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MATHEMATICAL and ASTRONOMICAL PAPERS.

4 dgfcﬁption’ of a new QRRERY, planxed and wow near-
U finifbed by Davip RiTTanNBoUsE, 4. M. of Nor-
riten, in the county of Pbiladelphia, Communicated by
Dr.SmiTH. ‘

Frnger Y THI S machise is intended to have three faces,
: ftanding perpendicular to the horizon:
‘That in the front to be four feet fquare,

made of fheet brafs, curioufly polifhed, filvered and paint-
ed in proper places, and otherwife ornamented. From
the center arifes an axis, to fupport a gilded brafs ball, in~
tended to reprefent the /un. Round this ball move others,
made of brafs or ivory, to reprefent the plancts: They are
to move in elliptical orbits, having the central ball in one
focus; and their motions to be fometimes fwifter, and
fometimes flower, as nearly according to the true law of
an equable defcription of areas as is poffible, without too

~ great a complication of wheel-work. The orbit of each
planet is likewife to be properly inclined to thofe of the
others; and their Apbelia and Nodes juflly placed; and
Vor. L. A their
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their velocities fo accurately adjufted, as not to differ fen-
fibly from the tables of altronomy in fome thoufands of
years.

For the greater beauty of the inftrument, the balls re-
prefenting the planets, are to be of a confiderable bignefs;
but fo contrived, that they may be taken off at pleafure,
and others, much fmaller, and fitter for fome purpofes,
put in their places.

When the machine is put in motion, by the turning of
a winch, there are three indexes, which point out the hour
of the day, the day of the month and the year, (according
to the Fultan account) anfwering to that fituation of the
heavenly bodies which it then reprefented; and fo conti-
nually, for a period of 5000 years, either forward or
backward.

In order to know the true ﬁtuatnon of a planet, at any
particular time, the fmall fett of ball§ are to be put each
on its refpeGive axns, then the winch to-be turned round
’till each index points to the given time; then a fmall 7e-
lefecope, made for the purpofe, is to be applied to the cen-
tral ball, and dire&ing it to the planet, its longitude and
inclination will be feen on a large brafs circle, filvered,
and properly graduated, reprefentmg the Zodiac, and
having a motion of one degree in 72 years, agreeable to
the preceflion of the Eguinoxes: So likewife by applying
the telefcope to the ball reprefenting the Earth, and di-
reting it to any planet, then will both the longitude and
and latitude of that planet be pointed out (by an index,
and graduated circle) as feen from the earth.

The two lefler Faces are four feet in heighth, and 2 feet
3 inches in breadth: One of them reprefents and exhibits
all the appearances of Fupiter, and his fatellites, their
eclipfes, tranfits and inclinations: Likewife all the appear-
ances of Saturn, with his ring and fatellites. And the
other reprefentsall the phznomina of the Moon, particularly
the exa&t time, quantity, and duration of her eclipfes, and
thofe of the Swn, occafioned by her interpofition; with a

moft
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maft curious contrivance for exhibiting the appearance of
a Solar Eclipfe at any particular place on the earth: Like-
wife the true place of the Moor in the figns, with her la-
 titude, and the place of her Apogee and Nodes, the Sun’s
declination, equation of time, &c. It muft be underftood
that all thefe motions are to correfpond exa&tly with the
celeftial motnons, and not to differ fome chree: from the
truth, as is common in orreries.

The whole may be adjufted to, and kept in motnon, by
a ftrong Pendulum Clock, neverthelefs, at liberty to be turn-
ed by the winch, and adjufted to any time, paft or future.

N. B. The above machine is to be fupported by a ma-
hogany cafe, adorned with foilage, and fome of the beft
enrichments of fculpture. The part containing the me-
chanical a&ronomy of the Moon, has been fometime finith-
ed, and is found perfe@ly to an{wer, by many trials al-
ready made of it. The remainder of the work is now al-
moft completed. The clock part of it may be contrived
to play a great variety of Mufc.

The
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The following-CALCULATIONS and PROJECTIONS
of the Tranfit of Venus werd laid befora the Saciety a-
greecable tg their Dates, and clam a Place bers, as it
.~ maybe of-Ulfe, in various Refpects, to compare them woith
i the aQual Obfervations of the Tranfit, afterwards made
in this_Province; and from thence to collef the Diffe-
rences between Computation and Obfervation, together

with the Caufes of thofe Differences. '
R P TR B LTI 5 ok 4
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The follbowing Paper 8y the Revd. Mr. EwING, was alfo
communicated.

GENTLEMEN,
R S ™0 S you have taken under confideration;. the

propofal which. I made to' you the 1gth.
of April laft, of obferving the enfuing Tranfit of Venus
over the difk of the Sun, which will be on: the 3d
of June, 1769; permit me to lay before: you a pro-

jeGtion of the Tranfit, as feen from Philadelphia, to-

gether with the elements of the projeCtion, deduced:
from as accurate a calculation: as- I could make from.
Dr. Halley’s Tables. [ find from: the obfervations made
on the laft Tranfit i June, 1761, that the mean:mo~
tion of Venus, for the year 1769, thould-be 21" more than
thefe tables make it, and that the place of the nodes of
Venus, as ftated in thefe tables, needs the following cor-
reQion. At thetime of the ecliptical conjun@ion of the
Sun and Venus in June 1761, their place was 2* 15° 30
33", and her geocentric latitude was g/’ 44" .g fouth. Then.
fay, as. 72626.3 the diftance of Venus from the Sun :
28894.9 the diltance of Venus from the earth :: §84".9
her geocentric latitude : 3" §2".71 herheliocentric latitude
at that time. Then fay, as the tangent of the inclination
of her orbit with the ecliptic, isto rad. fo is the tangent
of her heliocentric latitude to the fine of her diftance from
the node; i.e. a8 T, 3° 23 20": rad. =T, 3' 52".71:
8, 1° 5’ 14", which dedu& from her place June 6, 1761,
at the time of the tranfit, viz. at §* §7' 20" at Greenwich;

_ and the remainder viz. 2* 14° 31’ 39" is the place of her

afcending node at that time. ‘The motion of her nodes,
as flated by Dr. Halley, is 33" per annum; therefore, for
8 years, add 4’ 8" to the abovementioned place of her
node and the fum, viz. 2* 14° 35’ 27" is the place of the
node in the year 1769, June 3d. With thefe corréted
elements, and others, as in the tables, the following cal-
culations are made. I

' The
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The apparent time of the ecliptical conjun&ion of the
Sun and Venus, as feen from the center of the earth, 1769,
June 3d, 5" 4' 43", as reckoned at Philadelphia, §*. o’
32" weft from Greenwich. The place of the Sun and
Venus, at the time of the tranfit, is 2* 13° 26’ 32”. The
place of her defcending node is 8* 14° 35' 27" at that time.
The geocentric latitudeof Venusatthat timeis 10’ 16".295
The Sun’s femidiameter is 1§’ 45”.65. The femi-
diameter of Venus o 29”. Their fum 16’ 14".65;
Their difference is 15" 16".65. Venus’s horary motion
from the Sun 3’ §7".43. The angle made by the axis of
the earth and ecliptic, as feen from the Sun, 7* 3’ 16”.
The angle made by the axis of Venus’s vifible path and
the axis of the ecliptic, is 8° 34’ 17”; the angular point
or node being 1° 8’ g5” weft of the Sun. The angle made
by the earth’s axis and the axis of Venus’s vifible path is
-equal to the fum of thefe, 15° 37’ 35”. The horizontal pa-
rallax of the Sun on the day of the tranfit is 8".5204,
when his diftance from the earth is 101521.2, his paral-
lax at his mean diftance 100000 being fuppofedtobe8”.65,
as found at the laft tranfit, 1761. The horizontal
parallax of Venus on the day of the tranfit 29”.9348,
when her diftance from the Sun 72626.3, her mean dif-
tance being according to her periodic time 72333. The
difference of thefe, viz. 21”.4144, is the horizontal pa-
rallax of Venus from the Sun on the faid day. The tran-
fit begins, asleenfrom the earth’s center,.at 2% 17’ 20”.48,
and ends at 8". 41’ 46".72. The total ingrefs at 2"
36’ 31".38; the beginning of egrefs at 8". 22/ 35".82; fo
that the whole duration between the internal conta&s will
be 5*, 46'. 4“.44. But thefe times will be confiderably al-
tered by the parallaxes of Venus inlongitude and latitude,
as obferved from different parts of the earth. The whole
effe of the parallaxesof longitude and latitude at the time
of the external conta& to haften it, being 3’ 31", the time
of it, as feen from Philadelphia, is at 2*, 13’ 49" 28"
P. M. And the time of total ingrefs at Philadelphia i

AR
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. 32’ 27"; the total effe@ of thefe parallaxes to accele-
rate the internat contac being 4/ 4.

- Thefe times depend upon the longmrde of Philadelphia,
wef’t of Greenwnch, which in this calculation is fuppofed to be
5" o' 32", whichisasnear asIhaveyet been able toafcertain
it, by comparing a number of obfervations made on. the- e~
clipfes of the firlt fatellite of Jupiter, with Mr. Emmerfon’s.

tables. But thefe cannot be depended upon for thelongi-

tude, within 2 minute or two of time, which will by no
means an{wer the defign of afcertaining the diftances of
the Sun and planets by the enfuing tranfit. I would there-
fore beg leave to propofe to the Society, that provifion be
made, without lofs of time, for ere&ing a {mall obfervatory
in fome convenient place that the occultations of fome
known ftars by the Moon, and the eclipfes of Jupiter’s fa-
tellites, may be noted, and compared with the correfpon-
ding obfervations made at Greenwich and other places:
And that fome proper perfons be appointed to make the
obfervations, at the expence of the Society, that our lon--
gitude may be afcertained with the precifion that is necef~
fary. It would be proper, that at leaft two fetts of obfer-
vers be appointed to view the tranfit in this city, in order
to guard againft the fatal accident of lofing the Sun out
of the field of the telefcope, in the critical and important
moment; which I find happened to a good aftronomer in
the Eaft-lndies, at the time of the laft tranfit. It is very
difficult to preferve a celeftial objeck in the field of a telef~
cope, that magnifies confiderably.

The expence of making thc£e obfervatlons, with{ufficient
accuracy, muft be confiderable; but it is hoped that an op-
portumty will not be negleé'ted on this- account, whxch,
for its importance to the interefts of aftronomy and navi-
gation, has juftly drawn the attention of every civilized na-
tion in the world, and which will not be prefented again.
for more than a century to come:

. Thefe:
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Thefe things are fubmitted, with all humility and de-
ference to the judgment of this refpe@able Society, by

T N (I‘heﬁ“ﬂﬁ“h‘ﬁﬁbfe' Servait,  —— g
'\\\ MMI;»\%,‘ Fane i35 07682 \ \\'ZOHN\EI}'M\
3 N. B. -The difference between fome of thefe Numbers
and thofe printed in the American Magazine, was occafion-
by negle@ing the 217 of correion in the place of
Venus;as_inconfiderable, the effe& of which is here ta-
ken into the utation, and the refult is fet down above.
See the projeion;-plate 2.

An Account of the TRANSIT-OF WENUS over the SuN's

DisK, as obferved at NQRRITQN, ¥ the County of Phi-
ladelphia, and Province of Rennfylvaniax June 3d, 1299.

N7 N / N P
By WiLL1AM SmiTH, D. D, Priveft _ ¢ of Phi-
ladelphia, Jonn J.aUKBﬁS\, £fq;™ Survegor-General of l
Pepnfylvania, Davip RITTENBOUSE, A W. of\Norrie |

=== ton, and JoBN SELLERS, E/q; Reprefentat:

bly for Chefter County

Being the Commitee appointed for that Obfervation,

AMERICAN PHILOSOPHICAL SOCIETY, beld at
ladelphia, for promoting ufeful Knowledge.

Communicated to the SOCIETY, July 20th, 1769, by Direc-
tion, and in Bebalf of, the Committee; by Dr. SmiTH.

in Afemn

Il.vc

GENTLEMEN, |
MO N G the various public fpirited defigns, that .
have engaged the attention of this Society, fince its |

—firft Inftitution; one does them more honor than their
carly refolution to appoint CoMMITTEES, of their own
Members, to take as many obfervations, in different places,
of that rare Phenomenon, the TRANSIT OF VENUS over
the Sun’s DisK, as they had any probability of being able
to defray the expence of, either from their own funds, or
the public affiftance they expeied.

As
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The above letter was occafioned by a fhort account I had
fent to Mir. Penn four daye after the tranfit, informing
him of the fuccefs of our obfervations, the timesofthe con-
tacts, and afewother circumftances attending themr; which
he communicated to Mr. Mafkelyne. Since: that, Mr.
Mafkelyne has received full fatisfaltion on all the points
mentioned in his letter, as complete copies of our different
obfervations havebeen tran{mitted to Dr. Franklin, to com«
municate to him, and fuch other aftronomers as-he may
think proper among his correfpondents in Europe. The
particular circumftances which I mentioned relative to the
firft entrance of Venus, was the dufky tremulous thadow
or atmofphere that feemed to precede her' body, and the
light that furrounded that part of her limb not entered on
the Sun, which was alfo ebferved by the gentleman at
Philadelphia, and by Mr. Biddle at the Capes.. Which
of thefe, or whether both, may bethe curious circumftance,
or circumftances, obferved here, which Mr. Mafkelyne
fays the low altitude of the Sun did not permit him: to ob-
ferve, we cannot tell;. as his account of the Greenwich
obfervations-has not yet come to hand.. W. S.

An Account gf the Obfervationson the Tranfit of Venusover
the Sun, on the 3d of June, 1769, by the Committee ap-
~ pointed to- obferve 1t at Philadelphia;. drawn up, and
prefented to. the American Philofophical Society, be/d
at Philadelphia, for promoting ufeful Knowledge,
By Joun Ewing.
GENTLEMEN,.

T doubtlefs muft appear firange to many, that the pa-
rallax of the Sun, which isfo important and fundamen~

tal an article in aftronomy, has not been fettled by aftro-
nomers long ago, as fo many things in that ufeful fcience
depend upon it. But this furprife is leffened by confidering,
that the fmallnefs of the paralla&ic angle has eluded their
moft careful refearches in all ages, as it is but about 8 or
g feconds -
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g feconds of a minute; fo that the {ubtenfe of it, were it
much larger than it is, muft be invifible to the naked eye
at the diftance of 6 inches, and it is hardly. poflible to dif-
tinguith 10 feconds by inftruments, let them be ever fo
fkilfully made. Many methods have been devifed by
aftronomers, which fhew the ingenuity of the inventors;

but the difadvantage of them all was, that they depended

upon obfervations to be made with a: precifion, which no
inftruments hitherto conftru&ed could poflibly accomplifh.
The tranfits of Venus alone afford an opportunity of de-
termining this problem with fufficient certainty, and thefe,
from the ftri&t laws of her motion, happen fo feldom, that
there cannot be more of them than two in one century, and
in fome centuries none at all. Three only have been ob-
ferved fince the creation, and the firft of them by two
perfons only. The peculiar advantage of this pheeno-
menon for determining the parallax of the Sun with a
precifion which is not to be expe@ed from any other me-
thod, confifts in its being deduced from the abfolute time
that elapfes between the inftants of the conta&ts with the
Sun’s imb, as feen from different parts of the earth; or
from the difference of total durations as noted by diftant
obfervers, properly ftationed for that purpofe. A fecond
of time being eafily diflinguifhed by a well regulated clock,
if the aforefaid abfolute difference of time be carefully no-
ted, in places where it will amount to 24 minutes, it will
give the parallax, {mall as it*is, within the hundreth part
of a fecond of a degree, and confequently the diftance of
the Sun and planets within the feven hundredth part of
the whole. In fome tranfits this difference of time will
be greater, and in others lefs, in certain places on the earth,
which renders thofe that happen on the northern part of
the Sun’s difc, in general, more favourable to our purpofe,
than thofe that happenonthe fouthern hemifphere. Hence
. it is, that although much was done in this matter by the fe-
dulity and care of aftronomers at the tranfit in the year
1761, when Venus pafled fouth of the Sun’s center, yet

our
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our expe&ations could not be fully anfwered by the obfer-
vations that were then made; as it was eafily forefeen that
much greater precifion might be attained, from the advan-~

tageous circumftances that would attend the tranfit in

1769. The great proficience, which the aftronomers

made in fettling this fundamental element, beyond what
was ever known before, has only raifed their expe&ations

and engaged their attention to improve every advantage,

that can be derived from a careful obfervation of this tran-

fit. If they have not been difappointed by unfavourable

weather, we hopefor the utmoft eertainty that can be gain-

ed in this matter, from the obfervations they have made,

when they fhall be compared together. But after all, we

muf¥-fit down with thedifagreeable affuranee that the dif-

tande’ of the'Sun eannot be: determinied by them, let them

be madewith-éver fogreat accuracy, within many thoufand"
miles; which will not appear ftrange, when ive confider

that his diftance is- upwards of g4 millions of miles, and -
that an error 6f a fingle fecond in his parallax will give an

uncertainty of 10 or 11 fnillions of miles in his diftance.

This approximation, however, is fo-much greater than
could be expelted, from any othér method, that has ever
been propofed, that it has defervedly engaged the attention
of every civilized nation in the world ; and it muft redound
to the honor of our fociety, that they have taken fuch ef-
feGual care to have proper obfervatories erected, to furnith
them with the neceffary inftruments, and to appoint pro-
per petfons, to ufe them on that occafion.

As the credit of our obfervations, and the firefs that
will be laid upon them, in determining the parallax of
the Sun, will greatly depend not onlyon the care and fkill
of the perfons that made them, but alfo on the goodnefs
of the inftruments, with which we were furnifhed; it has
been judged proper to give the public the following ac-
count of our apparatus, and of the pains we have taken to
have it in the beft order.

Vor. I, F As
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As the Society were pleafed to appoint Fofeph Shippen,
Efq: Dr. Hugh Williamfon, Mr. Charles Thomfon, Mr. Tho-
mas Prior, and myfelf, as a committee to obferve the tran-
fit at the obfervatory, which they had ere@ed in this city,
we {pared neither time nor labour to have every thing ne-
ceffary for the obfervation in readinefs. We were provided
with an excellent fe@or of 6 feet radius, made by the ac-
curate Mr. Bird, and an equal altitude and tranfit inftru-
ment, both belonging to the honourable Proprietaries of
this province, which the Governor very generoully lent to
the fociety on this occafion. Our telefcopes were, a large
refle@or of 4 feet focus and 7 inches aperture;, which mag-
nified from 100 to g4oo times with an excellent mi-
crometer of Mr. Dollond’s conftruion fitted to it, which
the affembly of the province had ordered over at the re-
queft of the fociety ; a refraling telefcope of 24 feet focus,
belonging to Mifs Norris; two refleing telefcopes of 18
inches focus, one the property of Mr. Hamilton, the late
Governor of this province, and the other of Mr. Prior, to~
gether with another refletor of 12 inches focus. With
thefe, and a good time-piece, we promifed ourfelves the
pleafure of making accurate obfervations, if the weather
fhould prove favourable. For this purpofe we met fre-
quently before the day of the tranfit, to adjuft our inftru-
ments, and to remove every local obftruion that might
hinder our obfervations.

Some of us gave particular attention to the regulation
of the time-piece, and therefore took the paffage of the
Sun’s limbs over the crofs hairs of the tranfit inftrument,
both forenoon and afternoon for many days before and
after the tranfit, and particularly on that day. As it had
three horizontal hairs fixed in the focus, it afforded us fix
fets of correfponding altitudes, which generally agreed in
giving the time of apparent noon within 2 feconds of each
other; fo that by comparing them together daily, and ap-
plying the proper equations for correfponding altitudes,
on account of the Sun’s change of declination between the

forenoon
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forenoon and afternoon obfervations, we were affured of
the rate of our clock’s going and the time of apparent
. noon to a fingle fecand. We did not think it neceffary
to burden our minutes, with the great number of obfer-
vations of this kind, that we made. Let us fuffice to
fay, that they were made with the utmoft care, and that
our time-piece was fixed to a large poft funk into the

round four or five feet, fecured from fhaking by a brick
wall at the bottom, and no ways communicating with the
fides of the building.

The long expe&ed day of the tranfit came, fo favour-
able to our wifhes, that there was not the leaft appearance
of acloud in the whole horizon from morning ’till night,
and the fky was uncommonly ferene. The committee af-
fembled in the morning at the obfervatory, examined the
adjuftment of their teleicopes anew, and appointed two-
affiftants to obferve the clock, one to count the feconds
with an audible voice, and the other to write down the mi-
nutes as they were compleated, to prevent a miftake in
that article. -

Every obferver being fixed at his telefcope, at leaft half
an hour before the beginning of the tranfit; we obferved
the conta&ts of the limbs of Venus and the Sun at the-
times mentioned in the following accounts, as they were -
drawn up feparately by the obfervers themfelves, and are
here inferted in their own words.

Account of the ConTACTS, by JOSEPH SHIPPEN, Esq."

¢¢ I obferved this very uncommon and curious phceno-
menon with a new refleing telefcope, made by Mr.
George Adams, whofe tube is two feet and half an inch
long, its aperture 4,13 inches diameter, and its magnify-
ing power about go times. After having well adjufted
its focal diftance, the Sun’s limb appeared fo well defined,
that the leaft obfcuration of it might be clearly difcerned
by a good eye.

(13 In
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¢ In order to difcover the firft external contal, as near
the precife time of its happening as poffible, I kept con-
ftantly in the field of the telefcope, but a fmall arch of the
Sun’s limb, and only that part of it, where it was expected
the planet would enter; by which means I believe I faw
the obfcuration on the limb of the Sun as near the exa&
time of its beginning as.the power of the telefcope would
admit of.

¢ The firft alteration which I perceived in the Sun’s difk,
was a jagged like appearance on a {mall arch of the limb ;
as if a fhadow had been caft on it with ax irregular notched
edge, which at every fecond, feemed to increafe with a
kind of waving and tremulous motion. I firft perceived
this change at 2" 13’. 47" apparent time, though I was
not then convinced that that appearance was, either the
phceenomenon we looked for, or caufed by the planet’s
near approach to the Sun’s. limb; but imputed it rather to
fome duft that might accidentally have fallen on the large
mirror of the telefcope, as I expe@ed the conta& would
have fhewn itfelf by one {fmall arched indent on the Sun’s
limb. And it was not ’till after twelve feconds more had
paffed, that I was certain the contaé&t had happened; for
then, viz. at 2" 13‘. 59" apparent time, I could plainly
diftinguith a fingle impreffion, or indent, in the Sun’s
limb; yet it was exceedingly fmall, and without any of
the jagged appearance before mentioned.

¢ I cannot well account for thefe different appearances
in fo fmall a fpace of time, but by fuppofing that the firft
was occafioned by an atmofphere around the body of Ve-
nus, which might have obfcured in a fmall degree, part
of the Sun’s limb, a few feconds before the conta&®; and
that after Venus herfelf had aCtually entered on the Sun’s
limb, the brilliancy of the folar rays might have fo far il-
luminated the atmofpliere of Venus, as to caufe the obfcu-
ration at firft perceived to difappear, and leave only the
well defined form of the planet on the Sun’s difk.

(13 On
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¢ On confidering the matter in this view, [am inclined
to think that the firft external conta& did not.really hap-
pen ’till at leaft three feconds after I firft perceived the
Jagged obfcuratlon on the Sun’s limb; and then it would
be at-2" 13'. 50" apparent time.

« But if aftronomers a¥ee to fix the time of the firft
contadt at the beginning of that obfcuration, I think it is
probable the contat may have happened two or three fe-
conds before I difcerned that obfcuration: In which cafe,
the conta@ may be faid to take place at 2" 13'. 44" ap-
parent time.

¢ In determining on the manner in which:I fhould judge:
of the internal contalt, I confidered that after Venus fhould'
move on the Sun’s difk with half her diameter, the horned
points occafioned thereby in the Sun’s limb would appear
more acute, and approach nearer to each other as the planet
proceeded till the points thould actually unite.. From this.
refle@tion I was induced to think, that the inftant of the:
clofing of thofe points ought to be fixed on as the precife:
time of the internal conta& ; becaufe Venus muft then have
paffed the Sun’s limb with her whole diameter,. and both
their circumferences, or limbs, might be faid to coincide..

« Litherefore carefully obferved the progrefs of the plan—
et, and faw very diftintly, as. fhe moved onwards, that
the illuminated points of the Sun’s limb became better de-
fined; and when they approached fo near each: other as to
be within about 8 feconds of touching, which was at 2",
31’. 26" ap. time, I heard one of the obfervers call out,
contaél; but as his obfervation did not feem to agree with
the manner which I had fixed for judging. of the conta&,
I continued viewing with the clofeft attention, in order to
fix the time of conta& according to the idea I had formed
of it; andat 2" 31’ 34”. ap. timel could fcarcely diftinguifh
the illuminated points of the Sun’s limb to be any longer
feparate; for in two feconds more they appeared to befo far -
clofed as to form a fingle thread of light on that part of the
Sun’s limb, which a few feconds before had been eclipfed.
. I therefore



46 MATHEMATICAL anp

I therefore conclude that the apparent firfl internal conta&
of Venus happened at 2" 31’. 34" ap. time. Yet it is

_not improbable that her real conta@ may have happened
a few feconds fooner, if it be certain that fhe has an atmo/f=
phere; becaufe that might have obfcured the Sun’s limb a
few feconds after Venus was entircly immerfed within the
difk; in the fame manner as I judged with refpec to the
external conta@, that the beginning of the obfcuration of
the Sun’s limb was occafioned by the intervention of the
atmofphere of Venusa few feconds before her body actually
came in conta& with-the Sun.”

Account of the CoNnTACTS, by Dr. WILLIAMSON.

« I made ufe of a refralting telefcope 24 feet long,
which magnifies ninety times. The glafles were in very
good order, and the air uncommonly ferene, fo that the
Sun’s limb appeared very diflin& and well defined, whence
I promifed myfelf the pleafure of fixing the external con-
ta& to a fecond, but the event convinced me that I had
promifed too much. A dufky appearence once and again
drew my attention to a particular part of the Sun’s limb,
but I could fee no fuch dark fpot there as I thought Venus
muft produce, and it was not till 2" 11’. 317 mean time,
‘or 2" 13’. 46" apparent time, that I determined to ftop a
watch which I had in my hand, to afcertain the time of my
obfervation, leaft fome accident thould prevent my hearing
the affiftant, who ftood at § or 6 yards diftance by the clock
- counting feconds. At that very time I was doubtful,
whether the appearance on the limb of the Sun was cer-
tainly occafioned by the interpofition of the body of Venus;
for though the darknefs was of fome extent along the Sun’s
limb, yet the impreflion-was not proportionably deep,
fuppofing that it was made by a circle fo {fmall as Venus
compared with the diameter of the Sun, nor was the dark-
nefs equally perfect; yet the fubfequent progrefs of the
darknefs foon convinced me that I had not been much
too hafty in noting the time of the external conta&. . -

«“ When
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“ When Venus had advanced with a little more than
half her body on the Sun, her whole eaftern limb appeared
faintly illuminated: This light feemed to encreafe as fhe
advanced farther on the Sun, till near the time of the in-
ternal contat. By this time I was convinced that Venus
isfurrounded by a denfe atmofphere of a confiderable height,.
which: doubtlefs had prevented my fixing the external con-
ta&, with that accuracy I had expe@ed, and had occafion-
ed that inequality in the darknefs, which I had obferved:
on the Sun’s limb.

. % In determining the internal conta&, which I appre--
hend was done with great exa&nefs, I attended to the in~-
ftant, when there was a prefe& coincidence of the limb of
Venus with the limb of the Sun; as when two circles touch.
internally. This appeared at 2"..31’. 24" apparent time..
I expeéted by the time the affiftant had counted another
fecond, to have feen light diftin¢tly round the eaftern limb.
of Venus; not fuch a radiance as had for 7 or 8 minutes.
rendered that part of the planet vifible; but a certain nar--
row portion of the Sun’s limb which had a very diftin~-
guifhable appearance from the light 1 have mentioned..
The edge of the Sun did not appear fo foon; neverthelefsI
fixed upon 2" 31'. 25" for the precife time of the internal: -
contad, being certain, that no part of Venus was then off.
the Sun. One or two feconds more were counted before the
Sun appeared- diftin@ly without the limb of Venus. But:
then it was obvious that Venus did notthen touch the Sun’s
limb in.any part, {o that the conta&t was certainly over.””

Mr. Prior made his obfervations with his own. refle&--
ing telefcope, whofe mapnifying power he does not cer--
tainly know, but fuppofes it to be at leaft an hundred times..
He gave the following account of his obfervation of the:
contalls, viz. .

¢ The uncertainty where Venus would touch the Sun’s:
limb made me take the following method. From 8 or g
minutes paft two o’clock I made it a.rule to pafs my eye:
from the lower edge of the ficld of my telefcope to the up--

per, .
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per, many times in a minute, and examine the limb of the
Sun ftrictly, in hopes of difcovering the atmofphere of
Venus approach, {o as to give an opportunity of taking the
contacts of the limbs to a great certainty. In paffing

eye along the limb of the Sun, I difcovered a {mall imper-
fe@ion, which I thought muft be the ftroke of the atmof-
phere, but in four feconds I difcovered it to be the limb of
Venus, the atmofphere not being vifible on the Sun. The
time therefore that I note for my external contact is, when
I firt difcovered that imperfeGtion on the Sun’s limb,
which was at 2" 13'. 42" apparent time. When the bo-
dy of Venus was fomething more than one third on the
Sun, 1 faw her eaftern atmofphere very diftin&ly refle&ing
the light of the Sun fo ftrongly on the limb of Venus, as
to thew it well defined; but as it came on the Sun, it was
entirely 16ft. The time, I note for my internal conta&,
was, when the thread of light was diftin@ly feen all round
the body of Venus, which was at 2" 31’.28" apparent
time.”

Mr. James Pearfon, having obferved the external con-
ta&t at 2", 13'. 50" apparent time, with a fmall telefcope,
belonging to the honorable proprietaries of this province,
whofe magnifying power is about Go times; Mr. Charles
Thompfon obferved the internal conta& with the fame te-
lefcope, of which he gave the following account, viz.

« At 2" 29’. 11” mean time, or 2" 31'. 26". apparent
time, I faw fome tremulous rays of light pafs from the up-
per or eaftern limb of the Sun to the eye, acrofs, and fo as
juft to touch the upper limb of Venus. Marking that
down therefore as the time of conta&, I counted four fe-
conds, at which time I faw a continued thread of light, like
a filver lace, but ftill with a tremulous motion, round the
eaftern limb of Venus, whereby it appeared to me that the
whole body of Venus was then within the difk of the Sun.
T he tremulous appearance of the rays of light, I at firft at-
tributed to my telefcope refting againft the fide of the ob-
ervatory, but afterwards apprehended might be owing to
their pafling through the atmofphere of Venus.” The

— ————— o



ASTRONOMICAL PAPERS. 49

The corhmittee having defired me to ufe the large re-
fleCtor mentioned above, I chofe that power which magni-
fies the diameters of obje&ts 300 times; with which I ob-
ferved at 2", 13'. 48", apparent time, an obfcuration on
the north-eaftern limb of the Sun, gradually advancing
forwards with a tremulous motion, which, from its irre-
gular and dufky appearance, I concluded was occafioned
by the refraction on the Sun’s rays through the atmofphere
of Venus, which atmofphere foon afterwards became very
obfervable to us all. From this I was led to conclude that
the contact did not happen till about 1§ or 16 feconds af-
terwards, when there was a large and evident imprefhion
made on the limb of the Sun; but as the precife moment
of the external conta& cannot be noted by an obferver, the
body of Venus not yet being interpofed between the Sun’s
limb and the eye; this contact muft have happened about the
time that her atmofphere made the abovementioned obfcu-
ration, and therefore I am of opinion that the true timeof the
conta& thould be accounted at 2" 13'. 48", or it may be 3
or 4 feconds fooner, when nothing but the atmofphere of
Venus, which preceded her body, appeared on the limb of
the Sun. About the time that the center of Venusapproach-
ed the Sun’s difk, I faw the whole body of Venus, hereaftern
edgebeing furrounded with a faint light which was doubtlefs
occafioned by her atmofphere refralting the Sun’s rays.
At 2" 29’. 11" mean time, or 2". 31'.26" apparent time, I
faw the internal conta&®, when the whole body of Venus
was introduced within the difk of the Sun, and the thread
of light had compleatly furrounded her, although not as
bright as it became in two feconds afterwards.

From what has been faid, it appears that the apparent
times of the contacts may be reprefented at one view in the
following table, as they were noted by thedifferent obfervers.

1t Excter. Conta&. 1ft Inter. Conta&. Magnifying

h. m. fec. h. m. fec. Powers.
Gofeph Shippen, Efg. 2. 13. 37 Ap. T. 2. 3I. 34 Ap.T. 8o times.
Dr. Williamfon, 2. 13. 46 2. 3I. 2§ to 27 90 timcs,
Mr. Pearfon 2. 13. §0 - - - - .
Mr. Thompfon, - .- 2. 31. 26 to 30 Go times.
Mpr. Prior, 2. 13. 4; 2. 31. 28 100 times.
Myfif, 3. 13. # 2. 31. 26 300 times.
Agell:dcﬁncd black 2 14 3

dent in @'s limb, at

Vor. L G After
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After the obfervation of the contals, I applied myfelf
to the micrometer to meafure the diameters of the Sun and
Venus, and the diftance of their limbs at fundry times du-
ring the tranfit. I had indecd frequently meafured the
equatorial diameter of the Sun before the day of the tranfit,
and always found it to be 6 feconds lefs than what is given
in thenautical almanac. The mean of 6 meafures on that
day is 31'. 31".6, which differs but o”,3 or threc-tenths
of a fecond from what is given in the faid almanac leffened
as above. Therefore I have flated it at 31’. 31%.3 in the
following redutions and calculations.

Six meafures of the diameter of Venus on the Sun made
it §8 feconds. 1 attempted to meafure it both ways, with
the beginning of the divifions of the vernier advanced on
the fcale of the micrometer and the contrary, that the er-
ror of adjuftment might have been thereby taken away.
But the micrometer did not admit of it, the diameter of
Venus being a fmall matter too large for this operation.
However I took fome meafures this way, but they gave
the diameter no more than 55”.4, which appearing too
fmall were therefore rejected.

About 20 minutes after the contalts, I began to mea-
fure the neareft diftance of thelimbs of Venus and the Sun,
and continued untill the Sun was fo low, that the meafures
could not be made with fufficient accuracy any longer.
Some of the meafures appear to difagree too much with
the others, and therefore fhould not be depended on; but
I could not prevail upon myfelf to negle& the inferting of
them ; leaft the unufual agreement among fo great a num-
ber thould raife a fufpicion, in the minds of aftronomers,
that they had not been honeftly tranfcribed from our mi-
nutes; efpecially as there are enough, to anfwer -all the
purpofes defigned by them, which agree in giving the
neareft diftance of the centers with fufficient precifion.
Although thefe meafures are fet down in the following ta-
ble with the parts of a fecond, we would not therefore be
fuppofed to atfeét an impofiible accuracy in them ; but they
are fuch as the micrometer has given them when properly
reduced. Mean
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31
oz M. Time. Neareft dif- | Neareit dif-] Par. of | Par.of | Par.ef ¢ |
: tance of thc| tance of | Q inthe| Q inher| perpendic.
£, limbs of G | their cen- | Vertical. | Path., | to her patiy.
] 1769. and @ cers.

'§ Fune 3d,

“ |h. m. fec. m. fec. |m. fec. fec. fec. fec.
12 53 43 1. 8,46 | 14. 8,19 13,95 13,20 4.56
2 (3 § sI I. 48,23 | 13. 57,42 | 14,60 | 159 4,04
33 11 32 2, 4,49 | 13. 12,16 14,92 14,20 4.68
43 14 17 2. 10,4 |13. 6,25 | 15,05 | 14, 3 4,70
513 23 7 2. 24,77 | I2. 3307 | 15,50 | 14,70 4,78
613 25 45 2. 3325 | 12. 34,3 15,70 | 14,90 4,86
713 27. 37 2. 38,46 | 12. 29,09 15,75 15,02 4,90
813 44. 31 3. 18,86 | 11. 57,89 16,55 15,80 5,02
94 2 31 3. 53,64 | 11. 23,01 17,38 16,56 5.30
4. 3. 41 3. 556 |11 2105 | 17,45 | 1662 5,31
4. 8 39 4 85411, 8,11 | 17,63 | 16,64 5.32
4. 10. 9 4 13,85 |11, 2,8 17,65 | 16,30 5,35
4 14. 53 4. 15,811, o84 17,83 ] 17501 5.44
4. 22. § 4. 22,10 | 10. 53,55 18,10 17,20 5,52
4. 35. 37 4. 30,36 | 10. 46,29 18,20 17,30 5,56
29. 47 4. 35.92 | 10. 40,73 | 18,40 | 17,50 5,68
41. 57 4. 50,14 | T0. 26,51 18,80 17,90 5.9
44. O 4. 51,96 | 10. 24,69 18,94 17,98 597
51 18 4. §8,62 | 10. 18,03 | 19,14 | 18,10 6,06
52. 16 5. 1,23 | 10. 15,42 | 19,16 18,16 6,09
53. 27 5. 1,23 | 10. 15,42 19,20 13,20 6,12
54. 52 s. 3,08 |10, 13,47 | 19,26 | 138,26 6,17
56. 30 5. s,14 |10 15,51 | 19,30 | 18,30 6,20
58. 29 5. 6,44 | 10. 10,21 19,36 13,35 6,24
1. 3§ 5. 5,14 | 10. IISX 19,44 18,43 6,30
9. 29 5 5,79 | 10. 10,86 19,55 18,52 6,46
11. 53 5. 9,05 10. 7,6 19,68 | 18,74 6,50
18. 29 5. 12,96 | 10. 3,69 | 19,95 18,85 6,69

30. 29 5. 14,26 | 10. © 2,39 20,08 18,90 6,76 -
24. 17 5. 14,36 |10. 2,39 | 20,14 18,98 6,90
25. 59 | s- 5. ,7 |ro. 6,95 20,19 18,99 6,91
28. 33135 5. ,4 | 10. 8,25 | 20,20 19,01 - 6,96
33. 39135 5. 51410 11,51 | 20,36 | 19,08 7,08
35. 45|35 s. 1,88 |10. 14,77 } 20,40 19,10 2,10
43. 17]s- 5. 2,53 |10. 14,13 | 20,50 | 19,18 7,28
1. 13]6. 4. 50,79 | 10. 26,86 | 20,84 19,34 7,78
2. 39]6. 4. 49,49 J10. 27,16 | 20,90 19,38 7,88
6. 8 7]6. 4. 44,27 | 10. 33,38 | 20,96 19,42 7,97
6. 10. 4]6. 4. 43,52 | 10. 33,13 | 21,0 19,44 8,00
6. x8. 3716. 4. 30,58 | 10. 46,07 | 21,04 19,46 8,20
6. 21. 49|6. 4. 24,06 ] 10. 52,59 | 31,10 19,48 8,32
6. 26. 13]6. 4 158111, 0,84 | 31,14 19,50 8,40
6. 32. 18]6. 4.+ 1,46 | 11. 14,19 21,18 19,50 8,60
6. 33. 55)6. 4. 3,42f11. 13,23 | 21,20 19,46 8,68
6. 37. 29 |6. 3. 58,2 |r1r 18,48 21,22 19,43 8,76
6. 38. ss|6. 3. S429 | 11. 22,36 | 21,24 | 19,40 8,32
16. 41. 39]6. 3. 49,73 ) 11, 26,92 | 21,26 | 19,36 8,92
6. 43. 576 3. 44,94 § 11, 31,71 21,28 19,34 8,98
6. 46. 25 |6. 3. 42,9¢ |11, 33,67 21,29 19,31 9,02
6. 48. 49|6. 3. 36,4¢ ] 11 39,39 | 21,30 | 19,39 9,17
6. 53. 176 3. 28,6. | 1x. 4801 | 21,34 | 19,26 9,21
2. 1|7 "3 gotfra 7,57 | 21,38 19,24 9,48
4 33|17 3 452 |12 12,33 | 21,39 | 19,20 9,56
9. 261 7. 3. 5,82 )12 11,83 | 21,40 19,10 9,70

The
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The foregoing neareft diftances of their centers are de-
duced from the meafured diftances of their limbs, taking
their diameters as they are ftated above: And the paral-
laxes are not computed, byt meafured from a projec-
tion of the difk of the earth as feen from the Sun, the pro-
jection being 21 inches and an half in diameter.

The latitude of our obfervatory in Philadelphia is deter-
mined from the obfervations of Meffrs. Mafon and Dixon
with the above mentioned feGtor. From a mean of thirty
obfervations of the paflage of fome ftars over the meridian,
they found the latitude of the moft fouthern point of the
city of Philadelphia to be 39° §6'. 29”,2. Our obferva-
tory is north of this point, 26,2 feconds, and therefore its
latitude is 39° 56’ §5",4.

In order to determine the parallax of the Sun, from the
foregoing obfervations, it is neceflary that our longitude
from fome fixed meridian fhould be afcertained with the
moft rigorous precifion. For this purpofe we have obfer~
ved various eclipfes of Jupiter’s fatellites, that they might
be compared with the correfpondent obfervations made at
Greenwich and elfewhere, when we are furnithed with
them. -

Eclipfes of JUPITER's SATELLITES, obferved at Pliladelpbia, with a two feet refic@or.

D. h. m. fec. D. h. m. fec.
1767. April 3, 9. 1K, 23 Fm, 2d. Ap. T.| 1769. Aprid 3, 14. 50. 43 Im. 1£.4p.T.
Afay 30, 30. 1§, 32 Em. IA 1I, 9. 49. 14 Im. 24,
Fune 13, 9. 1§. 6 Em. 2d. 12, I1. 15. 49 Im. 14,
1762, Adar. 1, 9. 46. 49 Im. 1A. Mav 5, 11 50. 28 Im. IA.
April 9, 10. 37. 2 Em. 1/ With a four fcet refle&or.
25, 8. 56. so Em. 1/, Fune 7, 8. 44. 37 Em. 24,
May 12, 10. 33. 9 Em. 24. 22, 8. 27. 35 Em. 14
1769. Aeb. 36, 14. 21. ST M. I 29, 10. 2I. 55 Em. 10,
20, I5. 42. I Im. 24, Aug. 23, 12. 15. 48 Em. If.
23, 16. 16. 21 Im. 1. Sept. 15, 7. 44. 41 Em. 24.
Mar.37, 12. 45. 21 Im. 24,

Since the foregoing account has been drawn up, we have
been furnifhed with fome obfervations of the eclipfes of
Jupiter’s fatellites, made by the revd. Mr. Mafkelyne, aftro-
nomer royal, at Greenwich. By comparing thefe with
the like obfervations made at Philadelphia and Norriton, we
are enabled to fettle the longitudes of our obfervatories.

But
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But as there are but two or three of them correfpondent
with ours, we muft have recourfe toanother method ; which
i8 firft to compare them with the calculations in the nau-
tical almanac, which were made for the meridian of Green-
wich, that the error of the tables may be difcovered by
the mean of them; and then to compare ours with the
fame calculations, applying the errors of the tables to the
longitude deduced from this comparifon. We may depend
upon the refult of this method with much more confidence,
than upon any fingle obfervation.

Here follow the Apparent Times of the Greenwich Obfervations compared with the calcula~
tions of the Nautical Almanac. '

1769. D. h. m. fec.
Mar. 29, 12. 35. 7 Im. 1 obf. at Green.
29, 12. 24. 26 Do. p. calc. of N. Al.

41 Error Weft.

Apr. 11, 14. 50. 23 Im. 24 obf. at Greenw,
11, 14. 50. 4 Do. p.calc. of N. AL

' 19 Error Weft.

12, 16. 16. 13 Im. 1ff obf. at Greenw.
12, 16, 16, 13 Do. p. culc. of N. AL
(%)
we 8, 9. 41. 16 Em. 17 obf. at Green,
I 8, 9. ar. 26 Do. p. calc. of N. AL

——— ———— —

10 Error Eaft.

1769. D. h. m. fec.

April 28, 14. 35. 17 Im. 1/ ob{’ at Green.
28, 14. 36. 14 Do. p. calc. of N. Al

S S——

57 Error Eaft,

May 6, 11. 5I. 3 Im. 24 obf. at Grecnw.
6, 11. 51. 45 Do. p. calc. of N. AL

43 Error Eaft.

May 16, 9. 32. 15 Em. 1fobf.at Greenw.
16, 9. 31. 7 Do. p. calc. of N. Al
— .

1. 8 Error Weft.

Fuly 1, 9. 50. 24 Em. 1/ obf. at Greenw.
1, 9. 50. 37 Do. p. calc. of N. Al

p——.

13 Error Eaft.

15, 3. 35. 83 Em. 14 obf. at Green.
15, 11, 34. 55 Do. p. calc. of N. Al

38 Errar Weft.

Nowalthoughtheerrors of the firft fatellite appear confi~
derable, yet if we rejeCt the obfervation of the 16th of May
as being too near to the time of Jupiter’s oppofition with
the Sun; the mean of thofe, which give an eaftern meri-
dian correfponding with the calculations of the nautical
almanac, exafly counterbalances the mean of thofe which
give a weftern meridian correfponding with them. There~
fore we have nothing to do but to reduce all our obferva-
tions at Norriton and Philadelphia to the meridian of Phila-
delphia, .and then compare them with the calculations in

the nautical almanac.
The
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The Norriton obfcrvations of the eclipfes of Jupiter's firlt Satcllite are as follow.

D. h. m. fec. 1769. D. h. m. fec.
1769. Feb. 16, 14. 21. 10 Tm. 1 My 14, 10. 2. 14 Em. 1/ doulsful.
23, 16, 15. 1 Im. yh 21, 1T, §5. 13 Em. 12
April 3, 14, 49. 25 Im. I/ Fune 6, 10. 11. 32 Em. 1/,
10, 16. 46. o Im. 1. 7, 8. 43. 44 Em. 24.

13, 11, 14. 37 Im. 17

S 13, 12. 5. 1 Em. A
May 5, 11 29. 27 Im. 1f.

Now if we compare the correfpondent obfervations at
Philadelphia and Norriton on the 16th of February, the
12th of April, the gth of May, and the 7th of June 1769,
the difference of our meridians will be found from the
mean of them to be 57 feconds of time. This is farther
confirmed by the obfervations we have made on the tran-
fit of Mercury over the Sun, on the gth of November,
1769, which being compleated before thefe fheets were
printed off, we have judged proper to infert.

Apparent Time. h. m. fec.
The external conta@® wasat 2. 36. 9 by the mean of 4 obfervations at Philadelphia,
And at 2. 35. 17 by the mean of 3 ubfervations at Norriton.
The difference is 52
The internal conta® was at 2. 37. 34 by the mean of 4 obfervations at Philadelphia,
And at - - - 2. 36. 34 by the mean of 3 obfervations at Norriton.
The difference is 1. ©

Therefore the mean of both thefe makes the difference
of our meridians §6 feconds of time, which muft certain-
ly be more accurate than what is deduced from a few cor-
refponding obfervations of the eclipfes of Jupiter’s fatel-
lites; both becaufe they afford 24 comparifons, all nearly
agreeing among themfelves, and becaufe thefe tranfits, in
the judgment of moft aftronomers, afford the beft oppor-
tunities of fettling the longitude of places. Hence if we
add 56 feconds to the time of the Norriton obfervations of
the eclipfes of Jupiter’s fatellites, they will be reduced to
the meridian of our obfervatory in'Philadelphia, and may
be ufed in fixing our longitude from Greenwich, in the
following manner.

The
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The calculated time per Nautical | The obferved The Norriton The difference
* Almanac. Time at obf. red. to the | of merid. of Gr.
. Philadclpbia. | merid. of Phil. | and Philadel.
D. h. m.fec. D. h. m.fec. | D. h. m. fec. D. h. fec.
1767. May 30, 15. 16. 10 Em. 1f. | 30, 10. 15.32 | - - - - - 5, o. 38
u Fune 13, 14. 17. 37 Em. 24. [13, 9. 18. 6 |- - - - - 4, 59. 31
1768. Mar. 1, 14. 48. 24 Im. I I, 9. 46.49 |- - - . - $ L 35
April 9, 15. 36. 34 Em. 1. 9, 10. 37. 2|~ - - - = 4, 59. 32
25, 13. 57. 46Em. 1. |25, 8. 56.50 |~ -~ - - - s, ©O. 56
May12. 15. 34. 11 Em. 24, | 12, 10. 33 9|~ - - - - 5 I, 2
1769. Feb. 16. 19. 22. 29 Im. 1A |16, 14. 2L 51 |- - - - - 5 ©0, 38
16, 19. 22. 29 Im. 1. - - - - 16, 14.22. 6 5, 0.23
20, 27. 42. 55 Im. 24, |20, 15. 42. 1 |- - - - - 5, ©O. 54
23, 21. 16. 35Im. 1f, |23, 16. 16. 21 | - - - - - 5y O. I4
23, 21. 6. 35 Im. 17 - - - - 23, 16. 15. 57 5. o. 38
Mar.17. 17. 46. 4Im. 24, |17, 12. 45. 21 | - - - - - 5. ©. 43
April 3, 19. 51. 24 Im. 1A, 3, 14. 50. 48 | - - - - - 5. o. 36
3, 19. SI. 234 Im. 1A - - - - 3, 14, 50. 21 5 I. 3
10, 21, 47. 14 Im. 142 - - - - 10, 16. 46. 56 5. o.18
II, 14. 50. 4lm. o4 |II, 9, 49. 14| - - - - = 5, ©O. 50
12, 16. 16. 13Im. 1. |12, IX. X5, 49 | - - - - - 5. o©o. 24
12, 16. 16. 13 Im. 17, - - - - 12. II. I§. 33 §, O 40
May 5, 16. 31. 20 Im. ig. 5, 11, 30.28 | - - - - < §, ©. 53
5, 16. 31. 201m, 1. - - - - 5, IL. 30. 23 S5, ©. 57
21, 16. 56. 49 Em, 1. .« - - - 21, I1. §6. ¢ 5, O. 40
Fune 6, 15. 12. 59 Em. if. - - - - 6, 10. 12. 28 5. oO. 3r
7, 13..45. 13Em. 24. | 7, 8. 44.37 }- - - - - 5, o. 36
7, 13. 45. 13 Em. 2d. - - - - 7, 8. 44. 39 5. o. 34
13, 17. 6. 31 Em. 1. - - - = 13. I2. §5. 57 5. ©O. 34
22, 13. 28. 30Em. 1. |22, 8. 27.35 |~ - - - - 5 ©O. 55
29, 15. 22. 11 Em. 1f2. | 29, 10, 21.55 |}~ - - - - 5. o. 16
Aug. 23, 12. 15. 49 Em. 1f. |23, 7. 15.48 |- - - - - 5. o.. 1
Sept. 11, 12, 45_.‘13'Em. 2d. |11, 7. 44.4T | = = = « - §, ©O. 29

Now if we take the mean of all the 21 foregoing deter-
minations of our longitude from Greenwich, by the
eclipfes of the firft fatellite, rejeGting only thofe of March
1ft, and April gth, 1768, which differ moft from the others,
the refult will be 5" o’. 35" for the difference of our me-
ridians. Thefe ought evidently to be rejected, as they dif-
fer near twice as much, from the mean of the reft, as any
other of the determinations do, yet the retaining of them
will make no difference in the refult. If the mean deter-
mination of the longitude be taken from the immerfions
alone, rejecting that of the 1ft of March, 1768, it will be
5" o'. 36", and if from the emerfions alone, it will be §".
o’. 34", when the obfervation of the gth of April, 1768, is
excluded. Therefore the mean of both, (which fhould
always be preferred,) is 5" o’ 35".

As a farther confirmation of this conclufion; if this dif-
ference of meridians be applied to the Greenwich obfer-

vations
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vations, of the firlt fatellite, rejeCting that of the 16th of
May, to reduce them to the meridian of Philadelphia, and
if they arc then compared with the calculations in the nau-

tical almanac; we fhall have the fame refult Trom them
alfo.

The calculated time per Nautical Al-‘Greenwich obfervations re-|Difference of meridian of .

manac. duced to the meridian of| - Greenwich and Phila-

: Philadelphia. delphia.
1769. D. h. m. fec. D. h. m. fee h. m. fec.
Mur. 29, 12, 24. 26 Tm. 1ft, 29, 7. 24 32 4 359. sS4
Agril 12, 16, 16. 13 Tm. 1ft 12, II Is. 38 5. 0. 3§

28, 14. 36. 14 Im. 1t 28, 9. 34 42 5. 1. 33
Fure 8, 9. 41. 26 Em. 1t 8, 4. 40. 41 5. 0. 45

15, 1. 34. 55 Emoate 15, 6, 34 58 4 59. 57
Suly 1, 9. 50. 37 Em.aft. | I, 4 49. 49 5. 0. 48
Arrl 11, 14, fo. 4 Im,ad. . 11, 9. 49. 48 5. o. 16
Alay 6, 11, §I. 45 Tm. 2d. ) 6, 6. 5c. 27 5. 1. 18

The mean of thefe deterniinations of thelongitude, from
the Greenwich obfervations of the firft fatellite, is §° of.
35". But farther if we take the mean of all the determina-
tions, derived from the eclipfes of the fecond fatellite, it
will be found to be . o’. 37". And laftly, if the mean
of all the determinations from the eclipfes of both firft and
fecond fatellite be chofen, the deduced longitude will be
5" o'.35". So that we may fafely conclude, that the dif-
ference of meridians between Philadelphia and Greenwich,
is §" o'. 35”; and that Norriton is §6" of time weft of
Philadelphia, and its longitude is §" 1’. 31”. weft. With
this determination we muft be contented until farther ob-
fervations are made, by which it may be confirmed, or ren-
dered liable to exception,

Thefe obfervations are fufficient to determine every thing
relative to the theory of Venus, and the parallaxes of the
Sun and planets, as may be feen by the annexed projec-
tion of the tranfit, and the following calculations. Al-
though the parallax of the¢ Sun may be obtained from the
obferved neareft diftance of the centers of the Sun and
Venus, yet this method cannot be fo much depended on,
as the comparifon of the contacts of the limbs obferved in
proper places, where the abfolute difference of time is
confiderable. Neverthelefs, as the public feem very impa-

tient
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tient to know the refult of what was done in this place, I
have endeavoured to deduce it from our obfervations alone;
and flatter myfelf, that in the conclufion it will be found
pretty accurate; as it is nearly the fame with what I had
before found it to be, by an hundred and forty determina-
tions of it, from the obfervations of aftronomers on the
tranfit of 1761; and alfo trom another method, the in-
vention of the celebrated Mr. Stuart, of Edinburgh; both
which I have now annexed to the following calculations.

Having thus colle&ted together all the elements neceflary
for the enfuing calculation, before I proceed to it, I muft
in juftice to Dr. Williamfon and Mr. Prior, obferve, that
of the micrometer meafures, the 2d, 3d, 19th, 20th, 21ft,
22d, 23d, 24th, and 25th were made by Mr. Prior, and
the 35th, 43d, 44th, and §4th by Dr. William{fon, with the
fame adjuftment of the focus, that I ufed in the others.

I have taken the trouble of making above fifty determi-
nations of the middle of the tranfit, and find from a mean
of them, that the neareft approach of their centers was at
5% 21’. 27" mean time, or §". 23'. 41",7 apparent time,
which was haftened by parallax 4'. 48" at Philadelphia;
and therefore, that the central apparent time of the middle
of the tranfit was 5. 28'. 29",7, according to our meridian.

By comparing together eighteen determinations of the
neareft diftance of the center of the Sun and Venus, I find
the mean of them to be 10'. 3”,58, as feen in Philadelphia.
But fhe was then deprefled 6”,91 by parallax; and there-
fore, the geocent. neareft diftance of the centers was 10’.
10" ,49=0610",49. Therefore fay,

As 726126,45 the diftance of @ from the © : 28879,55 her diflance from Q) : : 610,49 :
heliocentric diftance of their centers.
-4- 861,0949
4. 460,5904
2. 785,678s

7. 246,2689
2. 385,1740=242",7583=4'.4",7583 the heliocentric diftance of their centrs.
AsS, 3°. 23 20/ the incl. of Q orbit to the cclip. : R :: S, 4'. 27,758 : Sine of @'s dift.
from the node of Q.
8. 771,6803
10, = - =
7+_070,2506_
8. 291,5703=1°. & 20/ ,23 @ dift. from the mode of 2.

Vor. L. H Now
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Now fuch is the peculiarity of the orbit of Venusand her horary motion at that time, that
we may indifferently fay,

AsS, 1° 8.20".23: Rad:: S, 10. 107,49 : S, of the angle of her vifible path with the
ecliptic 8°. 33'. 11/, 5.
8QOr uT,’4'. 2".7583: T, 10 10",49 : : 8, 3°.23'. 20" : S, of the angle of her vifible path=s

. 33 127,3.

Osrshﬁly,if it fhould be deemed more eligible to deduce her horary motion from the foregoing
meafures, and from a comparifon of it with the horary motion of the Sun, todeduce the angle
}’f,,{'“ vifible path, it may be done in the following manner, and will be found to be nearly the

c.
Forlet A B efent the horary motion of O==12'.392375 (fee fig. 2. pl. 4.)
B A C=the imr?fmation of the orbit of @ with the ecliptic=3°. 23. 20".

A C==thc horary motion of @ =3'.952942, as it may be deduced frum the faid meafures.

Then the angle DBC will reprefent the vifible path of @ with the ecliptic, and may be found
as follows :

Let 7.392375=shorary motion ®
3-932942=horary motion @ ==237". 17652 whofc Log. is 2. 375. 0716

As 6.345317==fum of their horary motions - - - - - 0.803,4534
Isto 1. 56056 7=difference of their horary motions - - - o0.193,282¢
So is cot. of half of 3°. 23/. 20", orcot: 1°. 41'. 40" = - - 11.528,945I

To T,of half the diff. ofthe anglu at B& C=33°".
o. - -

8. 27".2=10.919,7742
Towhich add balf the fum of 18 ae ORI

173. 26 47,2andthe fupl. of thisis8° 33’. 12”.8

=mthe angle of the vifible path of @
916,65=the difference of the femidiameters of @ and ¢
610,49=the geo. neareft diftance of their centers.

Sum, 1527,14=3. 183,8789
Diff. 306,16mm2. 485,9484

2)5. 669,8273 the log. of the fquare of half the tranfit line between the in-

2. 834,9136=the log. of half the tranfit line between int. cont.==683",776
237" 17653==2. 375,0716=sthe log. of 9 bor. mot. §477

ternal contais.

0. 459,8420=1h. B82982=2h. 52'. §8", 7=mthe femida. betweenthein. cont.

974,65==the fum of the {emidiameters of ® and @
610,49==the geo. neareft diftance of their centers.

Sum, 1585,14 3. 200,0677
Diff. 364,16 2. 561,2922

.
a)s. 761,3599

3. 880,6799=the log. of half the tran. line between the ext. co.=7597,766
2. 375,0716=the log. of @ hor. mot.

0. 505,6083==3h. 20338==3h. 12/, 12”,168==the femiduratian between the
external conta&s.
AsR: Sec. 8°. 33" 117, :: 607,49 t geo. latitude of @
10. - = =
30. 004,8572
2. 785,6785

3. 790,5357=617¥,356==10. 17",336amthe geo. lat. of 9

As 72626,45 : 28879,55 :: geocentric latitude : heliocentric latitude of
4. 861,0949
4. 460,5904
2. 790,5357

7. 251,1261

2 390,0312=245",4885=24'. 3,4885=athe heliocentric latitude of @
b1C,49
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610,4
6!7.336

. 1227,846 3. 089,1440
96,866 ©. 8367038

3. 925,8478
I. 962,9239
2. 375,0716=mthe fog. of hor. mot. of

e and cclip. conj magi.ois%ssz;uob. 387126==2y¢/. 13",6536 mxthe time between the mid~

From the apparent time of the middle of the tranfit, viz.
5" 28'.29",7 dedu 23'.13",65 and the apparent time
of the ecliptical conjuncion will be s 5. 16",05, when
the Sun’s place given in the nautical almanac was
2*. 13°. 27'.18",7, making the difference of our meridian
from Greenwich 5" o’ 35", as found above. To his place
in the ecliptic add his diftance from the node of Venus,
found above, viz. 1°. 8".20"23, and the fum gives the
place of her afcending node, 2°. 14". 35'. 38",9.

From the middle of the tranfit, as feen at the center of the
earth, viz. §". 28'.29",7, apparent time, dedu& the femi-
duration between the internal contadls, viz. 2", §2'. §8%,7
and there remains 2". 35'. 31", the apparent time of the
firft internal conta®, without parallax. This I obferved
at 2*. 31/ 26" apparent time; the difference between thefe
is the total effe of parallax in longitude and latitude,
which is 4’. §”. But upon the fuppofition that the Sun’s
horizontal parallax, on the day of the tranfit, was 8”,5204,
the total effe@ of parallax fhould have been 4'.4".
Therefore fay,

AB 4‘I. 4.”.._:24.4” : 411. 5”=245” x 8”,5204.3 811’555___
the hor. par. of the Sun on June 3d, 1769. Then

As 100000=his mean dift. from the earth : 101506=
his dift. on the day of the Tranfit, :: 8,555 : 8”,6838
his horizontal parallax at his mean diftance from the earth.

This is nearly the fame, with what is deduced from the
beft of the obfervations made on the tranfit of 1761: And
according to this parallax of the Sun, the mean diftances
of the planets from the Sun will be, as they are exhibited

in
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in the following table, taking a mean femidiameter of the
earth 3985 Englifh miles.

36693417 Mercury’s

68564850 Venus’s '

94790550 the Earth’s { Mean diftance from the Sun,
14443140 Mars’s I in Englifh miles.

493005300 Jupiter’s
904307200 Saturn’s |

On account of the difficulty of afcertaining the precnk.
moment of the middleof the tranfit, from the menfurations
of the neareft diftances of the limbs of the Sun and Ve-
nus, and the finall difference of time between the econtacts
happening, at the center of the earth, and at any particu-
lar place on its furface; aftronomers have generally pre-
ferred the comparifon of two obfervations at proper places,
where the effets of parallax will be contraryto each other,
retarding the contals at one place and accelerating them
at the other, for the purpofe of deducing the parallax and
diftance of the Sun from them. We have an oppertunity of
confirming the former conclufions, by eomparing our obfer-
vations with thofe that have been made at the royal obferva-

“tory at Greenwich, as they have lately come tohand. They
differ indeed confiderably among themfelves, probably ow-
ing to the various methods, which the obfervers took to
judgeof the contads, the account of which is not yetarrived
here; yet they give a mean parallax of the Sun nearly the
fame that we have deduced from our own obfervations at
Philadelphia. 1 have therefore inferted them in this ac-
count of the tranfit, as they ferve to fhew that we have
not loft our labour and expence on this occafion. The
method I have ufed is firft to reduce the Greenwich obfer-
vations of the contalls to the meridian of our obfervatory
in Philadelphia, by dedu&ing from them the difference of
longitude converted into time; and then- to calculate the
effet of parallax for both places at the apparent times of
the contalts, upon the fuppofition of the Sun’s horizontal

parallax

e e
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parallax being 8”,5204 on the day -of the tranfit. From
this, the Sun’s horizontal parallax is found either greater
or lefs, as the calculated effe® of parallax is greater or
lefs, than what is obferved.

The parallax of Venus in longitude at Greenwich, at
the time of the firft external contat was 16”9, which haft-
ened the contaé there 4. 16”, §» and her parallax in lati-
tude at the fame time was 12”,97, which deprefled her on
the difk of the Sun, lcngthened her vifible path, and acce-
lerated the conta&t 2'. 34,5, fo that the total effe& of her .
parallax was to haften the contact 6’. §1” of time. In like
manner her parallax in longltude at the internal conta&
was 16”,6, which haftened it 4'. 12” of time; and her
parallax in latitude being 13”42 at that time, for the fame
reafon haftened the faid conta@ 2’. 40”; and therefore the
total effe¢t of parallax to accelerate the internal contaé't at
Greenwich is 6. 52”.

At Philadelphia her parallax in longltudc being 10”,74
at the external contaét, haftened it 2’. 43”; and her paral-
lax in latitude being 4”43, lengthencd her vifible¢ path on
the Sun and haﬂcned the conta& §3” of time; whence its
total effe was 3’. 36" of time. In like manner her pa-
rallax in longltude at the internal conta& being 117,95
haftened it 3'. 1” of time, and her parallax in latitude be-
ing 4” »49 lengthened the tranfit line, and haftened the con-
ta& 1'. 3"; and therefore the total effect of her parallax
at that time to haften the intermal conta&t was 4'. 4".

Now as the total effe& of parallax both at Greenwich
and at Philadelphia confpired to haften the conta&s at both
thefe places, with refpec to the center of the earth, their
difference is the whole effe& they have on abfolute time,
viz. 3’. 15" at the external conta&, and 2'. 48" at the
internal contact.

The contalts were obferved at Greenwich at the appa-
rent times mentioned in the following table, accordmg to
their meridian.

Fxternal
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External Conta&, ‘ : Internal Conta&,
h. m. fec. h. m. fec. .
7. 10. 54 9. 28. 47 lvy!-[gtchin.
7. II. IX - - - - Hirft.
7. 10. 37 7. 29. 28 Daa.
7. 1L 19 7. 39. 20 Dollond,
7. II. 30 7. 29. 20 Nairne.
7. 10. $8 7. 23 Maikelyne.

. 29.
Thefe times are reduced to the meridian of Philadelphia,
by fubftralting 5".0' .3 5" from them inthe following manner,

External Conta&. Internal Conta&.

h. m. fec. h. m. fec.

3. 0. I9 2. 28. 12 by Hitchins.

2. 10. 36 - - - - Hirft.

s. I0. 23 32, 28. §3 Dun.

2. I0. 44 » 28. 45 Dollond.

a 10 §§ 2. 28. 45  Nairnc.

2. 10. 23 2. 28. 48  Maikelyne.
M. of all is, 2. I0. 30 2. 28. 40,6

The mean of all the times of the external conta&s at
Philadelphia is 2" 13’. 46",6, and of the internal con-

tats 2h. 31’. 28", as appears by page 49, and the diffe-
rence between thefe means is the obferved effe@ of parallax.

h. m, fec. h. m. fec.
8. I3 46,6 2. 31. 28 at Philadelphia.
2. I0. 30 3. 28. 40,6 at Greenwich.

3. 16,6 2. 47,4 the obferved effe@s of
parallax, at the external and internal contacts. Therefore fay,

As 3'. 15"=195" the calculated effe@t of parallax at the
external conta& is to 3'. 16",6=196",6 : : So is the af-
fumed horizontal parallax of the Sun on the day of the
tranfit 8”,5204 : to his true parallax on that day. And
in like manner, as 2. 48"=168" : 2'. 47",4=167",4 : :
8“,5204: the Sun’s parallax on that day.

2. 190,0'34& 2. 225,3093

2. 293,5335 - 2 223,7555

0. 930,460 0. 930,4600

3. 224,043 3. 154,2155

0. 934,0089=8",59031 @ hor. par. 0. 918,9062==8",48997 ® hor. par.
8,48997

2) 17”,08028

8”,54014 the mean hor. par. of  on the day of the tranfit.
As 100000 : 101506 : : 87,54014 : the Sun’s horizon-

tal parallax at his mean diftance from the earth.
§. 000,0000
5. 006,4917
o. 931,4650

0. 937,9567=38",66875 the Sun’s hor. par. at his mean diftance from the earth.

The
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The parallax of the Sun being fixed by the mean of
fuch comparifons as thefe, it is an eafy matter to afcertain
not only the diftances of the bodies, which compofe the
folar fyftem, but alfo their real diameters; that of the:
eartlr being previoully known from the a&ual menfuration.
of fome degrees on it’s furface. For

As the re@angle of the parallax of the Sum, and hig
diftance from the earth, is to the real diameter of the earth;
fo is the re@angle of the parallax and diftance of any othes
planet from the Sun, to its real diameter.

As to my delineation of the tranfit, I have taken the ele-
 ments of the projection from our own obfervations on the

3d of Fune, 1769. Plate 4, fig. 2,

TH E neareft approach of the centers having been de-

termined, from the mean of a great number of com~
putations, and found to agree very nearly with the mea~
fures that were aGually made at the middle of the tranfit,:
it was accordingly fet off on the diameter of the Sun, and
through this point a chord was drawn at right angles to:
the faid diameter for the central tranfit line. This was
then divided carefully into hours and minutes, according
to the horary motion of Venus, determined by the pre-
ceding calculation, in fuch a manner, as that the exa® mo-
ment of the middle of the tranfit, at the earth’s center,.
fhould fall on the point of interfeGion between the faid:
diameter of the Sun and tranfit line; this moment of time:
having been previoufly determined, by the mean of a. fuf-
ficient number of -computations.

The parallaxes of Venus, in longitude and latitude, as.
feen from Philadelphia, having been alfo adapted. to the:
apparent times of the micrometer meafures, on the fuppo—
fition of the Sun’s horizontal parallax being 8”,5204 on the
day of the tranfit, they were accordingly applied to the pro—
jection, by which the places of her center were determined.
for the faid times, Round thefe, fmall circles were drawn,
with the radius of 29 feconds, to reprefent the difk of

Venus
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Venus on the face of the Sun; andlines were drawn be-
tween the limbs, in the dire®ion of their centers, of fuch
a determined length, as the micrometer has given them.
Many of the mecafures were taken from the fartheft limb
of the Sun, as well as from the neareft, to both limbs of
Venus, and thefe meafures were afterwards reduced to the
neareft diftance of the neareft limbs, as they are exhibited
in the preceding table, ufing the diameters of the Sun and
Venus, as they are ftated above. ’

As a confirmation of the foregoing conclufions, I have
fubjoined the obfervations of aftronomers, in different
places, of the contacts and durations of the tranfit of 1761,
as they have fent them to the Royal Society, together with
the longitudes and latitudes of the places of obfervation,
on which the following calculations depend.

BSERVATIONS on the Traxsit of VENUS over the SUN,
June 6th, 1761, N, S. Apparent Time.
am.ofplaces. | It Ex.Con. | 1ft In. Cont. | ad ln. Con. | 2d Ex. Cont. | Duration.

. m. fec. | h. m. fec. h. m.{ec.i n. m. fec. h. m. fec.
reenwich, - - - - 8.19. o |3.37. 9 - -
hirburn Caftle,! - - - - 8 15. 13 |$. 33. 17 - -
aville Houfe, | - - - - 8 18.22 |- - - . - -
pittal Square, | - - - -} 8 18 41 |- - - - - -
helfea, - - - - 818 4 |- - - - - -
cfkard, - - |- - 18 oa2r |- - - - - -

Paris, - - - - 8. 28. 27 | 8. 46. 44 - -
olongna, - - - - 9. 4 57 9 "3"0;’ - -
ome, - - - - 9. 9.36 |- - - - = -

Drontheim, - - - - 9. I.49 |- - - - - .

3. 37 43
Upfal, ’3. 20. 45 o ség 9.28. 6 | ¥ 46;}, ;3 et
338 5

Steckholm, ‘3. 31. 37 | 3. 39-23t029 | 9. 30. 10 |- - -« - | 5§5. 50 41t0 47

Hernofand, 3. 20. 40 | 3. 38.26t035 | 9. 28. 52 | 9. 46. 43 5. 50. 17t0 36

Calmar, - -1 3 23 1 9- 23 40 |- - - - |5 5 39

Abo, - - | 3. 35. 50 9. 45. 59 |10, 4. 42 5. 50, 9

. 45. . 54. 8

Tornea, 3 4{0 ;:} 4 4 O 9 5‘:° "} 10. 12. 18t023) §. 50. gtoar

Cajaneburg, - - |4 19. § 100 8 59~ - = - |S 49 54

[Tobolfki, - =17 o ar 132. 49. 2c.[13. 7. 395 | 5. 43. 50
ape G. Hope, | - - - - 9. 39. 50| - « = - - -

Rodrigucs, - - - - 2. 35. 47 f12. §3. 18 - -
alcutta, - - | 8 20. 58 I4. IT. 34 |14. 37. 38 5. 50. 36

Madrafs, 7- 31. 10 | 7. 47. 55 13. 39. 38 |13. 55. 44 5. 5L 43

[Tranqucbar, - - - - - - |- - - - |5 51 33

Great Mount. ' - - - - - ale = - - §. §1. 20

N. of
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.ot Places | Latitude. Longitude ”ﬂ of Places. “Latitude. Longitudge
fr.Greenwich . fr.Greenwich.

" . m. fec. o ' % h. m. fec.
reenwich, '5: 58. 37N.jo. o, o Hernofand, [6o. 38. oN. 1. 11. 28 E.
hirb.Caftle, 's1. 39. n Njo. 4. 1 W. || Calmar, 56. 40. 30N.| 1. 5. 39 E.
av. Houfe, o. 0. 3t W, || Abe, 6o. 27. oN.| 1. 28. 33 E.
iu Square,| - - Jo. o. 164W. || Tornea, 65. 50, SON.| 1. 36. 48 E.
elfca. - = _|o. 0. 40 W. || Cajancburg, 64. 13. 30N | 1. sI. 50 E.|
so. 236. §5 No. 18. 33 W. ’I‘o 1ki, 58. 12. 23 N.] 4. 33. 52 E
am, 48. so. 14 Njo. 9. 16 E. peG. Hopc, 33. 55. 43 S 1. 13. 35 E.
ogna, 44. 29. 36 Nlo. 45. a1, E. Rodrigues, 19. 40. 40 S.| 4. 12. 34 E.
ome, 41. 53. s4 Njo. 49. 53 E, || Calcutta, 23. 30. oN.| 5. 53. 44 E.
rontheim, [63. 26. 10 No. 44. 3 E. || Madras, 13. 8 oN. 5. 20. 10E.
pfal, - 59. 51. 50 Ni1. 10. 26. E. || Tranquebar, !o. 56. oN. 5. 18. B8 E.

tockholm, [59. 20. 30 -Nj1. 12. 26 B Great Mount,| - - -
fTée Parallax of the SUN, deduced from the 3d Internal Contatt of the Limbs of the SUN and

VENUS, utlwfragflg'l76l’.

e of Good Hope & Leftard. Cape & Sberburne Cafile. Cape & Cbelfea.
Gateof > gaﬂll ﬁParall. Parall.
h. m. fec. ¢t | h om. fec. l # | h. m. fec. ron
9- 39. 50 9. 39 50 819 39- 50 6. 8
I. 32 75‘&"’ng:¢0¢1¢ I. 17. 36 diff. longstude. I. 14. 1§

8 1. 43 8. 22, 14 8. 25. 34
8. o aX Leftard, I 4 | 8. 15. 12 Sberborne 1. 12 8. 18 4 Chelfea, 1. 11
NEY I 7 I3 y. 2 7. 20 7. I9
Az 7.!2 7.23:: 85 - Sun’s Par. 8,15 Sun'- Par. 8,73
©'s Par. 9,69
Cape & Sntllc Hwﬁ Cape & Spittal Square. Cape & Greenwich.
9- 39- 5© 9- 89- 5‘!’ 6. 8109 -}g 5‘; 6. 8
I. I4. § - 13. 5 ﬁ_é_
. 25. 45 3. 25. 26. 15
8. 18. 22 Seville, 1. 11| 8. 18 4: Spit.8g. 1. 11| 8. 19. OGreemw. 1. 11
7- 23 7. 18 7. 19 7. 18 7. 1
Sun’s Par. 8,57 Snn s Par. 8,47 Sun’s Par. 8,42 9
Cape & Paris. Cape & Drontheim. - Ltpc & Bolegna.
9. 39. 5O 6 9. 39. s0 .- 8] 8. 39. 6
1. 4 19 0. 29. 332 o. 28. u
8. 35. a1 9. 10. I 9. 11. 36
8. 28. 37 o 54]9. 1 2. 3: 9. 457 o 139
E— 7 2 8. 39 . 4 6. 39 6 a7
75\1:'3 Par. 8,54 Sun’s Par. 8,23 Sun’s Par. 8,54
Cape & Rome. Cape & Calmar. Cape & Upjal.
9. 39. 5O 6 9. 39. 50 d 9- 39- 50 6
o. 33 42 o 7. 56 o 3 9
316, —g 9. 31. 54 9. 36. 4x
9. 9. 36 o 1319 23 40 _18 591 9.28. 6 2. 21
R e T 8 14 7 Y] 8 2
65{.":'. Par. 8,74 * Sun’s Par. 8,62 Son's Par. 8,60 0
Cape & Hernofand. | Ca[ie & Stockbolrs. Cape & Abo.
9. 39. 5O . 8 9 39 50 6. 9. 39. 50 6
o 32 7 '° 1. 9 +o. 14. 58
9. 37. 43 9 38 a1 ). S4. 48
9. 37- 43 3 9- 54- 4
9. 28. 52 2. 26 _9 3: 10 ;" 16 9. 45.59_ 2. 38
8. 34 31 - 2 8. 49 8. 238
ssgnls Par. 8,78 # I Sun’s Par. 8,58 Sun's Par. 8,68
Cape & Tornea. Cape & Cajancburg. Cupe & T“"’ﬂ'
9. 39. 50 6. 9. 39. 50 6. 9. 39. 50
Ho. 3. 13 [to. 38 15 3. 19. 17
o. 3 0. 18. § 12. §9. 07

. S4. % 3. s|1o 8 59 359 |1a. 49. 20 335

-2 8. I . 6 9 7 9. 47 9. 43
Sng'so Par. 8,529 3 9Sun'a Par. 8,49 Sun’s Par. 8.64
Vor. L I Cape
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Cope & Madrafs.

Sun’s Par 87,74

Cupe & Calcatta.

Parall, Parall, Parall.
h. m. fec. 7 |h m. fec /¢ ' h. m. fec t o
9. 39. 50 . 6. 8 |9 39. 50 6. 8 |9 39. 50 6. 8
4. 6. 35 4 4% 9 2. 58. 59
13. 46. 25 14. 19. §9 12. 38. 49
3. 39. 38 o 36 |r4. 11 34 314 [12. 35. 47 3 7
6. 47 6. 44 8. 25 8. 22 2 .

Sun’s Par. 8”,5¢

Cupe & A’o.(rigve:.

3. 3
Sun’s Par. 8,54

Rodrigues & Leftard.

12. 35. 47 3 7
4. 31. 6

8 4 41 )
8. o. a1 1. 4

Redrigues & Sherburn cylle.

4 20 4 I
Sun's Par. 8,80

Sun's Par. 8,00

2. 35 47 3 7 |13 35 47 3 7

4. 16. 35 4. 13 14

8. 19. 12 8 2.3y

8. 15. 12 I. 12 | 818 4 t. 11

25 12 —_ 2| 2=7%_4 —
4 O 4. I9 [}

Rodrigues & Cheljea.

4129 41
Sun’s Par. 8,86

Kodrigues 5 Savitle boufe.

KNudrigues & Spattal fquare,

- 49
Sun’s Par. 8,90

5. 29
Sun’s Par. 8,51

ods igues Greeswich,
rEA A P A Y
8. 22. 43 8. 22, 57 "8 23. 13
8. 18. 22 I. rr | 8. 18. 4; I. 11 LIQ'_° I. I
4 ax 4. 18 4 1 4. 18 | 4. 13 4 18
Sun’s Par. 8,60 Sun’s Par. 8,44 . Sun’s Par. 8,3 ; .
Rodrigues &5 Paris, [ Rodvigues & Drontheim, Rody igues & Bologna.
12. 35. 47 3 7 %3547 3 7 |k 3547 3 7
4. 3. 18 | 3. 28. 31 3. 27. 13
8. 32. 29 9. 7. 16 9. 8. 34
8. 28, 27 o 54 19 1. 45 > 38 |\ 4 57 .G_ﬂg_
4 2 4. I 3. 37 5. 45 3- 37 3. 3
Sun's Par. 8,53 , Sun’s Par. 8,05 ) Sun’s Par. 8,54
Redrigues ' Rome. | Rodrigues & Calmar. ‘ Rodriguts & Upfal,
%~ 35. 47 3 7 1 32- 47 3 7 ‘;- 3.;: 4; 3 7
3. 22. 41 3.0 5§ Q&2 9 ’
9. 13. 6 9. 28. 53 . 9- 33 39 )
9. 9. 36 o 13 9. 23 40 I 59 | 923 6 3. 3t
. 12 . 6 5. 33 S 2
%5 Par. s,gf' # | % Sun's Par. 8,67 Sun's Par. 8,64
Rodrigues & Hernofund. Rodrigues &9 Stockbolm. i “Rad;lg-m & Abo.
12. 35. 47 3. 7 [1% 35. 47 3 7 (a4 3 7
3 1. 6 3 o 8 3 44. 1
9. 34. 41 9. 35. 39 9. 51. 46
9. 28 52 2. 26 |9 30 10 218 1.9 45 59 % 30
A s 3 5. 2§ 5. 37

. 47
Sun’s Par. 8,75

Rodrigucs & Tornea.

Rodrigues & Cajaneburg.

Kodrigues & Toboljki.

5. 23 5.
Sun’s Par. 8,55

13. 35. 4 . 12. 35. 47 3 7 | 1335 47 3 7
2. gf 4% 7 2. 20. 44 +o. 2: 13
1c o 12. §6. § .
0. o. 1 0. 15. 3
9. 54. 8 3. 5 |ro. 8. 59 2. 59 |_I2. 49. 20 335
5. 53 6. 12 6. 4 6. 6 6S 45 Par. 8 66 42
Sun’s Par. 8,07 Sun’s Par. 8,45 un o~ ar. 8,
Rodrigues & Calcutta, Rodrigues & Madrafs. Toboifki & Lefkard.
12. 35. 47 3 7 |ra. 35. 47 3. 7 |13. 49. 20 3. 38
1. 41. X0 I_7. 36 4. SI1. z} )
1. 16. 57 13. 43. 23 7- 57§
14. II. 34 2. 14 |13. 39. 38 o 36 |8 o 2r I. 4
21 3 43 2. 2§ 2 31

3- 45
Sun’s Par. 8,58

Sun’s Par. 8,16

Tobolfks

. ——

e —— e —
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Tobolti 9 Chelfea. TobollFi & Saville bowfe. Tebollti & Spittal Square.
+  Parall 7 Parall % ’ anrall.
h. m. fec. ' t # Jh m, fec. f 7 | h.m, fec. ron
x: ;g. ;4; 3. 35 jta. 49. 20 3. 35 l12. 49. 20 5. 35
X 4. 33. 23 4 33 9
3. 15. 48 8 15. 58 8. 16. 11
8. 18. 4 1. 11 | 8. 18 23 I. 12 | 8. 18. 41 1. II
2. 16 2. 24 . 34 2 2. 30 2. 24,
Sun’s Par, 87,02 Sun s Par. 87,99 Sun’s Par. 8,85
Tobolfti &' Greemwich. mmaru Tabal_/h & Bologna.
12. 49. 20 3 35 ['> 49. 20 3 35 |13 49. 3. 35
4 3% 5% i 4. 23. 36 3 47 p
8. 16. 28 8.725. 44 9. I 49
8. 19. o 1. 11 8. 28. 39 O 5419 4 57 o. 29 [
2. 24 2. 43 2. 41 3. 8 3 O
Sun s Par. 8.97 Sun’s Par. 8,60 Sun’s Par. 8,59
Toboljri ' Kume. Tobolfki & Cailmar. Tobolfti & Upfal.
12. 49. 20 3 35 {12 49. 20 3. 35 |13. 49. 20 3 35
3. 42. 59 3. 27. 13 3. 22. 26
9. 6. a1 9. 22. 7 9. 26. 54
9. 9. 36 o 1319 23 40 I. 59 | 9. 28. 6 2. 21
. IS 3. 22 1. 33 -~ 1. 36 I. 12 1. I4
Sun’s Par. 8,20 Sun’s Par. 8,23 Sun’s Par. 8,27
Tibolfti & Steckbolm. Tubolfli & Calcutta. Tobolfti & Madrafs.
12. 49. 20 3. 35 [12. 49. 20 3. 35 |12. 49. 20 3. 35
3. 20. 26 1. 20. §2 o. 47. 18
9. 28. 54 14. IO0. 12 13. 36. 38
9. 30. 10 2. 18 |14, 11 34 2. 14 [13. 39. 38 c. 36
1. 16 1. 17 1. 332 1. 21 3 ©O 2 59
Sun’s Par. 8,39 Sun's Par. 8,61 Sun’s Par. 8¢55

10. 8. 59

Cajuneburg 9 Savible boufe.

L Cajenburg & Spistal fquare.
o. 8. 59 2. 59

Cajancburg 85 Greemwich.

1. 27
Sun’'s Par. 8,80

% 59 I0. 59 2 59
1. §3. 20 1. §52. 7 1. §1. 50
8. 16. 39 8. 16. 52 8.17. 9 B
8. 18. 22 1. 1T 1 8, 18. 4 1. 1118 19. 0 i I
' I. 43 1. 48 1. 49 1. 48 1. §I 1. 48
Sun’s Par. 8.1 Sun’s Par. 8,58 Sun’s Par. Par. 8,74
Cajancburg & Faris. Cajancburg & Rome. £ c&urg ¢’ Bologna,
10. 8. 59 %~ 59 lro 8. 59 2 59 |10 2. 59
1. 42. 34 1. 2. 7 I. 6. 29
8.726. a§ 9. 6. 52 9. 2. 30
8. 28. 27 o 54 | 9. 2 36 o 1319 4 57 o. 39
2. 2 . 5 2. 44 2. 46 3. 37 2. 30
Sun's Par. 8.30 Sun’s Par. 8,33 Sun’s Par. 8,31.
Cajancburg & tviadrdfs. Stockbolm & Spittal fqvan Stockbolm & Greenwich.
. 3. 59 2. 59 | 9. 30. 10 218 ] 9. 30 10 2. 18
3- 38. 20 1. 12. 43 1. 12. 20 .
3. 37- 1 8. 17. 37 i 8717. 50
(3. :;57; 398 c. 36 | 1. 13. 41 1 11} 8 19 o Iz
2. 19 2. 23 1. 4 . 7 7
Sun’s Par. 8.27 Sun’s Far. 8,12 Sun'. Par. 8,88
Stockbolm &' Paris. Stockbolm ' Bologna Stockbolm 9’ Rome.
9. 30. IO 218 ]9. 30 10 9. 30.-10 2. 18
3. 10 0. 37. § 0. 22. 33
8. zg. ] o 54 9. 3 S5 0.9 9 7. ig o1
8. 28. 27 . 54 1 9. 4 57 9.9 3
2 I. 24 Ty 49 2. §

. 52
SunsPar 8.73

1. 59
Sun's Par. 8,09

Stockholm
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Sun’s Par. 8,50

Stockbolm & Madras. Op/al @ Loflara. Upfal & Savitie Houfr.
Parall, ﬁ‘~ Parall, e Parall.
h. m. fec. ! 7 1 h m. fec. ‘ "1 h om, fe. ron
9. 30. 10 3 1819 28 6 2. 210 9.28 ¢ 2. 21
4 7. 44 1. 28. 58 I. 10. 56
13. 37. 54 7. 59. 8 8. 17. 10
3. 39. 38 o. 368 To.ar I. 4] 8 18. 22 I Ix
1. 44 1. 43 1. 13 I, 17 I. 13 1. 10
Sun's Par. 8,6y Sun’s Par. 87,06 Sun’sPar. 9,94
Upfal & Paris. Upfal & Bologna. Up{g[ 7’ Rome,
9. 28. 6 2. 3219 2876 3. 21| g. 28. 2. 21
I. I. J0 - O. 25, § o. 20. 33
8. 26. 56 9 3. 1 9 7. 33
8. 28 27 O 3419 4 57 0.%909. 9. 26 &3
I 31 L. 27 1. 56 L 52 2. 3 3. &
Sun’s Par. 8,89 Sun’s Par. 8,0 Sun’s Par. 8,19
Upfal & Madras. Calcutta and Saville Houfe. Caleutta & Peris,
28. 6 2. a1 [T4. I1. 34 2. 14 f14. 11, 34 3. 14
49 44 3. 54 14 S- 44 28
3. 37. 50 8 17. 20 8 27. 6
13. 39. 38 0. 36 |8 18. 23 L. 11]3 28. 27 o. 54
1. 48 1. 43 . 2 L 3|7 1ar 1.
Sun’s Par. 8,74. Sun's Par. 8,37 Sun’s Par. 8,61
Calentta & Bologna, Calcutta & Madras. Adbo & Lcfhard.
14. IX. 34 3. 14 |14. 11 34 2 141 9. 45. 59 2. 30
5.8 a3 0. 35 34 L 4r 5
. 3. 11 13. 38. o 7- 58. 54
g. '2, 57 o. 29 [13. 39. 38 o. 3618 o ar  SEPY
I. 4 I 45 1.3 1. 38 1. 37 I. 26
Sun’s Par. 8,58 Sun’s Par. 8,50 ___ Sun 's Par. 3,60
Abo & Rome. Hernofand & Rome. Calmar & Moadra;.
9. 45. 59 3. 309 28 §2 2. 9. 23. 40 I 59
o. 38. 40 . |0 21 35 4 14 31
> 11 o o3 o 13 l!g 339' 38
9. 9- 36 O I13]19. 9.2 - 39- 3 ©. 36
2. 17 2. Iy 2. 1y 2. 13 i 2% I. 233
Sun’s Par. 8,50 Sun’s Par. 8,88. Sun’s Par, 8,91
Sherburne & Tornea, Greenwich & Paris. Greeawich & Lefkard.
8 15. 12 L 12|38 19 ¢6> . 1118 xg. 'y I 11
T. 40. 49 O. 0.1 O. 18. 22
9. 56. 1 3. 28.16 8. o028 .
9. 54. 8 _3.__5|8 28 3 L 5418 o ar X4
1. 53 17

17
Sun's Par. 8,50

7

7
Sun’s Par. g.¢o

The parallax of the Sun may alfo be deduced from the
total duration of the tranfit, as obferved in different Places,
in the following manner.

Tranguebay & Calwrar, Tranquebar & Upfal. T
! Parall. ! P/Pamll. ueter &‘“"i,mn
h. m. fec. ! " | h. m, fec. 11 h om, fec. o
5. ST 33 6. 24 | 5. 51,33 6. 24| 5 51 35 6 34
3 50 39 7 ar | 5. 0. 26 7335 50. "9 g
54 57 1. 7 I g 1. 24 T
Sun’s Par. 8 o Sun’s Par, 87 4¢ Sun’s Par, 8" 51
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Tranguebar & Cajancburg. ® ranguebar & 4 ovoifki. Madras & Stockboim. -
Parall. Parall. Parall,'
h. m. fec. ¢ " | h. m, fec. ron v
5. 5L 33 6. 24 | 5. SI. 33 6. 24 | 5. SI. 43 6. 33
S 49- 54 8. 5|5 48 50 9 3|35 50 43 7. 34
L 39 1. 41 2. 43 3. 39 I. 1 . I
8un’s Par. &/,31 Sun’s l_’gg-: 9’,_67 . jsun'a_l’u: 8,50 ;
Madras & Tornea. Great Mount & Abo. Great Moui.t & Tobolfti.
5. S1. 43 33| 5. 51. 20 6. 33|35 51 20 . 33
5. 50. 9 8 7550 9 7. 46 | 5. 48. 50 9. 3
1. 34 1. 34 1. I 1. I3 2. 30 3. 30
s&n'. Par. 8,50 Sun's Par. 8,26 Sun’s_Par. 8,50 3
Cujaneburg & Upfal. Cajanchurg & Calmar. ‘Toh/jlr 9 Abo.
5. 49. 54 8. S. 49. 54 8 5|5 48 so 9 3
5. §0. 26 7. 33 | 359 39 7. 31 |s. 50 9 7. ab
32 44 I;

32
Sun’s Par. 8,50

9. 45
Sun’s Par. 8,70

1. 19 I.
Sun’s Par. 8,72

The parallax of the Sun may alfo be determined, by
comparing the times of the internal contals, as obferved
in various places, with the time of their happening as ob-
ferved at the center of the earth. For this purpofe the
following elements are ufed, as they were calculated by
Mr. Short, from the meafures made at the tranfit in 1761,
viz. the diameter of the Sun 31’. 31”, the diameter of
Venus 59", her horary motion 3/, 59”,8, the angle of
her path 8'. 30".10, the neareft diftance of their centers
9'. 32", and the difference of their horizontal parallaxes
31",35. Hence the apparent time of the 1ft and 2d in-
ternal conta&ts was 2™ 22°. 3", and 8" 20'. 4*, reckoned
by the meridian of Greenwich, without parallax, and the
central duration was 5" 58'. 1",

Central Time & Up/al.

S- 27
Sun’s Par. 87,01

Parall.
h. m. fec. roon
2. 22. 3 o. o
1. 10. 26
3. 32. 39
3. 37- 56 5. 12

Central Time & Uzfal.
e

! ”

2. 22. 8 o ©
I 10, 26
3. 32. 29
3 37. 43 5. 12

5. 14
Sun's Par. 87,55

Parall
! "
2. 23 3 o.
1. I1. 28 °
3 33 31
3. 39. 35 $. 10

Central Lune & qaerngfand.

5. 4
Sun’s Par. &,33

entral Time eynofand. | Central time & Cajuncburg. |~ Central Time & Stocibolm,
2. 22. 3 o O] 2.122 3 © o.| 2 23, o o©
I 1I. 28 1. 51. 50 I. 12. 2
3. 33. 31 4. 13. 53 3. 34. 29
3. 38. 26 S. 10| 4.19. § S. 6{ 3. 39. 29 5. 16

4 55 5. 12 )

Sun’s Par. 8,09 Sun's Par. 8,66 Sun’s Par. 8.07

Vor. L K Central
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Central Time & Aso. Central Time & Tor=ra. Central Time & Calwar, -
Para]l. Parall. Parall]
! " '] n ! "
322 3 o o % 2% 3 0. of 2 23. 3 o o
I. 28. 33 1. 36. 48 I. §. 30 o
3. 50. 30 3. 58. 51 3. 28. 42
3. §5. §0 5. 16| 4. 4 o 5. __2]333 5 5. 23
5. 14 s5. 9 5. 23 ’
Sun’s Par. 8,44 Sun’s Par. 8,69 Sun’s Par. 8,52

Central Time & Tubolfti.

2. 22. 3 a o
4. 32. €2
6. 54. 55
7. 0. 28 5. 328

!

5. 33 N
Sun's Par. 8,63

Central Time & Madra;,
3 o.

2. 23.

§5. 43
Sun’s Par. 8,!_5

o| = 22. 3 o o
_$- 20. 10 S 53- 44
7- 42. 13 8. 15. 47 :
7. 47- 5§ S 57 |8 20 58 s- 16

Central 'T'ime & Calcutta.

5. 11
Sun’s Par. 8,36

2d internal conta&.

The Sun’s parallax deduced from the obferved and calculated times of the

Sun’s Par. 8,21

<entral Time & Spittal Square.[Central Tinre & Soville Houfe. Central Time & Paris.
Parall. Parall. Parall.!
¥ | h m, fec. !t 71 R m. fec. row
8. 20. 4 oo 0]8 20 4 co. o} 8 20, 3 . o o
o. o 17 O. 0. 30 0. 9.1
8.779. 48 3. 13.34 ¥ 29. 20
8. 18. 41 . 11} 8 18. 22 3. 1|8 38 3 o 54
I. - 1. I3 33
Sun’s Par. 8,01 Sun's Par. 8,62 Sun’s Par. 8,34
Central Time X Bolggna. Central Time & Caps. . Central Time & Up/ul,
8 2b. 4 o o0}18 2 4 o al % 2. 4 o o
0. 45. 21 1. I3. 3§ I. Zo. 26
9. 5. 38 9. 33- 39 9. 30. 30 o
9. 4 57 o 29 | 9 39. 50 . 8 a8, P ¢
I~ 28 6 3. 2X

. I
Sun’s Par- 8,58

Sun’s Pur. 8,50

Central Time & Up/fal.

Central Time & Up/al.

Ceutral ‘L'ime & Stockdelon.
8. 20. 4

8. 20. o o8 2. o o o o
1. 10. zg I. I0. 2 1. 12. 26
9. 30. 9. 30. 30. | 933 30
g. 28. 3'.7, 2. 2119. 28 3 2. ar | 9: 30 Ir 3 18
2. 2 2. 27 - 2. 19
Sug's Par. 8,62 , Sun’s Par. 8,86 Sun'bpﬂ'- &;6
Central Time & Stockbolm. | _ Central Time & Abo. | Central Time & Cojaneburg. -
8- 20. 4 o of8 2. 4 o o] 8120. 4 o o
I. 132, 26 1. 28. 33 1. §1. 50
j 10. II. 54
9. 32. 30 9. 48. 37
9. 30. 8 2. 18 | 9. 45. 59 2. 30 |¥o._8. so 2. 59
2. 22 2. 38 "-855' Par. 8
Sun's Par. 8,75 Sun’s Par. 8,95 un’s Par. 8,31

Central Time & Tobolfti.

8. 20. 4 o. ©

4. 32. 52

12. 52. 56

12. 49. 20 3 35
3

. 36
Sun’s Par. 8,54

Central Time & Ca/mar.

2. 3
Sun’s Par. 8,78

Central 'T'ime & Calcutta.
8. 20. 4 o.
5. 53 44
AR .4
4. 13. 48
(4. 11. 34
e 1s

Sun’s Par. 8.50

o

2, 14

8. 20. 4 o. o] 8. 20. 4 o o
1. 5. 39 . 4. 12. 34
9. 25. 43 12. 32. 38
9. 23. 40 1. 59 |13. 35. 47 3 7

Central Time & Rodrigues.

3 9
Sun’s Par. 8,59

The
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The Sun’s parallax is alfo found, by comparing the to-
“tal duration between the internal conta@ls, as it was ob-
ferved in different places, with the duration at the center
of the earth, viz. 5" §8'. 1.

7- 54
Sun’s Par. 8,89

7. 35
Sun’s Par. 8,54

s5. 58, 1 0. o

ch. Duration & at Calmar.
5. 49. 54 8
. 7
Sun’s Par. 8,53

5. 50. 17

Cent. Dur. & at Hernofund.

b 4 O.

7.

s. s8.

7. 44
Sun’s Par. 8,65

Cent. Duration & at Uﬁd. Cemt. Dur. &at Up/al. Cent. Duration & at Tornea.|
N . Parall. . Parall,
h. m. fec. ! %1 h m.fec. ' h. m. fec. ton
5. 58 1 o o0]5. .58 1 oo o s5.58 1 o o
1 5. 50 7 7. 33 |5 _so. 26 7. 33 |_3. so. 15 8
46

)
36

Cent, Duration & at mﬁi.

5. 48. 50

7.
Sun’s Par. 8,13

I o.

9.
9. II
Sun’s Par. 8,63

o
3

s. 58.

Cent. Dur. & at Stockbeim.

Cent. Duration & at b0,

Cent. Duration & at Calcutta,

5. 58 1 o oS5 58 1 o o] s 58 1 0. o
S 50. 45 7. 34 S-S0 9 7. 46 | 5 s 36 7. 30
[ 7. 16 7. 53 . 7. 25§
Sun’s Par. 8,16 - Sun’s Par. 8,61 ~ Sun's Par. 8,40
Ceant. Duration & at Up/al. | Cent. Durat. M—L&m Cent. Dur. & at Tranguebar.
5.58 1 o 0558 1 o o] s 58 1 o. o
5. 0.3 5. 49, 54 8 5] 5133 6. 34
7. 59 7. 33 8 1 6. 28 .
Sun’s Par. 8,08 Sun’s Par. 8,53 ‘ Sun's Par. 8,5
Cent. Dur. & at Hernofand. | Cent. Duration & at Madras. Tent. Dur. &at Great Mount|
5. 58. 1 o. o|s. 58 1 o oS5 58 1 o o
5. Sso. 26 © 7. 36 ]3. ST 43 6. 33 |S- st 30 6. 33
7. 38 6. 18 6. 41
Sun’s Par. 8,48 un's Par. 8,17 Sun’s Par, 8,67
<Cent. Dur. & at Stockbelm.
5. 58 1. o. o
5 50. 43 7. 34
. I9 .
! s...?-. Par, 8,23

The mean of all the preceding determinations of the
Sun’s parallax is 8”52 on the day of the tranfit, in June,
1761, which gives 8”65 for his horizontal parallax at his
mean diftance from the earth.

Mr. Stuart of Edinburgh, whom I mentioned before,
deduces the parallax and diftances of the bodies that com-
pofe the folar {yftem, from the Newtonian theory of gra-
vitation, and the periodical times of the Sun and Moon.
As he proceeds upon the fuppofition that the diftance of
the Sun from the earth is very great, it would therefore
feem, that the conclufion thould be accurate, in propor-
tion to the greatnefs of that diftance. His method de-

pends
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pends upon a feries of propofitions, with long and difficult
demonttrations; fo that the rules of calculation are not
very obvious, without a confiderable knowledge of .geo-
metry, in general, and a particular acquaintance with his
very ufeful and ingenious treatife. I was defirous of fee-
ing what agreement there was between the refult of his
method of calculation, and the obfervations made on the
tranfit of Venus; and therefore amufed myfelf in a leifure
hour with the comparifon. As it may be agreeable to fome,
who have not time to read over the book, and to others,
whofe acquaintance with the mathematics will not admit
of it, to have the praitical rules of computation deduced
from his propofitions; I fhall annex them to the foregoing
calculations, together with the determination of the Sun’s
parallax and diftance derived from them.

A Caleulation of the berizontal Parallax and diftance of tbe Sun, acsording to M. Stxart's metbod frorm
tbe principle: of gravitation. D
Let Panthe periodical time of the earth round the Sunm=365. 2564178324
p::‘he p:‘l:;lial ;ime of the Mooa round she earth== 27. 32162036
a=ssher revolution from apegee to apogee in time, 27. 554538
m==her mean dift. from the earth, in femidi. of th; carth= 60. 24
t=sthe tangent of the Sun’sharizontal Parallax, at his mean diftance.
S==the diftance of the Sun from the carth. .
Pe Gp2 2-/ 1~gm¥s2
Then according to Mr. Stuart’e method, { ——)¢: z = .
2 se3-3r3 1~—gm3t2¢/Tgm3:2

P2 5e3-34% 3wXa4-1.5¢
Now if —X L ,=:; then Sa=———~eee—e nearly
P2 &3—p} 3y I5eX1dae

3mX 34 Noarly. 5 is :
. greater than the firft, and lafk tham the leaft
And § —— in thefe theorems. ’
2V 1- S5eX 1. 5¢

But the parallax and diftance of the Sun, may be found ncarly, in a fherter method, by the
following rules, derived from the foregoing; by faying,

1. As the cube root of the fquare of the Moon’s periodic revolution round} 3

the Earth, viz. #7,33162036\
Is to the cube root of the fquare of her revolution from apogee to} 3

apogee, vis. m
So is 1 toa fourth number, which call A==1.0056748164.

2. As§ A—3: A1 :: I: a fourth number, which call B.==.002797833==the mean difturb.
ing force of the Sun; the ’s force=1.

3. Asthe reQangle of B and the fquare of the periodic time of the Euth}
round the Sun, viz. BX
Is to the fquare of the periodic time of the moon round the Farth,

viz.

Sois 1, to a fourth pumber, which call Ca1,999840899.

2
335”'5341
2
27:3“8303q

2

4. AsC—1): 12 : : C : to 4 fourth number; to which add 1, and from the fquare root of
that fum fubtra@ 1, and multiply the remainder by the half of C—1, or0,4999204495, and
call that produ@® D=1,9999715505. S. Subtn&



ASTRONOMICAL PAPERS. 43

§- Subtra&t D from 2, multiply the semainder by D, and.call the fquare root of the pro-
‘du& E.=.007543089.

6. Asthree times the Moon's mean diftence frem the Earth, in femidiamcters of the Earth
isto E, fo isR, to the tang. of .the Sun’s horary parallax, at his mean diftance,=9",65.

7. As Lt 3 :: the Moon's mean diftance in miles: she Sun’s mean diftance in miles—=
94,982,600, .

In determining the parallax of the Sun, from the ob-
fervation made ia our cbfervatory on the 3d of June, 1769,
I have only made ufe of the time of the internal eonta&,
as I noted it on that day, together with fome of my ewn
micrometer obfervations, without attending ta thofe of the
other gentlemen who obferved with me. But as the So-
ciety has a right to expe& a full account of the refult of
the other obfervations, which were made on that occafion;
and as fuch account may tend to corroborate the foregoing
calculations, 1 have, with Dr. Williamfon’s permiffion,
fubjoined a calculation of his, founded entirely on his own
obfervation, which being very fhort, I have inferted entire
in his own words, except what refers to the manner in
which he judged of the contals, &c. which I have tran-
fcribed in another place, (fee page 46.) From this, which
is very fimilar to the obfervations made by the other gen-
tlemen on that committee, the Society will perceive, that
our obfervations muft have been made with confiderable
accuracy, as the refult of the calculation is nearly the fame.

Dr. WILLIAMSON’s Determination of the PARALLAX
of the SUN, from bis Obfervation of the TRANsIT of
VENUS, at Philadelpbia, Fune 3d, 1769.

“ ITH a refratting telefcope, 24 feet long, which
magnified near 100 times, I obferved,

The external conta&t at 2" 11’ 31”

Internal do. at 2. 29 10 g Mean Time.

« With a micrometer of Dollond’s conftru&ion, fitted
to a Gregorian refleCtor, which magnified 100 times, I
meafured the diftance of Venus from the limb of the Sun;
al{o the diameters of the Sun and Venus, as follows :

Mean
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Mean Time. Neareft Diftance of the Center | Neareft Diftance of the Limhs
of @and . of @ and Q.
h. m. fec m. fec. m, fec.
Ac 5 43. 10. 14,13 s. 2,5
6. 332. r 11, 14,19 4 1,4
6, 33. 58 II. 13,33 4 34
77 9. 26 . - 11,83 3. 5,82

¢ I meafured the diam. of Venus on the Sun, and found
itto be 55”,42. I alfo frequently meafured the diam. of
the Sun, on the day of obfervatien, and the next day, and

" found it to be 31’. 31,30

¢ From thefe data, I {hall attempt to deduce the Sun’s
par. except that I fhall make no ufe of the meafure at 6"
32'. 18", which I fufpected was not accurate at the inftant
it was made, wherefore I immediately made another mea-
fure, viz. at 6" 33'.55".

¢« The neareft dift, of the limb of the Sun from that of
Venus at §". 43'. 17"

Andat 6 33.
give the apparent neare& dift. of their centers 10’. 3", ‘7
603”7, and the parallax of Venus was at that time fouth
6,91 nearly. Therefore, the geocent. neareft dift. of
their centers was 610”,61. Then,

“ As 72626,3 the relative nearefk dift. of Venus from
the Sun,

« Is to 28894,9 her dift. from the earth.

“ Sois 610",61 the geocent. neareft dift. of the cent.
of the Sun and Venus,

“« To 242",936=4'. 2",936, the heliocent. dnﬁ. of
their centers at the neareﬁ approach.

« As Sine 3% 23’. 20" the given inclin. of Venus’s or-
bit to the echptlc Is to Radius,

“ SoisS, 242",936, the heliocent. dift. of the cent. of
the Sun from Venus, at the middle of the tranfit,

« To the Sine of 410",5=1° 8'. 25", the Sun’s difk,
from the node of Venus at the ecliptical conjun&ion.

« Ag S, of 1° 8’. 25", the Sun’ 8 dift. from the node
of Venus,

“ Is to 10’. 10",61, the geocent. neareft dift. of their
centers - ¢ So

mean time compared together,
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¢ So is Rad: to the S, of 8°. 32’. §7”,6, the angle of
Venus’s vifible path with the ecliptic.

«“ From 8°. 32'. §7"6, the angle of Venus’s vifible path, -

“ Subt. 3. 23. 2q, the inclination of Venus’s orbit
with the eclipt. and the remainder is §°.9’. 37”,6. Then

«“ AsS, 5° 9". 37",6 the diff. of the angle of Venus’s
vifible path and the inclin. of her orbit, &ec.

«“ Isto S, 8°. 32'. §7",6 the angle of Venus’s vifible
path with the eclipt. :

“ Sois 2',392375 the given hor. motion of the Sun.

¢« To 3',95412 the hor. motion of Venus.

«“ As Rad. Isto T, 8. 32’. §7",6 the angle of Ve-
nus’s vifiblepath.

“ Sois S, 1° 8'.25" the Sun’s dift. from the node of
Venus. . :

“« To T, ro!. 17",2 Venus’s geocent. latitude.

“ As 72626,3 the relative dift. of Venus from the Sun,,

« Is to 28894,9 her diftance from the earth.

% So is 617",2 her geocent. latitude.

“ To245",56 her heliocent. latitude.. :

“ From1§'. 45",65 the femid. of the Sum,.

¢ Take 2%",71 the femid. of Venus, and the diffe-
rence is 1§5'. 17",94., the dift. of the center of the Sun
from the center of Venus at the inter. conta&. But the
geocent. neareft dift. of their centers was found 610”,61.
From thefe (b. Euc. 1. 