding part of the Earth fee 
the Eclipfe begin on the uppermoil edge of the Sun, 
juit  at the time of its riGng. 2. l n  that place where 
the Penumbra’s Center firft touches the Glob$, the 
inhabitants have the Sun rifing upon them centrally 
eclipfed. 3. When the whole Penumbrajult falls 
upon the Globe, its weitern edge a t  the h l a r  Ho- 
rizon touches and leaves the place where the Eclipk 

ends 
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ends at Sun-rife on the lowerrnoit edge. Continue 
turning; and 4. the crofs lines in the Center of the 
Penumbra will go over all thofe places on the 
Globe where" the Sun is centrally eclipfed. 5. 
When the eaitern edge of the fhadow touches any 
place of the Globe, the Eclipfe begins there 5 
.when the vertical line in the Penumbra comes to 
any  place, then is the greateR obfcuration at that 
place; and when the weftern edge of the Penurn- 
bra] leaves the place, the Eclipfe encis-there:; the 
times of all which are fliewn on the Hour-Circle; 
,and from the beginning to the end, the Shadows 
,of the concentric penumbral Circles ihew the num- 
bers of Digits eclipfed a t  all the iritermediate times, 
6. When the eakern edge of the Penunibra leaves 
the Globe a t  the fdar  Horizon C, the inhabitants 
fee the Sun beginging to be eclipfed on his lower- 
plottedge at its iettlqg. 7. Where the Penumbra's 
Center leaves the Globe, thc inhabitants fee the Sun 
fet centrally eclipfed, And laflly, where the Pc- 
numbra is wholly departing from the Globe, the 
,inhabitants fce the Eclipfe ending on the upper- 
mofi part of the Sun's edge, at the time of, its dif- 
appearing in the Horizon. 
' N. B. If any given day of the year on rhe Platt 
,Z be fee to the Annual Index G, and the I-iandle 
turned till the Meridian of any place coines under 
the point of the crooked Wire, and then the Hour- 
Circle D fee by the hand till XI1 comes to its 
Index ; in turning the Globe round by the Handle, 
when the faid place touches the eafitern edge of 
the Hoop or folar Horizon C, the Index kewgthe 
time of Sun-retting at that place j and when the 
place is  jurt. coming out from below the other edge 
of the Hoop C, the Index hews the time when 
the evening 'Twilight ends to it. When the plaec 
has gone through the dark part A, and comes about 
;TO BE tc) touch under the back uf the Hoop C, on 

tho 
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the other.fide, the Index hews the time when tho 
Morning Twilight begins ; and when the h m t  
place is jufi coming out from below the edge of  
the Hoop next the frame, the Index points out 
the time of Sun-rifing. And thus, the times of 
Sun-riGng and ietting are Chewn at  all places in o n 5  
rotation of the Globe, for any given day of the 
year : and the point of the crooked Wire F ihcws 
all the places over which theiSun paKes vertically 
on &at day, 
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T H E  

OF FINDING 

.c H A P T E R. xxm, 

A R T I C L E  I. 

xes, aBd tbeir v/s in general. 

aching iranfit of Venus over 
s jufily engaged the a w n -  

cion of Aiironomers, as i t  is a 'phenomenon 
fildom feen, and as t he  parallaxes of the Sut 
and Planets, and their diitanccs from one ano- 
ther, 'may be found with greater accuracy by it, 
than by any other method yet known. 

2. T h e  parallax pf the Sun, Moon, or any planet, 
is the &fiance between its true and apparent place 
in the heavens, T h e  erue place of any celefiial ob- 
je&, referred to the Rarry heaven, is thar.in which 
it would appear if ken from< tlie 'center of the 
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referred to the itarry firmament : but at the fame 
Want ,  to an obfrrver at  A hhe will appear at  u, 
below her trite place among th6 ftars.-The 
angle A M C is cdkd thc”rnoon’,s parallax, and is 
equal to the oppoGcr angle U,Vu,  whofie mcafure 
is the celcfiial arc U @.-The whole 
‘ p i n t  if compared with its diEtance fr 
ftars, and therefore we confider the Ra 
DO parallax at  all. I 

3. ’The nearer the objeR is to the horizon, tltc 
greater is its parallax ; clic nearer it is to rhe ze- 
nith, the l ek  I n  the is grea’trfr of all i 
i n  the zenith. i t  is nothi s let A I: t be rhc 
fenfible horizon of an t A; to him the 
Moon a t  L is i n  the horlzon, arid her pral1:ix ii’the 
angle ALC, under which the Earth’s Imidtamcwr 
AC appears as k e n  from her. T h i s  angle is called 
the l‘dd8h’s horizontal parallax, m d  is equal to  the 
oppofite angle TLt, whore meairire is the arc T t  
i n  cbe ftarry Leaven. As the Moon rifes hi6hrr 
and higher to the paints M ,  N, 0, P, in her diur- 
nal, courfe* the parallalttic angles U M u ,  X N x ,  
Y oy diminiih, and Ib do the arcb Uu, X x ,  Yv; 
which arq their me,tfures, until  die Moon co~nes to 
P ; and theri f i e  appears i n  the zrnith 2 tkirhouc 
any parallax, her place being the fame whether‘ i t  
be ken from J o n  the Earth’s furface, or from C 

4, I f  the o t fcrver at A’ cauld take’ the true mea- 
its ccn ter, 

-, fure or quantity o f  the parallaftic angle AX, h e  
might by that means fipd the Moon’s diltance from 
the center of dip Earth. For i n  the plain tri- 
angle LAC, ~ the fide JC, which is the E,arclr’s 
femidiaiieter, the angli &,C, which is the Moon% 
harizontal parallax, and ‘t lk right angle CAL, 
would he given. Therefore, by. trigondmetry, as’ 
the tangent of che parallaCtic angle ALC is  to ra- 
dius, io is the Each’s kmidiamectr A C ta ,the 
Moon‘s diltance C L from the Earth’s center C,- 
But bFcaufe we confider thq Earth’s femidiameter 
as unity, and the logarithm of unity is nothing, Cub- 

{ traa 



of tbe Pkmetq from the Sun. 

traR the logarithmic tangent of the angle ' ALC 
from radius, and the reinaiiider will be the loga- 
rithm of C L, and its correfponding number is the 
n u m l x r  o f  lernidiarneters of the Earth which the 
Moon is diilant from the Earth's center,--'rhus 
frippufing the angl i  ALC, of the Moon's horizon- 
tal p3r~llnx be 57' 18", 

From the radius - 10,0000000 
Subtrat't the tangent of 57' IS" 8.2219207 

I 

And there will remain - 197780793 ; 
which is thr logarithm of 59.99, the number of re- 

~ midiameters of the Earth which are equal to the 
Moon's diitance from the Earth's center, ' Then, 
5q.99 bring multiplied by, '3985, the number ot 
rnilwcontained in the ERrth's remidiameter, will 
give 239060 miles for the h/loon's diftancc from 
the center of the Earth, by this parailax, 

5. But the true yuancity of the Moon's horizon. 
ta l  parallax cannot t x  accurately determine,d by ob- 
fcrving the Moon in the horizon, on account of 
che inconftancy of the horizontal refrattiom, which 
always vary according to the itate of the atmo- 

+f'pberej and  a t  a mean rare, elevate the Moon's 
apparwt pfqce ne3r~ the horizon half RS much 
8s her pnr~llax xrlrcs it. And ' therefore to 
have  her  pard11 more accurate, A fironqmers 
h a v e  tt iovgh~ of the, fullowing method, which 
frrms ro be a very good o w ,  but hath not yet beet) 
put i n  .pmcticc. i 

Let  two obfervers be placed under the hme 
' tneridian, one: i n  the riortliern herniIphere, and the 
other in the fiwlierti, at fkh a diRance from each 
other, t l l A t  the arc of the celeltial meridian in- 
cluded betwetn tiirir two zcriichs m a y  IJe at leak 
80 or 90 drgrces. Let each obferver take the diG 
tancc of the Mooa's cencer from his zenith, by 
mefins uf an exceeding good infiruinent, at the 
moment of her paan the meridian: add there 

their 
two zenith-di(tanccs o f the Moon together, and 

Pd;  f 3 
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their, excefii above the diftance between the two 
zeniths will be the diftance between the rwo ap- 
parent places of rhe Moon. Then, as ohe rum of 
the natural fines of the two zenith-difiances of the 
Moon is to radios, Ib is 'the &fiance between her 
two apparent places to her horizontal parallax: 
which being found,, her difiance fro,m the Earth's 
center may be found by the analogy mentioned in 

Thus, in Fig. 2. let YE: C.2 be the Earth, Mthc 
Moon, and Z B a  z an arc of the celefiial meridian. 
Let Y be kienna, whofe latitude W i s  48'20' north; 
and C the Cdte of Good Nope, whofe latitude EC is 
3 +O 30' Touth :,both which latitudes we fuppofc to 
be accurately determined before-hand by the ob- 
fervers. As there two places are on the fatheme- 
ridian n Y E  C J, and i n  diffrrent hemifpheres, the 
fum of their latitudes 82" 50' is their diff ance from 
each other. 2 is the zeni th  of Vienna, and x the 
zenith of  the Cape of Good Hope; which two zeniths 
are alfo 82' 50' diitant from each ocher, in the 
common cglefiial meridian 2 x. * To the obferver 
at Yienna, the Moon's center will appear a t  a in 
the.ccrleftia1 meridian j and at the fame inftant, to 
the obferver at the Cape, it-will appear at b. Now 
fuppofe the Moon's difiance 2 u from $e zenith 
of Kienna to be 38' I' 530; and her diftance z (r 
from the zenith of the Cape of Good Hupc to be 46" 
4' 41": the {urn of rhele two zenith-diftances 
( Z  a+xb) is 84" 6' 34", from which fubtraCt 
-82'' 50', the dinanre 2 z between the zeniths of 
t b e k  two places, and there will remain to 16' 34" 
for the arc b a, or difiance between sthe two appa- 
rent places of the Moon's center, as ken from Yand 
from C. 'Then, fuppofing the tabular radius to be 
xwooooo, the natural fine of 38' I' 53" (the arc 
'2 a)  is 61608 r6, and the natural fine of 46"*4' 
41"(thoarc Z b )  is 7202821 ; thefum of both thefc 
'liries is 13363637. Say, gherefore, As 13363637 

is 

§ 4. 
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,pf the Plamjs from tbc &I& 3Q-9 
!s to ~ooooooo lo is 10 16' S'' to 47' I$/', which- 
is the Moon's borizontal parallax. 

If the two places of obfervation be not cxaCtly 
under the fame meridian, their difference of longi-' 
tude muft be accurately taken, that proper allow- 
ance may be made for the Moon's declination while 
ihe is pafiinglfrom the meridian of the one to the 
meridian of the other. 

6. T h e  Earth's diameter, as ken from the Moon, 
fubtends an angle of double the Moon's horizontal 
parallax ; which being fuppofed (as above) to be 

t8", or 3438", the Earth'sidiameter muR be 
IO 54' 36", or 6876". When die Moon's hori- 
zontal parallax (which is variable on account of 
the eccentricity of her orbit) is 57' 18", her dia- 
meter fobtends an angle 31: d', or 1862": there- 
fore the Earth's dianetw is to the Moon's diameter, 
as 6876 is to 1862; that  is, as 3.6 is to I. 

And fince the relative bulks of P pherical bodies 
arc as the cubes of their diameters, the Earth's 
bulk is to the Moon's bulk, as 49.4 is to r ,  

7, The arallax, and confequcntly the difiancc 

in  the above manner, if the planet was near enough 
to  the Earth, to make tbe difference of its LWO 
apparcnr places fu@cientlp fenfible : but % the 
niarek planet is too remote for the accuracy re- 
quired. I n  order therefore $0 determine the dif- 
, rances and relative hulks of the planets w i ~ h  ;ring 
tolcr~blt: degree of precifion, we mult hare recourk 
to a rqetbpd Iefs liable to error: and this the ap- 
proaching tranfic of Ycnm over the Sun's dik will 
afford 0 9 ,  

,$. From the tibe ,of any inferior conjunAion of 
, the Sun and Vcaus to the next, i s  583 days 22 
hours 7 minutes. And, jf the planc of Vcnus's 
orbit were coincident with the plane ofzhc ecliptic, 
fhe wquld pafi dirs&lf between the Earth and the 
Sun at tach inferior ccwjun&ioo, and would then 
appear like Q dark rouad S at on .the Sun far a b u t  FPq 7 hours 

and bulk o P any primary planet, might be found 



Tbi Method qf Jinding the DiJances 
7 hours and 3 quarters.- But‘Venus’s orbit (like 
the Moon’s) only interfcEts the ecliptic in rwo op- 
pofite points called its Nodes. And ‘therefore one 
half of it is on the north fide of the ecliptic, and 
the other on the fouth : on which account, Venus 
can never be feen on the Sun, but a t  thofe inferior 
conjun&tions which happen in or near the nodes of 
her orbit. At all the other conjun&ionu, h e  either 
paffes above or below the Sun j and her dark fide 
being then toward the Earth, h e  is invifib1e.- 
The laft time when this planet was feen like a 
ipot on the Sun, wt~s on the 24th of No*veurttr, Old 
Stile, in die year 1639. 

I 

A R T I C L E  11. 

Shewinf bow t o  jind the horizontalparallax of finus 
Jy obJirvaticn, and from thence, by analogy, tbc 
parallax. and dgattce 4 the Scm, and of all the 
PZahets from h&. 

9. In Fig. 4. of Plate XIV. let D B A be the 
.Earth, Y Venus, and I S R the eafiern limb of the 
Sun. To an obferver at B the point t of that limb 
will be on the meridian, its place referred to the 
heaven will be at E,( and Venus will Appear j u f i  
within it at But, at the fame inltant, tD an ob- 
ferver at A, Venus is eafi of the Sun, in thk right 
line A VP; the point t of the Sun’s limb appears 
at e in the heaven, and if Venus were then vifible, 
fie would appear as F, The angle G Y A  is the 
horizontal parallax of Venus, which we reek ; and 
is equal to the oppofite angle FYE, whofc mea- 
fire is thd arc FE, AS C is the Sun’s horizontal 
parallax, equal to theroppohe angle G S E, whofe 
meqfure is the arc e 2 3 1 :  and F A @  (the fame as 
Y 4 Y) is Yenus’s horizontal parallax from the Sun, 
which may be found by obfervjnghw much later 
in abfolute time her total ingrefs on the Sun is, as 
feen from A,, than as feen from 3, *which is the 

time 
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time fie takes to move froin Y to v in her orbit 
0 7 .  ‘ 

IO. It appears by the tables of Venus’s motion 
and the Sun’s, that  a t  the time of her enruing tran- 
fit, fie will move 4‘ of. a degree on the Sun’s difc 
i n  60 minutes of time ; and therefore !lie will move, 
g” of a degree i n  one minute of time. 

. NOW let 11s fuppofe, t h a t  A is 90‘ weR of B> 
To that when it is noon a t  B, it will be VI in  the 
morning a t  A,; that  the rota1 inqrefi as feen from 
B is at 1 minute pafi XI1 but that as k e n  from A 
i t  is at $7 minutes 30 feconds paIt V I  : dedu& 6 

1 hours for the difference: of meridians of A and B, and 
the remainder will be 6 minutes 30 feconds for the 
time by which the total ingrefs of Venus on the 
Sitn a t  8 is larer as fern from A than 8s feen from 
B :  which time being converted into parts of BT 
degree 5s 26”, or the arc Fe Of Venus’s horizontal 
parallax frohi the Sun: for, as I minute of time 
is to I+ fieonds of a degree, To is G$ minutes of 
time to 2 6  Ceconds of a degree. 

I I .  The times in  .which the planets perform 
their annual revolucions about the Sun, are already 
known by obfervation.-From thefe times, and 
the univerfal pwer  of gravity by which the pla- 
nets are retaingd in their orbits, it is dcriionltrable, 
that if the Earth’s mean difiance from the Sun be 
divided into 100000 equal parts, Mercury’s mean 
diftanct: fiom the Sun muft be equal to 3S7  to of 
thek parts-Venus’s1 .mean diltance from the Sutr, 
eo 7233~-Mars’s mean ditlancc, I s236g-Jupiq 

Therefore, 
when the number of miles contained in the mean 
ditlancc of any planet from the Sun is known, we 
can by thek proportions, find the mean difiance 
i n  miles of  all the r c k  

I 2. .At the time of the enfiring tranfic, thc 
Earth’s difiance from the Sun  will be 10x5 (the 
mean diitance being here confidered as IO~O), and 
Venus’s diftancc from the Sun will be 726 (the 

mean 

, ter’s, 520~96-and Saturn’s, 954006. 
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mean diitance being confidered as 723), which dif- 
ferences from the mean diRances arife from the 
elliptical figure of the planets’ orbits--$ubtra&. 
726 parts from ror5; and there will remein 2 8 9  
parts for Venus’s diltance from the Ear th  ,at that 
time. 

r 3. I i o w ,  Gnce the korizontnl parallaxes of the 
planets art: * invttrfrly as their diitances from She 
Earth’s center, it is plain, tha t  as Venus will be 
between the Ear th  and the Sun on the day of her 
rranGt, and conft.qtiencly her parallax will be then 
greater than the Sun’s, if her horizontal parallax 
can be on that  day arcereairled by obfcrvation, the 
Sun’s horizorital parallax q a y  be found, and con- 
frquently his diitanrc from the Earth.-Thus, fup- 
pore Venus’s horizontal parallax fhocild be found 
ro be 36”.3480 ; then, As the Sun’s difianct: r ~ r - 5 .  
is to Vcnus’s diItance 289, io i s  Venub’s horizoritpl 
parallax 36”.3480 to the Sun’s horizontal parallax 
ioI’.34g3 on the day of her tranfit,  And the dif- 
ference of thcfe two piirallaxes, viz. 25”.9987 
(which may be elteerned 26”) will be the quantlty 
of Venus’s horizontal parallax from the Sun i 
which is one of the elements for projeCting or de- 
linratiog her traniit over t he  Sun’s difc, as will ap- 
p a r  further on. 

To find the Sun’s horizontal parallax at the time 
of his mean difiance from the Earth,  h y ,  As io00 
parts: the Sun’s mean diflance from the .Earth’s 
center, is co 1 0 1 5 ,  his difiance from it on the 

* T o  prove this, let S bc the Sun (Fig. 3,)  Vyenus, AB the 
Earth, C itr center, and AC its lemitiianicter. The  angle AYC 
ia  the hqrizontal para’lax of Venue, and AsC the horizontal 
parallax of rlir Sun.  I3ut b y  the property of plain triangles, a8 
the fine o f  AYC (or of SYA its iupplemcnt to I 80) is ta the 
fine of d S C ,  To is As to AY, and CO is C S  KO CY.- 
N U, In a11 angles I d s  than a minute of a degree, the fincs, 
rangenis, and arcs, ate fo nearly cqual, that they may, without 
error. be uCcd tor one another. And here we mnke uie of 
Gerdincr’e logarithmic tables, bccrrulc they have rhc iincs LO 
cvory Iccond uf 8 degtce, 

day 
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day of the wanfit ,  fo is 10”.3493, his horizontal 
parallax on t h a t  day, to XO”.JO~J, his horizontal 

iimllax at the time of his mean difiance from the 
arth’s center. 
14. T h e  Gun’s parallax being thus (or any other 

wky fuppofed to be) found, at the time of his mean 
difianee from the Earth, we may find ita true dif- 
tame from it in femidiarnecers af the Earth, by 
the following analogy. As the fine (or tangent of 
io fmall an arc as that) of the Sun’s parallax 
10‘’.5045 is to radius, lo is unity,  or the Earth’s 
femidiameter, to the number of femidia 
the Earth that the Sun is,diltant froin it center, 
yhich number, being. multiplied by 3b85, the 
number, of miles contained i n  the Earth’s femidi- 
“ameter, will  give the number of miles which the 
Sun is diRant from rhe Earth’s center. 

Then, by $ I 1, As I ooooo, the Earth’s mean 
diRance from the Sun in parrs, is to 38710, Mer- 
cury’s mean difiance from the Sun  in  parts, fo is 
the Earth’smean diftance from the Sun in miles to 
Mercury’s mea0 diRanci from the Sun in miles.- 
*And, 
As iooooo is to 72333, fo is the Earth’s mean 

diitance from the 8un in miles to Venus’s mean 
diftance from the Sun In rniles.-Likewife, 

As 106000 is to 152369, fo is the Earth’s mean 
diftance from the Sun in miles to Mars’s mean dif- 
tance from the Sun in miles.-Again, 
As IOOOOO is to 520096, lo is the, Earth’s mean 

diRance from the Sun in miles to Jupiter’s mean 
diRance from the Sun in miles.-LaItly, 
As 100000 is 954006, To is the Earth’s mean 

diitance from the Sun io miles to Saturn’s mean 
diRancc from the Sun in miles, 

And thus, by having found the d f t ~ n c e  of any 
’ one of the planets from the *Sun, we have fufficient 
data for findipg the diftence of all the rek-And 
then from their apparent diameters at there known ‘ 

’ diitanccs, 

E 

yccrs Of 
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diitances, their real diameters and bulks may be 
found. 

15. The  Earth’s diameter, as feen from the 
Sun, fubcends a n  angle of double the Sun’s herb 

‘2ontal patallax, at the time of the Earth’s rnran 
diRance from itx Sun : and the Sun’s dia’meter, as 
f k n  ,from the Earth at that time, fubtends an angk 
of 32’ 2”, or 1922”. Therefore the SUII’S diame- 
fer is to the Earth’s diameter, as a922 is to 2 I.- 
And finct the re1,ttiwe bulks of ipherical . bodies 
are as the ciibes of their diameters, the Sun’s bulk 
is to t& Earth’s bdk, as 756058 is to I ; fuppofing 
the: Sun’s m e a n  horizontal parallax to be i0’’.5~ 
as above. 

16. I c  is $in by Fig. 4. that whether Venus 
he at  Uor Y, or in any other part of the right line 
BYS,  i t  will make no difference in the time of her 
total- inprers an the S u n  at 8, as feen from B; ,but 
as t k n  from A i t  will. For, i f  Venus be a t  Y, her 
horizontal parallax from the Sun is the arc F e ,  
which mcafwes the angle F A e :  but if f i e  be nearer 
the Earth, as st V, her horizontal parallax from the 

’ St in  is rhtr ircfe, which meailires the angle f A c ;  
and this angle is greater than  the angle F A e ,  by 
the difference of their meafiires f I;. So that,  as 
the tliitancr of the cclefiial obj& frcrn the k h h  
is lefs, its parallax is the greater. 

17. T o  find the parallax of Venus by the above 
method, it is necegdry, I .  That the differenre of 
mrridians of the rvm places of ohfervacion be g t o .  
- 2 .  T h a t  the rime of Veiius’s total ingrefs on the 
Siin be when his canern limb i s  either on the me- 
ridian of one of clir places, or very near it,--Aiid, 
7. ’l’hat ra,ch oblrver  has his clock exattly regu- 
&ired to tlw,equaJ t i m e  at his place. But as it 
might, perhaps, be difficult to find two places on 
the Ear th  luited to the firfi and fecond of rhck  re- 
quifites, we f i a l l  h e w  how this important probkm 
may be folved by a fin& obferver, if he be cxatt 

as 
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as to his longitude, and has his cbclc truly adjofied 
to the equal time at his place. 

18, T h a t  part of Venus’s orbit in which flie will 
inow dtiring her rranGt on the Sun, m a y  bc con- 
tidered as a ttraigk t line ; and therefwe, a plane 
niiy be conckivcd to pals both through it and the 
Earth’s center, To every place on the Earth’s 
furface cyr by this planc, Vepus will be feen on 
the Sun in the fame path that he would defcribc 
as fieen from the Earth’s center ; and thercfurz flie 
will have no parallax of latitude, either nqrth or 
fioiith ;’ b’ut will have a greater or lels parallax of 
longitude, as ihc is inure or lrfs diitint fr&n the 
meridian, at any time during her trailfir. 

Mfiftm, aftown and fort o n  the l‘outh cod1 of 
the i f la id  of Cepfon, will be in this plme at the 
tirnc of Venus’s total ingrcfs on the Sun j and the 
Spn will thrn be 62f0 eail of the nxridian of that 
place. Cunfequently to an ‘obferver at  Mutura, 
Venus will have a confiderable parallax of longi- 
tude ealtward from the Sun, when h e  would ap- 
pear to touch the Son’s eafiern limb as feen from 
the Parth’s center, at which the Afironomical Tables 
f i~ppok the oblrver to b~ placed, and give chc I 

rimes as fccn from thence. 
19. hccbrding to theft: tables, Vsnus’s total in- 

refs on rhe Sun will be 50 minutes after VI1 in F .  the morning, at IMafura*, fuppoGng that place to 
be 800 ealt longitude from the ineridiand Londolr j 
which is the obfrrver’s buGnel‘s to determine, Lttt 
Us imagine that  he finds it to be exaAly io, but 
that  to him the total ingrefs is ac VI1 hours 5 5  
minutes 46 f’econdu, which is 5 minutes 4.6 feconds 
later than the true calculated time of coral ingrefs, 
as fern from the Earth’s ccnter. Then, as Verios’s 

* The time of total ingrefs at Lotrdo~i, as fcen from the 
Earth!o cciitcr, is at 3 0  minurcs after I1 in the morning ; and 
if &rt&t*a be jufi 80’ (or 5 hours aQ minutes) ea8 of ‘Lottdo#, 
when it is 30 i$nutes paR.11 in tho morning nt tondotz, it ir 
50 miriuteo paR VI1 at Mutura, 

motion 
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motion on (or toward, or from),& Sun is at the . 
rare of 4 minutes of a degree in an hour (by 5 IO.) 
her motion mu& be 23”. I of a degree in 5 minutes 
46 feconds of time : and this 23”. I is her parallax 
eafitward, from her total ingrefv as fcen from Ma- 
t u ~ a ,  when her ingreh would be total if Tien froin 
the Earth’s center. 

20 .  At VI1 hours 50  minutes in the morning, 
the Sun is 623‘ from the meridian; at  VI in  the 
morning he IS goo from it: therefore, as rhc fine 
of 62$” is to the fine of 23”.[ (which is Venus’s 
parallax from her {rue place on the Sun at VI1 
hours 50 minutes) f’ is radius or the fine of 90°, to 
the line of p6”, which is Venus’s horizontal paral- 
lax from the Sun at VI. 

\ 

I n  logarithms thus: 

As the lo arithmic fine of 62’ 30’ - - - 9.9479299 

- - - - 10.0000000 
Je to the B ogarithmic fine of 23’’,1 - - - 6.o48r510 - 

very nearly - 6,ioozzzr 

Divide the Sun’s diitance froin the Earth, 10x5, 
by his ditlance froin Venus 726 (§ 12.) and the 
quotient will be 1.3980; which. being multiplied 

. by Venus’s horizontal parallax from the Sun 26”, 
’Y will give 36”.3480, for her horizontal parallax as 

ken from the Earth at that time.-Then (by 5 13.) 
’: ’’ as the Sun’s difiance, 1015, is to Vrnus’s diltance 

989, fo is Venus’s h6rizonral parallax 36“.3480 to 
the Sun’s horizontal parallax I 0‘’.3493.-lf Ve- 
nus’s horizontal parallax from the Sun is found 
by obfervation to be greater or lefs than 16“, the 
Sun’s horizontal parallax mutl be greater or lefs 

‘ZI. And thus, by a hngle obkrvation, the pa- 
rallax of Venus, and confrquently the parallax of, 
the Sun might be found, i f  we were fure that the 
Afironomical tables were quite correa as to the 
time of Venus’s total in refs on the Sun,-But 
although the tables may &h fafely depended upon 

14 for 

\ 

, .  
+ I  

I ,, 

\* than 10”.34g3 accordingly. -d / 
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for fhewr’ng the true duration of the tranfit, whicb’ 
will not be quite 6 haws from die time of Vcnus’s 
rota1 ingrefs an the Sun’s enitern limb, to the be- 
ginning of her egreCs from his weitern; yet they 
may perhaps not give the true times of there two 
internal ccntaBs: like a good common clock, 
which thoiigh it may be trulted to for meafurini a 
few hours of time, yet perhaps it may not be 
quite adjuRed to the meridian of the place, and 

‘ confeqcrentlg nor true as to any  one hour 3 which 
eocty one knows is generally the cafe.-Therefore, 
rn make &re work, the obferver ought to watch 
both the‘ moment of Venus’s total ingrefs on the 
Sun, and her beginning of egrcfs from him, To as 
to note precihly the times between there two in- 
Rants, by means of a good clock : and by corn- 
g a h g  the interval at his place with the true cat- 
eulatcsd interval as fcen from the Earth’s center, 
which will be 5 hours 58 minutes, he may find the 

alralEaa of Venus from the Sun- both at,,hcr m a l  
F)ngrcTs and beginning Oa egrefs. 
. 22,. The manner of obCerving.the tranfit  hodd 

be as Follows :-Thae obferver being provided with 
a. gocrdl telefcope, and a pendulum clock well ad- 
j.ubd co the mean diurnal rcvolutjon of %e Sun, 
and as near to the time at his place as conveniently‘ 
may be ; and havhg an allillant to watch the clock 
at the proper times, he muft begin to obfcrvt the 
Son’s eaRern limb through. his telefcope, twcotp 
minutesat Icafi before the computed time of Venus’a 
total ingrefs,upon ic, leR there kould be an error in 
the tirme of the beginning as given by &e tables, 

When he perceives a dent (as it were) to be 
made in the So b, ‘by the interpotition of the 
dark body of s, he@ muit then continue to 
watch her through the rclef~ope as rhc dent in- 
meah j and his aRiRatrt muit watch the time fhcwn 
bp the clock, till the ,whole ’body of the  planet 
appears uR within the Sun’s limb : and the moo 

clofc 
ment w 2 en the bright limb of the Sun appears 
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fide of the dark limb .of the pla- 
r, having a little hammer in his 

hand, is to ffrike a blow rhtresvirh on the able or 
emoment  of which, the afGftant notes by 

the clock, and writes it down, 
Then,  let the planet pars on for about z hours 

59 minutes, in which time i t  will be got to the 
middle of its apparent path on the Sun, and con- 
fequently will then be at its IeaR appasent dif- 

I lance from the Sun’s center; at whicb time, the 
obferver mu(t take its diftanqe from the Sun’s ccn- 
rer by mean9 of a 
afcert we lati 
ectipr ereby 

T h i s  done, there i 
it any longrt, until 
weftcrn limb, as a h o f i  ,to touch it.  Then the 

. Qbfervcr muit watch the* planet carefully with his 
relefcope: and his nf?ifiant mufi watch the cla& 
fo as 10 dcnoce the precik rnomcnt df the plp~et’s 
roochirig the Sun’s limb, which r k  aGfianc knows 
by the obkrver’b ittiking a blow with his hammer. 
23. T h e  afiftant m u &  be very careful i’n ob4 

k r v i n g  what mirtute on the Dial-plate the minute- 
hand has pafi,. when he has obferved the recon$- 
hand at the’ infiant the blow wa 
hammer ; orherwife, though he 
the nunibcr af leeonds of the cu 
e a y  be apt co make rt mifiake j 
minutes. , I 

24. To thofc places where the t 
fore XI1 at noon, and ends after. it,, Yeous wiM 
have an cabern parallax from thc,Son at the bc- 
ginning, a n d  a weltqn parfillax from rhe Sun at 
ine end ; which will contra& the duration of the 
trapfit, by cauiing fr to begin later, and end loaner, 
at thefe places, than ic  dues asjf‘&n from the Esrchh 
ceiitw; which may bc explained in the following 
~annCl ‘ ,  

. .  

4 In 
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I o  Fig. 5. ofplate XIV, let B M A  be the Earth, 

YVenus, and 6’ the Sun. The  Earth’s Motion on 
its axis from weit to eaR, or in the direAion 
A M R  carries an obferver on that fide contrary 

’ to the motion of Venus in her orbit, which,is in 
the dire&tion UV W, and will therefore caufe her 
motion to appear quicker on the Sun’s difc, than 
it would appear to an obfervcr placed at the Earth’s, 
center C, or at either of its poles, For, if Venus 
were to itand ftill in her orbit at Yfor twelve hours, 
the obferver oiT .thc Earth’s furface would in that  
time be carried from A to B, through the arc 
A M B. When he was at  A, he would fee Venus 
on the Sun at R ;  when at M, he would fee her at 
S; and when. he was at B, he would fee her a t  T: 
fo ch.at his own motion would caulk the pfanet to 
appear in motion on the’ Sun through the line 
& J‘ r: which being in the direRion of her appa- 
rer t motion on the Sun as h e  moves in her orbit 
V &  her motion will be accelerated on the Sun 
to this obferver, jufi  as much as his own motion 
would fiift her apparent place on the Sun, if fie 
were at rea in her orbit at Y. 

But as the whole duration of the tranfit, from 
firit to lalt internal conta&t, will not be quite fix 
hours j an obferver, who has the Sun on his mcri- 
dian at the ,middle of the tranfit, will be carried 
only from I to b during the whole time thereof, 
And therefore, the duration wit1 be much lefs con- 
tra&ed by his own motion, than if the planet were 
to be twelve hours‘ in pafiing over the Sun, as ken 
from the Earth’s center. 

25. T h e  nearer Venus is to the Earth, the greater 
is her parallax, and the more will the true duration 
of her tranGc be contraEted thereby; the farther 
h e  is from the Earth, the contrary ; fo that the  
contraaion will be in dire& proportion to the pa- 
rallax. Therefore, by obferving, a t  proper places, 
how much the duration of the tranfit is lcfs than 
its true duration at the Earth’s center, where it is 

‘ G E  5 hours 
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 hours 58 minutes, as given by the Afironomical 
tables, the parallax pf Venus will be afcertained. 

26. ,The above method, ($17, UJeq.) is much 
the Fame as was preicribed long ago by D*o&ar 
Halley ; but the, calculations differ confiderably 
from his j as will appear in the next article, which 
contains a tranflation of the Dottor's whole diger- 
tacion on that fuhje&.--He had not computed his 
own tables when he wrote ir, nor had he time 
before-hand to make a fuffident number of,obfer- 
vations on the motion of Venus, io as to determine 
whether the nodes of her orbit are at reft or no; 
and was therefore obliged to truft to other tables, 
which are now found to be erroneous. 

A R T I C L E  111. 

. Containing Do8~r NA L L E Y 'S Dtyerz'ation on the @e 
thod ofjnding the Szln's parallax and diJance from 
the Earth, by the tranjt of Venus over theS'un's 
Dgc, June tbe 6th, 1761. Trantated from tht 
Latin in Motte's Abridgement oftthe Philojobphicab 
TranjaBions, Vol. I ,  page 243 ; witb additional 
notes. 

There are many things exceedingly paradoxical, ' 

and that kern quite incredible PO the 'illherate, 
which yet by' means of mathematical principles 
may be eafily iolved. Scarce any problem will ap- 
pear more hard and difficult, than that  of deter- 
mining the diRance of the Sun from the Earth 
very near the truth: but even this, when we are 
made acquainted with fome exat? obfervations, 
talcen at places fixed upon, 'and chofen' before- 
hand, will without much labour bc effeAed. And 
ihie is what Z am now defirous to lay before this 
il~uitrious Society * (which I foretell will continue 
for ages) that I may explaih before-hand to young 
Aftrotiomers, who may perhaps live to obfervc 

The Royal Society, 
thefe 
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khek things, a method by, which the immenre dif- 
tance of rhe Sun may be truly.obtained, to within 
a five hundredth parr ofwhat it really is. 

J t  is, well known that the diffaoce of the Sun 
from the Earth is ,by different Aftronomers fup- 
yofed different, acmrding to what was judged mofi 
probable from thq befi conjcQture that each would 
focm. PtoIemy and his follqwers, a6 alro Capernicus 
and Tjcho Brahe, thought ic to be 1200 Itinidia- 
meters of theEar th  : Kepler 3500 neaily : Ricc io lw  
doybles the diRance mentioned by Kepkr, and Ht- 
vediirs only increafrs it by one half. But the pla- 
nets Yenus and Mercury having, by the afiitancc 
pf rhe telefcope, been k e n  i n  the dik of the Sun, 
depriyedof their borrowed brightnefs, it is a t  length 
found that the apparent diameter of the planets 
are much lefs than they were formeily fuppofed 8 
and that the femid,iameter of Venus ken froin the 
Sun hubrends no more than a fourth part of a 
mipute, ar fifileen feconds, while the iimidiarneter. 
of Mercury, at  its‘ mean diffaiice from the Son, 
is feen under an angle only of ten kconds j thac 
the fcmidiamercr of Saturn ken from the Sun 
appears un+r the f m e  angle; and that the 
femidiameter .of Jupiter, the largeit of all tile 
planets, fubtqnds an augle of no more than a third 
part of a minute a t  the Son, Whence, lcecping 
the proportion, fome modern Afironomers have 
choughc, that the fcinidiameter of the Earth, feen 
from the Sun, would fubtend a mean angle between 
that Ia’rger one fuhtended by %Jupiter, and t ha t  
lmaller one’ fubtcnded by Saturn and Mercury ; 
and equal ta that fobtended by Venus (namely, 
fifteen kcouds) : and have thence concluded, thac 
the Sun is diRant from the Ear th  almoit. 14000 of 
the Earth’s fcmidiameters. Bdt  the fame authors 
have on anotlier account fomewhar increafcd thio 
diftance : for inafinuch as the’ Moon’s diameter is 
a litrle more than  B fourth part of the diameter of 
the Earth, if rlse Sun’s parahx h o u l d  be ruppdiid 
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fifteen feconds, it would follow that the body c ? t k  
Moon is larger than that of  Mercury ; that  is, that 
a fecondary planet wouIu3 be greater than a prima- 
ry, which would kern imconfiitent with the uni- 
formity of the mundane fyftem. And on the con- 
trary, the fame regularity and uniformity feems 
fcarcely to admit, that Venus, an inferior planet, 
that has no fatellite, fhould be greater than our 
Earth, which itands higher in the fyfiem, and has 
fuch a fplendid atrcndant. Therefore, to obfcrve 
a mean, let us fuppofe the femidiameter of the 
Ear th  feen from the Sun, or, which is the fame 
thing, the Sun’s horizontal parallax, to bc twelve 
feconds and a half;  according to which, the Moon 
will be lefs than Mercury, and the Earth larger 
t han  Venus ; and the Sun’s diRance from the Earth 
will come out nearly 16,500 of the Earth’s femi- 
diameters, This difiance I afient to a t  prefent, as 
the true one, till it hall  become certain what  it is, 
by the Experiment which I propok. Nor am I 
induced EO altar my opinioh by the awthority oE 
thok (however weighty it may be) who are for 
placirig the Sun at  an immenfe difiance beyond the 
bounds here afigned, relying on obfervations made 
tipon the vibrations of a pendulum, in order tu 
determine thofe exceeding finall angles ; but which, 
3s it kerns ,  are not fwfficient EO be depended upon s 
at leafi, by this method of invefti,ggating the paral- 
lax, it will come otic fornctimes nothing, or even 
negative; that  is, the difiance would either become 
infinite, or greater than infinite ; which is abfurd. 
And indeed, to coiifctti thg truth, it is hardly pof- 
dible for a m a n  to diltinguifh, with any degree of 
certainty, feconds, or even ten feconds, with infiru- 
mencs, kt them be ever lo fkilfully made : there- 
fore, it is not a t  all to be wondered at, that the 
excellive nicety of this ’matter has eluded the many 
and ingenious endeavours of fuch dkilful operators. 

About forty years ago, while I was in the ifland 
of St. Iielem, obferving the fiars about the fouth 
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pole, I had an opportunity of obkrving, with the 
greateR diligence, Mercury paliing over the difc 
of the Sun ; and (which fucceeded better than I 
could have hoped for) I obferved, with the great& 
degree of accuracy, by means of a telefcope 24 
feet long, the very moinent when Mercury enter- 
ing upon the Sun kenad  co touch its limb within, 
and alfo the moment when going off it *firuck the 
limb of the Sun’s dik, forming the angle of interior 
contaCt : whence 1 found the interval of time, dur- 
ing which Mercury then appeared within the Sun’s 
diic, even without an error of one kcond of time. 
For the lucid line intercepted between the dark 
limb of the Planet and the bright limb of the Sun, 
although exceeding fine, is ken by the eye; and 
the little dent made in  the Sun’s limb, by Mer- 
cury’s entering che difc, appears to v a n i h  i n  a 
moinent and a l h  that made by Mercury, when 
leaving the difc, feems to begin i n  a n  inltant.- 
When I perceived this, it immediately came into 
my mind, that die Sun’s parallax might be ac- 
curately determined by fuch kind of obfervations 
as there ; provided Mercury were but nearer to the 
Edrth, and had a greater parallax from the Sun t 
but the difference of there parallsxes is fo little, as 
always GO be le& than the folar parallax which we 
ieek ; and therefore Mercury, though frequently 
to be ken on the Sun, is not to bc looked upon as 
fit for our purpofe. 

There remains then the tranfit of Venus over 
the Sun’s difc ; whole parallax, being alrnofi four 
clines as great as the folar parallax, will caufe very 
ienfible differences between the times in which 
Venus will Tiem to be paffing over the Sun at dif- 
ferent parts of lthc Earth. And fiom there differ- 
ences, if they be obiirved as they ought, the 
Sun’s parallax may be determined even to a fmall 
part of a fccond. Nor do we require any other 
lslltrumcnts for this purpofe, than common t&- 
fcopes and CIOCkS, only good of their kind i and 
@ the obfcrvers, nothing inore is necdful than fide- 
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Ety, diligence, and a moderate &ill in Afirdnomy; 
For there is no need that the latitude of the place 
fiould be f ~ r ~ p ~ l ~ ~ f l y  obrerved, nor that the hprs 
themfelves kould be accurately detkrmin 
'refpell to the meridian : it is fuffidient 
docks be 'regulated according to the motion of 
the heavens, if the times be (well reckoned from 
the total intrefs of Venus into the Sun's difc, ta 
the beginning of her egrefs from i c  ; that is, when 
the dark globe of Venus firfi begins to touckthe 
bright limb of the Sun within 3 which mccmtnrs, 
I know by my own experience, may be obferved 
within a fecond of time. 
' But on account of the very firi& laws by which 
the motions of the planets are regulated, Venus is 
feldom Teen within the Sun's difc : and during the 
courk of more t h a n  120 .yeais, it  could not.- be 
feen once ; namely, from the year 1639 (when this 
molt pledng fight happened to that excellcnt 
youth, ~ L ~ ~ Y Y o x ,  our  countryman, and to him only, 
fince the creation) to the year 1761  ; i n  which 
year, according to the rhrories which we have 
hitherto found agreeable to the celefiial motions, 
Venus will agiin pals over the Sun on the *26th 
of Moy, i n  the morning ; ij chat a 

1 fix o'cluck in the rnorning, we m 
i t  near the middle of the Sun's diic, and not above 
four minutes of a degree fouth of t k  Sun's center, 
But the duration of this tranfit will be alrnofi eight 
hours j namely, from two o'clo 
till almoit ten. Hence the i n  
yifible in Englaid; but as the 
time be in the 16rh degree of Genh i ,  having al- 

' moft 23 degrees north declination, it will be fien 
without retting at all in alirroit all parts of the 
north frigid zone : and th>erefore the inhabitants 
Of the coafi of  Norwayy, beyond the 
which is called Drontheim, as fa 
Qqje, will be ahfe tg obferve ve 

- .  
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dire j .and perhaps the ingrefs of Venus upon 
n, when riling, will be feen by the Scot& in 
rthern parts of the kingdom, and by the in- 

ants of the Sbetlattd IJJes, formerly called ?%df* 
But at the time when Venus will be nearelt: the 
Sun's center, the Sun will be vertical to the north- 
ern fhores of the bay of Bengal, or rather over the 
kingdoin of Pegu; and therefore in,the adjacent re- 
Gens, as the Sun, when Venus enters his difc, 
will be almoit four hours toward the eafi, and as 
many toward the we& when he leaves him, the 
apparent motion of Venus on the Sun will be acce- 
lerated by almoit double the horizontal parallax of 
Venus from the Sun ; becaufe Venus at  that tinie 
is carried with a retrograde motion from ealt to 
weit, while an eye placed upon the Earth's fkface 
i s  whirled the contrary way, from welt  to eaIt *. 

S uppofin'g 
* This has been already taken notice of in $ zj. ; gut I &all 
re endeavour to explain it more at large, together with fame 

Doktor'a Efky, by a figure. 
t C be thc center of the  Earth, and 

the right line CvZ, make 'YZ to 
Lct u t  I d be the Earth, w Ve. 

c time of her conjuntlion witti the 
, whore diameter is 3 I ' 42". 

motion of Venus in  tirr vrbit is i n  the direQiun N 9 II 
Earth's motion on its axis  is according to the order of 

round it  in the figure. 'l'hercforp, Tup- 
thc Gat:'!p to be at G, when' Venus is at 

to be carricd from G  to^ by the Earth'@ 
ile Venus movcs from E to e in  her orbit ; 

Otions of Venus and tl:c Ganges are COR- 

of Venus in hcr orbit. and confequently 
to run over on the Sun's difc in any given 

time, could be ken  only from the Ilarth's center C, which js 
&t reR with refpeR to its furface. And as fern from C, her 
p4th on the Sun would bc i n  the right line Tt  U; and ller mo- 
tion therein at the rate of four minutes of IL degree in an hour. 
9 is the point of the Sun% eaRern limb which Venus feecms to 
tduch a t  the moment of her total ingrcfi on the Sun, aa iecn 
f h m  C, when Venus is at E' in her orbit; and U is the point 
of the Sun's weflern limb which b e  fecms to totach at the 
moment of her beginning of eyref, from the Sun, 88 fesn from 
C, when he is at c in her orbit. 
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SuppoGng the Sun’s parallax (as wc have faid) 
to be 12$/’, the parallax of Venus will be 43“; 
from which iubtraAing the parallax of the Sun, 
there will remain 30” a t  leait: for the horizontal 
parallax of Venus from the Sun ; and therefore the 
motion of Venus will be increafed 45” a t  leait by 
that parallax, while f i e  paffes over the Sun’s difc, 
in  thofe elevations of the pole which are in places 
near the tropic, and yet more in the neighbour- 
hood of the equator. h’ow Venus at that time 
will move on the Suo’s dik,  very nearly at the 
rate of four rniiiuces of a degree in an hour; and 
therefore 11 minutes of time a t  leait are to be 
allowed for 45”, or three fourths of a minute of 

a degree ; 

When the mouth of the Cangrr i s  at m (in rrvdving through 
the arc Gng) the Sun i s  on i ts  rncridian. Therefore, liqce 
G and g are equally diRant from 91; at  the hegiiining and end- 
ing of the tranfit, it is plain t h a t  the Sun will be as far eaR of 
the meridian of the Gairgar (a t  G) when the traniit begins, as 
it  will be welt of the meridian of the fame place (revolved 
from G tog) when the wanfit ends. 

But although the beginning of thk tranfit, or rather the 
moment of Venus’s total inprcfs upon the Sun at T, aa fesa 
from the Earth’s center, muit be when Venus is at E in her 
orbit, becaufc Ihe is then reen i n  tlie direation of the right line 
CE I; yet at the h m e  inllsnt of time, as fecn from the 
Ganger at G, f i e  will be fiort of her ingrefs on the Sun ,  being 
then fecn cnRward nf him, in rhc right line C E K, which 
makes the angle K E  Q (equal to the oppofite angle GECJ, 
with the right line C E T. This anglc is called the anple of 
Venus’s parallax from the Sun, wlrich retards the biginning 
of the traniit aii fecn from the bariks of the Ganger ; io that 
thc Gangti G, muit advance a little farther toward vi, and Venus 
niuft move on i n  her orbit from E ta R, before fie can be fern 
from G (in the right line G R  T‘) wholly within the Sun’s 
ciifc a t  Q. 

When Venus comcs to c in  her orbit, he will appear at U, 
R S  feen from thk  Earth’s center C, j u n  beginning to leave the 
Sm ; that is, at thc beginning of her cgrels from his wcffern 
linib : but at  the famc inllant of time, as l ien from the Gungc~, 
wlrich is thcn at g, he will be quite clear of the Sun toward 
the weft ; bcing t h e n  fecn from g in the right line gaL, which 
makes an angle, as IT e L (equal to the oppofite angle C c g ) ,  
with the right line C e I J :  and this is the angle of Venui’s 
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a degree : and by this fpace of time, the duration 
of this eclipfe caufed by Venus will, on account 
of the parallax, be ihortened. And froin this 
fhortening of the time only, we might fafely enough 
draw a conclufion concerning the parallax which 
we are in fearch of, provided the diameter of the 
Sun,  and the latitude o f  Venus, were accurately 
known, But we cannot expett an exa& computa- 
tion in a matter of filch hbtilty. 

We mufi endeavour therefore to obtain, if par- 
fible, another obfervation, to be taken in thofe 
places where Venus will be in the middle of the 
Sun’s difc at  midnight j t h a t  is, in places under 
the oppofite meridian to the former, or about 6 
hours or go degrees welt of Londoiz; and where 
Venus enters upon the Sun a little before its ret- 

parallax from the Sun, as fern from thc Gaqer at g, wlieii h e  
IS but JuR beginning to leave the Sun at  U, as k e n  from the 
Earth’s center C. 

Here it is plain, that thc duration of thc traiifit about the 
mouth of the Garzp (and alro in the neiglibouring places) 
will be, diminilhed by about double the quantity of Venus’s 
parallax from the Sun at the beginning and cnding of the 
tranfit. For Venus mull be at  E in her orbit when fhe is 
wholly upon the Sun nt 7; as feen from the Earth’s center C: 
but a t  that time h e  is lhort of the Sun, as ken from the G n n p  
at C, by the whole quantity of her eaffern parallax from ttic 
Sun at  that time, which is the anglc KEY‘. [This angle, in 
fact, is only 23”.; thou h it is reprcrcntcd mucL larger in the 

as Venus moves at  the rate of 4’ in an hour, Ale will move 23” 
in five minutes 45 rcconds : and thcreforc, the tranfit will begin 
later by 5 minutea 45 feconds at  the banks of the G a n p  than 
at the Earth’s ccntcr.-When the tranfit is endin(; at U, 
8s fecn from the Earth’b center at C, Venus will be quite clear 
of the Sun (by the wliolc quantity of her weRern pardlnx from 
‘him) as reen from the G n q e s ,  which is then at g: and thir 
parallax will bc za”, equal to thc fpace through which Venus 
moves in 5 minutes 30 feconda of time : io that the tranfit will 
end 54 minutes fooncr as k e n  from the Ganger, than as reen 
from the Earth’s center. 

Hence the whole contrattion of the duration of the tranfit 
at the mouth of the Cmpr will be I 1 minutca 1 5  feconds of 
t h e :  for it is 5 minutea 45 rcconda at the beginning, and 5; 
pinutcs 30 kcond8 at the end, 

ting, 
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figure, becnule the Eart f 1 therein ia a vat\ deal too big.] Now, 
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ting, and goes off a little after its riGng. And 
this will happen under the above-mentioned meri- 
dian, and Nhere the elevation of the north pole is 
about 56 degrees j t ha t  is, in‘ a pqrt of ItludJon’s 
Bay, near a place called Port-Ne&z. For, in this 
and the adjacent places, the parallax of Venus will 
increafe t h e  duration of the tranfit by a t  leafi fix 
minutes of time; becaufe, while the Sun, from 
its retting to its rifing, Teems to pars under the 
pole, thofe places on the Earth’s difc will be car- 
ried with a motion from eafi to weit, contrary to 
the motion of the Gmges ; that  is, with a motion 
codpiring with the motion of Venus3 and there- 
fore Venus will Teem to move more flowly on the 
Sun, and to be longer in pafing over his difc +. 

If  

* In Fig. I. of Plate XV, let a C be the meridian of the 
caRern mouth of the Ganger ; and 6C the meridian of Porf- 
Nc&n at the mouth of Touk Rivcr in Nud/Pn’s Bay, 56” north 
latitude. As the meridian of the Ganges revolves from u to c, 
the  meridian of Port-Ne&in will revolve from 6 to d :  therc- 
fore, while the G a q p  revolvea from G tog,  through the arc 
Gmg, Port-Ncl/on revolve8 the contrary way (as fecn from the 
S u n  or Venus) from P top through the arc P n p.-Now, 
as the motion of Venus is from E to 8 in  her orbit, while’ke 
kems to pais over the Sun’o difc i n  the right line Tt U, as feen 
from the Earth’s Center C, it ir  plain that while the motion 
bf the Ganges is contrary to the motion of Venus in her orbit, 
and ttiercby kortenv the duration of  the tranlit at that place, 
the motion of I’ort-Nel/dn is the fame way os the motion of 
Venus, and will thercfore increafe the duration of the tranft a 
which may i n  fome degree be illultrated by fuppofing, that 
while a ihip is  under rail, if two bide fly along the fide of 
the h i p  in contrary dircQions to each other, the bird which 
flies contrary to the motion of the h i p  will pals by it fooner 
than the bird will, which fliea the fame’way tbat the fliip 
moves. 
‘ In fine, it is plain by the figure, that the duration of tho ’ 

tranfit mutt be longer as k e n  from Port-NeJGn, than as feen 
from the Earth’scenter; and longer 8s k e n  from the Earth’a 
center, than as k e n  from the mouth of the GangtJ.-Por 
Port-Ne@n mu8 be at P, and Venua at N i n  her orbit, when, 
fhc appears wholly within the Sun at  Q: and the fame placa 
muit be at p, and Venus at n, when fie a pears at U, begin- 
ning to IeavC the Sun.--The Ganges muR e at G, and Venue 

at 
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If therefope it kould happen that this tranlit 
ff~oulci be propeily obferved by fkitful perrons at 
both there places, it is clear, tha t  its duration 
will <be 1 7  minutes, lancer, as feen from Port- 
,Ne&, than as feeti from the Eafl &dies. Not is 
it of much confequence (if the EnqliJh h a l l  at t h a t  
time give any attention to rhis a f f i r )  whether the 
obfervation be made at ForbGeorge, coinrnonlp 
called Madras, or at  Bencoofen an the weftern &ora 
of the iflind of Sr!mntm, near the Equator. But 
if the French ihould be difpofed t5 take any pains 
herein, an obferver may fiation himrerlf convenientlJf 
enough a t  Pondicherry on the weft hore  of the bay 
of Bengal, where the altitude of the pole is about 
1 2  degrees. As to the Dutch, their celebrated 
mart a t  Batnvia will  afford them n place of obfer- 
vation fit enough for this purpofe, provided they 
alfo have but a diQ>ofition to afiTt i n  advancing, in  
this parricihr, the Icnowledge of the heavep,- 
And indeed I could wilh t h a t  inany obfervations 
of the fame phenomenon might be taken by dif- 
ferent perrons at feveral places, both that  we might 
arrive at a greater degree of certainty by their 
agreement, ar)d alfo lefi any Gngle obferver kould 
be deprived by tllc intervention of clouds, of a 
fight, which I know not whether any  m a n  l iving 
in this or the next age will ever fre again ; and on 
which depends the certain and adc.quatc hlution of 
a problem the moa noble, and at any other rime 
not to be attained to. I recommend it, therefore, 
again and again, to thofe curious Afironomers, 
who (when I am dead) will have an opportunity 
of obfervine; their things, tha t  they would reinem- 

at R, when f'lp is  feen from 0 upon the Sun at  T; nnd the 
*fame place mufi be atg, and Venus at r, when flie begins to 
leave the Sun at U, a5 reen from 8. So that Venus muR move 
from N to n in her orbit, while h e  i s  fecn to pars OVCI the Sua 
from Port-NcJh ; from B to c in  pailin over the Sun, as teen 

'p@s wer the Sun, as k;s from the banks of t4c Qanp. 
fiom the Earth's center; and only B rom R to r while ihe 

bcr 
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der this my admonition, and diligently apply them- 
felves with all their might to the making this ob- 
fervation ; and I earneftly w i k  them all imaginable 
fuccefi; in. the firfi place that they may not, by 
the unfeafonable obkuricy of a cloudy iky, be dc- 
prived of this motk deGrablc fight ; and then, tha t  
having aicertained with more exa&nefs,thc ma ni- 
tudes of the planetary orbits, it may redounf to 
their immortal fame and glory. 

We have now h e w n ,  chat by this method the 
Sun’s parallax may be inveliigated to within its five 
hundredth part, which dou btlefs will appear won- 
derful to fome. But if an accurate obfervation be 
made in each of the places above marked out, wc 
have already demonflroted cha t  the durations d 
this eclipfe made by Venus will differ from each 
other by 17 minutes of time ; that is, upon a fup- 
pofition that  the Sun’s parallax is 12$”. But if 
the difference hall be found by obfervation to be 
greater or Ids, the Sun’s parallax will  be greater 
or Ids, nearly in the Ome proportion. And fince 
17 minutes of time are anrwerable to 12$ feconds 
of folar parallax, for every frcond of parallax there 
will arii‘e a difference of more than 8 0  ieconds of 
time; whence, if we have this difference true to 
two kconds, i t  will be certain what the Sun’s pa- 
rallax is to within a 40th part of one fecond ; and 
therefore his diltance will be determined to within 
its rjoodth part a t  leaft, if the parallax be not 
found leis than what  we have fuppofed: for 40 
times I 21 make 500. 

And now I think I have explained this matter 
fully, acd even more than 1 needed to have done, 
to thofe who underitand Aftronomy : and I would 
have them take notice, that on this occafion, I 
have had no regard to the latitude of Venus, both 
to avoid the inconvenience of a more intricatc cal- 
culation, which would render the conclufion leis 
evident; and s l l h  bacaufe the motion of the nodes 

of 
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@F Venus is not yet difcovered, nor can be 
mined but by fuch conjunEtions of the planet with 
the Sun as this is. For we conclude that Vcnug 
will pais 4 minutes below the Sun’s center, only 
in confequence of the fuppoGcion tha t  the plane 
of Venus’s orbit’is immoveable in the fphere- of 
the fixed ffars, and that  its nodes remain in the 
fame places where they were found in the year 
1639. But ,if Venus in the year 1761, ihould 
move over the Sun in a path mpre to the fouth, 
i t  will be manifcfi that her nodes have moved 
backward amon the fixed itsrs; and if more to 

at the rate oC5; minutes of a degree in IOO Julian 
years, for every minute that Venus’s path hall  bc 
more or lefi diitant than the above hid 4 minutea 
from the Sun’s center. And the difference bt- 
tween the duration of there eclipfes will be fome- 
whatlefi than 17 minutes of time, on account of 
Venus’s fouth latitude ; but greater if b y  the moo 
tion of the nodes forward fhe fhould pafs on the 
north of the Sun’s center. 

But for the fake of- thofe who, tho~rgll they are 
delighted with fydereal obfervations, may i i ~ t  yet  
have made themklves acquainted with the dottrine 
of parallaxes, I chufe to explain the thing D little 
more fully by a fcheme, and a l h  by a calculation 
fomewhat more accurate. 

Let us hppofr that at London, in the year 17Gr, 
OIY the 6th of June, at  5 5  minutes after V in the 
morning, the Sun will be in Gemini 15’37’J and 
therefore tha t  a t  its center the ecliptic is inclined 
toward the Qorth, in an angle of 6” io’: and that 
the viGble path of Venus on the Sun’s difc at 
that time declines to the fburh, tnalcing an a;ly;lc 
with the ecliptic of 8” 28’: then the pi th  of Venus 
will alii be inclined to the fouth, with refix& to 
thc .equatorJ interfefting ctie parallels of decli- 

nation 

the north, that  t E cy have moved forward ; and that 
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nation at an angle of 2' I 8' *. Let us alfo fuppofe, 
that Venus, at the forementioned time will he at 
her lealt difiance from the Sun's center, viz. only 
four minutes to the fouth; and that  every hour 
ke will defcribe a fpace of 4. minutes on the Sun, 
with a retrograde motion, The Sun's femidiarneter 
will be 15' 51'' nearly, and that o f  Venus 37$". 
And let us fupyok, for trial's fake, that the diffir- 
ence of the horizontal parallaxcs of Venus with the 
Sun ,(which we want) is 3 t",  AI as i t  comes out 
if the Sun's parallax be fuppokd 124". Then ,  
o n  the center C (Plate XV. Fig. 2.) ler the liitle 
circle AB, reprefenting the Earth's difc, be de- 
{cribed, and let is iemidiarnercr C B  be 31"; and 
let the elliptic parallels of 22 and 56 degrees of 
north latitude (for the Ganges and Port-NeJ/h) be 
drawn within it, in the manner iiow ufed by Afiro- 
norners for conitrutking folar eciipfes. Let B Cg 
be the meridian in which the Sun is, and to this, 
ret the right line FHG, reprefenting the path of 
Venus, be inclined a t  an angle of 20 18'; and let 
i t  be diiiant from the center C 240 rich parts, 
whereof C B is 31. From Clet fall the r i ~ l i c  line 
CH, perpendicular to F G ;  and fuppofe Venus to, 
be at Hat 5 5  minutes aftcr V in the morning. 
Let the right line FHG be divided into the horary 
fppace 111 IV, IV V, V VI, &c. each equal to CIjl i 
that is, to 4 minutcs of a degree". RIfo, let the 
right line L M be equal to the diffireiice of the 

This wan an overfight in the Dottor, occaiioned by Iiir 
placing both the Earth's axie BCg (Fig. z.  of Plate XV.)  and 
the Axio of Venu6'e orbit CN on the lame fide of thc axis of 
the ecliptic CK; the former making an angle of 6' IO' there- 
with, and the latter an angle O F  8 O  28' ; the diffcrcnce af 
)vhich angles is only z' 18'. But the truth is, that the LSarth'a 
axia, and the axis of  Venus'e orbit, will then lie on different 
fides of the  axis ,of the ccliptic, the former making an anglo 
of 6 O  therewith, and the lattcr an angle of 840. Therefore, 
the fum of there angles, which is i+[Q (and not tllcir differ- 
ence zo IS') is the inclination of Venuo'j VifiLle path to the 
equator and paralleln of declination, 

7 apparenr 
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appqrent femidiameters of the Sun  and Venus, 
which is IS’ 132“ ; and a circle being described 
with. the radius L M, on a center taking in any 
point within the little circle A B  reprefenting the 
Earthh difc, will meet the right line FC in a point 
denoting the ‘time at Londoi when Venus h a l l  
touch the Suo’s limb internally, as feen from the 
place qf the Earth’s furface that anfwers to the 
point airurned in the Earth’s difc. And if a circle 
he defcribed on the center C, with the radius L M, 
jc will meet the right line FG, io the points F and 
G j and the fpaces FH and G H will be each equa! 
to 14: 4”J which fpace Venus will appear to pars 
over rn 3 hours 40 minutes of time at Lotznon; 
therefore F will fall in 11 hours 1 5  minutes, and 
G in IX hours 35 minutes in the morning, Whence 
it is manifefi tha t  if the magnitude of the Earth, 
on account of its immenfe diftance, ihould vanifli 
as it were into a point; or, i f  being deprived of o 
diurnal motion, it ihould always have the Sun ver- 
tical to the fame point Cj the whole duration of 
this eclipfe would be 7 hours 20 minutes. But the 
Earth in that time being whirled through I IO de- 
grees of longitude, with a motion contrary to the 
potion of Venus, and confcquenily the abovemen- 
tioned duration being contra&rd, fuppofe IO, mi- 
nutcs, i t  will come out 7 hours 8 minutes, or io7 
degrees nearly. 

from the Sun’s center, when in the meridian of 
the eaitern mouth of the Ganges, where the altitude 
of the pole is about 22 degrccs, ?‘he Sun there- 
fore will be equally diitant from the nirrirlian of 
that place, at the moments of the ingrefs and egretis 
of the planet, viz. 5 3 4  degrees; as the polnts n 
and I (reyrefenting that place in the Uarrh’s ditk 
AB) are, in the greater parallrl, fioni the meridian 
BCg. But the diameter cf of that  ~);irallc.l will be 
to the dittance a L, as the k111aIe of the radius to 
the reflangle under the fincs of 53; and 68 de- 

grees ; 

Now, Venus will be at H, at her leatt diRancc , 
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grecs; that is, as I' 2" to 4.6" 13'". And by a 
good calculation (which, that  i may not tire tho 
reaper, it is better to omit) I find that a circlcde- 
fcribed on a as a center, with the radius L M ,  wilt 
meet the right line I;'H in the point M, a t  11 hours 
20 minutes 4 0  feconds ; but tha t  being defcribed 

. round b as a center, it will meet HG in the point 
N a t  JX hours 29 minutes 22 kconds, according 
to the rime reckoned ar London: and therefore, 
Venus will be feen entirely within the S u n  at  the 
banks of the Ganges for 7 hours 8 minutes 42 fe- 
conds: we have then rightly fuppofed, tha t  the 
duration will be 7 hours 8 minutes, fince the part 
of a minute here is of no confequence. 

But adapting the calculation to Port-NeJfon, I 
find, that  the Sun being about to fet, Venus will 
enter his difc ; and immediately after his rifing ihe 
will leave the fame. T h a t  place is carried in the 
intermediate rime through the hemifphere oppofice 
to the Sun, from c to d, with a motion confpiring 
with the motion of Venus ; and therefore:, the fiay 
of Venus on the Sun will be about 4 minutes 
longer, on account of the parallax ; fo that it will 
be at leait 7 hours 24 minutes, or I I I  degrees of 
the equator. And Gnce the latirude of the place 
is 56 degrees, as the fquare of the radius is to the 
reflangle contained under the fines 55; and 34 
deyees, fo is AB, which is 1' 2': to c d, which is 
28 33'". And if the calculation bejultly made, 
it will appear that  a circle drfcribed on c as a cen- 
ter, .with the radius L M ,  will meet the right line 
F N  i n  0 at I 1  hours I 2 minutes 45 feconds j and 
tl iat  fuch a circle defcribed on d as a center, 
will meet IIG in  P, at JX hours 36 minutes 37 
feconds j and therefore the duration a t  Povt-Nepon 
will be 7 hours 23 minutes 52 fkonds, which is 
greater than at  the mouth of the Caltges by 1 5  
minutes IO icconds of time. But i f  Venus kould 
pafs over the Sun without having any latirude, the 
4ifTetencg would bc 18 minutes 40 feconds; and 

5 if 
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if he ffiould pars 4' north of thceSun's center tht' 
difference would amwnt to 21 minutes 40 feconds; 
and will be f i l l  greater, iP the planet's north lati- 
tude be more increafed, 

From the foregoing hypothefis it follows, that 
at London, when the Sun rifes, Venus will have 
entered his difc; and that, at IX hours 37 minutes 
in the morning, ihe will touch the limb of the Sun 
internally in going off; and laitly, that fie will not 
tntirely leave the Sun till IX hours 56 minutes. 

It likewife follows from the fame hypothefiy 
that the center of Venus fhould juit touch the Sun's 
northern limb in the year 1769, on the third of 
'$me, at XI o'clock at night. So that, on account 
of the parallax, it will appear in the northern parts 
of Norway, entirely within the Sun, which then 
does not fit to thofe partsj while, on the coafts 
of Peru and Chili, it  will fccm to travel over a fmali 
portion of the difc of the retting Sun; and over 
that of the rifing Sun at the Molucca &nds, and 
.in their neighbourhood.-But if the node8 of Ve- 
nus be found to have a retrograde motion (as rherc 
is fome reafon to believe from fome later obferva- 
.tions they have) then Venus will be feen every 
where within the Sun's difc ; and will afford a much: 

-better method for finding the Sun's parallax, by 
idmot% the grcateit difference in the duration of: 
-there eclipfes thpt can poflibly ha pen. 
j But how this parallax may pb e deduced from 
. obfervations made Comcwhere in the Ea1 fndies, in 
the year 1761,' both of the ingrefs and egrcl's of 

I Venus, and. compared with thoi'e made in its going 
.off with us, namely, by applying the angles of a' 
triangle given in fpecie to the circumference of 

:% thrie equal circles, hall be explained 09 'fQIn0 
othcr occdion. 
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A K T I C L E  IV. 
Skewing that the whole rnethadpropojid by the Dc_Elor 

cannot lie put in panice,  and why. 

27. In the above Differtation the DoAor has 
explained his method with great modefiy, and even 
with fome doubtfulnefs with regard to its full fuc- 
ceis. For he tells us, that by means of this tranfit 
the Sun’s parallax may only be determined within 
its five hundredth part, provided it be not lefs than 
124”; that there may be a good obfervation made 
at Povt-NelJbn, as well as about the banks of the 
Ganges; and that Venus does not pars more than 4 
minutes of a degree below the center of the Sun’s 
dik-He has taken all proper pains not to raife our 
cxpeAations too high, and yet, from his well-known 
abilities, and charaaer as a great Aftronomer, it 
feems mankind in general have laid greater firefs 
upon his method, than he ever defired them to do. 
Only, as he was convinced it was the beR method 
by which this important problem can ever be 
folved, hc recommended it warmly for that rcafon. 
He had not then made a fufficient number of ob- 
fervatjons, by which he could determine, with cer- 
tainty, whether the nodes of Venus’s orbit have any 
motion; or if they have, whether it be back- 
ward or forward with refpeR to the itars. And 
confequentlp, having not then made his own tables, 
he was obliged to calculate from the beit that he 
could find, But thok tables allow of no motion to 
Venus’s nodes, and alfo reckon her conjunCtion 
Hiith the Sun to be about half an hour too late. 
, 28. But more modern obfervations prove, that 
the nodes of Venus’s orbit have a motion back- 
ward, or contrary to the order of Jtre figns, with 
refpep to the fixed itars. And this motion is ale 
lowed for in the Doftt0r’s tables, a great part 
of which were made from his own oblervations. 

.%And 
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And it appears by thek tables, that Venus will be 
fo much farther pafi her defcending node at the 
time of this tranfit, than ihe was pail her arcending 
node at her tranfit in November 1639; that infiead 
of pafing only four minutes of a degree below the 
Sun's center in this, f ie  will pais almoft IO minutes 
of a degree bcIow it: on which account, the line 
of her tranfit will be io much ihortened, as will 
make her pagage ovef the Sun's difc about an 
hour and 2 0  minutes lefs than if fie paffed only 
4 minutes below the Sun's center at the middle of 
her tranfit, And therefore, her parallax from the 
Sun will be fo much diminilhed, both at the be- 

inning and end of her tranGt, and at all places 
!?om which the whole of it will be feen, that the 
difference of its durations, as &en from them, and 
as fuppofed to be ken from the Earth's center, will 
not amount to X I  minutes of time, 

29. But this is not all : for although the tranGr 
will begin before the Sun fets to Part-Nefin, it will 
be quite over before he rifes to that place next 
morning, on account of its ending To much fooner 
than as given by the tables to which the Doaor 
was obliged to truft. So that we are quite de- 
prived of the advantage that otherwife would have 
arifen from obfervationa made'at Purt-Nc&n. 

30. In order to trace this affair through all itr 
intricacies, and to render it as intelligible to the 
reader as I can, there will be an unavoidable ne- 
cefity of dwelfing much longer upon it than I could 
otherwife hi&, And as it  is irnpoflible to lay 
down truly the parallels of latitude, and the fitua- 
tions of laces at particular times, in fuch a fmalt 

fort of diagram as the Do&tor has given, fo as to 
mcafurc thereby the exa& times of the bcginnin 

the Sun's difc be made at leaft 30 inches diameter 
in the pro'eQion, and to which the DocStor did not 
cjhite tru without making Come calculations ; I 

H h 2  Ihdl 

difc of t K e Earth as muR beproje&ed in fuch a 

and ending of the tranfir at any given place, unle r"; s 

x 
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hall  take a different method, in which the Earth’s 
difc may be made as large as the operator pleafes : 
but if.he makes i t  only 6 inches in diameter, he 
may meafure the quantity of Venus’s parallax from 
the Sun upon it, both in longitude and latitude, 
to \he fourth part of a fecond, for any given time 
and place ; and then, by an eafy calculation in the 
common role of three, he may find the eEe& df 
the parallaxes on the duration of the tranlic. In 
this I hall firlt. fuppofe with the Doltor, that the 
Sun’s horizontal parallax is 1 2 ) ” ~  and confequently, 
that Venus’s horizontal parallax from the Sun is 
31”. And after I roje&ing the tr%nfit, To as to find 

I hall next fhew how nearly the Sun’s real parallax 
may be found from the obferved intervals between 

’ the times of Venus’s egrefi from the Sun, at  par- 
ticular places of the Earth ; which is the method 
now taken both by the Engli$ and French Atlro- 
nomers, and is a furer way whereby to come at the 
real quantity of the Sun’s parallax, than by obferv- 
ing how much the whole contraAion of duration 
of the tranGt is, either at Bencookn, Rataviu, OP 
Pondicherry, 

rhe total effca a P the parallax upon its duration, 

A R T I C L E  V. 
&hewing bow to projet2 tbe trawJt qf Yenus on the 

Sun’s di/c, as Seen from darerent places of the 
Zurtb ; Jo  as t o  fjnd what its v$h’e duration mu/3 
‘be at any given place, according to any agilmed 
pnrdlax of the Sun ; and from the ob&ved inter- ” 

vals between tbe times of Yenus’s egrfls f r o m  the 
Bun at particular places, i o  Jind tbc Sun’s t W  

31‘; The elenients for this prsjemi 

Venus j which, a8 feen from thc Earth’s center* 
and reckoned according to the equal time at 

* berizonral parallax, 

lows : 
I’. The. true rime of conjonAion o 

6 LOndonJ 
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Loizdot~, is on the 6th of June 1761, at 46 mi- 
nutes 17 feconds after V in the morning, accord- 
ing to Dr. EIALLEY'S tables. 

11. The geocentric latitude o f  Venus at that time, 
g' 43" fou t h, 

111, T h e  Sun's femidiameter, 15' 50". 
IV. The remidiameter ofVenus (from the Dotlor's 

Differtation), 374". . 
V. T h e  difference of the femidiameters of <ne Sun 

and Venus, I 5' I 2;". 
VI. Their hn, IG' 27frJ'. 
VII. The vifiblc angle which the tranfit-line makes 

with the ecliptic 80 3 1' 1 the angular point (or 
defcending node) being 1'' 6' I V  eaRward from 
the Sun, as feen from the Earth ; the defcend- 
ing node being in $ 140 29' 37", as reen from 
the Sun; and the Sun in D 15' 35' 55", as 
reen from the Earth. 

VIII .  T h e  angle which the Axis of Venus's viGbIe 
path makes with the axis af the ecliptic, 8" 3 I' i 
the fiuchern half of that axis being on the left 
hand (or eattward) of the axis of the ecliptic, 
as feen from the northern hemifphere of. the 
Earth, which would be to the right hand, as 
reen from the Sun. 

l X ,  T h e  angle which the Earth's axis makes with 
the axis of the: ecliptic, as k e n  from the Sun, 
6'; the Couchern half of the Earth's axis lying 
to the right hand of the axis of the ecliptic, in 
the projettion which would bc to tho left hand, 
as feen from the Sun. 

X. T h e  angle which the Earth's axis makes with 
the axis of V ~ I ~ U G ' S  vifible path 140 3 ~ ' j  viz, 
the Sum of No VllI .  and IX. 

XI, The true motion of Vcnus OR the Sun, ,given 
by the tables as if it w w  ken from the karth's 
center, 4 minutes of a degree in 60 minutes a"f' 
time. 

' 

f I  11 3 3 2." There 
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32. Thefe elements being colletted, make a 

ficalt: of any convenient length, as that of Fig. I. 
in Plate XVI. and divided into 17 equal parts, 
each of which hall  be taken for a minute of ade- 

ree; then divide the minute next to the left 
Rand into 60 equal parts for feconds, by diagonal 
lines, as in the figure. T h e  reafon for dividing 
the fcalr: into 17 parts or minutes is, becaufc the 
f i m  of the fernidiameters of the Sun and Venus 
exceeds 16 minutes of a degree. See No VI. 

33. Draw the right line ACG (Fig. 2.) for a 
$fmall part of the ecliptic, and perpendicular to it 
draw the right line CUE for the axis of the ecliptic 
on the fouthern half of the Sun’s difc. 

34. Take the Sun’sqfrmidiarneter, I 5’ 50’’ from 
he kale with your compaifes; and with that ex- 
tent, as a radius, fet one fooc in  C as a center, 
and defcribe the femicircle A E  G for the fouthern 
half of the Sun‘s difc; becaufe the tranfit is on 
that half of the Sun, . Take the geocentric latitude of Venus, 9’ 
43 , from the fcale with your ’cornpaffes; aad fer 
that extent from C to v, on the axis of the ecliptic : 
and the point v &all be thc place of Venus’s ten- 
ter on the Sun, at the tabular moment of her con- 
junRion with the Sun. 

36. draw the right line CBD, making an angle 
of 8’ 31’ with the axis of the ecliptic, toward 
the left hand; and this line fhall reprefent the axis 
of Vcnus’s geocentric vifible path on the Sun. 

37. Through the point of the conjunQion v, in 
the axis of the ecliptic, draw the right line qfr  for 
the geocentric vifible path of Venus over the Sun’s 
difc, at right angles to CBP, the axis of her orbit, 
which axis will divide the line of her path into two 
equal parts g t and t r. 

38. Take Venus% horary motion on the Sun, 
4‘, from the fcalc with your cornpaffes ; 
that extent make marks along the tranfit ine Q I r. 
The equal Qaccs, from mark to mark, hew how 

much 

$5 

Fa with 
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much of that line Venus moves through in each 
hour, as fecn from the Earth’s center, during her 
continuance on the Sun’s difc. . Divide each of there horary fppaces, from 

time ; and let the hours to the proper marks in fuch 
a manner, that the true time of conjunfiion of the 
Sun and Venus, 46) minutes afcer V in the rnmw 
ing, may fall Into the point v, where the tranfit- 
line cut3 the axis of the ecliptic. So the point ZI 
hal l  denote the place of Venus’s center on the 
Sun,# at the initant of her ecliptical conjun&ion 
fvith the Sun, and t (in the axis C t D of her orbit) 
will be the middle of her tranfit; which is at 24 
minutes after V in the morning, as feen from the 
Earth‘s center, and reckoned by the equal time at 
London, 

40. Take the difference of the femidiameters of 
the Sun and Venus, 15’  12p”, in your compaffcs 
from the kale ; ‘and with that extent, retting one 
foot in the Sun’s canter C, defcribe the arcs N a n d  
B with the other crofing the tranfit line in the 
points k and l ;  which are the points on the Sun’s 
difc that are hid by the center of Venus at the mol 
ments of her two internal contaAs with the Sun’s 
Jimb or edge, at M a p d  N: the former of theii is 
the moment of Venus’s total ingrefs on thu Sun, 
as feen from the Earth’s qenter, which is at 28 
minutes afcer I1 in the morning, as reckoned at 
London; and the latter is che moment when her 
cgrefs from the Sun begins, as feen from the Earth’s 
center, which is 20 minutes after VJII in the morn- 
ing at London, The  interval between thck two 
contaQs is 5 hours 52 minutes. 

41. The central ingrrb of Venus on the Sun is 
the moment when her center is on the Sun’s eafiern 
limb at IC, which is a t  15 minutes afcer two in the 
.mornin@: and her central egrefs from the Sun is 
the moment when her center is on the Sun‘s weRertl 
limb at w ;  which is at 33 minutes after VIII. is , 

m,ar 31t to mark, into 60 equal parts for minutes of 

. € i h 4  rhc 
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the morning, as feen from the Earth’s canter, and 
reckoned according to the time at  London. The 
interval between thrfg times is 6 hours 1 8  minutes. 

42. Take  the fum of the feemidiameters OF the 
Sun and Venus, 16’ 27 :“, in  your cornpaKis from 
the kale ; and with that extent, fitting one foot ih 
the Sun’s center C, defcribe the arcs %and X with 
the other, cutting the tranfic-line in the points g and 
r,  which are the points in open.fpace (clear of the 
Suo) where the center of Venus is, at the moments 
of her two external contar% with the Sun’s limb 
at S and W ;  pr the murnents of the beginning a d  
ending of the tranfic as ken from the Earrh’s cen- 
rers the foqmer of which is at 3 minutes after IS in 
the morning a t  London, and the latter at 45 mi- 
nutes after VIII. T h e  interval between thefe MO- 
vents is G hours 42 minutes. 

43, Take the fernidiameter of Venus 37$”, in 
poor compares from the kale: and with ’that ex- 
rent as a radius, on the points 2, A, t ,  I, r, as ceo- 
ihs, defcribe the circles H S, M 4 0 F, P N, WY, 
for the difc of Venus, at her fire contalk at S, her 
rota1 ingrefi a t  M, her place on’the Sun at the 
middle of her tranfit, her beginning of egrefs at N, 
and her laR conta& at W. 
” 44. Thofe who have a mind to proje& the Earth’s 
difc on the Sun, roitnd the center,C, and to Jay 
down the parallels of latitude and ficuacions of places 
thereon, according to nr. J-IALLEY’s method, may 
draw CJ for the axis of the Earth, produced to the 
Touthern edge of the Sun at f; and making an 
angle E C f of 6 O  with the axis of the ecliptic CE: 
but he will find it very difficult and uncertain to 
mark the places on that dik, unlefs he makes the 
Sun’s fernidiarneter A C ‘5 ihches a t  leaf? : other- 
wife the lice C f is of no ufe at  all iwthis projec- 
aion,--The following method is berter. ’ 45, In Fig. 3. of Plate XVI. makc the line AB 
of any convenient length, and divide it into 31 
equal parts, each of which may be taken for a Cccond 

of 
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cif 'Venus's parallax either from or upon the Sun 
(her horizontal parallax from the Sun being fup- 
pofed to be 31"); and taking the whole length 
AB in your compaffesa fee one foot in C (Fig, 4.) 
3s a center, and deicribe the circle A E B 1) for thc 
Earth's enlightened difc, whore diameter is 62': or 
double the horizontal parallax of Venus from the 
Sun. In this difc, draw AC B for a fmall part of 
the ecliptic, and at right angles to it draw E CD 
for the axis of the ecliptic. Draw alro NCS both 
for the Earth's axis and univerfal folar meridian, 
making an angle of 6" with the axis of the ecliptic, 
as ken from the Sun; N C I  for the axis of Venus's 
orbit, making an angle of 8" 3 t' with E C D, the 
axis of the ecliptic; and lafily, Y C O  for a fmall 
part of Venus's orbit, at  right angles to its axis. 
4.6. This figure reprefrnrs the Earth's enlight- 

ened difc, as ken from the Sun at the time of the 
tranfit. The  parallels of latitude of London, the 
eatlern mouth of the GangcJ, Bencoolez, and the 
iflsnd of SC. I?IElcnn, are laid down in jt, in the 
h e  manner as they would appear to an obfervcr 
on the Sun, if they were really drawn in circles om 
the Earth's furface (like thofe on a common ter- 
rtfirial globe) and could be viGble at fuch a dif- 
tance.-The method of delineating there parallels 
is the fame as already defcribed in  the XIXth-Chap 
ter, for the conttruEtrioir of folar eclipfis, 

47, The points where the curve-lines FaUed 
hour-circles) XI N, X N, &c. cut the para lels of 
latitude, or paths of the four places above-men- 
tioned are the points ar  which the places them- 
felves qould appear in the difc, as ken from the 
Sun, at thek  hours refpcltively. When ei,ther 
place comes to the folar meridian NCS by the 
Earth's rotation on its axis, i t  is noon a t  that  placer 
and the difference, in abfolute time, between t b  
noon at that  plate and the noon at  any other place, 
is in propartid to the diffcrence pf longitude of 
thsk two'places, reckoning one hour for every 15 

degrocs 
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degrees of longitude, and 4 minutes for each dc- 
grce: adding the time if the longitude be eaft, 
but fubtraEting it if the longitude be wrR. 

48. T h e  difiance of either of thefe places from 
HCI (the axis of Venus’s * orbit) at any hour or 
part of an hour, being meafured upon the fcale 
AB in Fig. 3. will be equal to the parallax of 
Venus from the Sun in the diCeRion of her path 1 
and this parallax, being always contrary to the po- 
fition of the place, i s  eaftward as long as the place 
keeps on the left hand of the axis of the orbit of 
Venus, as feen from the Sun; and wefiward when 
the place ets to the right hand of that axis. So 

mifphere H V I  of the difc, a t  any given time, 
Venus has an eaitern parallax; but when the 
Earth’s diurnal motion carries the fame places into 
the hemifphere HO I, the parallax of Venus is 
weftward. . When Veniis has a parallax toward the eaR, 

face, tither at the time of her total ingrefs or be- 
ginning of egrefs, as feen from the Earth’s center; 
add the time anfwering to this parallax to the time 
of ingrefs or egrefs at the Earth’s center, and the 
iitm wiH be the time, as feen from the given place 
on the Earth’s- furface; but when the parallax is 
wefiward, Cubtralt the time anfwering to this paral- 
lax from the time of total ingrefs or beginning of 
egrefs, as feen from the Earth’s center, and the 
remainder, will be the time, as feen from the given 
‘place on the furface, To far as it is affeaed by this 
parallax.-The reafon of this is plain to every one 

* In a former edition of thh, J made a miftake, in taking 
the parallax in 1onl;itude infttad of the parallax In tile direc- 
tion of the orbit ot Venus ; and the .patallak in latitude in- 
Acad of the patallax in lines perpendicular to her orbit.-But 
in this edition, t h f e  errors are correEtcd ; which maka fomo 
h a l l  differcncee in the qurntitice of the parallaxer, and,ia 
tbe times depending on them ; 111 will nppear by comporlhg 
them-fn this with thofc in the former edition, 

’ 

that, to a1 f the places which are pohted in the he- 

a6 4? een from any given place on ihe Earth’s fur- 

Wb 
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who confiders, that an eaitern parallax keeps the 
planet back, and a weitern parallax carries it for- 
ward, with refpea to its true place or poiition, at 
any initant of time, as feen from the Earth’s center. 

50. The neareft diftance of any given place from 
VCO,  the plane of Vcnus’s orbit at any hour or 
part of an hour, being meafured on the fcale A B  
in Fig. 3. will be equal to Venus’s parallax in lines 

rpendicular to her path j which is northward gin the true line of her path on the Sun, as feen 
from the Earth’s center, if the given place be on the 
fouth fide of the plane of her orbit Y C O  on the 
Earth’s difc ; and the contrary, if the given place 
be onrthe north fide of that plane ; that is, the paral- 
lax is always contrary to the fituation of the place 
on the Earth’s dik, with refpea to the plane 9f 
Venus’s orbit on it, 

51, As the line of Venus’s tranfit is on the 
fouthtrn hemifphere of the Sun’s difc, it is plain 
that a northern parallax will caufe her to defcribc 
a longer line on the Sun, than h e  would if ihe 
had no fuch parallax; and a fouthe 
caufe her to defcribe a korter line o 
if h e  had no fuch parallax.-And 
line is, the fooner will her total ingrefs be, and the 
later will be her beginning of egrefs; and jufi  the 
contrary, if the line be korter.-But to all places 
fituated on the north fide of the plane of her orbit, 
in the hemifphtre YH 0, the parallax in lines per- 
pendicular to her orbit is fouth; and to all place8 
fituated on the fouth fide of the plane of her orbit, 
in the hemifphere V I O ,  this parallax is qorth. 
Therefore, the line of the trapfit will be fhorter 
to all places in the hemifphcre V N O ,  than it 
will be, a8 reen frotn the Earth‘s cehter, where 
there is no parallax; and longer to all places in 
tbc hcmifpherc YIO, So that the time apfwering 
to this parallax muR be added to the time of total 
in re& as feen from thcEarth’s center, andfubtraa- 

‘3 Earth’s 
c $J from the beginning of cgre;Cs, as ken fram the  
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Earth’s center, in order to have the rrue time of 
total ingrefs and beginning of egrefi as feen from 
places in the hemifphere Y NO : and juit the reverfe 
for places in the hemifphere YIO.-Ic was proper to 
mention there circumfiances, for the reader’s more 
eafily conceiving the reafon of applying the times 
anfwering to there parallaxes in the fubfequent part 
of this article: for ir is their Turn in foine cafes, 
and their difference in others, which being applied 
to thc times af total ingrefs and beginning of 
egrefs as feen from the. Earth’s center, that will 
gjve the times of thtrfe phenomena 3s feen from 
given places on the Earth’s furface. 

52 .  The angle which the Sun’s femidiameter 
fubtends, as f‘eo from the Earth, at all times of 
the year, has been fo well afcertained by late ob-’ 
fervations, that we can make no.doubt of its being 
1.5‘ 50‘’ on the day of the tranfit ; and Venus’s lati- 
tude has a lh  been fo well afcertained a t  many dif- 
ferent times of late, that  we have very good rea- 
fobn to believe it will be $ 4.3‘’ fouch of the Sun’s 
center at the time of her conjunAion with the 

her femidiameter at that time be 
tioned by Dr. HALLEY) it appears 

by the projeRion (Fig. 2 . )  that her total ingrefs on 
the Sun, as feen from the Earth’s center, will be 
at 28 minutes after two in the morning,($ ho.), and 
her beginning of egreb .from the Sun will be 2 0  
minutes gfter VII.1, according to the time reckoned 
at London. 1 

53. As the total ingrefs will not be vifible a t  
Londun, we hal l  not here trouble the reader about 
Venus’s parallax at t h d t  time.-But by projeaing 
the firuatiun of London on the Earth’s difc (Pig. 4.) 
for the, time when the cgrefs begins, we find I C  wlll  
then be at I ,  as reen from the Sun. 

Draw I d  parallel to Venus’s orbit YC 0, and Zu 
perpcndicular to it : the farmer is Venus’s caftern 
parallax in the dirdiion of her path ac the begin.. 
ning oP hcr egrefs troin the luo, and the latter is, 

her 
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her fouthern parallax i n  a direEtion at right angles 
to her path at  the fame time. Take  tlzcfe in your 
-compalTes, and meafiire them on the kale A B  
(Fig. 3;) and you will find the former parallax to 
be 10% , and the latter 21t”. 

54. As Vcnus’s true motion on the Sun is at the 
rate of four minutes of a degree in Go minutes of 

’time (see No XI, of § 31. )  fay, as 4 minutes of a 
degree is to Go minutes of time, fo is IO:” of a 
degree to 2 minutes 41 feconds of time; whic~, 
being added to VI11 hours 20 minutes (becaufe 

, this parallax is eafiward, 0 49.) gives VI11 hours 
22  minutes 41 feconds, for the beginning of egrefs 
at London, as affeAed pnly by this parallax.-But 
as Venus has a fou,thern parallax at that time, her 
beginning of egrefs will be fooner 4 for this parallax 
fiortens the line of her vifible tranfit a t  London, 

* 55. Take  the difiance C t  (Fig. 2.), ornedrefi ap- 
proach of the centers of the Sun and Venus, io your 
CornpaKes, and mealiire i t  on the kale (Fig. i.1, 
and it will be found to be gf 36)”; and  as the pa- 
rallax of Venus from the fun in  a direltion which is 
at right angles to her path is 21 I” foouth, add it to 
g’ 36;”, and the fiim will be 9‘ 5 8 ” ~  which is to 
be taken from the kale in Fig. I. and {et from € 
to I: in Fig. a. And then, I if a line be drawn pa- 
rallel to t I ,  it will terminate at the point p in the are 
T, where Venus’s center will be at the be ipning of 
her egrefs, asfeen from London *.-But as P er center 
is at I when her cgrefs begins as feen from the 
Earth’s center, take L p in your compares, and 
retting that extent from t toward P on the central 
tranfir-line, you will find i c  to be 5 minures Chortcr 
than tl: therefore fubtraR 51ninures frornVlIl hours 
i z  minutes 41 feconds, and there will remain VI11 

The rcaron w h j  the line o L p ,  a B 6, c t ,  and t h,  which arc 
the $file tranfits at L o t d o n ,  the G q e s  mouth, ?recoden, end 
S;,.Nu/rt~a, fire not parallel to the ccntrnl irsnfit-line k I b is, 
becrule the perallaxes in latitude &re different at .she t imd of 
ingrcfs and egrefi, as feen from sac$ of there placer, I The 
method of drawing thek LWS will be flicwii by and by. 

b u r s  
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hours r7 minutes 41 feconds for the vifible begin- 
ning of egrefs in the morning at London, 

56. At V hours 24 minutes (which is the mid- 
dle of the tranfit, as feen from the Earth’s center) 
London will be at L on the Earth’s dik (Fig. 4.) 
as feen from the Sun. The parallax L u of Venus 
from the Sun in the direation of her path is then 
12;”; by which, working as above diretted, we 
find the middle of the tranfit, as feen from London, 
will be a t  V hours 20 minutes 53 feconds.-This 
is not affeaed by L t the parallax at right angles to 
the path of Venus.-But L t meafures 27” on the 
fcale AB (Fig. 3.): therefore take~f‘from thefcafe 
in  Fig. I .  and Set it from t to I;, on the axis of 
Venus’s path in Fig. 2. and laying a ruler to the 
point L, and the above found point of egrefip, draw 
o L p  for the line of the tranfit as feen from London, 

57. The  eaftern mouth of the river Ganges is 89 
degrees eafi from the meridian of London; and 
therefore, when the time at London is 28 minutes 
after 11 in the morning ( 5  +J.) it is 24 minutes aR 

the G m p ;  and when it is 20 minutes pafi VI11 
in the morning at London ($49.) it is 16‘minutes 
paR I1 in the afternoon at the Ganges. Therefore, 
by projelSting that place upon the Earth’s difc, as 
feen from the Sun, it will be at C (in Fig. 4.3 at 
the time of Venus’s total ingrefs, as feen from the 
Earth’s center, and at g when her cgrefi begins. 

Draw G e and g r parallel to the orbit of Venusr 
Y CO, and meafure them on the kale AB in Fig. 3. 
the former will be 21” for Venus’s eafiern parallax 
i n  the direEtion of‘ her ath, at the above-mentioned 
timeof her total ingrei, and the latter will be 16)’’ 
for her weitern parallax at the time when her egrelh. 
begins,-The former parallax gives 5 minutes 15 
kconde of time (by the analogy in 54.) to be 
added toVl I I  hours 24 minutes, and the latter a- 
railax gives 4 minutes I I ieconds to be fubtra R ed 
from 11 hours 16 minutes j by which we have VI11 

hours 

VI11 in the morning (by Q 47.) at the mout K of  
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hours ~g minutes 15 feconds, for the time of total 
ingreii, as feen from the banks of the Ganges, and 
I1 hours I I  minutes 49 feconds for the beginnitq 
of egrefs, as affeAed by there parallaxes, 

Draw Gf perpendicular to Venus’s orbit YO C, 
and by meafurement on the fcale A B  Fig. 3.) it 
will be found to contain lo“: take IO’ from the 
fcale in Fig. I. and find, by trials, a point c, in the 
arch N, where, if one foot of the compafXes be 
placed, the other will jurt touch the central tran- 
fit line k 1. Take the ileareit diftance,from this point 
c to C L, the axis of ’Veaus’s orbit, and applying 
it from t toward k, you will find it fall a minute 
h o r t  of k ;  which hews, that Venus’s parallax 
in this dircftion hortens the beginning of the line 
of her vifible tranfit at the GangcJ by one minute 
of time. Therefore, as this makes the vifible in- 
gRis a minute later, add one minute to the above 
VI11 hours 29 minutes 15 feconds, and it will give 
VI11 hours 30 minutes 15 feconds for the time of 
total ingrefs in the morning, as feen from the ea& ’ 

ern mouth of the Gangss. At the beginning of 
,egrefs, the parallax g p  in the fame direeion is 2p“, 
(by meafurement on the kale AB), which will pro- 
tra& the bcgianing of e refs by about 30 fcconds 

I1 hours r r  minutes 49 feconds, which will make 
the vifble beginning of egrefi to be at I1 hours 12 
minutes 19 feconds in the afternoon. 

58. Bencookn is x02 degreesteat?. from the meri- 
dian of London; and therefore, when the time is 
28 minutes pait: I1 in the morning at London, it is 
16 minutes pan IX i,n the morning at Bencoslen; 
and when it is 20 minutes pafi VI11 in the morn.. 
ing at London, it is 8 minutes paR 111 in the after- 
noon at B~nroolctz, Therefore, in Fig, 4. Benccoler; 
will be at B at the time of Venus’s total ingrefs, as 
feen from the Earth’s center; and at & vyhen har 
egreil begins. 

Draw 

of time, and muR there B ore be added to the above 
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Draw B i and b k parallel to Venus’s orbit Y C O j  

and meafure them on the fcale: the former will be 
found to be 22‘’ for Venus’s eaflern parallax in the 
direCtion of her path at the time of het total in- 
grers; and the latter to be ~ g $ ”  for her weftern 
parallax in the fame direaion when her egrefs be- 
gins, as feen from the Earth’s center. T h e  firR of 
thefe parallaxes gives 5 minutes 30 feconds (by the 
analogy in 5 54.) to be added to JX hours 16 mi- 
nutes, and the latter parallax gives ,+ minutes 52 
feconds to be fubtraAed from 111 hours 8 minutes; 
whence we have IX hours 2.1 minutes 30 feconds 
for the time of total ingrefs at Bencoolen: and I11 
hours and 3 minutes 0 feconds for the time when 
the  egrefs begins there, as affedted by there two 
parallaxes. 

59. Draw B v and E7 m perpendicular to Venus’s 
orbit YC0;and mealure them on the kale AB: the 
former will be 5” for Venus’s northern parallax in 
P direilion perpendicular to her path, a8 feen from 
Bencookn, a t  the rime of her total ingrefs; and the 
latter will be 155” for her northern parallax in thar 
direfition when her egrefs begins, Take thefe pam 
rallaxes from the fcale, Fig. I .  in your compaffes, 
and find, by trials, two points in the arcs Nand  
(Fig. 2:) where if one foot of the compaffes be 
placed, the other will touch the central tranfit line 
k I :  draw a line from a to 6, for the line of Venus’s 
tranfit as ken from Bencoolen; the center of Venqs 
being a t  a, as feen from Bencoolen, at the nwmenc 
of her total ingrefs; and at b at the moment when 
her egrefs begins, 

But as feen from the Earth’s center, the center 
of Venus is at k in the former cafe, and at I in the 
latter: To that we find the line of the tranfit is 
longer as ken from Bencoblen than as feen from she 
Earth’s center, which is the effea of Venus’s north- 
ern - parallax.-Take B a in yqur compafles, and 
fetting that extent backward frorri t toward$, an 
the central traQfit-line, you will find it will reach, 
two minutes beyond k: and taking the extent B h 

iP 



Oft She Planets ffon the Sun. 
in  your compaffes, and fetting it forward from f to- 
ward &, on the central tranfit-line, it will be found 
to reach 3 minutes beyond 1. Confequerrtly, if we 
fubtraA 2 minutes from IX hours 21 minutes 30 
feconds (above found), we have IX hours 19 mi- 
nutes 30 feconds in the morning, for the time of 
total ingrefs, as feen from Bencoolen : and if we add 
3 minutes to the above found 311 hours 3 minutes 
8 Ceconds, we hall have III  hours 6 minutes 8 fc- 
conds afternoon, for the time when the egrcfs be- 
gins, as ken from Bencookn, 
69. The  whole duration of the tranfit, frolfi the 

total ingrek to the beginning of egrefi, as feen from 
the Earth’s center, is 5 hours 52 minutes (by § 40.) 
but the whole duration from the total ingreis to the 
beginning of egrefs, as ken from Bencooim, is only 
5 hours 46 minutes 38 feconds ; which is 5 minutes 
22  feconds lefi than as feen from the Earth’s cen- 
ter: and this 5 minutes 2 2  frconds is the whole 
cffeEt of the parallaxes (both in longitude and lati- 
tude) on the duration of the tranfit at Bencoole~~. 

But the duration, 3s ken at the mouth of the 
Ganges, from ingrefs to egrefs, is Ttill lefs 5 for it 
is only 5, hours 42 minutes 4 feconds : which is 9 
minutes 56 Ceconds kfs than as ken from the 
Earth’s center, and 4 minutes 34 feconds lefs than 
as feen a t  Bencookn. 

61. The  ifland of St,  Helena (to which only a 
fmnll part of the tranfit is viiible at  the end) will 
be at H (as io Fig. 4.) when the e refi begins as 
k e n  from the Earth’s center. And?incr the mid- 
dle of that ifland is Go weR froin the meridian of 
London, and the {aid egrefis begins when the rime 
at Londw is 20 minutes paIt V in the morning, 
it will then be onfy 56 minutes pall VI1 in the 
morning at St. Nefma. 

Draw Nn pnrailel to Vcous’s orbit Y C O ,  and 
&.lo perpendicular to i t  j and by meafuring them on 
the fcak (Fig. 3.) the forrner will be found to 
amount to 29’’ for Venus’s eallern parallax in the 

X i  direRion 
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direAion of her path, as feen from St. Helena, when 
her egrefs begins, as feen from the Earth's center; 
and the'latter" to be 6" for her northern parallax in 
a direaion a t  right angles to her path. 

By the analogy in $54, 'the parallax in the direc- 
tion of the path-of Venus gives IO minutes 2 fe- 
conds of time ; which being added (on account of 
its being eafiward) to VI1 hours 56 minutes, gires 
VI11 hours 6 minutes 2 feconds for the beginning 
of egreh at St. I€elena, as affetled by this parallax. 
-But 6" of parallax in a per endicular direaion to 

ens out the end of the tranfit-line by one minute ? 
which being added to VI11 hours 6 minutes z fe- 
conds, gives V31I hours 7 minutes 2 feconds for the 
beginning of egrefs, as feen from St. Helena, 

6 2 .  W e  hal l  now collea the above-mentioned 
times into a h a l l  table, that they may be feeri a t  
once, as follows: M fignifies morning, A afternoon. 

her path (applied as in the ca ip e of Bencoolen) length- 

Beg. ofegrefs 
H. M. 5 .  

VI11 17 41M- 
v m  20 O M S  

I1 1 2  I ~ A  

Tota l  ingrefs. 
I-I. M. S. 

The Earth's center l i  28 OM 
London - - - InviGble M 

2 T l , e G u n L p m o u t h V I I I  3 0  I S M  
Benctole7r - - - 1X 19 3oM 

- I Sk. fieletla - - Invifible. M 

Duration. 
E-I. M ,  S. 
- - 5 2  O* 

j 42 4 

63 .  T h e  times at  the three'laft-mentioned places 
nr'e reduced to the meridian of London, by fub- 
traEting 5 hours $6 minutes from the times of in- 
grefs and egreis a t  the Gnngcs ; G hours 48'mi- 
nutes from the times at  Senctolen; and adding 24 

e T h i s  diirdtion as feen from the Earth's Center, is on fup- 
pofition that the hi id iameter  of Venua would be found equal 
to 3 7 i " ,  on thc Sun's dilc, as ftated by Dr.  Hdhy (fee Art. v- 
$ 3 I .) to wliich ail thc other durRti?ns are acconimod~red.+ 
Hut, from later obfervatians, it is hlghly probable, that  the 
icni idimeter of Venus will be found nat to exceed 30" on the 
Sun ; and i f  io, the duration hetwecn the two internal con- 
[a&, a3 ken  frorn the Earth's cc'ntcr, will be 5 houI8 5 8  
minutes ; and the  duration, as feen from the above.rnentloned 
placeu, will be lengthened very nearly in  the Came proportton- 

minutes 
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minutes to the time of beginning of egrefs at 
St, i-iehna : and being thus reduced, they are a8 
follows E 

Timesat  

64. All this is on fuppofition, that we have the 
true longittides of the three lalt-mentioned places, 
that the Sun's horizontal parallax is 12p" that the 
true latitude of Venus is given, and t h a t  her femi- 
diameter will rubtend an angle of 374" on the Sun's 
diic, 

As for the longitudes, we mu& fuppde them 
true, until the obfervers alcertain them, which is 
a very important part of their bufinefs 8 and with- 
out which they can by no means find the interval 
of sbfolute time that elapfeth between either the 
ingrefs or egrefs, as ken from any two given places : 
and there is much greater dependance to be, had 
on this elapfe, than upon the whole contralkion of 
duration a t  any given place, as it will undoubtedly 
afford a furer bafrs for determining the Sun's pa- 
rallax, 

65. I have good reafon to believe, that the lati- 
tude of Venus, as giveri in tj 31, will be found by 
obfervation to be very  near the truth ; but that the  
time of conjunAion theye mentioned will be found 
later than the true time by alniolt 5 minutes4 that 
Venus's remidiameter will Cubtend an angle of no 
more than  ,qo" on the Sun's difc;. and that  the 
middle of her tranfit, as feen from the Earth's 
centcr, will be at 24 minutes after V i n  the morn- 
ing, as reckoned by the equal time at London. 

66. SubcraR VI11 hours 17 minutes 41 feconds, 
the time wh,en the egrefs bcgins at Londun, from 
VI II hours 3 I minutes P feconds, the time reckoned 
at London when the egreh begins at S/. Helena, and 

I i  2 there: 
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there will remain 13 minutes 21 ficonds (or 801 
feconds) for their difference or elapfe, in abhlute 
times, between the bcginning of egrefs, as feen from 
there two places. 

Divide 801 feconds by the Sun’s parallax 124”, 
and the quotient will be 64 feconds and a fmxll 

‘fraEtion. So that  for each fecond of a degree in 
the Sun’s horizontal parallax (iuppoGng it to be 
124”) there will be a diffrrrnce or vlapfe of 64 ie- 
ednds of abfolute tirhe between the beginning of 
igrefs as ieen from London, and as ieen from St .  
tlelena ; and corlfequently 33 feconds of time for 
every half fecond of the Sun’s parallax; 16 feconds 
of time for every fourth part of a fecond of the 
Sun’s parallax ; 8 feconds of time for the eighth 
part of a fecond of the Sun’s parallax; and full 4 
feconds for a fixteenth part of the Sun’s parallax. 
For in To fmall an ahgle as chat of the Sun’s pa- 
rallax, the arc is not fenftbly different from either 
its fine or its tangent: and therefore the quantity 
of this parallax is in direA proportion to the ab- 
folute diflerence in the time of egrefs ariGng from 
it, at different parts of the Earth. 
67. Therefore, when this difference is afcertained 

by good obfetvations, made a t  different places, and 
compared together, the true quantity of the Sun’s 
parallax will be very near17 determined. For, 
fince it may be pref‘imed that the beginning of 
egrefs can be obferved within 2 feconds of its real 
time, the Sun’s parallax may be then found within 
the 32d part of a iecond of its true quantity ; and 
coniequrntly, his diftance + may be found within ai 
400th part of the whole, pfovided his parallax be 
not lefi than I 24”; for 32 times I 24 is 400. 

68. But fince Dr. HALLEY has aKurcd us, 
that he had obferved the two internal contaats 
of the planet Mercury with the Sun’s edge fo 
exaely as not to err one fecond in the time, we 
may well imagine that the internal contaats of 
Ycnus with the Sun may be obferved with as 

4 great 
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great accuracy. So that we may hope to have the 
abfolute interval between the moments of her bt- 
ginning of egrefs, as feen from London, and from 
St. Helena, true to a fecond of time; and i f  io, the 
Sun’s parallax may be determined to the 64th part 
of a Pecond, provided ic be not lefs than 12i’’:  
and confequently hii> d i h c r  may be found, wi th in  
its 800th part j for 64. times I 21 is 800 : which 
is fiill nearer the t ru th  than  Dr. W A L L E Y  expeEted 
it might be found, by obferving the wholc dura- 
tion of the tranfit in the EaJ-lndies and at Povf- 
JV,efin. So that our prefent Afironorners haveju- 
dicioufly refolved to improve the DoAor’s method, 
by raking only the interval between the abfulute 
times of irs ending a t  different places. If the 
Sun’s parallax be greater or lcfs than 124’’, the 
elapfe or difference of abfoluce time between the 
beginning of egrefs at London and St. lIelena, will  
be found by obfervation to be greater or leis than 
801 feconds accordingly. 

69. There will alfo be a great difference between 
the abfolute times of egrefs at  St. Helena and the 
northern parts of RuJa, which would make thefe 
places very proper for obfwvdtion. The  differencs 
between them at TobolJk in Siberia and at St. Helens 
will be I I minutes, according to DE L’ISLE’S map : 
at Archangel it will be but about 40 icondsslefs 
than a t  TobolJk ; and only a minute and a quarter 
lefs at PeterJurg, even if  the Sun’s paralLix be no 
more than IO#’‘. At Wuvdbus the fame advantage 
would nearly be gained as at FTob~p ; brit if the ob- 
fervers could go Itill farther to the aft, as ‘to 2%- 
koa@ in Siberia, the advantage would be fiill 
greater; for, as M. DE L’ISLE very jultly obfcrvcs, 
in a memoir prefenced to the Fi.erzcb King with his 
map of t h e  tranfit, t h e  difference of time between 
Venus’s egpefs from the Sun at 2%koutfl and at the 
Cupe ~ Gotld Hope will be I 3 :: minutes. 
70. T h i s  method requires that  the longitude of 

each place of obfervacion he afcertained to the 
‘ l i ~  grcatetl 



Icetp; and that each obferversg 
gulated PO the equal ti 
t there particulars it 
obfervers to reduce t 

ohfervers to know exaEtly either the true angular 
mealure of the Sun's diameter, or of 
rliis cafe ; for wliarev 
make no fenfible di 
between the fame 
piaces. 

7x. tn the geometrica 
the fcale AB (Pig. 3. of 
vide$ into any given nu 
fwcring to any a 
aontal parallax fr 
difference between the h 
and that OF the Sun), pr 
the fccalc be equal to the 

Pig. +-'i'hus, i 
pamll~c  from che 
f 31"), in whicb 

parallax muft be 10'!,3 
thc projettion will a 
which contains only 
tength as AD, which coritains 31. And bp work- 
ing i n  all other rerpeRs as taught from § 45 to 
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through thecenter of Venus, and a given poidt of 
the Earth and produced to the Sun’s dik, will 
mark the path of Venus on the Sun, as feen from 
the given point of the Earth : and in this there are 
three cafes. r .  When the given point is the 

th’s center, at  which there is n o  parallax, either, 
ngitude or latitude, 2. When the given point 
e of the poles, where there is no parallax of 

longitude; but a parallax of latitude, whofe quan- 
ti ty is eafily determined, by letting fall a perpen- 
dicular from the pole upon the plane of the eclip- 
tic, and fecting off the parallax of latitude on 
this perpendicular : and here the polar tranGt-lines 
will be parallel to the central, as the poles have 
no motibn arifing from the Earth’s diurnal rota- 
’ 5. T h e  lalt cafe is, when the given point of 

rth is any point of its furface, whok lati- 
lefs than 90 degrees: then there is a paral- 
latitude proportional to the perpendicular 
upon the above faid plane, from the given 
apnd a parallax in longitude proportional 

dicular let fall upon the axis of that 
he faid given poinr. And the effeCt 

lafi will be to alter the tranfic-line, both in 
and length; and will prevent its being 

central traofit-line, unlefs when its 
axis of the Earth coincide, as fren, 
; which i s  a thing that may not hap. 

I i  4 



A R T I C L E  vr. 
Concerning the map the tranjt. Plate XVII, 

73. T h e  title of this map, and the lines drawq 
upon it, together with the words annexed to thefe 
lines, and the numbers) (hours and minutes) on 
the dotted lines, explain the whole of it To well, 
that no farther defcription fecms requifito. 
74. So far as I can examine the map by a good 

globe, the’black curve lines are in general pretty 
well laid down, for kewing at what places the 
tranfjt  will begin, or end, at fun-rihg or fun-fee- 
ting, to all thofe places through. which they arc 
drawn, according to the times mentioned in the 
map. Only I quefiion much whether the tranfiti 
will begin at fun-rife to any place in Africa, that is 
welt. of the Red-Sera; and am pretty certain that 
the Sun will not be rifen to the northernmoft parr of 
Nladag&ar when the trslnfit begins, as M. DE 
Z’Ism reckons the firft contaa of Venus with the 
S u n  to be the beginning of the tranfit, So that 
the line which ihcws the entrance of Venus in the 
S u n %  difc at fun-rifing, ferms to be a little too far 
weft i n  the map, at all places wliicti are fauth of 
&?a Minor : bur‘ in Ezlrope, I thiilk i t  is very well, 

7 5, I n  delineating this map, I I d  M. DE L’ISLE’S 
map of the tranfic before me. And the only dif- 
ference between his m a p  and this, is, I.  That in his 
map, the times ate computed to the meridian of 
Pnvis ; in h i s  they are reduced to the meridian of 
Landor;l, 2. 1 have changed his meridional pro- 
j&ion into tha t  of the equatQrial j by which, I 
apprehevd that  the black curve lines, ihcwing at  
what places t h e  tranfit begins, or ends, with the 
d i n g  or retting Sun, appeqr mor t  natoral to the 
eye, grid are mole fully k e n  at once, than i t ]  the 
map from which I copied; for in that map the 
lines are interrupted arid broke in the meridian 

that 
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that divides the hemifpheres 3 and the places where 
they 'lhould join cannot be perceived fo readily by 
thok who are not well fkilled in the nature of fie- 
rcographical projeAions.-The like may be faid 
of many of the dotted curve lines, on which arc 
exprelTed the hours and minytes of the beginning 
or ending of the $ranfit, which are the abfolute 
times at there places through which the lines we 
drawn, computed to the meridian of London. 

ARTICLE VII. 
Containing an Account ofMr. WORROX'S O~eervation 

of the TranJt of Yenus over the Sun, in  the Year 
1639 ; as it is publtjbed in tbe Annual Regifier 
for the Year 176 I .  

76. When Kepler firft confirulked his (the Ru- 
dolphine) Tables upon the obiiervations of cl"ytbu, 
he Coon became fenfible that the Planets Mercury 
and Venus would Cometimes pal" over the Sun's 
difc ; and he predi&ed two tranfits of Venus, one 
for the year 1631, and the otheri for.1761, in a 
tra&t publiked a t  LeipJck i n  1629, entitled, Ad- 
mpniiia pd AJronomos, €9~. Kepler died fome days 
before the tranfit in 1631, whichshe had predikled 
was to have happened. .GaJendi looked for it at 
Paris, but in vain (lie Mercurius in Sole vKus, &j' 
~ e n u c  invga). In effeA, the imperfefl fiate of the 
Rudolphine Tables was the caufe that  the tranfic 
was expeEted in 1 6 3 1 ~  when none could be ob- 
ferved : and thofe very tables did not give reafon 
to expefl one in ~ 6 3 9 ,  when one was really ob- 
ferved. 

When our illufirious countryman Mr. WORROX 
firfi applied himfelf to Aftronomy, he computed 
Ephemerides for feveral years, from LanJergius's 
Tables. After continuing his labours tor lomc 
time, he was enabled to difcover the imperfeftion 
of tkfc tables 5 upon which he laid afide his work, 

in tendiqg 
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intending to determine the pofitions of the fiars 
from his own obfervations. But that the former 
part of his time fpent in calculating from LanJ 
bergius might not be thrown away, he made ufe of. 
his Ephemerides to point out to him the fituations 
of the planets. Hence he forefaw when their 
conjun€tions, their appulfesito the fixed fiars, and 
the moft remarkable pbznomena in the heavens 
would happen; and prepared himfclf with the 
geatefi  care to obferve them. 

Hence he was encouraged to  wait for the import- 
ant obfervation of the tranfi t  of Vepus in the year 
~ 6 3 9  ; and no longer thought the former part of 
his time mis-fpent, fince his actention toLan@ergius’s 
Tables had enabled him to difcover that  the tranfic 
would certainly happen on the 24 th  of Novembw. 
However, as thefe Tables had io often deceived 
him, he was unwilling KO rely on rlxm entirely, 
but confulted other Tables, and particularly thofe 
of Repler; accordingly in a letter to his friend 
William Crabtree, of MancheJer, dated Ilool, O8ober 
26, 1639, he communicated his difcovery t~ him, 
and earneitly defired him to make whatever obfer- 
vatiun he pofibly could with his telefcopr, parti- 
cularly to meal‘ure the diameter of the planet Ve- 
nus; which, accerding to Kepler, would amount 
r o  7 minutes of a degree, and according to La+ 
blrgius to I I minutes j but which according to’ 
his own  proportion, he expeEted it would hardly 
exceed one minute. He adds, that  according to 
Kepler, the corljun&ion will be November 24, I 639, 
a t  8 hours I rriin~te A. M. a t  MiintbeJZer, and that 
the planet’s latitude would be 14’ IO” fouth; but 
according to his owh corre&ions, he expeEted it to 
happen at 3 hours 57 min .  1’. M. a t  hfulicheJer, with 
io’ fouth latitiidc., ]jut becaufe a I~rlal l  alteration 
in  Kepler’s numbers would greatly alter the time 
of conjunflion, and the quantity of the planes’s 
latitude, he advifes to watch the wholc. day, and 
even on the preceding afternoon, and the morning 

of 
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of the njth, though he was entirely of opinion that 
the cranfit would happen on the 24th. 

After having fully weighed and examined the 
feveral methods of obferving this uncommon phe- 
nomenon, he determined to traniinic the Sun’s 
image through a telefcope into a dark chamber, 
rather than through a naked aperture, a method 

catly commended by Kepler ; for the Sun’s image 
nor given fufficiently large and diltina by the 

latter, unlefs at  a very great diRance from the aper- 
ture, which the narrowneh of his, Gtuation would 
not allow o f ;  nor would Venus’s diameter be well 
defined, unlers the aperture were very fmall; 
whereas his telefcopt., which rendered tlie Mar 
fpots diftinAly vifible, would h e w  him Venus’s 
diameter well defined, and enable him to divide 
the Sun’s limb more accurately. 

H e  defcribed a circle on paper which nearly 
equalled fix iiiclies, the nnrrownefs of the place not 
allowing a larger Gze ; but even this fize admitted 
diviGons fuff3ciently accurate. H e  divided the cir- 
cumference into 360 dc‘grees, and the diameter 
into 30 equal parts, each of wliich was rubdivided 
into 4, and the whole therefore into 120. The 
fubdivifion might have itill been carried farther, 
but he tryited rather to the accuracy and niceners 
of his eye. 

When the time of obfervation drew near, he 
adjuited the apparatus, and caufed the Sun’s dif- 
tin& image exa&ly to fill the circle on the paper : 
and though he could not rxpeCt the planet to enter 
upon the Sun’s dik  brfore three o’clock in the 
afternoon of tlie 24ch, from his own corretted 
numbers upon which he chiefly relied ; yet, be- 
caufe the calculations in general from other tables 

ave the time of conjunfiioii much boner, and 
krne even on the 23d, he obferved the Sun from 
the time af its rifing to nine o‘clock; and again, 
a little before ten ; at noon, and at one in the after- 
~QPII, being called, in the intervals to’bufineh of 

the 
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tho highdl moment, which he could not ncgle&. 
But in a11 there times he faw nothing on the Sun’s 
face, except one fmall fpot, which hc ha$ feen on’ 
the preceding day; and which alio he afterward 
k w  on Come of the following days. 

But a t ,  3 hours 1 5  rninures i n  the afternoon, 
which was the f ir f i  opporriiniry he had of repeating 
his obkrvations, the clouds were entirely d’ifper 
and invited him to ieize chis favourable occafi 
which feemed to be providentially thrown in 
way; for he then beheld the moil agreeable fight, 
a fpot, which had been the object of his mofi [an- 
guine wihes, of an unufual h e ,  and of a perfrBly 

fhape, jufi wholly entered upon the Sun’s 
the left fide ; fo tha t  the limbs of‘ the Sun 

and Verlus perfrtltly coiricided i n  the very point of 
contat?. , H e  was immediately fenfible that  this 
f p t  was tfie planet Venus, and appiied hinfelf 
with the utrnofi Care to prorecute his obfervations, 

And, Ei’vJ, with regard to the inclination, he 
fmnd,’by means of  a diameter of the circle fet per- 
yctldicular to tho horizon, the plane of the circle 
hing forne what reclined on account of the Sun’s 
afei&.de, tha t  Venus had wholly entered upon the 
Sua’s difc, at 31 hours 15 minute?, at about 62’ 
30’ (c~ta in ly  between 609 and 65”) from the ver- 
tex toward th? right harid. (3  heir were the ap- 
pdar;tnces wirhin the dark chamber, where the 
Sun’s image and motion of the p l ~ h ~ t  on it  were 
boph in&!rcd and reverfed.) A i d  this inclination 
continued confiant, at lean to all fenfe, till he had 
finiihed the whole of his gbfrrvatian. 

Selotidh, The diftarices obfervcd afterward be- 
tween the centers of the Sun and Venus were as 
follows ; At. 3 hours 1 s  mir.rclte6 b y  the clock, the 
diitance waa 14’ 24”; a t  3 hours 35 minutes, the 
diRanoe w a  13’ 30”; at  3 hours 45 minutes, the 
difiance was 1.3’ o”, The apfmrenc ticue of f‘un- 
ktting w;is ac 4. hours 50 miii~tes-thc true time 

3 hours 
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3 'hours 45 minutes-refraLtion keeping the Sua 
above the horizon for the fpace of 5 minutes. 

Tbirdh, We found Venus's diameter, by repeated 
obfcrvations, to exceed a thirticth pal t of the Sun's 
diameter, by a fixth, or at moR EL iifch fubdivifion. 
-The diameter therefore of the Sun to that  of 
Venus rnay be exprezcd, as 30 to 1.12. I t  cer- 
tainly did not anwunt to 1.30, nor yet to 1.29. 
And this was found by obferving Venus as well 
when near the Sun's limb, as when farther removed 
from it. 

The  place where this obfervation was made, was 
an obfcure village called H o d ,  about 15 miles 
northward of Liverpool. The latitude of Liverpool 
had been often determined by Horras to be j30  20'; 
and therefore, chat of Hod will be 53" 35, The 
longitude 'of both feemed to him to be about 22" 
30' from the Fortmate @and$ : that is, 14" I 5' to 
the welt of Uvmiburg. 

Thefe were all the obfervations which the fhort- 
ners of the time allowed him to m a l e  upon this 
molt remarkable and uncotninon fight ;* all tha t  
could be done, however, in fo fmall a fpace of time, 
he very happily executed; and fcarce any t h i n g  
farther reinained for hi in  to defire. In regard to 
the inclination alone, he could not obtain the ut- 
mott exattnefs ; for i t  was extremely difficult, from 
the Sun's rapid motion, to obrerve it to any cer- 
ta in ty  within the degree. And he ingenioufly con- 
fell& that  he neither did, nor could pofibly perform 
it, The  refi are very much to be depended upon ; 
and as exa& as he could wilh. 

Ma. Crabtree, at MancbeJer, whom Mr. fiorrox 
had deGred to obkrve this tranfir, and who in m a -  
thematical knowledge was inferior to few, very 
readily, complied wlth his friend's requett ; but 
the flcy was very unfavourable to him, and Iae had 
only one fight of Venus on the Sun's dik, which 
was about 3 hours 35 minutes by the clock; che 
Sun then, for the firit time, beaking Qut from the 
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clouds: at which time he flcetched out Venus's 
fitoation upon paper, which IJorrox found to coin- 
cide with his own oblervations. 

Mr. Howox,  in his treatile on this fubjelk, pub- 
lifhed by Hevelius, and from which almoft the 
whole of this account has been colkltted, hopes 
for pardon from the aftronomical world, for noc 
making his intelligence more public ; but his 
difcovery ,was made too late. He is defirous how- 
ever, in the fpirit of a true philofopher, that other 
aQronomers were happy enough to obfecve it, who 
might either confirm or corr.e& his obfervations. 
But fucli confidence was repofcd i n  the tables at 
tha t  time, that it does not appear that this tranGc 
of Venus was obferved by any befides our two in-  
genious councrymen, who prorecured their a h -  
nomical itudies with fuch eagernefs and precifion, 
that they muit very foon have brought their fa- 
vourite icience to a degree of perfeRion unknown 
at thok times. But unfortunately Mr. Ilurrox died 
on the 3d of ymuary 1640-1, about the age of 
25, jutt after he had put the lafi hand to his trea- 
tife, entitled Venus in Sole vga, in which he h e w s  
himfelf to have had a more accurate knowledge 
of the dimcnfions of the Solar Syfiern than  h ~ s  
learned commentator Hevelius,--So far the Annual 
I<eg$tr. 

In the year 1691 *, Dr. HALLEY gave in a paper 
upon the tranfic of Venus (See Lowthorpe's Abridg: 
merit of the l'hilofophical 'L'ranfaQions, page 434.), 
in which he obkrves from the,tableu then in ufe, 
that Venus returns to\  a conjun&ion with the Sun 
in  her afcending node in a period of 1 8  years, 
wanting 2 days IO hours 52;- minutes; but that  
i n  the kcond conjunklion ihc will have got 2 2  41" 
farther to the ibuth than in the preceding. 'Chat 
after a period of' 235 years 2 hours i o  minutes 9 
fxonds, the returns to a cwjunltion inore to tlie 
north by 1 I'  23'' j and after 243 years, wanting 43 

minutes 
sue the & n t i n $ u m  d e r  CTt'nip for A. D. 1761. 



Of the PZanets from the Sun. 495 
minutes in a point more to' the fouth by 13' 8", 
But if the fecond conjunEtion is in the year next 
after leap-year, ie  will be a day later. 

T h e  intervals of the conjunCtions a t  the defcend- 
ing node are fornewhat digerent. The  licond hap- 
pens in a period of 8 years, wanting 2 days 6 hours 
55 minutes, Venus being got more to the north 
b y  I 9' 58". After 235 years z days 8 hours. I S  
minutes, ihe is 9' 21'' more iburl15rly : only, if tlie 
'firit year is a biirixtile, a day muR be addea. And 
after 243 years o days I hour 1.3 minutes, the 
conjunltion happens IO' 37" more to the north ; 
apd a day later, if the fir& year was bilfixtile. I t  is 
fuppofed, as i n  the old fiyle, that all rhc ceneurial 
years are biffextiles. 

I-lence, Dr. HALLEY finds the years in which a 
t ranf i t  may happen at the afcending node, in the 
month of November (old flile) to be thefe-9 I b', 
Y 161, 1396, 1631,1639, 1874,  2109, 2117 : and 
d ie  tranfics in the month of May (old Rile) at the 
defcending node, to be in thefe years--1048, I 283, 
1518, I 5 2 6 ,  1761, 1769, -1996, 1004. 

In the fir& cafe, Dr. HALLEY makes the vifible 
inclination of Venus's orbit to be yo s', arid her 
horary motion on the Sun.4' 7". In the latter, 
he finds her vifible inclination to be 8' ~ 8 " ,  and 
her horary motion 4' 0". In  either cafe, the greatefi 
pollible duration of a cranGc is 7 hours 56 minutes. 

Dr. I - I A L L w  could even then conclude, that i f  
the interval in time between the two interior con- 
ra&s of  Venus with the Sun could be mcafured to 
the exa&nefs of a frcond, in two places properlv 
ficuared, the Sun's parallax mighr be Jetermined 
within its gaodtti part.-But levera! years after, 
he explained this affair more fully, in a paper 
concerning the tranfit'of Venus i n  the year 1761 
which was publiked i n  the l'hilolophicd I'ratil-- 
aktiono, and of which the t h i r d  of the preceding 
ar ticks is a tranflation j the 'original having been 
wrote i n  Latin by the Dofrotor. 

12 -4R7.1 c LE 
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A R T I C L E VIII. 
Containing a fiort account of fome overvations fl tlle 

Tranzt of Venus, A. D. 1761, June 6th, New 
Stile ; and the d$anccr of the Planets from the 
Sun, as deduced from tbge ob/ervations. 

Early in the morning, when every aftronoiqer 
was prepared for obfrrving the tranfit, it unluckily 
happened, that both a t  London and the Royal Ob- 
fervatory at Greenwich, the f k y  was io overcafiI 
with clouds, as to render i t  doubtful whether any 
part of the tranfit fiould be feen :-and it was 38 
minutes 21 feconds pafi 7 o’clock (apparent time) 
a t  Greenwick, when the Rev. Mr. Rlvs our Afiro- 
nonier Royal, fir& Taw Venus on the Sun j at which 
i n R m t ,  the center of Venus preceded the Sun’s 
center by 6’ 18’l.g of riaht afcenfion, and wasfouth 
of the Sun’s center by I I’ 42”.1 of declination,- 
From that  time to the beginning of egrefs the 
DoEtor made revera1 obfeyvations, both of the dif- 
ference of righe afcenfion and declination of the 
centers of the S u n  and Venus ; and a t  ]aft found 
the beginning of egrefs, or infiant of the internal 
contakt of Venus with the Sun’s limb,. to br: at 8 
hours I g minutes o feconds apparent time.--From 
the DoEtor’s own ?obfervations, and thofe which 
were made a t  Shirburn by another gentlemaq, he 
has computed, that the mean time at Greenwich of 
the ecliptical conjunAion of the Sun and Venus 
was a t  51 winutes 20 reconds ,after five o’clock in 
the morning ; that the place of the Sun  and Venus 
was II (Gemini) 15’ 36’33’’; and that the geo- 
centric latitude of Venus was g’ 44” fouth.- 

grade ;-and the angle then formed by the axis of 
the equator, and the axis of the ecliptic, was 60 
9’ J&‘!, decrealing hourly E minute of a degree.- 
By the means of three good obfervations, the dia- 

Mr. 

Mer horary motion from the Sun  3’ 57 ‘8 .13 retro- 

of Venus on the Sun was 5s’’. 
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Mr. Short made his obfervation at Savih-E?ouJ2 
in  London, 30 feconds in time weit from Grcenwicb, 
in prefcnce of his Royal Highnefsthe Duke of Td, 
accompanied by their Royal Nighneffcs Prince 
William, Prince Henry, and Prince Frederick-He 
firR Taw Venus on the Sun through flying C ~ O U ~ G ,  
at  46 minutes 37 feconds after 5 o'clock ; and at 
6 hours 1 5  minutes 12 feconds he rneafured the 
diameter of Venus 59".8.-He afterward found it 
to be 58".9 when the flcy was more favourab1e.m 
And, through a refleEting telefcopc of two feet 
focus, magnifying 140 times, he found the internal 
conta&t of Venus with the Sun's limb to be at 8 
hours 1 8  minutes 21 f. feconds, apparent time ; 
wt).ich, being reduced to the apparent time PC 
Grcenwicb, was 8 hours I 8 minutes 5 I # feconds : 
io that his time of feeing the contaCt was 8: fecondo 
fioner (in abfolute time) than the inRant of its be- 
ing ken at Greenwich. 

Mefis. Ellitott and Doland obferved the inter- 
nal contaa at Hackney, and their time of fet ing it, 
reduced to the time a t  Greenwich, was at  13 hours 
IS minutes 36 konds ,  which was 4 feconds fooner 
in abfolute time than the concatt was feeen at Green- 
wicb. 

Mr. Canton, in Spittle-Square, London, 4' I I" 
welt of Gmnwirb (equal to iG ieconds 44 thirds 
of rime), meafiired the Sun's diameter 31' 33" 26", 
and the diameter of Venus on the Sun 56";  and 
by obfervation found the apparent time of the in- 
ternal conta& of Venus with the Sun's limb to be 
at 8 hours 1 8  minutcs 41 feconds; which, by rc- 
du&ion, was only 2: feconds hhort of the time at 
the Royal Obfervatory at Gveetrwicb. 

T h e  Reverend Mr. Nicknrd Wnydon, at Lcfieatd, 
in Cornwalf ( 1 6  minurcs IO feconds in time we& 
from London, as Rated by I h .  B e d s , )  obferved the 
internal contakt to be at 8 hours o minutes 20 
fecands, which by redlittion \vas 8 hours.16 minuter 
3a feconds at Greenwich: fo that he muit have kcen 
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it 2 minutes 30 ieconds Pooner i n  abfolute time 
than it was ken at  Gueenwicb-a difference by 
much too great to be occafioned by the difference 
of parallaxes. But by a memorandtim of Mr. 
Haydon's fome years before, it appears that he then 
fuppufed his welt longitude to be near two minutes 
more j which brings his time to agree within half 
a minute of the time at Greenwich j tO  which tha 
parallaxes will very nearly anrwer. 

At Stockholm Obfervatory, latitude 59" 204' 
north, and longitude I hour 1 2  minutes eait from 
Greenwich, the whole of the tranfit  was vifihle; 
the tot41 ingrefs was obferved by Mr. Wargentin 
ta be at 3 hours 39 minutes 23 feconds in the 
morning, and the beginning of egrefs a t  g hours 
30 minutes 8 feconds ; io t h a t  the whole duration 
between the two internal conta&s, as reen ac that 
place, was 5 hours 50 rninutes 45 feconds. 

At Torwo i n  1 apland ( I  hour 27 minutes 28 
feconds eait of Puris) hlr. Hellant, who is eiteeined 
a very good ohferver, found the total ingrefs to ba 
at 4 hours 3 minutes 59 kconds ; and the begin- 
ning of egtefs to be g hours 54 minutes 8 feconds. 
--So t h x  the whole duration betwcen the F W O  in- 
ternal contaRs was 5 hours 50 miniites 9 fkconds. 

At Irlenr@lzd, i n  Sweden (latitude 600 38' north, 
and longitude I hour 2 minutes 12 feconds eait OC 
P a u i ~ ) ,  Mr. CiJZer o lAmwl  the total ingrers to be 
at 3 hours 38 minutes 2 6  kconds; and the begin- 
ning uf egrds to be a t  9 hours 2 9  minutcs 21  
feconds , --'1- he d LIT a t io n bet ween t h c fe two 1 n ter nal 
contaQs 5 hours  50 minutcs 56 feconds. 

Mr. De kt Lande, at Puris, oblerved the begin- 
ning of rgrefs to be at 8 hours 28 minutes 26 
keconds apparent timc--Hut Mr. Ferner (who was 
tlren at  Corgans, 14$" wefi  of the Royal Obferva- 
tory at Paris) obfervrd the beginning of egrefs to 
he at  8 hours 28 ininutes 21) Ikconds true time. 
'j'ije cquqtiaa, or dincrence between the true and 
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apparent time, was I minr~te 54 feconds.-The 
total ingrefs, being before the Sun role, could not 
be feen. 

A t  l"obo@ in Siberia, Mr. Cbnppe obferved the 
total ingrefs to be a t  7 hours o minutes 28 feconds 
in the morning, and the beginning of egrefs to be 
at 49 minutes 20; feconds after 12 at noon.-So 
that  the whole duration of  the tranfit between the 
internal contaQs was 5 hours 48 minutes 52p fe- 
conds, as ken at  that place ; which was 2 minutes 
3; feconds lefs t h a n  as !?en at Hcmo/bnd in ,'?weden. 

At  MadraJs, the Reverend Mr. HirJ obferved 
the total ingrefs to be ac 7 hours 47 minutes 55 
feconds apparent time in the morning; and the 
beginningofegrers at I hour 39 minutes 38 feconds 
pafi noon. The duration between thefe two internal 
contaCts was 5 hours 5 1  minutes 43 fecontfs. 

ProfeiTor Mnthenci at Bolosna obferved the be- 
ginning of egrefs to be at 9 hours 4 minutes 58 
feconds. 

A t  Calcutta (Istituck 22' 30' north, nearly 92' 
eaft longitude from London) MI. tY7i11iam Magee 
obferved the total ingrcfs to be a t  U hours 20 
minutes 5 8  feconds in the morning, and the begin- 
ning of egrefs to be at  2 hours I I minutes 34 
feconds i n  the afternoon. T h e  duration between the 
two internal conta&s 5 hours 50 minutes 36 lmnds.  

At  the Cape of Good Hope ( I  hour I 3 rninures 35 
feconcts ealt froin Greenwich) Mr. Mqon obfervd 
the beginning of egr& to be at  9 hours 39 minutes 
50 feconds in the morning. 

All thefe times are colleQed from the obfervers' 
~ccounts, printed in the Philohphical TranfaAions 
for the year 1 7 6 2  and 1763, in whicli there are 
fevcral other accounts tliac 1 hi~ve not tranfcribed, 
-The inftants of Venus's total exit from the Sun 
are likewife mentioned ; but they are here left out, 
as not of any ufe for finding the Sun's parallax. 

Whoever compares there times of the internal 
contaas, as given id by different obfirvcrs, will find 
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fuch diffkence among them, even thofe which wcrc 
calcen upon the fame fpot, as will h e w ,  that, the 
infiaat of either conta&‘could not be io accurately 
perceived by the obfrrvers as Dr. HALLEY thought 
it could ; which probably arifes from the difference 
of people’s eyes, and the different magnifying 
powers of thofe telefcopes through which the con- 
ta&ts were reen.-If all the obkrvers had made 
ufe of equal magnifying powers, there can be no 
doubt but that the times would have more nearly 
coincided ; iince i t  is plain, that fuppofing all their 
eves co be equally quick and gobd, they whore 
telefcopes magnified inofi, would perceive the 
point of internal contatk foonrcfi, and of the total 
exit lateR. 

Mr. Short has taken an incredible deal of ‘pains 
i n  deducing the quantity of the Sun’s parallax, 
froin the befi of thofe obGrvarions which were 
made both in Britain s n d  abrodd : and finds it  to 
have been 8”.52 on rhe day of the tranfir, when 
the S u n  was very nearly at his grearelt &fiance: 
from the E a r t h ;  and confequently 8“.65 when thc 
S u n  is at his mean diitance from the Fhrh-And 
indeed, it would be very well woi t h  every curious 
perfon’s while, to purchare the fccond part of Vo- 
lume Li1. of the Philofophical ’1’ranhCtipns for 
the gear 1763;  even it contained nothing mom 
than Mr. Short’s paper on, tha t  fiibjdt. 

T h e  hg. fine (or tangent) of 8”.b5 is 5.6219140, 
which bting Tu btraAed from the radius IO.OOOOOOQ, 
leaves remaining the logarithm 4..3780860, whok 
number is 23882.84; which is the number of 
femidiameters of the Ear th  that the S u n  is diftant 
from it.-And this !aft number, 23882.84,  being 
multiplied by 3985, the number of E?~/$?J miles 
contained in tlie Earth’s iemidiamerer, givcs 
95, r73,rzY miles for the Earth’s mean diitaorr: 
from the Sun.-But becaufe it is impofible, from 
the, nicek obfervarions of the Sun’s pjirallax, to be 
i’ure of its true tliflance froin the Earth within J O O  
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miles, we hall  a t  prefent, for the fake of round 
numbers, Itate the Earth’s mean diRance from the 
Sun at g5,173,000 EngliJh miles. 

And then, from the numbers and analogies in 
5 1 1  and 14 of this DiR‘rrtation, we find the m a n  
diRances of all the reit of cheaplanets from the 
Sun  in miles to be as follows :-Mercury’s dif- 
tance, 36,841,468 ; Venus’s diltance, 68,891,486 ; 
Mars’s difiance, 145,014,14H, Jupiter’s difiance, 
494,990,976 ; and Saturn’s diitnnce, 907,956,130. 

S9 chat by comparing there diltances with chore 
i n  the Tables at thc end of the chapter on thc 
Solar Sytlern”, it will be fowd t h a t  the dimen- 
iians of the SyRem are m u c h  greater than  what  
was formerly imagined : and conrequently, that 
the ,Sun and the planets (except the Earth) are 
much larger than as Rated i n  that  table. 

‘The femidiameter of the IZarch’s annual orbit 
being equal to the Earth’s mean difiance from the 
Sun,  viz. 35, I 73?00o miles, the whole diameter 
is rgo,34G,ooo miles. And fince the diameter of 
a circle is to its circumference as I to 3.14159 the 
circumference of the Earth’s orbit is 5g7,g8yJogo 
miles. 

And, as the Earth dekribes this orbit in 365 
days 6 hours (or in 8766 hours), it is plain that 
i t  travels at the rate of 68,217 miles every hour, 
and conlequently I 1,369 miles every minute ; fo 
that its velocity in its orbit is at lea& 142 times 
as great as the velocity of a cannon-ball, iuppofrrlg 
the ball to move through 8 miles in a minutr, 
which it is found to do very nearly :-and at this 
rate it would take 2 2  years 2228 days for a cannon- 
ball to go from the F,arth to the Sun. 

On the 3d of ‘@ire, in the year 1769, Venus 
will again pafs over the Sun’s dilc, in iiich a man- 
ner, as to afford a much eafier and better method 
Qf inveitigariiig the Sun’s parallax than her trinGc 
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in the year 1761 has done.-But no part of Britaijt 
will be proper for obferving t h a t  tranfit, fo as to 
deduce any thing with refpelt to the Sun’s paral- 
lax from it, becaufe it will begin but a little be- 
fore fun-fet, and will be quite over before 2 o’clock 
next morning.-‘lJie apparent time of conjunltion 
of the Sun and Venus, according to Dr. MALLBY’S 
Tables, will be at 1 3  minutes pait IO  o’clock at 
night at  London; ;It which  time the geocentric 
latitude of Venus will be full I O  minutes of a de- 
gree north from the Sun’s center :-and therefore, 
as feen from the northern parts of the Earth, 
Venus will be confiderably depreffcd by a parallax 
of latitude on the Sun’s difc; on which account, 
the vifible duration of the tranfit will be length- 
ened : and i n  the fijuthern parts of the Ear th  ihe 
will be elevated by a parallax of latitude on the Sun, 
which will fhortcn the vifible duration of the tranfit, 
with refpea to i t s  duration as fuppofed to be ken 
from the Earth’s center ; to both which affeaions 
of duration the parallaxes of longitude will alfo 
confpiie.-So that every advantage which Dr. 
HALLEY expellted from the late t ranf i t  will be 
found i n  this, wi thout  the k a t l  difficulty or embar- 
raffment.-It is therefore to be hoped, tha t  nei- 
ther coil nor labour will be f’m‘ed in duly obferv- 
ing this t ranf i t ;  r~)ecially as there will not be fuch 
another opportunity again in lefs than 105 years 
afterward. 

T h e  moil proper places for obferving the tranfit, 
i n  the year 17Gg, is i n  the nartliern parts of Lap- 
/ati.rd and the So/omon jJhs in  the great South-Sea ; 
at the forrner of which, tlir vifible duration be- 
tween the two internal contaits will be a t  leafl 22 
iyiinutes greater thGir i  <it tllc latter, even though the 
Sun’s jiarailax fl~orild not h e  quite 9”-If it be 
9” (which is the qtiantity 1 1~1d affiimed in a deli- 
n m i o n  o i  this tranlit, which 1 gave in to the 
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Royal Society before I had heard wha t  Mr. Short 
had mdde it from the obfervations on the late 
tranfit), the difference of the vifiblt: durations, as 
feen in Loplandand in the Soloi~on IJes, will be as 
expreffed i n  t h a t  delineation; and if the Son’s 
parallax be lek than g” (as I now have wry  p o d  
reafon to believe it is) the diffcrence of durations 
will be lefs accordingly. 

I N D E X ,  



I N D E X ,  
The numeral Figures refer to the Articles, and 

the fmall R to the Notes on the Articles. 

A. 

CCBLBRAliON of the Stars, 221. A h g l e ,  what, 185, n. 
Annual Parallax of the Stars, 196. 
Anomaly, what, 239. 

Antipodes, what, 122. 
Apjdas, line of, 238: 
ARCHIMEDES, his ideal problcrn for moving the Earth, 

Arras, defcribed by the Planets, proportional to the times, 

AJronomy, the great advantages arifing from it both in our 

Difcovers the laws by which the Planets move, and arc 

. Ancients, their fuperititious notions of Eclipfes, 329.  
The i r  method of dividing the Zodiac, 361. 

159. 

‘23. 
religious and civil concerns, I .  

retained in their Orbits, 2. 
fftmo/)brrc, the higher the thinner, 174. 

Its prodigious expanfion, itid. 
Irs whole weight on the Earih, 175. 
Generally thought to be hcavielt when it is IiglitcR, 

176. 
Without it, the Heavens would appear dark in thz day- 

time, 177. 
Is the caule of Twilight, ihid. 
Its height, ibid. 
RefrarStu the Sun’s rays, 178. 
Caukth the Sun and Mooii to appear above the Hori- 

Foggy, deceives us, in  the bulk and diftancc af objeCt3, 

Decreafes as the fcpare of the diaauce incrrnfcs, 106. 
Greater in the larger thaii i n  the fniallcr Planets, ts8*  
Greater in the Sun, than i n  all the Planets if put to; 

AXCl 

I 

zon when they are rcally below it, itid. 

185. 
Attranion, 105--107. 

gether, ibid. 
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Axes f t b c  Plancts, what, 19. 

Axis of rhc Earth, its Parallelifm, 202. 

T h e i r  different pofitions with re fpea  to o n e  another, 

Its pofition variable as reen from the Sun or  Moon,  338. 

120. 

t h e  Phenomena thence arifing, 340. 

B. 

Bodies, OR the  Ear th ,  lore of their weight thc nearer they 
are to the Equator, 117 .  

How they might lore all their wcight, I 18. 
How they become viGble, 167. 

C. 

Calculator (an Inf l rument)  dekribed, 399. 
Calendar, how to inrcribe the Golden Number8 right in 

Cannon- Bod, its Iwiftnefs, 89. 
I n  what  times it would fly from the Sun to the  different 

CASSINI, his account of a double Star eclipfed by the  

it for fhewing the days of New Moons, 386, 

Planets and fixed Stars, ibid. 

Moon, 58. 
' 

His Diagrams of the paths of the Planets, 138. 

Of the Conftellations and Stars, 362. 
Of remarkable B r a s  and Events, 396. 

Catalogue of the Eclipfes, 327. 

CeIeflial Gkbe improved, 401. 
Ceu!ripelaf and crntrifirgaf forccs, how they alternately 

overcome each other  in  the motions of the P l a ~ t s ,  

Choqes in the Heavens, 366. 
Circles, of perpetual Apparition and Occultation, 128. 

'52,-'54* 

O f  the fphere, 198. 
Contain 360 Degrecs whethcr  thcy be gteat or h a l l ,  
207. 

Civil Year, what, 474. 
COLUMBUS (Criniseroi,H ER ) his fluty eonccrning an 

Eclipfe, 330. 
CIocks and Wutcbes, an eafy method of knowing whethcr 

they go t ruc  or  falfe, 223. 
Why they feldom agree with the Sui) if they go true, 

228-245. 
L'ki Is 
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Clocks s n d  Watches, how to regulate them by Equation 

Cloudy Stars, 365- 
Comrtnriurn (an Infirument) defcribed, 400. 
Con/irllritians, ancient, their number, 359. 

T a b l e s  and a Meridian Line, 225, 226. 

TIir number of Stars in  each, according to different 
Afironoiners, 362. 

Cycle, Solar, Lunar, and Romilh, 383. 

Darkn,/l a t  our  SAVIOUR’S crucifixion fupernatural, 395. 
Day, t iatural  and artificial, what, 380. 

And N(,:ht, al,ways equally long at the Equator, 126. 
Natural ,  not complet:~d in an abfolute turn  of the 

Earth on its Axis, 222. 
Zlqrec, what, 207. 
Di& what, 336, n. 
Dirdiiion, (Number Of,) 189. 
DgIanrts of tlv l’lnnets from tbc Sun, a n  idea of them, 89. 

A ‘l’able of them, 98. 
How found, rqo ; and i n  the  Differtation o n  the Tranfi t  

Diurnal and annual Mot iot is  fl the Earth ilhtrated, 1200, 

Dottiinical Letter, 309. 
/ ) o i r b L  projvnile Jlrre,  a balance to n $uadruple pbwcr 4 
DouLL Star covered by thc Moon, 58. 

of’ Vcnus, Chap. XXII I. 

202. 

Grfivity, I 5 3. 

E. 

&dJ, i t s  bulk but a point as k e n  from the Sun, 3. 
Its Diameter, annuai period, and dittance frotit t h e  

T u r n s  round its Axis, ibid. 
Vclocity of its rquatorial Pdrts, ilid. 
Velocity in its annual Orbi t ,  rlid 
Inclination of its Axis, 48. 
Proof of its being glohular, of nearly fo, 49, 314. 
Meafuremeptot  its furface, 50 .  
Difference between its equatorial and polar diametere, 

Its motion round the S u n  dcmonffrated by gravity, 
108, 

Sun, 47. 

76. 
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108, I I I ,  by Dr. BRADLEY'S obfervations, 1x3. 
by the Eclipfes of Jupiter's Satellites, 219. 

Eo&, its diurnal motion highly probable from the ab- 
iurdity that m u 8  fo!low upon fuppofing i t  not to 
move, 111, 122. and demonttrable from its figure, 
I 16. this motion cannot be felt, i 19. 

Objeeions againR its motion anfwered, I 12, I 2 r.  
Jt has no fuch thing as an upper or ai1 under fide, 122. 

in what cafc it might, 123. 
T h e  fwiftnek of its motion in its Orbit  compared 

with the velocity of light, 197. 
Its diurnal and annual motions illuftratcd by an eary 

experiment, 200. 
Proved to be lefs than the Sun, and bigger than the 

Moon, 315. 
Eafter Cycle, 388. 

BcIip/arcon ( an  Inftrument) defcribed, 405. 
Erlipjs of Jupitei's Satellites, how the Longitude is found 

by them, z12.  they demonfrate the velocity of light, 
2 8 6. 

Of the Son and Moon, 312-350. 
Why they happen not in every month, 316. 
When they mu0 be, 317. 
The i r  Limits, ibid. 
The i r  Period, 320. 
A dilfertarion on their progrefs, ibid. 
A large Catalogue of them, 327. 
Hiitorical m e ? ,  9 8 .  
More of thc sun than of the Moon, and why, 33'. 
T h e  proper Elements for their calculation and projec- 

tion, 353. 
Ecliptic, its iigns, their names and charaaers, 91. 

Makes dift'ereot Angles with the Horizon every hour and 
minute, 275. how there Angles may be cAimated by 
the pofition of the Moon's horn$, 260. 

Its obliquity to the Equator lefs now than it was for- 
merly, 368. 

Hbngaiions, of the Planers, as k e n  by an Obferver at ref? 
on the outfidc of all their Orbits, 133- 

Of Mercury and Venus, as feen from the Earth, illuf- 
trated, 142. its quantity, $43. 

Of Mcrcury, Venus, t h e  Earth, Mars, and Jupiter; 
their qua!iKitics, as ken from Saturn, 147. 

Equuiioti of time, 224-245. 
,!lprtors day and night always equal there, 126. 

14 Equator 
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&pator makes always the fame Angle with the Xorizon of 

the fame place ; the Ecliptic nvt, 274, 27s. 
EguinoRiul Poinrr in the Heavenq, their pi ccefion, 246. 

a very differer,t thing from the recefion or anticipa- 
tion of the Equinoxes on the Earth,-thc one no ways 
occafioned by the other, 249. 

Excmtricititt of the Planets’ Orbits, I 55. 
E r a s  or Epochs, 396. 

F. 

F&&r in judging of the hiilk of ot)je& hg their appr- 
rent dittance, 185, applied to the folution of the 
horizontal Moon, 187. 

Fhfl Mtridian, what, 2 0 7 .  
Fixed Stars, why they appear of lefs magnitude whrn 

viewed through a talefcope than by the bare eye, 354. 
T h e i r  number,. 35.5. 
T h e i r  divifion into differrent claffes and Conttdations, 

35% 3599 

G. 

Grnrrnl Phenomena of a fuperior Planet as k e n  from an in- 

Gcor~ium Sidu.c, its diltance, diameter, magnitude, an- 
ferior, 149. 

nual revolution, 114, n. 
Not readily difiinguithed from a fixed Star, ;bid. 
Inclination of its orbit, ibid. 
Plrcc of its Nodes, ibid. 
Its Satellites, their diftance,, periods, and remarkable 

Keeps all bodies on the Earth to its f w f m ,  or brings 
them back when thrown upward ; and conltitutcs 
their weight, 101, 122. 

pofition of thcir orbits, ibrd. 
Grnvi ty ,  dcmonltrable, xo I - 1  0 4 ~  

Retains all the Planets in their Orbits, 1 0 3  
1)ecreafes as the fquare of the difiance iocrc~fcs, 106. 
Proves thc Earth‘s annual motion, 108. 
Demonitrated to be grcater in the larger Planets than 

i n  the fmaller ; and firongcr in the Sun than  in all 
the Planets together, 158. 

N a r d  to underltand what it is, 160. 
Ads every moment, 1G26 

Globe 
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Globe (CeleRial), improved, 4or. 
Great Year, 25 I 

H.grmony of the celeRial motions, I I  I. 
Harve/i-Moan, 27 3-293. 

None a t  thc Equator, 273: 
Remarkable at the  Polar Circles, 28s. 
In what years moft and leait advantageous, 292. 

Hcat, decreafes as the {quare of the dittance from the Sun 
increafes, 169. 

W h y  not grcatefl when the earth is ncarefi the Sun, 
205. 

W h y  greater about three o’cIock i n  the afternoon than 
when the S u n  is on thc Meridian, 300. 

Heavens, teem to turn round with Jiffcrent velocities as 
feen from the different Planets; and on different 
Axes as fcen from moR of thcm, 120. 

Only one Hemifphere of them ken at once from any 
one Planet’s furface, 125. 

Changes in thcm, 36G. 
Horizon, what, 125, n. 
Norizontal Moon explained, I 87. 
Horizontal Parallax, of the Moon, 1 9 0 ;  of the Sun, 

191 ; beR obfcrved at the Equator, 193. 
Hour Circles, what, 208. 
Hour of time equal to I 5 degrees of motion, ;bid. 
How divided by the yiwj, Chsfdeuns, and Arabiaru, 

HUYGENIUS,  his thoughts coricernii)g thc diflance of 
382. 

iome Stars, 5 .  

I. 

Irrclination of Vcnus’s Axis, 29 .  
Of the Earth’s, 48. 
01 the Axis or C)rbit of P Pldnel only relative, 201. 

Inhabitants of the Earth (or a n y  other PJaoct) f taad 011 
oppofitc fides with their feet toward one another, yet 
eaih thinks hitnlelf 011 the uppcr fide, 122. 
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rul ian Period, 393: 
Jupiter, its diltance, diameter, diurnal and annual revo- 

lutions, 67 -69. 
T h e  Phenomena of its belts, 70. 
Has no difference of feafons, 7 I. 
Has four Moons, 72. their grand Period, 73. the 

Angles which their Otbits fubtend, as fecn front 
the Earth, 74. moa of them are eclipfed in every 
revolution, 75. 

Jupiter, the great difference between ita equatorial and 
polar diameters, *76. 

T h e  inclination of its Orbit, and place of its Arcending 
Node, 77. 

T h e  Sun’s light 3000 times as ftrong on it as Full 
Moon lighr is on the Earth, 85. 

1 8  probably inhabited, 86. 
T h e  amazing fireogth required to put it  in motion, 

T h e  figures of the Paths defcribed by its Satellites, 269. 
158. 

L. 
Light, the inconceivable fmallnefs of its particles, 165; 

and the great milchief they would do if they were 
largrr, 166. 

Its furprifing velocity, 166. compared with the fwift- 
nefs of the  Earth’s a n n u a l  motion, 197. 

Decrcaferr as the fquare of the diltance from the lumi- 
nous body increaE.3, 169. 

1 8  refraoed in paifing through diflerent Mediums, 

Affords a proof of the Earth’s arrnual motion, 197, 

I n  what time it comcs from the Sun to the Earth, 216 

Linrirs of Erlipfes, 317. 
Line, of the Nodes, what, 317; ha3 a retrograde mo- 

tion, 3:9. 

LONG (Rev. Ur.) his method of comparing the 
quantity of the furface of dry Land with that of 
the Sea, 1s. 

1 LONG, 

171-173. 

219. 

this explained by a figure, 217. 

OF Sines and Chords, how to make, 369. 



I N D E 
LONG, his glafs fphere, 126. 
Longitude, how found, 207-21 3. 
Lucid Spotr in  the Heavens, 364. 
Lunar Cjlcfe deficient, 385. 

M. 

x. 

$lage?hic CIouds, 365. 
Mm, of a middle fize, how much prcIied by the weight 

of the Atrnofphere, 1 7 5  j why this prerure is not 
felt, ibid. 

MUYJ, its Diameter, Period, Difiance, and other P h e w  
nornena, 64-67, 

Manrr, its properties, 99. 
Mean Anomaly, what, 239. 
/L/rcury, its Diameter, Period, DiRance, WG. 22. 

Appears in al l  the &apes of the MOOR, 23. 
When it  will be kern on the Sun, 24. 
?’he incli~iation of its Orbit and Place of its Afcending 

Its Pdth delineated, 138. 
Experiment to h e w  its Phafee, and apparent Motion, 

Jh-cury (Quickfilver) in the Barometer, why not affeQed 

MtriJian, f i r f t ,  207. 

Mi!ky W a y ,  what, 363. 
Itlbnthf, yew@, Arabian, Elyptiun, and Grccian, 378. 
Moon, her Diameter and Period, 52. 

Her I’hafes, 53, 255, 
Shines not by her own light, 54. 
l l a s  no difference of feafons, 55. 
T h e  Earth i s  a moon to her, 56. 
Has no Atmofphere of any vifibla DenGty, 58; nor 

Node, ibid. 

142. 

by the iMoon’s r2iGng Tides in the Air, 31 1. 

Line, how to draw one, 226. 

Seas, 59. 
I.law her inhabitants may be hppofed to meahre their 

year, 6 2 .  
Ilcr light compared with day-light, 85. 
T h e  eccentriciry of her Orbit, 98. 
3s  nearer the Earth now than h e  was formerly, 163. 
Appears bigger on the Horizon than at  any confider- 

ahlc hcight above it, and why, 187, yet is ken 
much undcr the fahc Anglc in both cafes, 288. 

MOOR, 



I N D E 'X. 
Her futface mountainous, 252 : if fmootb, fhe could 

give us no light, ibid. 
W h y  no hills appear round her edge, 253. 
Has no Twilight, 254. 
Appears ngt always quite round when full, 256. 
Her Phafes agreeably reprefented by a globular Stone 

viewed in Sunhine when fhe is above tbe Hori- 
2011, and the obferver placed a3 if he raw her on 
the top of the Stone, 258. 

T u r n s  round her Axis, 262. 
T h e  length of her Solar and Sydereal day, ibid. 
Her  periodical and fynodical revolution reprefented by 

tke motions of the hour and minute hands of a 
Watch, 264. 

Her Path delineated, and ihewn to Le always coiicivc 
to the Sun, 265-268. 

Her motion alternately retarded and accelerated, 3: 67. 
Her gravity toward the Sun greater thlri tnwwJ the 

Earth a t  her Conjunliion, and why flie does riot 
then abandon the Earth on that accouiit, 268. 

Riks nearer the time of Sun-fet when about the f u l l  
in harveit for 'a whole week than when f l ~ e  is about 
the full at any other time of the year, and why, 
273-284 : this rifing goes through a c o d e  of in- 
creafing and decreafing benefit to the farmers every 
19 years, 291. 

Continue8 above the Horizon of the Poles for fourteen 
of our natural days together, 2 9 3 .  

Proved to be globular, 314 ; and to be lcfs than die 
Earth, 315. 

Her  Nodes, 317 ; afccnding and dcfcending, 18 ; their 
rerrograde motion, 3 t 9. 

Her  acceleration proved from ancient Eclipfes, 322, n. 
Her  Apogee atid Perigee, 336. 
N o t  invifible when h e  is totally eclipfed, and why, 346. 
How to calculate her Conjunaions, Oppofitions, and 

H o w  to find her age in any Lunation by the Golden 
Eclipfes, 353. 

Number, 423. 
Morning and Evrning Star, what, 145, 
Modon, naturally re&ilineal, 100. 

Apparent, of the Planets as fecn by z fpe&ator at r e 0  
on thc outfrde OF all their Orbits, 133 ; and of the 
Heaveng as ken from any Planet, IS+ 

L1 * Naturd 



I N D E X .  

N. 
Nmrai  Day, not complcterl in the time that the Earth 

NPLO a d  Full &loou, to calculate the times of, 353. 
flew Sflirr, 366 ; cannot be Comcts, 367. 
Hew S / i / e ,  irs original, 377. 
Noh of tlic Planets Orbits, their places in the Eclip- 

turns r o r j d  ~ C S  Axis ,  2 2 2 .  2: 

tic, 20. 
Of t h e  Moon’s Orbit, 317 ; their retrograde motion 

0. 

objefff,  we often miflake their bulk by rniffaking their 
diaance, 185. 

Appear bigger when Seen through 3 fog than through 
clear air, and why, ih2. this applied to the folution 
of the horizontal Moon, x87. 

ObIiqrre Sphere, what, 131. 

Orkii~ of thc Planets not folid, 21. 
Orreries defcribed, 397$ 398, 399. 

O/yVlpial-/$, Wtldt, 323. 

P. 

Paralhx, horizontal, what, X ~ U .  
l’arallcl Sphere, *hat, I 3 I 
Pctb of  the MOOII, 265-267. 

Of Jupiter’s Moons, 269. 
E’enu’iclums, their vibrating flower at the Equator than 

near rhc Poles prove8 that the Earth turns on itu 
Axis, 117. 

Prnutnbra, what, 336. 

Period (f Eclipfis, 320, 326. 
P h j s  of the Moon, 255. 
Plmetr, much of the fame nature with the Earth, 11. 

Its vclocity on the Earth in Solar EcIipfes, 337. 

Some have Moons belonging to them, 12. 
Move al l  the fame way ae ken from the Son, but not 

Their Moons dcnotc them to bo inhabited, .8G. 
a5 reen from otic another, 1 8 .  

pl#?JdJ, 



I N D E X .  
Planets, the proportional breadth of the Sun'$ d i k ,  as  

feen from each of them, 87. 
T h e i r  proportional bulks as feen from the Sun, 88. 
An idea of their difiances from the  Sun, 89. 
Appear bigger and Ids by turns, and w l ~ y ,  90. 
A r e  kept  in their Oibirs by the power of gravity, I O I ,  

150-1 58. 
T h e i r  motions very irregular as fecn from the Earth, 

'37. 
The apparent motions of Mercury and Venus deli- 

neated by Pencils i n  an Orrcry, 138. 
Elongations o f  all the r e a  as f e w  from Saturn, 147, 
Drfcribe equal areas in  equal times, 153. 
T h e  Eccentricities of their Orbits, 155. 
Jn what times they would fall to t h e  S u n  by the power 

Difiurb one another's motions, the  confequcnce of 

A p p q r  dimmer when reen through telefcopes than by 

of gravity, I 5 7. 

it, 163. 

the  bare eye, the reafati of this, I 70. 
Planetary Ghhe defcribed, 401. 
Polar Circkr, I 98. 
Poles, o f  the Planets, wliar, 19; 

Of the  World, what, 122. 
Celeltial, feeni to keep in the fame points of the Hea. 

vens all tbe year, and why, '196. 
Projsnilu Pome, 150 ; if doubled, would require a qua- 

druple power of gravity to retain the Planets in their 
Orbits, 153. 

Is evidently an impulfe f rom the hand of t h e  ALI 
MIGHTY, 161. 

Procfflori of the Eqvinoxts, 246-25 I ,  
P;olwieun Syfiem abfurd, 96, 1 4 ~ .  

R. 

Rays of Ligbf, when not diRurbcd, move in Itraight lirics, 
arid hinder not one another's motions, 168. 

Are refratled in paRing through different mediums, 1 7 1 ,  
R$&ion Ofthe &o/pbere, caules the Twil ight ,  177. 
Rfratlion of the Atnrojphere bends t h e  Rays of Light from 

ftraight lines, and keeps the Sun and Moon longer 
in fight than they would otherwife be, 178. 

. 

A furprifing infiancc of this, 183. 
L12 Rqraflion 



I N D E X .  

Rflranian 

Right Sphere, J 3 I .  

the Atma/phrrr muft be allowed for in taking 
the Altitudes of the ccleffial bodice, 183. 

S. 

Satellitcr, the times of their revolutions round their pi-  
mary Planets, 52,  73, 80. 

Their Orbits compared with each other, with the Or- 
bits of the primary Plairets, and with the Sun's cir- 
cumference, 27 1, 

W h a t  fort of curves they defcribe, 272. 
Safuvn, with hi8 Ring and Moons, their Phmomena, 

T h e  Sun II light xooo times as Arong to Saturn as the 

T h e  Phmomena of his Ring farther explained, 204. 
Our bl@d SAVIOUR, the darknefs at his Crucifixion fu- 

pernatural, 352. 
T h e  prophetic yeas of his Crucifixion found to agrco 

with an aflronomical calculation, 395. 
Scajns, different, illuRrated by an eafy experiment, 200 j 

by a figure, 202. 
Shadow, what, 312. 
Sydereal rime, what, 221 ; the number of Sydereal Days 

in a year exceeds the number of Solar Days by one, ~ 

and why, 222. 
An eafy method for regulating Clocks and Watches by 

it, 223. 
SMITH, (Rev, nr . )  his cornparifon between Moon-ligh) 

and day-light, 85. 
H i s  demonitration that  light dccreafcs as the fquare of 

the diltanre from the luminous body increafes, 169. 
(Mr. GEORGE) hie Dilkrtation on the Progrefs of a 

M a r  Ecliple ; following the Tables at  320. 
Solar AJroriomfr, the judgment he might be fuppofed*to 

make concernirig the Planets and Stars, 135, 136, 
Sph,cre,,parallel, oblique, and right, 131. 

Spring and Nenp Tides, 302. 
Slurs, their vatt diftance from the Earth, 3, 196. 

7 4  7q, 82. 

light of the Full Moon i s  to us, 85. 

Its Circles, 198. 

Probably not all a t  the fame difiance, 4. 
Shinc by thcir own light, and  are therefore Suns, 7 ; 

probably to other worlds, 8, 
Star$# 



, I  N D E X. 
Stars, a proof that they do not move round the Earth, I I 1. 

Have an apparent flow motion round the Poles of the 
Ecliptic, and why, 251. 

A Catalogue of them, 362, 
Cloudy, 365. 
New, 366. 
Some of them change their places, 367. 

Slurry I-lsavenr have the fame appearance from any part 

SUN, appears bigger than the Stars, and why, 4. 
of the Solar SyR em, 132. 

T u r n s  round his Axis, 18. 
His proportional breadth as feen from tRe different 

Pefcribes unequal arcs above and below the Horizoh at 

His center the only place from which the true motions 

Is for half a year togettier vifible at each Pole in its 

Js nearer the Earth in Winter that1 in Summer, 205. 
W h v  his motion agrees fo leldom with the motion of a 

well-regulated Clock, 224-aqs. 
Would more than fill the Moon’s Orbit? 271~ 
Proved to be much bigger than the harth, and the 

Earth to be bigger than the Moon, 3x5. 
$$?ems, the Solar, 17-95; the Ptolemean, 96; the 

Pla11ets. 87. 

diFerent times, and why, I 30. 

of the Planets could be fecn, 135. 

turn,, and as long invilible, zoo, 294. 

Tychonic, 77, 

r’le of the Periods, Revolutions, Magnitudes, DiRances, 

Of the Air’s rarity, comprefion, and expanfion, at dif- 

Of refraaions, 182. 
For convcrtirlg time into motion, and the rcverfe, 220. 
For hewing how much of the celefiial Equator p&es 

over the Meridian in any part of a mean Solar Days 
and how much the fiars accelerate upon the mean 
Solar time for a month, 221. 

Of the firlt part of the Equation of time, 229 ; of the 
iecond part, 241. 

Of the precefion of the Equinoxcs, 247. 
Of thc h g t h  of Sydereal, Julian, and rropical Years, 

Of 

o’c. of the Planets, facing $98. 

ferent heights, 174, 



I N * D  E X. 

Of the Equation of Natural  Days, 
Of the Sun’$ place and Anomaly, 

Of the CunjunAions of the hour and minutc-hands of 

Of the Curves defcribcd by the Satellites, 272. 
Of the difference of Time in the Moon’s rifing and 

retting on the parallel of London every day during 
her courfe round the Ecliptic, 277. 

Of the returns of aSalar Eclipfc, 320. 
Of Eclipfes,, 327. 
For calculating New and Full Moons and Eclipfcs, 
, following 353. 

Of the Contiellations and number of Stars, $2 .  
Of the ycw@,Egyptian, Arabic, and Grerian months, 379. 
For inferring the Golden Nurdbccd right in the Calrn- 

Of the times of all the Yew Moons, far 76 Years, 3117. 
Of remarkable E r a s  or Events, 396. 
Of the Golden Number, Number of I)ire&ion, no- 

minical Letter, and Days of the Months, following 

following 251. 3 . Of the Equation of Time, 

a Watch,  264. 

dar, 3x6. 

396. 
THALEB’B Eclipfr, 323, 

Ti&$, their Cavfe and Phenomena, 295@311, 
ride. Dial defrribod, 404: 
fTj.aje&iorium Lunar e defcribed, 403. 

Twilight, none in the Moon, 254. 
‘Tychonic Syjlern abfurd, 97. 

. ?’HUCYUIDES’S Eclipk, 324. 

Tropics, 198. 

U. 
, 

Univerft, the Work of Almighty Powcr, 5,  161. 
Up and down, only relative terms, 122. 
Upper or unrler Jdt ofthe Earth, no iuch fhing, 123% 

V, 

Velocity of Light compared with the velocity of the Earth 

vtntrr, h e r  bulk, ditiance, period, lensth of days and 
in its annual Orbit, 197. 

nights, 26. 
Yenus 



I N D E X .  

r tnuj  ihines not by her o w n  light, 26. 
IS our morning and cvening Star, 28. 
Her Axis, how fituated, 29. 
Her furprifing phenomena, 29-43. 
T h e  inclination OT her Orbit, 45. 
When fie will be feen on the Sun, i h i d  
How it may probably be foon known if fie has a &a 

Appears in ail the ihapes of the Moon,  23, 741. 
An experiment to h e w  her Phafes and apparent Mo- 

tellite, *46. 

tion, 141. 
JGJon, how cauled, 167. 

w. 
Weather, not hottell when the Sun is near& tous, and 

W&gk, the cade  of it, 122. 
#'odd, not etcrnal, r64. 

Why, 205. 

Y. 

?'ear, 370. Great, 251. Tropical, 371. Sydcreal, 372. 
Lunar, 373. Civil, 374. Biffcxtile, i6id. Rotnun, 376. 
yewi/h, Egyptinn, Arabic, and Grecian, 378, 379; how 
long it would be if the Sun moved round the Earth, 
111. 

z. 
Zodiac, what, 360, 

Zones, what, 199. 
How divided by the ancients, 36r. 
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bf typography and deE n. Indeed, if the idea of f k h  a plan had not 

mal t ,  on the fuggeition of that able critic l>r. JOHNSON. Sags he, 
‘6 Notes are often iieccffary, but they are ncrcJur evils. Let him that 

‘6 io feel the highefi pleafure that the drama can give, read every play, 
4‘ from the tirfi to the lait, with utter negligence of all his coinmenta- 
‘ 4  tors. W h e n  his fancy is once on the wing, let i t  not fioop at correi+ 
( 6  tion or cxplanation. Le t  him read on through brightnefs and ob: 
4 4  fcurity, through integrity and corruption ;-let him creferve his 
6‘ compreheniion of the dialogue and his interdl i n  the fable. 

Particular yafiagcs are ckarcd by notes, hut the general efFe& of 
( 6  the work is wcakciied, ‘I’he mind is refrigerated by interruption ; 
‘4 thoughts are diverted fIom the principal fubjtn; the reader is weary, 
‘‘ he ZufpeLts not why ; and at laft throws away the book which he has 
‘6 too diligently fiudied. 

( 4  Parts are not to be examined till the whole has been Curve ed: 

‘‘ fion of any great work, in its full. dcfign and in its true proportions : 
6 6  -a clok approach fliows the frnallefi niceties, but the beauty of the 
6‘ whole is difcerned 110 l011ger.” 

Such arc the folid ohfcrvations of tliat learned and faagacious commcn- 
tator :-and thofe who are impreKed, in a fimilar manner, with the 
incumbrance of notes, will have further to cheer thedelves with the 
certainty that their money will be fi‘ared. In  this edition, a confidtpblc 
reduAion will he made in the pricc, in cornparifon with other editions 

I will not be at  all fuperior to it in truth and correetnefs, and pro- 
inferior to it in typographical oriiainent. 

o add still more to the value of the publication, every Play wiJI bc 
receded by a beautiful Deiign, treated in tlic licit manner 6f Mr. 

~ ~ V R S T O &  and engraved on Wood by the exquifitc execution of 
Mr. CHARLTON NEss5i-r. A few copies will l>c printed on a fine 
WOVC Paper, and Iiot-prefEd, fo as to render the I’lays of this cnchant- 
ing Poet as captivatiiig to the eye as to the car j and at the end, there 
will he appended a Gloffary of ftich T e r m  as may require cxplanation, 
and ferve the purpofe of Explanatory Notes ; and alfo Obfervations on 
the Fable and Ctironqlogy of each Play  11 the feveral Commentators. 
T o  expatiate on the reverence that is jrUc to writings which have so 

lotlg fubijited, wairld he an idle and a ufclch t : i k  The author ‘‘ may 
*( nod begin to airutne tltc dignity of an ancient, and claim the privifegr 
6~ of ettaI)liflied famc arid imfcriptive vcncratim,- Favour and com- 

immediately offered it 8 elf, nil1 there was arnple ground for an expcri- 

6‘ is yet unacquai.iitcd with the powers of Siiak ry pcare, and who defires , 

4‘ there is a kj~ id  of i i ~ t e ~ ~ e c t u a ]  rcmotenefs iicceffary for the compre K en- 


