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XLI. Aecount of the Tranfic of Venus over
the Sun’s Difk, as cbferved at Norriton, in
the County of Philadelphia, and Province of
Pennfylvania, June 3,1769. By William
Smith, D. D. Proveft of the College of
Phlladel hia; John Lukens, Efguire,
Surfveyar—Ge;zeml of Pennfylvania ; David
Rittenhoufe, 4. M. of Norriton; and
john bellers, Efquire, onesf the Reprefen-
tatives in Affembly for Chelter County 5 the
Committee appointed for that Obfervation,
by the American Philofophical Society,
beld st Philadelphia, for promoting ufeful
Knowledge.  Communicated 1o the Jaid
Socxety, in Bebalf, and by Direttion, of the
Committee, by Doflor Smith 5 and to the
Royal Society o¢f London, 4y Nevil
Matkeline, B. D. Aftronomer Royal.
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does them more honour than their early refolution to
appoint Committees, from their own members, to
make as many obfervations, in different places, of
that rare phznomenon, the tranfit of Venus over the
Sun’s difk, as they had any probability of being able
to defray the expence of, either from their own
funds, or the public affiftance they expeQed.
- As the members of the Committee above men-
tioned live at {ome diftance from each other, I am
therefore now, by their dire€tion, and in their behalf,
to colle&, and lay before you, the whole of the Nor-
riton obfervations ; diftinguithing however, fo far as
may be neceflary, the part of each obferver; and
going back to the firft preparations. For I am per~
fuaded that the dependance which the learned world
will place on any particular tranfit account, will be
altogether in proportion to the previous and fubfe-
quent care, which they find hath been taken, in a
feries of accurate and well-condu&ed obfervations, for
regulating the time-pieces, and afcertaing the lati-
tude and longitude of the place of obfervation, &c.
And I am the more defirous to be particular in thefe
points, in order to do juftice to Mr. Rittenhoufe, one
of our Committee ; to whofe extraordinary fkill and
diligence is owing whatever advantage may be de-
rived in’thefe refpets to our obfervation of the tranfit
itfelf. It is further conceived, that the learned and
curious will be defirous to have not only the work
relative to each particular tranfit account, but the
materials alfo, that they may have an opportunity to
examine and conclude for themfelves. And it is a
leafure to us that we are able to communicate fo
complete a fet of obfervations in every material
article.
The
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The great difcouragement which the different
Committees laboured under, at their firflt appoint-
ment by this Society, was the want of proper appa-
ratus, efpecially good telefcopes. The generofity of
our Provincial Affembly foon removed a very confi-
derable part of this difcouragement, not only by their
vote to purchafe one of the beft refleing telefcopes,
with Dollond’s micrometer, but likewife by their
fubfequent benefaCtion of one hundred pounds, for
ereCting obfervatories, and defraying other incidental
expences. It was forefeen that, on the arrival of this
telefcope *, added to other private ones that could be
procured in this city, and the fitting up the inftru-
ments belonging to the honourable Proprietaries,
viz. the large aftronomical feCtor, and the equal alti-
tude and tranfit inftrument, nothing would be
wanting for the city obfervatory, erected in the State-
houfe Square, but a good time-piece, which was
eafily to be procured.

We remained, however, ftill at a lofs how to fur-
nith the Norriton obfervatory. But this difficulty
gradually vanifhed. Early in September, 1768,
foon after the nomination of the Committees, I re-
ceived a letter from that worthy and honourable
gentleman, Thomas Penn, Efquire, one of the Pro-
prietors of this province, exprefling his defire that we
would exert ourfelves in obferving the tranfit, for
which our fituation was fo favourable ; and inclofing
fome copies of Mr. Mafkelyne’s directions for that
purpofe.

* This telefcope came to hand in April, 1769. It was made
by Nairne, 4% feet, and its greateft magnifying power 400
times; with an excellent micrometer.

Pp2 This
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This gave an opportunity, which I embraced im-
mediately, to inform Mr. Penn, that this Society,
before the receipt of his letter, had appointed
two * Committees for the bufinefs he propofed ;
that the Aflembly had generoufly ordered one hun-
dred pounds, fterling, to purchafe one telefcope, as
above fet forth; but that we fhould be at a great lofs
for a telefcope and micrometer, of the like con-
ftruftion, for the Norriton obfervatory; requefting
him to order a refleCtor of 2% feet, with Dollond’s
micrometer, to be got ready in London ; which 1
was in hopes I fhould prevail on our College to pay
for, and take for their own ufe, as foon as the corpo-
ration fhould have an opportunity of meeting. It
was not long before I had the pleafure to hear that
Mr. Penn had ordered fuch a telefcope. which came
‘to hand in due time, with a moft obliging letter,
exprefling his fatisfaion in the fpirit thewn at Phi-
ladelphia for obferving this curious phznomenon, and
concluding as follows :

¢« | have fent by Captain Sparks a reflecting te-
¢« lefcope, with Dollond’s micrometer, exact to your
¢ requeft, which I hope will come fafe to hand.
« After making your obfervation with it, I defire
« you will prefent it, in my name, to the College.
« Meflieurs Mafon and Dixon tell me, they never
« ufed a better than that which I formerly fent to the
« Library Company of Philadelphia, with which a
<« good obfervation+ may be made, although it has no
<« micrometer.”

* A third Committee was afterwards appointed, to obferve at
or near Cape Henlopen.,

+ Mr. Owen Biddle, who was appointed by the Society to
conduét the obfervation near Cape Henlopen, had this telefcope ;

We
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We were now enabled to furnith the Norriton
obfervatory, as follows :

1. A 2% feet Gregorian refleGor, with a Dollond’s
micrometer, made by Nairne, its magnifying
powers 55,95, 135,and 200 times. The gift of
the honourable Thomas Penn, Efquire, to the
College of Philadelphia. Ufed by Do&or Smith.

2. A refrator of 42 feet, its magnifying power
about 140. The glafles fent to the Affembly,
with the large refletor, from England. Ufed
by Mr. Lukens.

3. Mr. Rittenhoufe’s refraftor, with an obje&
glafs of 36 feet focus, and a convex eye glafs of
3 inches, magnifying about 144 times, Ufed
by himfelf.

4. An excellent clock ; a tranfit telefcope, nicely
moving in the plane of the meridian; and a
very accurate equal altitude inftrument, fup-
ported, in the obfervatory, on a ftone pedeftal.
Thefe three articles were alfo Mr. Rittenhoufe’s
private property, and made by himfelf, whereof
fome mention is made below.

5. An aftronomical quadrant, 22 feet radius, made
by Siffon; the property of the proprietors of
Eaft New Jerfey ; under the care of the right
honourable William Earl of Stirling, furveyor-

general of that province, who kindly permitted
us the ufe of it,

nothing being defired here but the contaéls, and their exa&
time, which he obtained to great fatisfaltion, as by bis report
may appear,

As
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As Mr. Rittenhoufe’s dwelling at Norriton is 20
miles N. W, of Philadelphia, our other engage-
ments did not permit Mr. Lukens, or myfelf, to pay
much attention to the neceffary preparations; but
we knew that we had entrufted them to a gentleman
on the fpot, who had, jeined to a complete fkill in
mechanics, fo extenfive an aftronomical and mathe-
matical knowledge, that the conftru&ion, ufe, and
management of all the neceflary apparatus are per-
fectly familiar to him. The dull and rainy weather
prevented our fetting out for his houfe till Thurfday,
June 1; and we found, on our arrival there, every
preparation fo forward, that we had little to do but
to examine and adjuft our refpective telelcopes to di-
ftin& vifion. Mr. Rittenhoufe had compleated his
obfervatory, fitted up the different inftruments, and
made a great number of obfervations, for fixing the
latitude and longitude of the obfervatory, and afcer-
taining the going of his time-piece. 'The laudable
pains he has taken in thefe material articles will beft
appear from the work itfelf, which I received from
him a few days ago, with the following very obliging
letter ; giving me a liberty which his own accuracy,
care, and abilities leave me no room to exercife; and
therefore what follows is entirely as he drew it up, viz.

¢« 'T'o the Reverend Doftor SM1 T H.

¢« Dear Sir,
« The enclofed is the beft account I can give of
«¢ the contacts, as I obferved them, and of what I
« faw during the interval between them. I fthould
“ be glad you would contra them (and the other
‘¢ papers)
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« papers) into a fmaller compafs, as I would have
¢ done myfelf, if I had known how. I beg you
¢ would not copy any thing merely becaufe I have
“ Bvritten it, but leave out what you think fuper~
¢ fluous.

« Iam, with great efteem and affection, Yours,

Norriton, July 18, 1769. ¢ DAvip RITTENHOUSE.”

Mr. Rittenhoufe’s account of the obfervations made
by him, at Norriton, before and after the tranfit of
Venus, June 3, 1769 ; for determining the lon-
gitude and latitude of his obfervatory, regulating
his clock, &ec.

¢« Early in November, 1768, I began to ere&t an

‘¢ obfervatory, agreeable to the refolutions of the
¢« American Philofophical Society ; but, through
¢ various difappointments from workmen and wea-
¢ ther, could not complete it till the middle of
“ April, 1769. I had for fome time expected the
¢ ufe of an equal altitude inftrument from Philadel-
¢ phia; but finding I could not depend on having
¢« it, I fell to work and made one, of as fimple a
¢« conftruction as I could contrive. It has a good
¢ telefcope of 3% feet focal length, with two hori-
¢« zontal and one vertical wire, in the focus, and is
¢ very eafily adjufted to a plummet wire, 4 feet in
¢ length, by two fcrews; one of which moves it in
“ a north and fouth, the other in an eaft and weft
« direion. The 20th of March this inftrument
“ was
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¢¢ was finithed, and put up out of doors, the obfer-
¢ fervatory being not yet ready.

¢ I had, however, for fome weeks before this,
¢« with my 36 feet refractor, obferved eclipfes of
« Jupiter’s firft fatellite, in fuch a manner, that
¢« though my equal altitude inftrument was not fi-
« nifhed, and confequently I could not fet my time-
<« piece to apparent noon, I fhould, notwithftand-
« ing, be able to tell the true time of thofe eclipfes
¢« afterwards, when the inftrument thould be fi-
« nithed. For this purpofe, T obferved, almoft every
« fair evening, the time by the clock, when the
¢ bright ftar in Orion difappeared behind a fixed
« obftacle, by applying my eye to a fmall fight-
¢ hole, made through a piece of brafs, faftened to a
¢ ftrong poft. The obfervations were as follows : —

1769, Star difap- | Immerfions of 1 Equal altitudes vbforved. Hence the
peared per fatellite, per clock, Sun on me-
clock. ridian per

February, Match, clock,

Day. h ¢ H Day. h v Day.h ! 14 h ¢ "

hor
Febr. 135 26" 39 |16 14 24 58| 8 58 52 2 56 52
22 §8 52 | 23 16 17 41 19{9 52 53 2 _5;3 gz 1157 37
24 50 57
March 3 23 21 Hence from the equal Ig 56 40 2 58 26

11 57 18

altitudes in column 3; | 20
48 26 the apparent times of L8 59 59 255 7

40 41 {the two above immer-
17 29 4 |fionsare
20 17 16 |Feb, b 7 ¥
21 13 21 | 16 14 21 10

-
-+
oSS A EXER RN S R NN

45 44 123 16 15 1

¢« From March 20 to May 20, the clock was al-

¢ tered {everal times, once taken down to be cleaned,
¢ removed back to the obfervatory, and regulated
« anew, Care, however, was taken to obferve equal
¢ altitudes
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¢ altitudes of the Sun on the day preceding and fol-
¢« lowing any vifible eclipfe of the 1ft fatellite.
¢ The eclipfes and other obfervations, during this

o ) Suu on me- | Obferv’dim- Sun on me- | Obferved
Equal altitudes of the Sun, {ridian per | merfions of || Equal altitudes of the Sun, |ridian per | eclipfes of
clocke. 1t fatellite. clock. 1t fatellites
April 3, 1769, April 3. May 4th.
A .M. P. M. Immerfion|l A.M. P. M.
A Wt U|lw 1t H|lw ot ow AR/} ar ln ¢ nlw o n
8 522 4 1356 8 51 44 6
8 816 35952"325{452408§_53 34118115432
118 923 33948
4th, P
8 343 4 3 3 : th. May sto.
8 6 38 4 oo’ 39 8 4 1:5 3 44 51 Immerfion
8 659 342 4|11 54 22{11 23 45
10th. roth. |18 8 19 3 40 42
832 8 Day-light
835 6 } cloudy. 16 46 20 6th.
8 36 31 1|8 3 8 34537 _
8 554 34251115414
11th, 8 713
8 30 22 33043
835 6 327 47/12 9 20 11th,
8 36 31 3 26 22 8 34 st 317 12
. 83613 31549
12th, 1zthe }18 37 40 3 14 22 155 54
8 28 g5 : 839 3 31z59
8 31 51 cloudy. 1T 14 38 -
8 33 16 15th. 8 May 14th.
19 12 59 2 39 2
14th, 238 21 6 Emcgﬁo;:
8 25 42 3 33 56 91553 236325 7953
Cloud 3 3L 1{11 59 38 235 7
8 30 2 2 29 37 '

¢« May 20, in the morning, the clock was fet up
« for the laft time, pretty near the mean time, It
“ bad no provifion for preventing the irregularities

Vor. LIX.
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arifing from heat and cold ; nor could I find lei-
fure to apply any contrivance of this fort, It had
been made fome time before, to determine the va-
riations arifing from thofe caufes. The pendulum-
rod is a flat fteel bar, with a bob weighing about
twelve pounds, and vibrates in a {fmall arch. It
goes eight days, beats dead feconds, does not
ftop when wound up, and is kept in motion by a
weight of five pounds.

« The ill ftate of my health would not permit
me to fit up at nights, to take equal altitudes
of the flars. I was therefore obliged to content
myfelf with thofe of the Sun only. I had,
fome time before this, viz, May 12, got a te-
lefcope fixed in the meridian, on an axis with
fine fteel points; fo that the hair in its focus
could move in no other direction than along
the meridian. 1 fet up two marks, north and
fouth, about 60 rods diftant each, to which it
can readily be adjufted, in a horizontal pofition,
by a ferew ; as it can likewife by another fcrew in
a vertical pofition. The two marks were fhifted
from day to day, until they were found within lefs
than one fecond of time of the true meridian.

« May 20, Ilikewife put wires,. inftead of hairs,
in the telefcope of the equal altitude inftrument ;
and the following are the obfervations taken both
with it, and with the meridian or tranfit telefcope,
in the order wherein they were made :

Equal
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Hence the Sur |Obferved eclipfes | Obfervations with the meridian |Hene the
Equal zltitudes of the Sun, on meridian, |of Jupiter’s {atel- telefeope, Jun’s center
Aites, n meridian,
A. M. P.M
h / " h 1 "1lh 7 " h i " h "1h 1 "
May [©’s vp. limb |
y it 14t hair J'S 130 35128 Emerfions. |@’s weftern limbat . 16
Deatzdhair 8§ 2 52 3 50 8{tr 56 232 meridian ) 155 1 <6 22T
20l®’s 1. limb 3 . 3 @’s eaftern limb at | 150 233
at 1ft hair 415 34° 45 ditio fTL57 31
Deat 2dhair 8 5 36 3 47 24
N.B. Asthe)
Sun feems to
8 1 1 3521 .
;Lefce?:;erl::& it Satellite. O’s weftern limb 11 55 23
21 ingthe tele- 3 50 o't 56 30 |Em. 11 g1 46 Q:s eafternditto. . 11 57 37]11 56 30
{cope, hisup. Clouds{ 3 49 27 ¢ ’scenteronmerid. 1 18 39
limb is fet 348 4
downascom-
ing to the up-
per hair firft—
though they |8 o 4 3 53 36
mightaspro- [ 8 1 24 3 52 16| @’s weftern limb 11
23|beriy becall- |8 2 47 3 50 53t 50 45 Eaftern ditto 11 _S;§ ;g tr 56 46
ediftand2d{8 4 8
as upper and
lower hairs .
0’}5; eﬁz}ﬁem ifi_mb 11 58 o
—Paffage of @’
femi-diameter } o 1t 85652
24 :
Q’s center on me-
ridian hair To2o4
£7}59‘53545% ©’s weltern limb
©35 3533 s weftern lim 1t
25 8 1358 335z 57 ! Eaftern ditto 11 §§ 53” LA
8.318 3350354
75“4;5532 s wettern limb s
7 54 1 s weftern lim 11 3
2t 8 137 335256 Eaftern ditto 11 §8 1811 57 10%
8 257 35135
Qqz Equal
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‘Hencethe Sun|Obferved eclipfesof] Obfervations with the meridian |Hence theSun’s
Equal altitudes of the Sun. 'on meridian. |Jupiter’s fatellites. telefeope, cg;ter on me-
ridian.
A.M. P. M. Emerfions.
May R/ n h 7 n n h 4 " h /I Hmin 1 n
S @’sweftern limb 11 56 12
7 Eaftern ditto 11 58 27|"! 57 19z
9, & H
& R
sup. li i
i Y7 5720 558 49 O et limbonl,, (g o
. . meridian
31 %f:"l?tfi:]]?" 75849 35739, g f +Paffageof femi-] | | cirs8 6
at 11 hair }8 or1r 356 8§ diameter
Dittoatzdhair 8 1 31 3 54 4 {
June| Put {maller wires in the telefcope.
Hence thedifference inthe intervals otern Limb
7257 9 4 o @’s wefternlimb 11 57 26]
2 75829 35847 Eaftern ditto 11 59 41 s 33%

7 5953 357 22
8 113 356 3

11 58 34

Tranfit Day.
Equal altitudes were not taken this
day, as the inftrument wasto beother-
wife employed in the afternoon.

©’s weftern limb
Eattern citto

1 57 41
1 39 5 5849

4 118 |
75810 3535959 I ©’s wefternlimb 11 57 54
4 75934 3 ;S 35 2 Eaftern ditto 12 "0 10" 59 2
8 054 35715
7 53 43 4 150
7 55 3 4 o030 21
5 75927 359 7|0 3913
8 047 35747
2 50 12 1t Satellice. | _, ftern limb
6 2 28 6 |Em. ©’s weftern limb 11 58 18 I
9 11 30 2 17 gé” 59 20 jEm. 1o 11 zl Eafternditto 12 o 33|'" 59 252
758752 4 12§ 2d Satellite. |@’s weftern limb 11 ¢8 27
7 75916 4 o 1f11 59 36 [Bm. 8 23 42  Eafternditto 12 "o 44/11 59 3453
$ o35 |D’sw.loonmerid, 3 21 53

Obferved



[ 301 ]
" |YencetheSun|Obferved eclipfesof]  Obfervations with the meridian  {Hencethe Sun's
Obferved equal Altitudes of the Sun. fon meridian, |Jupiter’s fatellites. telefcope, c%qm on mes
ridian.
Jure hA'IM'n ;P‘/M'n Wt on [N W a1 o
’s up. limb
8l§?'sﬁull:”:m }7 $0.27 4 3 12 10’ weft limb
Dittoatzdhair 7 57 48 4 1 52 1t 59 48 on merid. }11 58 40 .
gfﬁlha}:mb}7 59 1z 4 o0 28 E.limbditto 1z o g7 |'' 59 48%
Diwtoat2dhair8 o 32 3 59 7
75622 4 4 1
57 48 4 2 41 1
10| ;59124117&092
8 032 359 7
O’sweftlimb 11 59 29 )
1z Eat dito 12 4 45 |2 °¥
1 ‘2 30 1ft fatellite. |@’sweftlimb 11 59 42
13 8 Sg 33 2 1 31 2 059Em. 12 5 59| Eaftditto 1z 1 g9 [|'2 © 503
O'swetlimb 11 59 57
14 Faftdito 1z z 13 |'* ! 5
75652 4 616 ste&‘lixmb 12 0 26 )
8 12 4 Eaft ditto 2 42
16 ; gg 36 1 3 g? 2134 U’s center on} 6 12134
8 0456 4 212 merid, g 4
0’s weft lim? 1z 0 36
+ Paflage of fe-
midiameter 1 08,8 .i.}zmmlo_ 4%
7 2 =——=""|meter at 7°7
’s center on
meridian } 9 150
O’sweltlimb 1z o 56
+Paﬂ‘ageof fe-
mi-diameter 1 08,8 12 2 4%
9 e Therm. 77°
2U’s center on
| meridian } 853 24
O’sweftlimb 12 117 h2 2 25%
2 Eaftdito 12 3 34 [Therm. ¥3°

Obferved -
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Obferved eclipfes of]

Obfervations with the meridian | fencethe Sun's
Obferved equal aititudes of the Sun,  {on merid.an. |Jupiter’s fatellites. telefcope,
A M. P.M.
June L hoton horoom
22 O'swetlimb 13 1 28 |12 2 361
Eat ditto 12 3 45 |Therm.74%%
. O’sweltlimb. 12 1 29 iz 2
25 Eatlt ditto 12 3 55 |Cherm ;7~°§
. @sweitlimb 12 149 fr2 2
24 Ealtditto 12 4 g Fbern1.5784.°
3d futcllite out
of the fthadow,| ., .
Osweftlimb 12 157 liz 3 5L
5 Z;Capaﬂlyg;g ;l: Eaftditte 12 4 14 |Cherm. 800
39"
O’sweltlimb 12 2 6
-6 Eaftdito 12 4 23 (12 3 14%
“ D 'seattlimbon Therm., 83°
merid. }18 13 52 5
O’sweltlimb 12 2 14
Eaftditto 12 4 31
b4
2 D's eaft l)mb] 2 3223
7 on merid. 419 |Therm. 88°
’s center on
merid. 8 19 58
. limb
O™ 7 59 11 47 43
8Dmoatzd hair 8 o 31 4 6 23 O’ weftlimb 12 2 21 '
2% o’ 1. limb 3 1 o Eaft divto 1z 4 38 {'% 3 29;
it 1ft hair .55 45
Dittoat 2d hair 8 3 15
B 47 43 1t fatellite ap- 12 3
8 048 46 22 peared from be-{®’s weft limb 12 2 29 —-—-—37_
29 8 211 4 4 59 hinda cloud, atf ~ Ealtditto 12 4 45 | June 30,
- 8 332 4338 ot 25" 1, Therm, gg°

Obferved
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Obfirvations with the mer.dian

Hence the Sun's

{ence the Sun'Obferved eclipfeso’
Obferved cqual altitudes of the Sun,  Jon meridian, |Jupiter’s fatellites telefcopes enter cn me-
A M M vidian.
Jly| o wie i 3d fatellite. A LA
o | 8o 47 a8 Lo
Dittoat 2d hair 8 1 44 4 6 8 Im. 11 19 3¢{@'s weftlimb "12 2352 12 4 o
Stsh{-;ilr]mbat 83 8 4443 Eaft ditto 12§ 8 |Therm 81°%
Dittoat 2d hair 8 4 29 4 3 23|
l 8046 47 21 -
] 82 7 46352 O'sweltlimb 12 258 |12 6%
3" g 331 4 4 3g Eaft dito 1z § 15 |Therm. 83°
451 437
’ 81 9 4713 .

8230 45§ 32 O’sweltlimb 12 3 6 [1z 4 14%
4‘| 583 ;; fi zg. zg Eaft ditto 12 5 23 |Therm. 87°
t @sweltlimb 12 3 11 Jiz 4 19%
5 8.5 356 4 2357 4 Paflage of fe-} . g.c|Therm. at 3
' mi-diameter | *5lo’clock g4k
‘ 8136 4741 Q’s;veﬁernlimb 12 "

. 336 |12 4 44,
8‘ g : f(g) 1 2 ?7’ Eafternditto 12 5:52 {Therm,83%%

Table-
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Table of Eclipfes of Jupiter’s Satellites, obferved at Norriton ;
compared with the calculated times of the fame Eclipfes for
Greenwich, in order to fix the longitude of the Norriton obfer-
vatory. N. B. If the obferved times of fuch of thofe Eclipfes
as have been feen at Greenwich fhould differ from the calcu-
lated times, the following difference of longitude, thence de-
duced, muft be corre¢ted accordingly.

1ft fatellite. Immerfions at Norriton. |Calculated apparent time of the &:R%‘fg}_\]:"ifo;z'
apparent time. fame for Greenwich. thence de:ﬂ';:’éc i

1769. Day. Rt Day. » ' # hoton
Feb, 16 14 21 10 = = — —{Feb. 16 19 22 29 = = = ~|== =5 1 19
23 161§ I ===~ 23 21 16 3§ ==~ =l= == 5§ 1 34
April 3 14 49 25 —~ = - —|April 3 19 §1 24 = == —|=—=5 1 §9
10 16 46 0= = = = 10 21 47 14 == ——=|===51 14

12 111439---~M 12 16 16 13 - - = =~~~ 5 1 34

May 11 29 27 = ~=—-={May 35 16 31 20 = =~ = ~|= = =5 1 §3
Emerfions. Emerfions. 5188

21 11 §§ I3 — = = = 21 1656 49 - ~— |~ =-=51 36

June 6 10 11 32 = = — ~|June 6 1§ 12 §9 ==~ =|== =3 1 27
13 12§ I == == 13 17 631_-__--_5130
Difference of longitude from a mean of the above g eclipfes — -~ = ~ 5 1 3‘;

3d fatellite, at Norriton ; apparent|Calculated time} Hence diff.

time. for Greenwich:] of long.

Day. A/ h 7+ h ot v
June z5 8 51 33 Emerfion 13 58 34 5§ 7 1
July 2z 11 15 36 Immerfion | 16 12 29 4 56 53
Mean diff. of longitude 5 1 57

N. B. As the emerfion happened fo much fooner, and the im-
merfion later, than the time given by the Tables, it is concluded,
that the fatellite did not dip fo deep in the fhadow as the Tables
would have it ; but the mean of both givesnearly the fame differ-
ence of longitude as the firft fatellite.

[¥3 May
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¢« May 20, Mr. Lukens fent up the aftronomical
« quadrant, belonging to the Eaft- Jerfey proprietors,
¢« of 2% feet radius ; which I placed in the meridian,
« and obferved the following zenith diftances of ftars,
< to difcover the error of theinftrument, if any it had.

Obfervations with the face weftwards. Ditto with the face eaftwards,
o 1 o r v
. . , May 31 20 36 6 June 6 20 35 ¢
Hngheﬁgzgtgsthelegd{june 4 2036 o Same far. 7 20 3% 52
’ 5 20 36 o § 2036 o
May 31 19 46 18 ‘ June 6 19 46 5
: June i 19 46 14 v 7 19 46 8
Aréturus, 2 19 46 20 ArQurus. 8 19 46 13
‘ 5 19 46 22 10 19 46 11
Zenith dift. with face of quadrant weftwards, Zen. dift. face of quad. ealt.
o tr o ! n
" . Juner 12 39 36 June 6 12 39 34
The bright ftar in the Crown. { s 12 39 27 { 1o 12 39 18

¢ From a mean of the above 18 obfervations, the
“ error of the quadrant is 3//% to be {ubtracted from
¢« the zenith dlf’cance, when the face is weftwards, and
¢« added when it is eaftward.

Zenith diftances of the Sun’s limbs bbferved, and‘ the latifude of the

obfervatory deduced feparately from each,

Sun’s up. limib; dift. A zenith,  Lat, hence dedueed, Sun's I, limb ; dift. 3 zenith,  Lat, hencededuced.

o 1 I o ¢ o 1 o

’ n

May zg 18 48 45 40 10 17 June 8 17 29 33 40 9 48

2 18 38 18 40 10 IO 9 17 24 35 40 9 47

27 18 28 21 40 10 IO 10 17 20 § 40 9 49
June 1 17 43 47 cloudy and doubtful 11 17 1§ §9 . 40 9 §2

2 17 36 16 40 10 2 14 17 6 ¢ 40 9 58

4 17 21 §I 40 9 52 Ve
Doubtful 6 17 8 33 40 9 34

7 17 3 21 40 9 47

12 16 41 10 40 10 1%

13 16 37 4% 40 10 8

Mean of the above obfervations Mean of the above § obfer-1
of @’s upper limb 40 10 1 vations of ©’s lower limb { 4
Mean of the 5 obfer.of ©’sl.limb 40 9 §1

9 st

The mean of both, viz. 40 g9 56 is taken for the latitude of the obfervatory.

Voi. LIX, Rr

¢« The
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« The difference of the above obfervations is
« greater than might be withed. All that I can of-
¢¢ fer to excufe them is the want of better inftru-
¢ ments; although I think the differences were
« much owing to the action of the Sun on the
¢ wooden frame, which fupported the quadrant.
¢ For I always found, that when the fhutter in the
¢ roof was opened, the plummet-wire would, in a
¢ minute or two, leave the point, although it had
¢ flood quietly over it all the forenoon. Never-
< thelefs, a mean from fo many obfervations may be
¢¢ {uppofed very near the truth; fince, if we leave
¢¢ out that of June 6, which differs moft from the
¢ others, the mean of them will be but 2/ greater
¢ than the latitude fet down above.”

So far I have given Mr. Rittenhoufe’s account of
his obfervations, previous and fubfequent to the tran-
fit; for regulating his time-piece, and fixing the lati-
tude and longitude; containing many months work,
viz. from February 15to July 8. More obferva-
tions have been taken fince, but the above are thought
fufficient.

It hath been already mentioned, that it was not till
Thurfday afternoon, June 1, that Mr. Lukens and
myfelf arrived at Norriton, with a defign to continue
with Mr. Rittenhoufe till the tranfit fhould be over.
When we fet out, the profpect before us was very
difcouraging. That day, and feveral preceding, had
been conftantly overcaft with clouds, and frequent
heavy rains, a thing not common for fo long a pe-
riod at that feafon of the year, in this part of America.
But, on Thurfday evening, by one of thofe fudden

tranfitions which we often experience here, the
weather
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weather became perfe@ly clear in lefs than the fpace
of one hour, and continued the day following, as
well as the day of the tranfit, in fuch a ftate of fe-
renity, {plendor of funfhine, and purity of atmo-
fphere, that not the leaft appearance of cloud was to
be feen in the whole heavens,

June 2, and the forenoon of June 3, were fpent
in making the neceflary preparations; fuch as, exa-
mining and marking the foc: of the telefcopes, parti-
cularly the reflector with and without the micrometer,
and in itsdifferent powers. TherefleCtor wasalfoplaced
on a polar axis; and fuch fupports were contrived
for refting the ends of the refraftors, as might give
them a motion as nearly parallel to the plane of the
equator as fuch hafty preparations would permit.
Several diameters of the Sun were taken during this
time, and the micrometer examined by fuch other
methods as the time would allow.

The Sun was fo intenfely bright on the day of
the tranfit, that it was found beft, early in the fore-
noon, to lay afide the coloured glaffes, brought with
the reflecting telefcope from England ; and to put on
deeply-fmoaked glafles, which Mr. Lukens prepared,
in their room ; and which gave 2 much more beau-
tiful and well-defined appearance of the Sun.
~ Mr. Rittenhoufe, on a fuppofition of the Sun’s
horizontal parallax being but 8"/, had, in one of his
calculations of the time of the tranfit, made in Sep-
tember, 1768, brought eut the firft external contadt,
at Philadelphia, to be June 3, 2" 11/, mean time.
It happened, that he was not many feconds wrong in
this, although moft other calculations made it from
6’ to 8’ later for Philadelphia.

Rr2 We
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We thought it prudent therefore, at one o’clock, to
take off the micrometer from the refleGor, which had
been ufed with a magnifying power of g5 times;
and, after adjufting the focus, continued the fame

ower for the reafons mentioned * below, in order to
obferve the tranfit ; and left the external conta& might
happen ftill fooner than the earlieft predicted time, it
was refolved, during the hour from one till two, to
keep an alternate watch, through the refle@or, on that
halfof the Sun’s limb where the contact muft happen ;
while thofe not thus employed were making all other
preparations as follows, viz.

1. That each of us might the better exercife our
own judgment, without being influenced, or thrown
into any agitation or furprize by the others; it was
agreed to tranfat every thing by fignals, and that one
obferver fhould not know what the others were do-
ing. 'The fituation of the telefcopes, the refleGor be-
ing within the obfervatory, and the two refra&ors,
mounted at fome diftance from each other without
it, favoured this purpofe. Wherefore,

2. Two perfons, viz. Mr. Sellers, one of our
committee, for whom no telefcope could be pro-

* As the refralting telefcopes gave but a fmall field, and were
very unmanageable, on account of their length, and the Sun’s
great altitude, it was thought beft to ufe a fmaller power and
Jarger field with the refleCtor, that if the contact fhould happen
at a different part of limb than where it was expected, one of us,
at leaft, might be fure not to mifs it, but give notice to the
others. It was agreed, however, that if the contact happened at
or very near the part of the limb where we did expect it, no fuch
notice was to be given. It was, although, thought beft to have
fome difference in the magnifying powers ; and the vifion with
the refle@or was fo diftin& and well defined, that I am well
pleafed I ufed no higher power,

vided,
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vided, and Mr. Archibald M:<Clean, both men of
abilities, and accuftomed to aftronomical oblervations,
were placed in one window of the obfervatory, to
count the clock, and take the fignals from Mr.
Lukens. Two others, who live in Mr. Rittenhoufe’s
family, and have been trained by him to fervices of
this kind, ftood in another window, within the ob~
fervatory, to count the time, and take his fignals. I
was within hearing of the beats of the clock, and
was to count and fet down my own time.

Thefe preliminaries thus fettled, at two o’clock,.
each of us applied to our refpeive telefcopes; but
as. there was a great concourfe of many of the prin-
cipal inhabitants of the county, we were apprehenfive,
that our fcheme for filence and order might be in-
terrupted by the impatience and curiofity natural on
fuch occafions. We therefore informed the gentle-
men, who had honoured us with their company, that
the accuracy and fuccefs of our obfervations would.
depend on our not being difturbed with the leaft
noife, till the contacts were over. And to do the
company juftice, during the 12 minutes that enfued
before the firft conta&t, there could not have been a
more folemn paufe of expectation and filence, if each.
individual had ftood ready to receive the fentence that
was to give him life or death. So regular and quiet
was the whole, that, far from hearing a word fpoken,
1 did not even hear the feet of the four counters,. who
had pafled behind me from the windows to the clock ;
and I was furprized, when I rofe up and turned to
the clock, to find them all there before me, counting
up their feconds to.an éven number ; as I imagined,

from
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from the deep filence, that my affociates had yet feen
~ nothing of Venus.— _

As the contaéls are reckoned to be one of the moft
eflential articles relative to this phanomenon, it is
material, before we fet down their times, to give a
particular account of the manner in which each ob-

ferver judged of them, and the other circumftances
attending them.

Mr. RiTTENHOUSE’s Account of the CoNTACTS.

« At 2 11’ 39” per clock, the Reverend Mr.
-« Barton, of Lancafter, who affifted me at the te-
¢ lefcope, on receiving my fignal, as had been
agreed, inftantaneoufly communicated it, by wav-
¢ ing a handkerchief, to the counters at the window,
« who, walking foftly to the clock, counting as they
went along, noted down their times feparately,
¢ agreeing to the fame fecond. And three feconds
¢¢ [ooner than this, to the beft of my judgment, was
« the time when the leaft impreffion made by Venus
on the Sun’s limb could be feen through my te-

¢ lefcope. .
« When the Planet had advanced about one third
of her diameter on the Sun; as I was fteadil
viewing its progrefs, my fight was fuddenly at-
¢ tratted by a beam of light, which broke through
¢« on that fide of Venus yet off the Sun. Its figure
“ was that of a broad-bafed pyramid; fituated at
¢ about 4o or 45 degrees on the limb of Venus,
from a line pafling through her center and the
 Sun’s
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Sun’s, and to the left hand of that line, as feen
through my telefcope, which inverted. See Tas.
XV. fig. 1.—About the fame time, the Sun’s light
began to {pread round Venus on each fide, from the
points where their limbs interfected each other, asis
likewife reprefented in fig. 1.
¢ As Venus advanced, the point of the pyramid
ftill grew lower, and its circular bafe wider, until
it met the light which crept round from the points
of interfe¢tion of the two limbs: fo that when
half the Planet appeared on the Sun, the other
half was entirely furrounded by a femicircular
light, beft defined on the fide next to the body of
Venus, which continually grew brighter, till the
time of the internal contact. See fig. 2.
¢¢ Imagination cannot form any thing more beau-
tifully ferene and quiet than was the air during the
whole time ; nor did I ever fee the Sun’s limb
more perfetly defined, or more free from any
tremulous motion; to which his great altitude
undoubtedly contributed much. When the in-
ternal contact (as it is called) drew nigh,. I fore-
faw that it would be very difficult to fix the time
with zny certainty, on account of the great breadth
and brightnefs of the light which furrounded that
part of Venus yet off the Sun. After fome con-
fideration, I refolved to judge as well as I could of
the co-incidence of the limbs; and accordingly

« gavethe fignal for the internal contact at 2% 28/ 4 5

({3

€€

by the clock, and itmmediately began to count
feconds, which any one, accuftomed to it, may
do, for a minute or two, very near the truth. In

*¢ this manner;, I counted no lefs than 1’ 32/ before

« the
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the effeéts of the atmofphere of Venus on the
Sun’s limb wholly difappeared, leaving that part
of the limb as well defined as the reft. From
this I concluded, that T had given the fignal too
foon ; and the times given by the other obfervers
confirm me in this opinion.”
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Mr. Luxkens’s Account of the CoNTACTS.

¢« The telefcope I ufed, being a refratting one of
42 feet, giving but a fmall field, and fomething
difficalt to manage; I was obliged to move often,
and apprehend that 1 did not difcover the firft
external contal exaltly. For, after one of thofe
movements, on bringing the glafs to bear again on
that part of the Sun’s limb where Venus was ex-
pe@ed, I faw a large tremulous fhadow, already
fomewhat advanced, and feeming to prefs ftill in-
wards on the Sun’s limb. Having contemplated
this for a few feconds, and perceiving the appear-
ance grow more dark, and make a better-defined
impreffion on the limb, I gave the fignal to the
perfons who counted time for me, which they
noted down feparately at 2" 12’ 3” by the clock.
« When Venus was near one half her diameter
advanced on the Sun, I faw a border of light en-
compaffing that part of her which was yet off the
Sun. This was fo bright, that it rendered that
part of Venus vifible, and pretty well defined, al-
though off the Sun. But, towards the internal

« contact,
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contaét, the circular border of light became of a
more dufky colour, efpecially at the two points
where the luminous fegments of the Sun’s limb
were ready to clofe round the Planet.  This
dufkinefs did not feem to part wholly from the
Sun’s limb, at the time I apprehended the body of
Venus to be wholly entered on the Sun, and when
I gave the fignal for the internal contact; which
was noted at 2b 28’ 58”7 by the clock., And I
judge from 6’/ to 8/ more, before I faw the Sun’s
limb clear of this dufky furrounding fhadow, and
as well defined as before the firft contact.”
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Dr. SmiTH’s Account of the CoNTACTS.

¢« Having, for reafons already affigned, determined
to continue one of the fmaller powers of the Grego-
rian refleCtor, for obferving the contaéts (viz. that
which we had been ufing, and wereagain toufe, with
the micrometer, magnifying 9 5 times), I had alarge
field, taking in, at leaft, one half of the Sun’s difk ; and
the telefcope was fo firmly fupported (with its axis
in a polar direGion), that it could not be fthaken
by any motion on the earthen floor of the obferva-
tory, and required only a fmall movement of one
of the handles of the rack-work to manage it.
With thefe advantages, it was eafy to keep any
part of the Sun’s limb in the middle of the ficld,
without negleing to caft my eye, every three or
four feconds, on every other part of the linib
Vor. LIX. Ss  on
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on both fides, where there was any poffibility of
the contact to happen,
¢ It being now withinabout halfaminute of thetime
which Mr. Rittenhoufe had calculated for the firft
contaé, I called to the four counters at the win-
dows, to be very attentive to thole who were to give
the fignals from the telefcopes without doors ; and
turning my eye to that part of the limb where the
contact was expected, I had been, for feveral fe-
conds, viewing it ftedfaftly, when, all atonce, I faw
fomething ftrike into it like a watry pointed fha-
dow, appearing to give a tremulous motion to that
part of the Sun’s limb, although the telefcope
ftood quite firm, and not the leaft difturbance or
undulation was perceptible in any other part of
the limb.
¢« The idea I had formed of the conta® was—
that Venus would inftantaneoufly make a well-
defined black and fmall dent or impreffion on the
Sun. But this appearance was f{o different, the
difturbance on the Sun’s limb fo undulatory,
pointed, ill-defined, waterith, and occupying a
larger portion of the limb than I expected, that I
was held in a fufpence of five or fix feconds, to
examine whether it might not be fome fmall fkirt
of a watery flying cloud. But perceiving this
fhadow, or whatever elfe it was, to prefs ftill for-
ward on the limb, with the fame tremulous,
pointed appearance (the longeft points towards its
middle), I began to count the clock for either
fifteen or fixteen feconds, when a well defined
black dent, occupying a lefs fpace on the Sun’s
limb, became plainly vifible, I then quitted the
s telefcope,
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telefcope, and turned to the clock, to note this
time for the contad, which was 2b 12’ 5/, About
22" fooner than this (being doubtful to two or
three feconds at firft) was the firft imprefiion I
faw on the limb; which I have marked accord-
ingly at 28 11/ 40" to 43”7, If this ficft impref-
fion is to be taken for the external conta&, I think
it might be judged of to a fingle fecond of time;
which one could not do by feveral feconds, either
with refpect to the interna{]conta&, or even with
refpect to the moment of the diftin@ black dent
made at the external conta&, both which are far
from being inftantancoufly perceptible. 'Whether
a telefcope of larger powers than what I ufed
might not have thewn this firft impreffion fooner
(be it an atmofphere or whatever elfe), I will not
determine ; though from Mor. Rittenhoufe’s time
I think it probably would. ButIam fure that I
faw the firft ftroke that was perceptible through
my telefcope, and might have noted it to a fingle
fecond, had I expetted it in that way.
« As to the intternal contad, the thread of light,
coming round from both fides of the Sun’s limb,
did not clofe inftantaneoufly, but with an uncer-
tainty of feveral feconds, the points of the threads
darting into each other, and parting again, in a
quivering manner, feveral times before they finally
adhered. I waited for this adherence with all the
attention in my power, and noted it down for the
internal conta&t at 2" 29’ 5, a few feconds later
than Mr. Lukens, who took the fame method of
judging.

Ss 2 ¢ Having



[
[
[
€6
(11
4<
(13
(3
[
[
113
é¢
(13
€<
€

€<

{3
<
<<
(43

[

143
13
6
13
13
[
(14
£¢

[ 316 ]

« Having quitted my telefcope to note down the
time, the gentlemen who counted for us, as well
as feveral others now come into the obfervatory,
were anxious to feec Venus on the Sun through the
refleor, as it was eafily manageable; an indul-
gence not to be denied; and therefore I did not fit
down to it again till about four or five minutes
before the internal conta@®, and then not with
much attention till the contaét was at hand ; fo
that I faw none of thofe appearances, on the part
of Venus off the Sun, mentioned by my affociates.
But their account may be depended on ; for Mr.
Rittenhoufe’s abilities have been fpoken of before;
and few perfons have a better judgment, a correter
eye, or have been more accuftomed to view ob-
je&ts, both celeftial and terreftrial, through te-
lefcopes, than Mr. Lukens.
« As to the fmall differences in the times of our
contalls, it is prefumed, they may be eafily re-
conciled, partly from the different powers of the
telefcopes, and partly from the other circumftances
mentioned in the manner of judging of them.
At any rate, we have fet them down faithfully.
¢ As to the firft difturbance made on the Sun’s
limb, it may he worth confidering, whether it was
really from the interpofition of the limb of Venus,
or of her atmofphere? The former, one could not
eafily imagine it to be, unlefs her limb and body
were much more uneven than they appeared to
be when feen on the Sun. An atmofphere it
might more probably feem to be, not only from
the faintnefs of the colour, but the undulatory
< morion,
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motion, which might arife from the growing den-
fity of the atmofphere, as it pulhes forward on the
Sun, varying the refraCtion of the rays. If fuch an
atmofphere be allowed, then it probably gives the
fame tremulous motion, at the internal conta&, to
the thread of light creeping round Venus; and
prevents its clofing quietly till the atmofphere (or
at leaft its denfeft part) be wholly on the Sun; and
confequently the true coincidence of the limbs be
paft. For though the atmofphere of Venus can-
not be feen on the Sun, yet that part which is fur-
rounding, or juft entering on the Sun’s limb, hav-
ing, as it were, a darker ground behind it, may be
vifible. But thefe are only little conjeGtures fub-
mitted to others; though if they have any founda-
tion, it would make fome difference in the time
eftimated between the contas.”

General
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General Table of the contats of the limbs of the Sun and Venus; as obferved
at Norriton, June 3, 1769, reduced to apparent time.

N. B. June 3, by the preceding Tables of the work, the Sun’s centet
was on the meridian, at 1:® 58 4¢9’” by the clock, and June 4, at

11"

59’ 2/, and therefore gained 13

144

in 24 hours of apparent time,

‘Wherefore at noon June 3, the clock being 1”7 11" flow of apparent time,

it was only 1’ 10 flow at the obfervation of the conta&s.

Whence

The apparent time of the different contalts was :

Tixternal conta&, by Dr. Smith,

'] i
sft vifitle impreflion on
‘the Sun’s limb, in form
of a quivering dutky }2 |
fhadow, with many | Uhcertain to 3
points or 4",

A well defined black
}z 13 1%

2 iz 50 to 53

'|A fimall dent

Extern: conta&, by Mr. Lukens,

}z 13 13

in the Sun’s
Ilimb

External contaét,
by Mr. Rittenhoufe.

Judged of as}

hot
2 12 4d

”n

defcribed in his
account

dent in the Sun’slimb;
at

Internal contaét.
Judged from a thread
or crefcent of light,
clofing round the derk 22 30 15

body of Venus, wiha
tremulous motion; at

Internal contaét,

2 30 8 to 14

Internal contact.

Judged of as
defcribed in fig.
3d of his ac-

count, Platexv.

}2 29 55

¢« When Venus -was fully entered on the Sun’s

({3
13
({4
13
¢ tions.
<¢

({1

limb, and we had fatisfied ourfelves by comparing
our different notes of the conta&ts, which were
thrown together on the table of the obfervatory, we
prepared for the micrometer, and other obferva-
The greateft part of the micrometer obfer-
vations were taken by me, while Mr. Rittenhoufe
undertook to take another fet of obfervations;

namely,
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« namely, the appulfes of the limbs of the Sun, and
« the center of Venus, to the crofs hairs of the equal
« altitude telefcope ; Mr. Lukens taking and writing

The whole obfervations, reduced to apparent time, are as
follows :

2z Micrometer meafiires of JAngularva- | Parallax of Venus from the Sun, ad-
s ° the leaft diftance of the {lue of the | juRed to the times of the micrometer
2,9 App. time, | neareft limbs of the Sun |micrometer | obfervaticms, for projefting the tranfit ;
S o |June3, 17609.| and Venus, meafures. | by Mr. Rittenhoufe.
e o In the path of]Perpendicular
Y 3 Inthevertical] Venus, fto the path
h?t w & ‘5- 95_ rn n " : "
3 719 © 4 0,511 45,4 14,54 13,67 | 4,94
R. 2| 3 11 39 o 4 12 1 57,6 14,74 13,88 4,96
L. 3] 3 17 42 o § 2 2 13,5 15,09 14524 §50L
4332 3| © 614 |2527 | 1577 | 1492 | 5513
R.s5l 340 4 o 7 4 |3 86| 16,17 | 15,32 | 5,23
6| 4 35 % © 10 21,5 | 4 46,67 | 18,45 17,43 6,5
714579 o I1 19,5 | § 11,051 19,02 17,9% 6,32
85 749 0 11 22,75 § 14,5 | 19,5 18,30 | 6,63
9| 5§ 21 40 Q I1 23,5 | § 15,3 19,88 18,64 6,98
10} 5 31 46 011 25,5 | § 13,7 20,12 18,8 7523
11 5 4z 38 o111 17,55 893! 20,36 18,95 7,48
12} § 51 10 O 11 13,5 |5 47 20,52 19,06 7,07
131 6 22 4 0 10 5,51 4 20,7 21,0 19,21 8,57
14| 6 31 % o 9 20 |4 18,58] 21,12 19,22 8,82
15 6 41 24 © 9 o 3 57,38 | 21,22 19,15 914
L.16| 6 48 12 o 8 13 3 44,66 | 21,26 19,12. | 9,31
17/ 6 53 30 © 8 1,513 32,47 21,28 19,04 9549
R.18| 6 56 22 o 7 23 3 28,76 | 21,29 19,02 9,56
IDiftance of the limbs of the Sun and Venus, taken in| Parallax of Vienus from the Sun, adjufted
chords, parallel to the plane of the equator, ’ as above,.
B. 1 3 58 53 |@’s e.limb o 17 14,3 | 7 44,57 1750 16,1 5,40
2] 4 27 18 [Ditto 13 10 14,74] 18,16 17,18 5,86
316 427 Dito 2 o020 |18 0,08 2075 19,16 8,06
46 9 28 |@’sw.limbo 15 6,5) 6 43,271 20,81 19.2 8,2

Ne
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‘5‘\’2 Dlameters 6f Venus on the| Diametets of the Sun,
S o] Sunm, Junes, 176g. June 2, P, M
g™
<) 8 e u
.§?.£'.l)ﬂ. g-ag_ Wt on :Sag.g_
R. 13 o 0 2 4,5 [R. 3 50 40 3 11 15 hor'zontal
2|3 2 0 2 45§ 362 O 3 11 14 | vertical
L. 33 4 oz} 437 © 3 11 14,5 [ diameter
44 15 0 2 457 '
515 55 0 2 4,7 A.M. luce 3.
R. 6]5 58 o25—|R 835 o 3 11 13,5] 0
L. 840 o 31116-]|7%,
The above times arc 845 o 3 11 13,5} s 5
fet down by the clock, P. M. § g
according to thevulgar] 12 35 o 311 13 cE
|reckoning ; as are alliR. 12 40 o 311 12,5) &
the micrometer obfer- 440 © 3 11 10,5 vertical
vations of the Sun’s di-
ameters.

From a mean of the above fix diameters of Venus on the
Sun, allowing for the error of adjuftment, as mentioned
below : '

1 n

Venus’s diameter, for the day of the tranfit, was 0 §7,3

The Sun’s femidiameter, from a mean of the five1 . . I}

horizontal diameters, taken the fame day [ 15470
Or, from a mean of four, taken that day, leav-

ing out the fecond, which Mr. Lukens thinks} 15 45,0

he may have taken too large

All the micrometer obfervations were feparately reduced to
their value in minutes and feconds, both by Mr. Rittenhoufe and
Lmyfelf. Many more might have been taken ; but as fo many
perfons were defirous of looking through the telefcope, they|}
could not well be denied ; and the number above fet down zre
found fully fofficient for all the purpofes of the projection ; efpe- ||
cia;llly as they have been found to agree fo well with each
other.

Such of the micrometer meafures as were taken by Mr. Rit- |
lrenhoufe or Mr. Lukens, are marked with the initials of theis

names. All the others I am anfwerable for.

Our obfervations being thus finithed, Mr. Ritten-
houfe was pleafed to undertake the projection of the
tranfit
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tranfit from them; and his account of the work
follows :

Delineation of the tranfit of VenusovertheSun,accord-
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ing to the Norriton obfervations, with the principles
of the work. By Mr. Rittenhoufe. SetTab.XV,
fig. 4.

¢ The Sun’s horizontal parallax is affumed 8”,65
at his mean diftance from the earth; from which,
and the obferved leaft diftance of the centers of the
Sun and Venus, the chord for the tranfit line was
Jaid down. The femi-diameters of the Sun and
Venus are taken as by the above obfervations.
One point in the tranfit-line was then fixed by the
firft micrometer diftance of the limbs at 3t 7’ 19"
apparent time.  This line was carefully divided in-
to hours and minutes, on the fuppofition that Ve-
nus moves 240’/,36 over the Sun’s difk in an hour,
according to a calculation I had formerly made
from Halley’s Tables. The place of Venus's cen-
ter in the tranfit-line was then marked to the times
of each of the micrometer obfervations, and from
thence the apparent place of her center found, by
fetting off the quantity of her parallax from the
Sunin its proper dire®tion. About each of the
centers {o found, a circle is defcribed with the rad.
28,6, her obferved femi-diameter. Blank lines
were next drawn through the Sun’s center, and the
apparent place of the center of Venus. On thefe
the red lines were drawn from the Sun’s limb, pre-
cifely of fuch length as we found them by the mi-
crometer; fo that it may be feen at once how
far the micrometer meafures agree with each
Vor. LIX. Tt « other,
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other, by ebferving how much they exceed or full
fhort of reaching the limb of Venus. Out of the
18 that were taken, 14 of them correfpond fo well
that I am convinced they may bedepended upon.
The 4th which I have fet d);wn, and only one
other, which will be found omitted, differ fome-
thing from what they ought to be; which might
eafily happen, either from any miftake in noting
the time, or in reading the vernier of the micro-
meter, or not fixing it exaétly in the direGtion of
the neareft diftance of thelimbs ; tho’ great care was
taken in this part, by {weeping it conftantly round
to try the truth of the conta&ts that were formed.

¢« ‘The meafures intended to be taken in chords
parallel to theequator, are very near the truth, con-
fidering that, in fetting the micrometer to that di-
reCtion, we had only the truth of the polar axis to
depend on, which was conftruéted haftily to an-
fwer the purpofe of the day, and was not exally

* true, as afimall mot on of the rack work that raifes
* ar deprefles the telefcope was fometimes neceffary
* ta keep the Sun in the field. Three of thefe mea-

fures, parallel to the equator, agree with each
other, and with all the reft of the micrometer ob-
fervatians, on fuppofing the chord in which they
were taken inclined half a degree to the plane of
the equator. The fourth of thefe meafures is ftill
more nearly parallel to the equator, but diverges a
little the ather way. Thefe chords are delineated
in the ¥ projettion, and ferve to confirm the other
work.,

* It was intended alfo to have confirmed the proje&ion fill
further, by the cbiervations made of the appulles of the limbs of

o All
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¢« Al the parallaxes of Venus from the Sun werc
« taken from a large proje€tion on a fcale of half an
<« inch to one fecond, and then reduced to the fcale
« of this delineation. After ecalculating fome of
< thofe parallaxes, and finding thofe given by the
¢ proje&ion conftantly true to the firft decimal place,
¢ any further nicety was thought needlefs.

o/ n

The angle of Venus’s vifible way
with the ecliptic, I find } 8282

The angle of the ecliptic with a

parallel of declination at 3‘\} 7§ 13 decreafing 3" per hour.
P. M.

The latitude of the obfervatory, as]
above laid down P40 956

Hence the parallaxes were fitted to cach of the
micrometer obfervations, as above.

vation of the diftance of the limbs, we fhall find the
time of the leaft diftance of the centers of the Sun anrd
Venus, as feen from the eatth’s center; to have been

If a computation be made with the 1ft micrometer obfer-y * * *
} 5 26 16~

the Sun and center of Venus to the crofs-hairs of the equal alei-
tude inftrument; but it was found that {o many lines would
confufe the figure, And the micrometer obfervations an{wering
fo well, more were thought needlefs. Bafides this, no fraltions
of feconds could be got in the other obfervations; though, ne-
verthelefs, a good feparate projection may be made by them,

Tt 2 i3
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If a like computation be made from the 16th obfervation, 6
it will be found } 5202

!

By comparing fome other obfervations with thefe, I con- 26 20
clude, the time of the leaft diftance of the centers was 5

o t
Then as radius to tangent of the angle
of the ecliptic, withgpatb of Vq:nusg } 8§28 2z 91731571
So is the leaft diftance of the centers 610 2,7853298
To the diﬁa}:xce of Venus’s place, when
neareft the Sun’s center, from her
place at the time of ecliptic con-} 90,88 1,9584869
Junétion
) n
Which reduced to time (to be fubtrafted) viz, o 22 41
From time of the leaft diftance of the centers 5 26 20
Leaves for the time of ecliptic conjun&ion 5§ 339
, ‘o 1 m
As radius to fecant of 8 28 27 10,0047676
So is 610 2,7853298

——

616,73 2,7990974

From the logarithm of which fubtra&t the difference of the
Jogarithms of the diftance of Venus from the Earth and ¢ 0,4002370

To the geocentric latitude of Venus at
the time of ecliptic conjunétion

from the Sun ,
rn

Remains the logarithm of the] __
heliocentric latitude } = 4 539 2,3898604
o !t n
As tangent of inclination of Venus's orbit 3 23 20 8,7724442
To rdhus; fois ungentof Venues hell> o 4 5139 70758315

8,3029933
The

To the fine of her difance from node in} : 4
the ecliptic 9
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The Sun’s place at the time of the ecliptic conjunétion

(by Halley’s Tab.) was 2 13 26 32
Add 'the diftance of the node from the Sun °c 1 9 4
The fum is the place of the afcending node of Venus 2 14 35 36
The place of Venus, by Halley’s Tables, to the fame tim¢ 8 13 26 22

That is, ten feconds too little.

In order to find the error of the micrometer (if
any), Jupiter’s diameter was meafured to the right
and to the left; and Mr. Rittenhoufe afterwards
took the trouble to meafure the diameter of a white
painted circle both ways ten times. This work was
performed early in the morning before fun-rife, when
the air was ftill, and free from all tremulous mo-
tion ; the refult of which, on a mean of thofe to the
right, and a like mean of thofe to the left, was an
error of adjuftment for the micrometer of 17,12
to be fubtrated ; which was accordingly allowed
for in the redu@ion of all the micrometer mea-
fures.

Thus we have given a full and faithful account
of our work. We could have wifhed to have
comprized it in lefs room. Had our latitude and
longitude been well fixed, as they had been at
Philadelphia, by able mathematicians, beforehand,
a confiderable part of our work might have been
faved. But as it was neceflary to fhew, that fuch
pains have been taken in thefe material articles, that
they may be depended on; and as we had op-

portunities
h¢
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portunities of oblervation, from the goodnefs of the
weather, and other circumitances, which cannot
have happened to the generality of obfervers im
many parts of the world, we thought we fhould be
the eafier excufed by men of fcience, for the in-
fertion of twenty {uperfluous things, than the neglect
of any thing material in the account of a phano-
menon, which will never be obferved again by any
of the prefent generation of men.

Iam,
GENTLEMEN,
with great refpect,
Your moft obedient,

humble fervant,

Philadelphis, July 19, . .
- efyé;’.J 1 William Smith.

N.B. Fig. 5, plate XV, reprefents the appear-
ance of Venus on the Sui: to the Reverend Mr.
Hitchins, at the Royal Obfervatory. See Philof,
Tranf, vol. LVIIL for 1768, p. 363.

XLH. Obfers
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