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’fo the HoNOURABLE

Stephen Hopkins,
ESQUTIRE,

Member of the PurvosopricaL SocieTy

in the City of Pbhiladelphia, and CrianceLLOR of
the CoLLece in the Colony of Rbode-Ifland.

S I R,

AS your Honour was pleafed to ac-
L X company, and aflift us the whole
time that we were preparing for the
obfcrvation of the Transir or Vi-
Nus ; and confidering with what ala-
crity our work went on, when encou-
raged by your actuating genius ; and
that your Honour muft be very fenfi-
ble of the gteat pains which were
taken, in order that our work might
be rendered as accurate as poflible ; I
think myfelf bound in duty to publifh
the following account of our obferva-
tion under your patronage.---Much

| A 2 might



DEDICATIOWN.

micrht be faid witk refpc& to your Ho-
nour’s fupcrlor abilities in mathematics
and natural philofophy ; but, without
ﬂ'\ttely, thefe are the leaft of your
acquircments, when compared Wlth
your profound ﬂ(ll in civil police, and

the wife gove nt of a people.
Your Honour very well knows, that
thefc obfervations of the Tranfit of
Venus give the folution to a problem,
that is not only curious in itfelf, but at
once opens to our view, and gives us
a deeper infight into the amazing
works of God.---From thefe obferva-
tions we expe& to difcover the diftance
of the Earth, the Planets and Comets,
from the Sun; and confequently their
magnitudes and quantity of matter will
be known, as alfo their proportion of
light and heat.---Thefe - thmgs being
once known, Aftronomers ‘in' future
will be able, from the like obferva-
tions, to difcover whether the Earth
and Planets approach the Sun, or re-
ccde‘



DEDICATION.

~¢ede from him ; and whether the Sun
be diminifhed by its conftant expence
of light and heat. From a knowledge
of all thefe things, methinks we fhall
have fuch a demonftration of the ex-
iftence of a G Q D, who made and
governs all thlngag\that even the re-
formed atheift muft tremble when he
refleéts on his paft condué.---I am

Your Honour’s moff obedient,

And moft humble Servan,

BENJAMIN WEST.,



VENUS upon the S U N.

H E TransiT oF VENUS OVER THE SUN’s
Disk, the third day of June, 1769, did
much engage the attention of the Aftro-
‘nomers in all the polite nations of Europe,
not barely becaufe it was a rare pha&nomenon, but
becaufe the nobleft problem in all the celeftial {cience
is thereby expected to be refelved ; to wit, that of
difcovering the Sun’s horizontal parallax.

Kepler*, when he had conftru¢ted his Rudolphine
tables (upon the obfervations of Tycho Brahe, a
Danifh nobleman) foon faw that the planets Venus
and Mercury, at their inferior conjunctions with the
Sun, would fometimes appear to pafs retrograde over
hisdifk. From his tables he prediced two tranfits of
Venus to happen, one in the year 1631, the other
in 1761, in a book he publithed in 1629, intituled,
““ Advice to Aftronomers.” Kepler did not live t6
the year 1631. In 1639 a tranfit of Venus happen-
ed, which, according to thofe tables, was to be in-
vifible, and that which he prediéted to happen i
1631 was looked for at Paris, by Gaffendus, but
none was to be feen.  All this was owing to the 1m-
perfection of Kepler’s numbers.

When

¢ « Kepler was a native of Wittemburgh, in Germany; he
flourifhed in the beginning of the fixteenth century; was Ma-
thematician and Allronomer to three Emperors; was the firlt
vho difcovered the elliptic orbits of the planets, and that the
fquares of their periodic times are as the cubes of their mean
diftances from the Sun, and ¢xplained the general phzucmena
of folar eclipfes.”
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. ‘When our Englifh Aftronomer, Mr. Jeremiah
Horrox, came upon the ftage, though a youth of
but 20 years of age, yet his ingenuity and ftrength
of reafon were {uch, that h= was able from his own
obfervations to point out the errors in Kepler’s ta-
bles, and immediately fet himfelf to work in mak-
ing fuch other obfervations as enabled him greatly
to correct Kepler’s numbers. By thefe numbers, thus
corrected, he predicted the before mentioned tranfie,
which hanpened the 24th of November, 1639.——
He expected the conjunétion would be at 3h. 57 m,
P. M. with 107 fouth latitude. He waited with
eager defire for the moment to fee his prediétion ve:
rified, and fo extraordinary a ph&nomenon as that
of Venus on the Sun. The day arrived, and agree-
able to His expectation he faw Venus wholly entered
upon the Sun at 3h. 15 m. P. M.—The place of
his obfervation was at Hool; about 15 miles to the
northward of Liverpool. Mr. William Crabtree,
of Manchefter (an Aftronomer, and particular friend
to Mr. Horrox) was alfo looking for the tranfit, and
firft faw it at 3h. 35 m; the Sun being in a cloud
was the reafon that he did not fee 1t fooner. By a
comparifon of their obfervations they were found to
coincide very well. ‘This ingenious friend to Aftro-
nomy (Mr. Horrox) died the third of January,
1040-1, at the age of 25 ykars.

He bas taken bis tow'’ring flight aleft,

To mingle with bis Stars.

It feems the grand difcovery which was to be made
from theie tranfits, was not intended for Mr. Hor-
rox, but was refcrved for fome future genius.  Ac-
cordingly we find a paper in the Philofophical Tranf-
allions, No. 348, wrote by the lcarned Doctor
' Halley,
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Halley®, our late Royal Aftronomer, upon this
matter ; wherein the Doctor thows, that by oblerva-
tions made of Venus on the Sun, the diftance of

the

® <« Dr. Halley was born the 29th of November, 1656, in
the. parith of St. Leonard, Shoredich. He had an uucc minon
fkill in plane and fpherical trigonometry, and all the various
parts of mathematics, before he was 17 years of age.—At 19
he publithed a geometrical method of finding the aphelia and
eccentricity of the planets ; the want of which liefore was an op-
probrium to Kepler’s hyporhefis.—He difcovered the time in
which the Sun revolves on its axis by its macule. He was au-
thor of the geometrical method of coni'rufling filar eclipfes, by
which the parallaétic method was fuperfeded. In the year 1676
(at 20 years of age) he was fent at the coft of the government
to St. Helena, in the South Seas, with letters of recominenda-
tion from King Charles the 2d to the Eaft-Indiz Company, to
make obfervations of the fixed ftars about the South Pole.—In
1678 he was made Matfter of Arts, and chofen a Fellow of the
Royal Society.—In 1684 from obfervation, he thought the
forces of the planets towards the fun decreafed as the {quares of
their diftances inverfely ; but not being able to demonttrate it,
he applied to Mr. NE W T ON, at Cambridge. who gave him
ample demonftration of the truth of what he {ufpeéted. About
this time he thewed a method of finding the elevatior. of mon-
tains, fteeples, &c. by the barometer.—In 1686 he explained
why the water in the Mediterranean Sea never rifes any higher,
although the current is continually fetting in at the Straights
mouth, befides a large fupply of water fgom nine large rivers,
and many {mall ores. The folution of this phznomenon gave
the fociety fo much fatisfa&tion, that he received their erders to
profecute the enquiries.—In 1699 he fet cut on a voyage in a
fhip, of which he had the command, in order to make obferva-
tions of the variation of the compafs; and after traverfing the
Atlantic Ocean into both hemifpheres, as far as the weather
would admit him to go, and having touched at many coafts ard
iflands, he arrived at England in September, 1700; and from
his obfervations he publifhed a general chart, fhewing at one
view the variation of the compafs in all thofe feas where the Eng-
lith navigators were acquainted.—In 1703 he was appointed
Savilian Profeflor of Geometry atB Oxford, 1n reom of Dr. Wal-
| Lisg
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the Sun from the earth may be found to the five
hundredth part of the whole. I fhall take the liber-
ty in this place to quote fome of the Doctor’s own
words (as we find them tranflated into Englifh in the
before mentioned tranfations) upon this fubject.
The Doétor, after a previous intreduction, faith,
¢ about 40 years ago, when I was at the ifland ot St.
¢ Helena, where I w. employed in obferving the
¢ fixed ftars which furround the South Pole, I had
“ an opportunity of obferving Mercury paffing over
¢« the Sun’s difk, which I did with the greateft dili-
“ gence, I obtained moft accurately, with an ex.
& cellent tube of 24 feet, the moment in which
| Mercury,

)

lis, deceafed, and had the degree of Do&or of Laws conferred
upon him uy that univerfity.—~In 1713 he was made Secretary to
the Royal Society, in room of Sir Hans Sloan.—In 1717 he
wrote the paper in which he thewed the method of inveltigating
the Sun’s parallax by the Tranfit of Venus over the Sun’s ditk.
~-Upon the death of Mr. Flamitead, in 1719,. Dr. Halley was
appointed to fucceed him by his Majeity King George the firtt.
~Queen Caroline honoured him with a vifit at the Royal Ob-
fervatory, and being pleafed with the polite reception fhe met
with, and corfidering he had formerly feivel the crown under
commiflion of Captain of the Navy, fhe obtained of his Maje-
fty for him a grant of his half-pay for that commiflion during
his life.—In ihe fhace of nine years (ha!f of one plenian period)
he obferved rhe ri it afcention of the Moon, as fhe pafled the
meridian, 1500 t.;aes, which was a greater number of obferva-
tions than i.ciz rade bv Flimfead, Tycho Brahe, and [leve.
lius, toce hee. VWhea the Lun-eror, Peter the Great, vifired
England, ujo citceerdi g vwitn Dr. Halley on Ship-Building,
the Arty ani Ocicrce , &c. he was fo well pleafed with the
Dolor, that ke w:u- i coe of his iutimate friends during his
flay in Enclardi—- i Lootor died the 1400 of January, 1741-2;
and fince his dearn, 10 17¢2, were publilizd his aitronomical ta-
bles, for computing the i ¢s of the Sua, Pleon, Planets, and
Cometss Thley were fupplicd with precepts by Mr. Gael Mo:-
ns,”
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* Mercury, entering the Sun’slimb, wasfeento touch
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1t within and, in like manner, the moment in
which, at going out, he touched the Sua’s limb,
making an angle of inward contact. Whence 1
was fure of the interval of time, in which the
whole body of Mercury appeared at that time
within the difk of the Sun, and that without the
error of one fecond of time. For the thread of
the folar light, intercepted between the obifcure
limb of the planet, and the bright limb of the
Sun, flender as it was, appeared to ftrike the eye,
and in ftriking the eye, the denticle made in the
limb of the Sun by the entrance of Mercury
vanifbed, as that made by his going out began
as 1t were in a moment. When this was known,
| was immediately aflured, that the Sun’s paral-
lax might be truly determined from this kind of
obfervations, if only Mercury being nearer the
earth fhould have a greater parallax from the
Sun. For this difference of parallaxes is {o very
fmall, that it is always lefs than that of the Sun
which. we enquire after. Wherefore Mercury,
though often to be feen within the Sun, will not
be thought very proper for this bufinefs.

« There remains therefore the Tranfit of Venus
over the Sun’s difk; her parallax being almoft
four times as big as that of the Sun’s, will make
eiy fenfible differences between the fpaces of time
in which Venus will be feen to pafs over the Sun,
in the different regions of our earth. Now from
thefe differences, if obferved after a due manner,
I fay the parallax of the Sun may be determined
within a fmall part of a fecond.” In fuch obferva-

tions, the Doctor faith,  nothing more is neceflary

B 2 than
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s than faithful obfervators, good tclcfcopcs, and
““ common clocks, regulated to the revolutions of
¢ the heavens, and that the times be reckoneq
“ from the total ingrefs of Venus within the Sun’s
“ difk, to the beginning of its egrefs from the
“ fame; that is, when firft the opaque globe of Ve-
“ nus begins to reach the lucid limh of the Sun;
¢ which moments, as I know by my own cxpcn-
¢ ence, may be obtained to a fecond of time.”

The Doctor then proceeds to mention the tranfit
of 1761, and to make fome curious calculations
thereon ; reprefents it as a fuitable opportunity for the
before mentioned obfervations ; and being tully con-
vinced of the certainty of this method of difcover-
ing the parallax of the Sun, {erioully recommend-
ed it to the Aftronomers that fhould be then hiving,
with all the power and elocution of an orator, not
to flip fo favourable an opportunity of promoting
the fcience of Altronomy; wifthing them all pofli-
ble fuccefs, and that the magnitudes of the celeftial
orbs being then determined within more exa& li-
mits, may reward them with perpetual fame and
glory. 7 | |

The Doctor’s credit was too great in the aftro-
nomic world, not to be taken proper notice of;
and as this learned piece of his was wrote many
years before the tranfic of 1761, and the Aftrono-
mers finge his day having had time to fully weigh
and confider the matter, found his reafoning too
cogent to let pafs, without due notice, what he had
fo earneftly urged ypon them.

In contequence of which we find, at the approach
of the tranfit of 1761, the Af’cronomcrs of almoft
every civilized nation in Europe, emuloufly enga-

ged
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ged in this affair, of fo much importance to fcience,
His late Majefty, King George the fecond, and the
French King, though in the midft of a vehement
war, yet (from a fenfe of the urility of thofe ob-
fervations) found time to confider of the matter,
and each contributed largely towards carrying fo
noble a deflign into execution; * neither was the
“ Emprefs of Ruffia inactive on this fingular occa-
 fion.”

In England, it was obferved at Greenwich by the
Rev. Dr. Blifs, the then Royal Aftronomer; at Sa-
vile-Houfe, in London, by the late Mr. Short, in
prefence of their Royal Highnefles the Duke of
York, Prince William, and Prince Henry. Mecf-
fieurs Ellicott and Dollond obferved it at Hacney;
and Mr. Canton at Spital-Square, London. It
was likewife obferved at Lefkeard, in Cornwall, by
the Rev. Mr. Richard Haydon. Abroad it was ob-
ferved at Paris, in France, by Mr. De la Lande;
and by Mr. Ferner, at Conflans. It was obferved
at Torneo, in Lapland, almoft under the arctic
circle, by Mr. Hellant; and this was the fartheft
north that obfervation was made. At Stockholm,
thq capital of Sweden, it was obferved by Mr. War-
gentin; and at Harnofend, in Sweden, by Mr. Gi-
fter. In Afia obfcrvation was made at Tobollk,
the capital of Siberia, by Mr. Chapp, a French
Aftronomer, fent thither at the requelt of the Aca-
demy of Sciences at Peterfburgh, and under the
protection of the Czarina. At Madrafs, or Fort
St. George, in the Faft-Indies, it was obferved
by the Rev. Mr. Hirft, under direftion of the
Eaft-India Company of London. Obfervation was
alfo made at Calcutta, near the mouth of the

Ganges,
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Ganges, by Mr. William Magee; this was the far-
theft eaft. It was obferved at the Cape of Good
Hope, by Mr. Mafon; and would have been ob-
ferved at St. Helena (had not the intervention of
clouds prevented) by Aftronomers fent to thofe pla-
ces, at the expence of his Majefty King George the
fecond. It was obferved nowhere farther {fouth
than at the Cape of Good-Hope. In America, it
was only obferved at St. John’s, in Newfoundland,
by Joun WintHrOP, Efg; F.R.S. at the expence
of the Maflachufetts colony; and this was the far-
theft weft.

Thefe, and many more obfervations, to the num-
ber of forty odd, being colleted, were fubmitted
to Mr. Short, F. R. S. who duly examined them,
and with incredible affiduity and labour {folved the
difficult problem; and found the Sun’s parallax,
on the day of the tranfit, to be 87,55; the Sun
being then nearly at his greateft diftance from the
earth. The parallax being always in a reciprocal
proportion to the diftance of the Sun, it follows®
from thence that the parallax, when the Sun s at a
mean diftance, 1s 87,68 +.

By

+ The horizontal parallax of the Sun being known, the
diftance of the Sun from the earth is found by the followiag pro-
portion.

As tang, of 8,68 5,6241119
isto 1, o
fo is radius tang. 45° 10,0000000

to 21~63 femidiameters of the
earth. 4.3758881
From the lateft meafurements, a mean femidiameter of the

carth is found to be 3957 miles. Then 23763 X 3957=94030191
wiles the diftance of the Sun.
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By this obfervation of Venus pafling over the
Sun, a certain principle in Aftronomy was fettled,
which Dr. Halley, from certain obfervations, fuf-
peéted did obtain in the planetary fyftem, which
1s, that the nodes in the primary planets have a flow
motion in antecedentia, or contrary to the order of
the figns. From whence Aftronomers were afcer-
tained that Venus would again tranfic the Sun’s ditk
the third day of June, 1769. I fay afcertained,
becaufe, according to the old hypothefis of the im-
mobility of the nodes, it was doubtful; and by
Dr. Halley’s calculations* upon that hypothefis,
the center of Venus, as fhe paifed by the Sun,
would appear to be in contaét with its north himb.
The Dodtor faid, if at the tranfit in 1761 the nodes
fhould be found to go backwards, then it might be
expected, that at the tranfit in 1769, the body of
Venus would appear wholly within the orb of the
Sun; and would afford a much better opportunity
for inveftigating the Sun’s parallax.—What difh-
culties in fcience are too great to be furmounted,
when purfued by men of intereft and wnderftand-
ing !

gAnd now that nothing might be wanting to ren-
der the obfervations of this tranfit as perfet as pof-
fible, we hear that ample preparations were feafon-
ably made, and fkilful Mathematicians difperfed into
thofe diftant regions of the earth, to make obferya-
tion, where the tranfit was attended with the moit
favourable circumftances. So that whatever was
wanting to render the obfervations in 1761 com-
pleat, was now to be fully fupplied. We are in-

formed

® Philo, Tranf. page 436, Lowthrop’s Abridgment,
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formed that feveral obfervators were fent into the
South Seas, by the Royal Society in London, in
order to get an obfervation where the whole duration
of the tranfit was fhorteft ; and that the Emprefs of
Ruffia fent feveral companies into thofe parts of her
empire, where the vifible duration was of the great-
eft length. The King of France did likewife fend
obfervers into foreign parts; but as yet we know
not to what particular places.

It remains now to give an account of the prepa-
rations that were made n PROVIDENCE, for
the obfervation of this tranfit. In doing of which
I thall be as particular as poffible, that the reader
may the better judge of the merit of our work.

When it became more generally known that
. there would be a Traniit of Venusin 1769, and the
advantages which were like to accrue to Aftronomy,
and confequently to Navigation and Chronology,
from proper oblervations of it, Mr. JOSE P H
BROWN#*, a very refpeétable merchant of Pro-

vidence,

* Mr. Brown isa gentleman of a folid, altive genius, ftrong-
ly turned to the fludy of mechanics and natural philofophy,
which has induced him to conftruét and furnith himfelf with as
curious and compleat an apparatus for eleftrical experiments,
as any perhans in America; and of which he well knows the
ufe,—Readirg Mr. Winthrop’s account of the tranfit in 1761,
was what firlt occafioned him to fend for a telefcope, fitted in the
manner Mr. Winthrop there defcribes; afterwards, takir g no-
tice of the application of the American Philcfophical S ciety
to the Affembly of Pennfylvania, for an apparatus for cbferving
the Tranfit of Venus, he fourd the orders he had fent were in-
compleat: Il then advifed with the author, as mentioned, and
thereupon ordered a micrometer to be added.—Mr. Brown’s ex-
pence, in this laudable undertaking, was little lefs than One
Hundred Pounds flerling, befides near a month’s time of him-
felf and fervants, in making the neceflary previous experiments

and preparations.
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vidence, being very defirous, if poffible, to obtain
an obfervation of it, was pleafed to advife with me,
concerning an apparatus fuitable for fuch an ob-
fervation, and to know if we fhould be able to
obferve the tranfit with the neceflary - precifton for
anfwering the important defign ? |

~ As the propofal was new, and unexpe&ed, my an-
fwer was not direct ; as it required fome time to confi-
der of it. Atlength I gave him my opinion concern-
ing an apparatus proper for fuch an occafion; and
that I thought we could obferve the tranfit with that
accuracy as would render it worthy of notice, provi-
ded we could have fuch an apparatus as was de-
fcribed. My anfwer gave him fo much fatisfaétion
in the mdtter, that he immediately fent his orders
to his correfpondent in London, to procure the in-
ftruments ; his orders were accordingly executed
with fidelity and difpatch; they arrived in Providenge
dbout one month before the tranfit,—Opr apparatus
was made by Meflieurs WaTtkins and SMiTH, Lon-
don ; it confifted of a three feet refletting telefcope,
with horizontal and vertical wires for taking dif-
ferences of altitudes and azimuths, adjufted with
fpirit-levels at right angles, and a divided arch for
taking altitudes; a curious heliofcope, together
with a micrometer of a new and elecant conftruction,
with rack motions, and fitted to tﬁc telefcope.
Such a noble difpofition in Mr. Broww for promo-
ting ufeful knowledge, certainly merits the applaufe
of the public; and, in juftice to him, I mult ac-
knowledge, our work could not have been done
with equal accuracy, had it not been for his {kill and
contrivance therein.—Befides the before mentioned
inftruments, we had a fextant belonging to the go-

C vernment,
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vérnment, made in Newport, by Mr. Benjamiy
King, under the direction of Josers Harrison, Efg;
riow Colle&or of hisMajefty’s Cuftoms for the port of
Bofton ; its limb was divided to five miles, and by a
vernier index to five feconds *.—We had two good
«locks, one of which was made in Providence, by
Mr. EpwaRD SPALDING.

We had nothing to learn refpeting the appara-
tus, excepting our new catadioptric micrometer,
which, I have lately learned, 1s of Dorronp’s con-
ftruction ; not having any author by us, from which
we could get the ufe of that curious inftrument, we
were obliged to have recourfe to experiments.——-
When the micrometer was fixed upon the tclcfcopc,
it was found by trial, that objects could not be feen
with the fame foca] diftance as when it was off, but
were obliged to fcrew up the fmall {peculum nearer
to the eye; for which there is an optlcal reafon.—
From whence it was concluded, that obje¢ts thould
always be obferved in the moft diftindt point of
view, the fame with the micrometer on as when it
was off. The next thing to be done was to find
the apparent diameter of an object (or the angle
. fubtended at the eye by two objects) by this inftru-
ment. In order to this, we ftretched a cord, as
ftraight as poffible, one thoufand feet in lenorth
which was meatured feveral times over, in order to

avoid

* And here we muﬁ rot Forget the Honourable Asraman
Rrowoon, Efg; of Newpost, who, in order that Newpert and
Providence might beth be fuppiied with a fextant, for this fin-
gular occafion, ordered one made at his own coft, for the ufe of
the Rev. Dr. Stires.——"1 am fenfible Mr, Redwoad,” for fo
public fpirited an ation, will receive the thanks of cvery weli-
wifher to feiences
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avoid miftake. At the end of the cord was {et twp
circular objeéts, made of white paper, in a line
perpendicular to the cord, and exaétly ten feet
apart; ftanding at the other end of the cord, and
by opening the micrometer, we could bring the
two images into an exact coipcidcncc, or could
make one of the images appear like two, and by
bringing their limbs into conta®, the diftance of
their centers was fhewn on the fcale, to the five
hundredth part of an inch. Now from the rules
of trigonometry, the angular diftaifce of the two
objedts was 34’ 227,58 ; from thence it was known,
how many inches and parts of an inch were anfwer-
able to that angle. Thefe experiments were repeat-
ed every fair day (for no other was fuitable for thefe
obfervations) till we could many times going find
the didmeter of a body te .a fecond of a degree.—
From thefe obfervations we were enabicd to make
a table for the micrometer, as far as the fcale ex-
tended.—Thefe experiments were carried yet far-
ther, for, by looking at two bodies whofe diftance
from each other was known, we could tell their di-
ftance from the place of obfervation, to a critical
exaltnefs; and this was proved by accurate men-
furation. Thefe were certainly very diverting ex-
periments to an inquifitive mind! The gentle-
men who affilted us through thefe experiments, and
lkewile 10 the reft of our work, were the Honour-
able Stipnen Horkins, Efq; Mr. Moses Brown,
Dr. Javes Bowen, A, M. Joscrn Nasu, Kig; and
Caprt. Join Burroucn. ’

‘I'he regulation of our clocks, being of the ut-
moft confequence in this affair, was what next com-

suanded our attention.  In this part of the work,
C o2 we
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we endeavoured to arrive at as great a degree of
certainty as the nature of the cafe would admit.—
Several workmen, who were equal to the under-
taking, were employed in laying a platform, of
feafoned pine plank, as fmooth and level as art
could' make it: This was fecured from rain, or
~other moifture, that it might not warp when ex-
pofed to the Sun. We examined this platform
three times a day (when the weather would admit of
it) with a very long level, made for that purpofe,
in order to keep its poﬁtlon from altering.  On the
fouth fide of the platform, and exactly perpendi-
¢ular to it, we ereted a ftile ten feet high; this was
likewife examined three times a day. We next per-
forated a piecé of board, into which was fixed the
glafs of a {cioptic ‘ball, fo that the center” of the
glafs was exactly in the center of the perforation ;
this board was fo cut, and let in at the top of the
ftile, that it turned upun an axis, in fuch a manner,
that the center of the glafs did not alter its poﬁtlon
‘The Sun’s rays were tranfmitted through the lens
upon the platform, where they were formed into a
bright fpot, and very diftin¢tly defined.” "From the
center of the lens was let fall a perpendicular upon
the platform; from that point, as a center, was
drawn a great number of concentric crcles, for
taking correfpondent fhades, in order to trace a me-
ridian line; and, as our withes would have it, the
weather proved favourable for this work. When
the line was drawn*, I found, from calculation, 1t
reclined

® The magnetie needle, being placed on this exaét meridian

lire, was found to differ from it 6° ! wellward.—"1 hat our ob:-
fervations might be as ufeful as poflible, notice was given be-
fmhand to the people (whufe curiofity was excited by the pre-

para'wn‘)
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reclined 37 in time, ecaft of the true meridian; this
error arofe from the increafe of the Sun’s declina-
tion, between the times of forenoon and afternoon
fhades ; this {mall equation of 3¢ was allowed for in
regulating the clocks.

" As we were willing to have every corroborating
circumitance to prove our work, we made ufe of
another method, which feems to be moft approved
of by all the celebrated Aftronomers in Europe and
America; this was the method of correfponding al-
titudes of the Sun, forenoon and afternoon. The
fextant and refletor were both employed in this bu-
finefs for feveral days preceding the tranfit (and the
day following) in order to afcertain the going of
the clocks. In the laft method (as in that of corref-
ponding fhades) the equation of time, anfwerable
to the increafe of declination, ought by no means
to be neglected. Through the whole procefs we
conduéted with the utmoft caution, that no errors
might efcape our notice. We found, upon the
whole, a furprizing agreement in thefe two methods
of regulating clocks; they were feldom found to
differ a fingle fecond.—In fhort, as truth was the
point we aimed at, nothing was omitted by which
it might be obtained.

Being in this readinefs, the merning of the third
of June was ufhered in with that ferenity the bu-
finefs of the day required; all was calm, and not
a cloud to be feen. The gentlemen concerned in
the bufinefs convened very early at the place of

obfervation,

parations) that on the day before the tranfit, when the Sun came
on the meridian, a cannon would be fired, which being done,

mao't of t.hc inhahitants marked meridian lines in their windows,
or on their floors.
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obfervation, to fee that every thing was in order;
and at the fight of fuch a morning, the gladnefs of
their hearts was vifibly expreffed, by a pleafant af-
pect upon their countenance.

At noon we examined the going of the clocks,
as the Sun paflfed the meridian, and found them
very regular. | ,

We began to look for the firft contaét of Venus
with the Sun, at leaft 15 minutes before the time
given by calculation, to get as early a fight of it as
poffible.—~Venus was firft perceived by making a
&nt upon the {fuperior limb of the Sun at 2h. 2gm.
431ec. P. M. apparent time. But, as it is likely
the exterior contaéts will be given djferent, by dif-
ferent obfervators, they can be of but Jittle confe-
quence in this affair—The gredteflt attention was
given to the interior contact; this was at 2h, 46m.
35fec. apparent time *. From a mean ot a number
of good obfervations, the apparent diameter of the
Sun was 31”7 407,60, and that ot Venus 587,66
though I could not make it myfelf more than 534,

which

* At the moment of interior conta®t, the Sun’s altitude was
taken, with the fextant, by Mr. Mosgs Brown, and by the
ftile by Capt. Joun Burrouch; and both gave the time with
the clocks within two feconds.—T'he total ingrefs was not {o in-
flantaneous as [ did expet it weuld be, but the bright culps of
the Sun, as they incompafled Venus, were much more ebtufe,
and there feemcd to be a faint juntion of their limbs for at Jeatt
4’; the moment this penumbral ligament broke, I proelaimed
the time; at firlt 1 fufpefled the telefcope was not adjiited to a
proper focus ; but afterwards, by looking at the {olar {pots, &c.
¥ was convinced of the contrary. During the time we faw Ve-
aus upon the Sun, fhe appeared to be furrounded by a ring of
s vellowith countenapce; 1ts width was abeut one tenth of the
diameter of Venus, We faw nothing that might be taken fo:
fatedlite.
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which was the fame we found it about a fortnight
before the tranfit. The proportion of their dia-
maeters was nearly as 1 to 33. The neareft approach
of their centers, at the middle of the tranfit, was
taken with the micrometer, and found to be 10’ 5%.

The following T Y P E will give the reader fome
idea of the appearan?c of Venus, at her feveral
ftages on the Sun. |
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In the figure, the circle Z E N C is the difk of
the Sun, and S its center; the obfcure lineZ S N
a vertical pafling through the Sun’s center; ESC
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the ecliptic in its pofition at the middle of the tran-
fit; AaMX the orb of Venus; A is Venus at
her firft contalt; a the interior contat; M the
middle of the tranfit; and X her place at funfetting.

The proportion of the diftances of the Sun and
Venus from the earth, at that time, was as 3,5143
to 1; then (allowing the Sun’s parallax to be the
fame it was found the 6th of June, 1761) the pd-
rallax of Venus was 307,04 ; the difference of their
parallaxes 21%,49.  The angle between the vifible
way of Venus and the ecliptic, 8° 34’ 177; and the
angle made by the axis of the ecliptic and equator,
7° 3" 74 5 their fum, 15° 37 247, was the angle be-
tween the axis of the wvifible way of Venus, and
the earth’s axis. The tranfit liné, from total in-
grefs to the middle of the tranfit (meafured in time
by the vifible motion of Venus) was 2h. 55’ 367,
but Venus.was more accelerated in her orbit (by pa-
rallax in longitude) at the middle of the tranfit,
than at total ingrefs 5 this difference of acceleration
was 1’ 337 ; therefore from the total ingrefs to the
middle of the tranfit was 2h. 54" 37.

Thence I conclude, that tlte

h. ' ¢

* Firlt contalt was at 2 28 ©
Interior contact 2 46 3 5} app. tiine,

Middle of the tranfit 5 40 38

Venus’s parallax in longitude, at the middle of
the tranfit, was 187,7; this was pafled over by Ve-
nus’s vifible motion in 4’ 44”; fo that the middle

of

* When T calculated this tranfit, I fuppofed the longitude of
our place to be much lefs than we have fince found it by obferva-
tion —By correéting that error, the error in calculation will ap-
pear to be inconfiderable,
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of the tranfit, as feen from the center of the earth,
was at 5h. 43’ 87 mean time. - The true conjunction
was 23’ 21/ before the middle of the tranfit, as
feen from the earth’s center; confequently the uue
conjunction was at 5h. 19’ 457, mean time. At which
time, the place of the Sun and planet was m 13°
27' 3% ; and the geocentric latitude of Venus 10’
19,8 north. But her heliocentric latitude was 4’
67,51 ; and by the rules of fpherical trigonometry,
the afcending node of Venus was 1° g’ 23%,5 1n
confequence of the Sun, or in m 14° 36’ 267, 5.

From the foregoing calculation it appears, that
the mean motion ot Venus is 377 forward of what
it ftands in Dr. HALLEY’s tables, and her aflcending
hode 2’ 417. | | ‘
. It is probable Dr. HarLev’s folar numbers need
fome correction likewile; the fullowing may not
be far from truth, viz. add to Dr. t{annL:v’s mean
motion of the Sun, for any ycar of the Chrifhan
era, 257, and to the apogee 6’ 187 for each cen-
tury after 1700 add 147,646 tn the mean motion,
and to the apogee 3’ 537 ; then by making ufe of
the Parifian * equatinn of the Sun’s center, his place
may be had within 2 fmall matter of truth.

By taking the mean of a number of obfervations,
the latitude of our obfervatory was found to be 41°

50’ 417 north§. The longitude was obrained by
: obferving

® Accerding to the Parifian hypothefis, the eccentricity of the
earth’s orb is 1680 parts, of which the mean diflance of the
earth from the Sun is 100,000.

1 The latitude of the place being of great confequence, and
the fextant and flile not giving it exadtly alike, the perfeve-
ring Mr. Brown contrived to make ufe of the micromerer as a
lens, which he placed on his houfe, twenty-feven feet high, und
exaltly perpendicular to a center on a horizontal platform below,
on which was drawn a meridian line; the San’s image on this

platturm
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cbferving thc emerfions of Jupiter’s fatellites, com-
pared with the correfponding obfervations made at
Cambridge, 1n New-Lngland, by Mr. WinTHroP,
which he was fo kind as to favour us with; and for
which we return him our {incere thanks.—Provi-
dence was found to be 16’ in longitude weft trom
Cambridge ; Mr. WiyTharop has hitherto found the
longitude of Cambridge to be 71° o’ weft from
the Royal Obfervatory at Grecnwmh fo that the
longitude of Providence is about 71° 16’ from the
Royal Obfervatory, - R

It is to be hoped the Commiffioners, fent abroad
to obferve that interefting phznomenon, were fa-
voured with a fuitable air for that purpofe, as there
will not be another opportunity, for making the like
obfervations of Venus, for more than a ceutury to
come. The next tranfit of Venus will be in the
month of December, in the year 1874, at the af-
cending node ; and that will be fucceeded by ano-
ther, ar the fame node, in 8 years after it; then
there will pafs 122 years without a tranfit, which
will bring it to the year 2004, in the month of June.

I thall now give the reader a fhort account of the
parallax herein mentioned, and how the planets are
affected thereby.

The norizontal parallax of the Sun is that angle
at the Sui’s center, which 1s included between twg
Jines fuppofed to be drawn, one from the Sun’s cen-
ter to the center of the earth, the other from the

Sun’s

platform was feen to move very fenfibly.—By this the lamude
was finally determined, T'lie Sun’s meridiar aititude, being takenm
fur {everal days by this long flile, ‘the latitudes thence found did.
not difier from each other more than 15 feconds.—At the time
this was done, we had feen no account that a'plafs had been made
vfe of, as here defcribed ; but fince this went to the prefs, we
]t‘arn from Dr. Lone’s aﬂronomy, that he found the latitude of
nxbndgc, in England, by the fame meikied.
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Sun’s eenter to the furface of the earth. Or, in
other words, it is the angle, under which the femi-
diameter of the earth would appear to an eye, at
the center of the Sun.—The way that parallax af-
feéts the Sun and Planets is, it makes them appear
below their true places in the heavens, except they
be in the zenith of the obferver; in that cale, pa-
rallax has no effet at all; and the reafon 1s, becaufe
the obferver is in that right line which joins the cen-
ters of the carth and planet. Parallax may affect
the planets places feveral ways; as if the obferver
fhould view the planet upon a vertical, cutting the
ecliptic at right angles; 1in this cafe, parallax\ will
affect its place in refpect to latitude only ; but if the
obferver be fituated in the plane of the ecliptic, it
will then alter its place, in refpet to longitude on-
ly; and if the planct be viewed 1n an cblique po-
fition, with refpe to the ecliptic, parallax will
affect its plage both in longitude and latitude.
The horizontal parallaxes of the planets are to each
other tn a reciprocal proportion to their diftances;
that is, the planets which are neareft have the great-
eft parallax, and thofe waich are moft remote, the
leaft.—Thence it follows, if two planets are view-
ed together, that which is neareft will appear juft fo
much below the other, as what the difference of
their parallaxes is.—The nearer a planet is to the
horizon of the obferver, the greater is its parallax,
and in the horizon it is the greateit poflible; and is
then called the horizontal parallax.

Hence comes the method of inveftigating the
Sun’s parallax, from obfervations of Venus on his
difk. At the time of the tranfit, the third day of
June, Venus was much nearer to the earth than the

Jun was, and, of confequence, was much more af-
| fected
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K
fected by parallax.—This effet was produced in a

two-fold manner, in refpeét to us in the northern
regions of our earth.—Firft, Venus was deprefifed
upon the Sun, by parallax in longitude, bringing
her toa CODJUD&IOD with the Sun fooner to our point
of view, than to a f{peftator at the center or the
arth; in the fecond place, fhe was carried nearer
to the center of the Sun, by parallax in latitude,
thereby lengthening the tranfit-line; both which
effects confpired to accelerate the time of firft interior
contatt. Now t0 an obicrver in Great-Britain, pa-
rallax had a ftill greater effet, by what i1s faid be-
fore :—That is, fome minutes paffed atter the con-
tact was formed to the obferver there, before it was
feen by us.—Now the difference of longitude, be-
tween the two places of obfervation, being accuragg-
ly known, the effect of parallax, between the two
,places, 1s likewlle known' for rhe difter~nce of lon-
gitude, by thefe uliiervations, wi' | ¢ confidersbly
lefs than the ggye dit-rence.

The method of calculating the Sun’s parallax,
frona thefe obfervations, is by trial ; the parallax will
be fuppoied of that quantity, which the obfervations
found 1t in 17615 hence the wotal effect of parallax,
at cach place of obfervation, muft be computed ; and
if it fhould be the fame as given by cbfervation, ir will
prove the affumpuien to be juft; but if, by obferva-
tion, it fhould be greater or lefs than by calculation,
the Sun’s parallax will turn out to be greater or lels
in the fame proportion.—W hen the Sun’s parallax is
known, the diftance of the earth, and of all the pla-
nets, from the Sun, will be known likewife,

FINTIS
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