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LV. A Difcourfe on the Parallax of  the
Sun. By the Rev. ThomasHorniby, M. 4.
Savilian Profeffor of Aftronomy in the Uni-
verfity of Oxford, and F.R.S.

Read Dec. 23, HE quantity of the Sun’s parallax

1763. l - is of fuch importance both to the
theory and practical part of aftronomy, that every
method of determining it hath been employed by the
aftronomers of every age. Mr. Flamfteed informs
us, inthe g2d and g6th numbers of the Philofophi-
cal TranfaGions, that from fome obfervations -made
upon the planet Mars, he had found the Sun’s paral-

lax not to exceed 10 feconds ; and Dr. Halley, in a

memoir written exprefsly with a view to afcertain the
exalt quantity of it, fuppofes it not to be greater than
12”7 1.

When we confider the imperfet ftate of aftrono-
my at the time when Mr. Horrox lived, we cannot
fufficiently admire the wonderful genius of that youn
gentleman, who at the age of 24 could colle¢t from
his own obfervations, that the parallax of the Sun
did not exceed 14 feconds; while many celebrated
aftronomers, whofe tables were then in the greateft
repute, had affigned a parallax of more than two
minutes to the Sun, which Kepler had fuppofed could
not be lefs than 59 feconds, and which Hevelius, who
publithed the admirable treatife of Mr. Horrox, in-
titled, Venus in Sole vifa, fixed at 41 feconds.
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In the year 1719, Dr. Pound and his nephew,
that illuftrious aftronomer, Mr. Bradley, did, when
Mars was in oppofition to the Sun, demontftrate (to
ufe the words of Dr, Halley, Phil. Tranf. N°. 366,
p- 114.) the extreme minutenefs of the Sun’s paral-
lax, and that it was not more than 12", nor lefs than -
9’’/, upon many repeated trials. At the fame time and
by the fame kind of obfervations Mr. Maraldi deter-
mined this parallax to be 10, the refult of his ob-
fervations agreeing exactly with thofe deduced from
the correfpondent obfervations by Mr. Richer at Cay-
enne and by Mr. Caffini at Paris in the year 1672.
- The voyage which the Abb¢ dela Caille undertook,
to perfect a catalogue of fome of the principal fixt
ftars, furnithed the aftronomers with the means of
determining the Sun’s parallax by correfponding alti-
tudes of the planets Mars and Venus, to be obferved
on each fide of the equator, with all the accuracy of
which that method is capable The aftronomers
here in Europe were invited to determine the diftances
of the planets from particular ftars on ftated days,
while the Abbé himfelf propofed to make the corref-
ponding obfervations on the fouthernmoft part of
Africa at the Cape of Good Hope. By the differences
of the altitudes of the northern limb of Mars and
of fuch ftars as were nearly in the fame parallel ob-
ferved on the fame day at the Cape with a fextant of
6 f. radius; at Greenwich by Dr. Bradley with 2
mural quadrant of 8 f.; at Bologna in Iraly by M.
Zanotti with a fimilar inftrument of sf.; at the Royal
Obfervatory at Paris by Meffieurs Caffini de Thury
and Gentil with a moveable quadrant of 6 f.; and in
Sweden by Meflieurs Wargentin, Stronmeér X and

‘ chem-~
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Schemmark, with telefcopes of 7 and 8f. armed with.
micrometers, it was found, when every reduction is
made, that, according to each obfervation, the dates
of which are given below, the horizontal parallax of
the Sun, when at its mean diftance from the earth,
was as is reprefented in the following table.

Greenwich, Bologna. Paris. . Stockholm. |  Upfal. Hernofand.
1751' /4 I751' H I751:‘ i . I75" " '75" " 1751' "

Aug. - - 30| 9, 6771Aug. 31| 9,7535epts 13} g, 134|Sept. 1jr0, 466(Sept. 9, 438]Sept. 25] 9, 933
Septs - - 13 9, 324 |Sept. 1) 9,895~ x4f 9,715] 25|10, 504} H-24l12,255)  27)10, 618

14} 9,096 13} 9,971 2411, 912]O&,}-3112, 864 25| 9,715
Oo&. - - 3}10, 161 1410,2380&, 8 9,895 510, 0850&. 6} 9, 134/

4{10, 504 [O& =7 13, 073 6] 9,735

71 9518 )

+ 9}10, 961

Mean of all 891 10, 186 10, 164 10,7 10, 1 10, 3
Mean rej o} 3: 722 9:96 9.' 581 xo: zgz 9 4.22‘ »375

By taking a mean of all the obfervations, it follows
that the Sun’s mean horizontal parallax is 10”7, 2;
and if we reject the obfervations which differ moft in
excefs from the reft, the mean will give 9,842 for
the Sun’s mean horizontal parallax. o

Befides thefe 27 determinations, the Abbe de la
Caille compared 41 obfervations, the mean of which
is given in the following table.

N°o
Obff] Obfervations. Infiruments, ' Places. |© Par.

7| The late 1. Caflini and M. Maraldi Quadrant 2 f, rad. [Thury s, 982

6 [Mr. Delifle — at the Hotel de Clugny  IMur, circle 2 f, aris +  J11.532
3 |Father Beraud efr, tel. 7 f. Lyons , 020
6 M, M. Garipuy and d"Arquier Ditto, ‘auloufe 5 944
12 JM, Sabatelli and Father Carcani Quad. 4f. diag, div. Naples 9: 933
7 M., Bofe Tel, of 6 and 8 f, [Wittembergi1o 999
Mean of all obferv, according to A. Caille : 10,210
Mean of Refults (rejefting the 2d) ' 9 575

Vou. LI Ppp Few
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Few obfervations of Venus near the inferior con-
junction with the Sunon O¢&. 31. 1751 were made,
on account of the unfavourable weather here in Eu-
rope. By an obfervation made at Greenwich on O¢t.
25, the mean horizontal parallax was 97,8 but
according to the obfervation made at Paris on the fame
day at the Royal Obfervatory, that parallax was
11",4. On O&. 27, by an obfervation made at
Paris, the ©’s mean horizontal parallax was ¢9’,85;
but by an obfervation at Bologna on the fame day it
was found to be 10,4 ——— By the obfervation at
Paris on Nov. 17, the Sun’s mean parallax was 10", 5.
By a mean of all the obfervations of Venus, the
Sun’s mean parallax is 10”,38; and if we rejedt
the Paris obfervation on O&. 235, that parallax is
10”,13%, -

We fee then that,according to thefe obfervations, the
Sun’s mean horizontal parallax is not lefs than 8", 94.
If we take a mean of the whole, that quantity is
10,09: But if we rejet the obfervations that differ
moft in excefs, the Sun’s mean horizontal parallax will
be found to be 9”/,92 a determination in which every
aftronomer might readily acquiefce, when he con-
fiders the accuracy of the obfervers and the nice
agreementof almoft all the obfervations.

And fuch was the ftateof the Sun’s parallax as de-
duced from the lateft and beft obfervations, when
the approaching tranfit of Venusin 1761 engaged
the attention of the curious of all nations. Dr. Hal-
ley, in Philofopbical Tranfactions, N°..348, had pro-
pofed a method of determining the Sun’s parallax

® See the Abbe de la Caille’s Introdu&ion to his Ephemerides
Celeftes from 1765 to 1774,

by
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by procuring obfervations to be made upon this tran{-
it in fuch places where the difference of time between
the ingrefs and egrefs would be the greateft poflible;
namely near the mouth of the Ganges, where the Sun
would be vertical at the middle of the tranfit, and
at Port-Nelfon in Hudfon’s-Bay, where the planet
would enter upon the Sun’s difk about the time of Sun-
fet, and leave it foon after Sun-rifing; for in the former
place, fays Dr. Halley, the planet would be equally
diftant from noon both at ingrefs and egrefs, and the
apparent motion of Venus upon the Sun would be ac-
celerated by almoft double the quantityof the horizon-
tal parallax of Venus from the Sun: becaufe Venus is
at that time retrograde, and moves in a direion con-
trary to that of the eyeof an obferver upon the earth’s
furface. Whereas in Hudfon’s-Bay, under an oppofite
meridian, the eye of an obferver will be carried, while
the Sun feems to move under the pole from fetting to
rifing, in a direCtion contrary to the motion of the ob-
ferver’s eye atthe Ganges; thatis, in the direGtion of
the planet’s retrograde motion from eaft to weft.—From
thefe confiderations, and fuppofing with Dr. Halley the
axis of the planet’s path to be inclined to the axis of the
equator in an angle of 2°.18 only, the interval between
the two contacts would have been 15’. 10" longer in
Hudfon’s Bay than at the mouth of the Ganges.

But upon examination the cafeis found to be fome-
what ditferent. The axis of the equator on the 6th
of June 1761 made an angle of 6° 10’ with the axis
of the ecliptic on one fide, and the axis of the planet’s
path an angle of 8°30%.10" on the other; the
axis of the planet’s path therefore made an angle with
the equator of 14°. 40’. 10/ .— The planet’s latitude
was 5 5 minutes greater both from obfervation and

Ppp 2 ~ the
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the DoCtor’sown tables, than hehad fuppofed in hiscal-
culation made from the Rodolphine tables corrected :
and therefore the planet’s egrefs could not have been
obferved at Port Nelfon. Having made a computa-
tion for a place in North America fituated 5" 30’ to
the weft of Greenwich, and in the 6oth degree of
latitude ; -and alfo for a place to the eaft of Ganges,
and 6%, 30" to the eaft of Greenwich in the latitude
of 22° 42’ north, that the places might be nearly
fituated in the fame circumftances with the mouth of
the Ganges and Port Nelfon, I find that the interval
between the two contacts would be but 4’. 56”
longer in America than in the Eaft Indies, fuppofing
the Sun’s parallax 12”.5, and the inclination of
Venus’s path 14°. 40’ to the equator.

And here perhaps it may not be altogether unnecef-
fary to enquire how far the miftake which Dr. Hal-
ley committed, by ufing the difference of the twoan-
gles inftead of their fum, would influence the times
of the tranfit as feen at Ganges and Port Nelfon.
For this purpofe I made ufe of the fame elements
which Dr. Halley has given in his paper, and calcu-
lated the angle of the vertical with the orbit of Venus
at the two internal conta@s at both. places, {fuppofing
the orbit to be inclined firft only 2°. 18’ to the equa-
tor, agreably to Dr. Halley’s fuppofition, and alfo.
14°. 40’. and I found that the duration would be
15", 13" longer at Hudfon’s-Bay than at the Ganges
upon the firft fuppofition ; and 14’. 44", if the circles
be duly inclined to each other ; the difference being
only 29 feconds. It has already been found by cal-
culation, fuppofing the latitude of Venus to be about
9 X minutes, that the difference of duration at the

two places would have been only 4. 56”7, It may
' fairly
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fairly therefore be concluded that the tranfpofition of
the circles contributed very little towards giving fo
different a refult, the reafon of which need not here
be mentioned; and Dr. Halley feems to have been
led into the miftake entirely from fuppofing the lati-
tudeof Venus to be about 4’. 0" according to the
tables, which he then ufed, conftruéted upon the
principle that the nodes of that planet were fixed,—
Having determined that the difference of duration
at the two places above mentioned would be 15”. 10”
(differing only 3/ from the method I ufed which is
independent of projection) the Dofor proceeds to
fhew, that if Venus had no latitude at the time of
the middle of the tranfit, the difference would be
197,40 ; and if the planet thould pafs 4’.0” to the
north of the Sun’s center, that difference would be
21’. 40", and would become ftill greater, if the
planet’s north latitude fhould be farther increafed.
And fuch would have been the event, had the mo-
tion of the nodes been progreflive. But, agreably to
the principles of univerfal attraction, their motion is
really retrograde, and this Dr. Halley fays he himfelf
fulpeGed, ut ob nuperas quafdam obfervationes fufpicio
¢ff.  And therefore it is fomewhat furprifing that he
did not determine by calculation what would have
been the difference in the whole duration between
the two places, if Venus fhould pafs more to the
fouthward of the Sun’s center, then hehad fuppofed.
He would then immediately have perceived that the
two ftations were not {o advantageouily placed, as the
folution of the problem required.

Obfervers were therefore to be fentto other places,
in order to determine the Sun’s parallax agreeably to
the method propofed by Dr. Halley. The city of

Tobolfki
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Tobolfki in Siberia is {fo fituated, that the interval be-
tween the two contalts was perhaps as fhort as could
poflibly be obferved on any part of the earth’s fur-
face; to this place was fent the Abbé Chappe d’Au-
teroches, one of the French aftronomers. Near Hud-
fon’s Bay and in 60° of latitude the duration would
have been 5 minutes longer, fuppofing the Sun’s par-
allax ==9”’. At Bencoolen, where it was firft propofed
to fend Mefs. Mafon and Dixon, the difference
would have been about 4% minutes. At the ifland
of Rodrigues, where Mr. Pingré could only obferve
the laft internal conta&, the difference would have
been about 7 % minutes. On the fouthern coaft of
New-Holland, it would have been fomewhat more
than 10 minutes, And in the great Indian Ocean,
under 115 % of abfolute longitude from the Ifle of
Ferro and in 57° of fouth latitude, where the begin-
ing of the tranfit would happen foon after Sun-rif-
ing, and the end juft before Sun-fet, the difference
would amount to 13 & minutes. The greateft differ-
ence between the interval of the two internal contadls,
as determined by altual obfervation on the 6th of
June, was 2’.49", 75, a quantity hardly fufficient to
determine the Sun’s parallax agreeably to the method
propofed by Dr. Halley.

I have however made the neceflary calculations,
and compared the duration of the tranfit obferved at
feveral places with the duration as obferved at To-
bollki. The parallax refulting from each obfervation
is contained in the following table, in which the 3d
column contains the obferved duration, the 4th the
difference of each obferved duration; the next con-~
tains that difference as deduced by computation upon
a fuppofition that the Sun’s parallax is 9”. 1In :hé

a
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laft column is given the horizontal parallax on the day
of the tranfit, refulting from a comparifon of the 4th

and 5th columns.

ervi i i n's Paral.
Places. | Obfetvers. | O tree  [hiovac] sdamont| - ia
X 7 1 7" / " "

Tobolki |Abbe Chappe |5 48 53,25
Cajaneburg|Mr.Planmannls 49 54 |t 00,751 00, 88| 8,980
Tornea® |Hellant 5 50 Cg |1 15,751 05,27| 10,444
Tornea®  |Lagerborn |5 50 21 |1 27,751 05,27 |t12, 098
Upfal Bergman 5 50 26 |r 32,75|1 33,%8| 8, 9ox
Upfal Mallet 5 50 ©7 |1 13,75/t 33, 78|t 75077
Upfal Stromer 5 50 02 |1 o8, 75t 33, 78|t 6, 597
Hernofand | Gifter 5 50 26 |1 32,75|t 25,76 9,733
Abo Juftander  |§ 50 o9 |r 15,751 20,68] 8,450
Stockholm | Wargentin |5 50 45 |1 51, 75|11 34, 21| 10, 675
Stockholm | Klingenfliern 5 50 42 |1 48,751 34,21] 10, 389
Calcutta |Magee 5 50 31 |t 37,75x 37502| 9,067
Madrafs  |Hirft 5 51 43 12 49,752 39,50] 9,577
Mean of thewhole - - = - « = - - - 4 g, 332
Mean,reje&ing 2 obfervations at Upfal and 1 at Tornea-' o, 579

The duration at Cajaneburg was the fhorteft ex-
cept at T'obolfki ;. with which if we compare the du-
ration obferved at Madrafs the parallaxis 9’/,948:
and by taking a mean of the parallax deduced from
a comparifon of the obfervation at Madrafs with
thofe of Tobollki and Cajaneburg, the parallax
is 9”,762. _

‘The obfervations at the above places agree as well
together as can be expected from fuch fmall differ-
ences in the duration, which muft in fome meafure

be influenced by the neceffary and unavoidable errors
in obfervation,

If
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If the quantity of the fun’s diameter, and the leaft
diftance of the centers were very exaltly known,
tha Sun’s parallax might fafely be determined by
comparing the duration of the tranfit as obferved at
different places w'th the duration as fuppofed to be
feen from the ear h’s center. . According to this me-
thod, fuppofing tl e leaft diftance of the centers to be
9’.29"" L, which s a mean between the Greenwich
Shirburn and Pari: obfervations, and the difference of
the femidiameters of the Sun and Venus=—916”,4,
the duration as ol ‘erved at Toboltki was more than
10 minutes fhorte than if feen without parallax; at
Tornea®, at Stock 10lm, at Cajaneburg, at Aftracan,
and indeed in alm¢ {t every part of Europe and Afia,
the duration was confiderably fhortened; and if a
number of good obfervations made in feveral of thofe
parts were procured, the Quantity of the Sun’,
parallax might be well enough afcertained, as the
difference in duration for a difference of one fecond
in the Sun’s parallax will be found very confi-
derable.

Tho’ this method fhould not be practifed, unlefs
the neceflary requifites for the computation be known
with fome degree of precifion, I have ventured to
compare the durations-obferved chiefly in the north-
ern parts of Europe, and fome in Afia, with the du-
ration, as feen from the earth’s center,=j3" 59’.19”, 10
mean time, org®. 59’. 16", 64 apparent time, and cal-
culated from the elements above mentioned.

Places



[ 477 ]

Obferved durati-|Duration without|Difference of} Differ, nSun',s pare
Places, ons, parallax, durations, {for 1/of{ allax,
parallax,

h / i h 7 i i II— /" Iz
Tobolfki - -5 48 53 25|5 59 16, 6410 23,39!64, Og| 9, 726
Cajancburg |5 49 54 9 22, 64{57, 32| 9,815
Tornea® - -5 50 0Q 9 17, 6456, 83| 9,636
Tornea® - -5 50 21 8 55,6456, 83| 9, 425
Abo - - -5 50 09 9 07 64155, 12 9,935
Upfal - - -|5 50 26 8 50, 64|53, 67| 9,888
Upfal - - -|5 50 07 9 09, 64|53, 67]10, 241
Upfal -~ - -5 50 02 9 15,6453, 67{10, 352
Hernofand -{5 50 26 8 50, 64|53, 65} 9, 8g0
Stockholm -5 50 42 8 34, 64153, 62} 9, 579
Stockholm -l5 50 45 8 31, 64{53, 62] 9, 523
Calcutta - -l5 50 36 8 40, 64/53, 31} 9, 766
Madrafs - -5 51 43 7 33,64!46, 36l 9, 785

N. B. The 4th column contains the difference be-
tween the obferved and calculated duration ; in the
sth is given the difference in the duration for a dif-
terence of 1”7 in the ©’s parallax, and the 6th column
is obtained by dividing the 4th by the sth.

The mean of all the refults is ¢//,812: and if
we reject two of the obfervations at Upfal, which dif-
fer moft in excefs, the Sun’s parallax is 9”,724,
agreeing very nearly with the quantity refulting from
acomparifon of fome of the obferved durations- with
the thorteft obferved at Tobolfki and Cajaneburg,.

We may alfo proceed to find the Sun’s parallax by
means of “the leaft diftance of the centers as obferved
in two or more places where the effe® of parallax
was contrary; or if the leaft diftance of the centers
was only determined at one place, it may be found
by calculation at any other place, where the total du-
ration was obferved. But in this and the laft cafe the
elements of calculation are required with fo rigorous

Vor. LIII. Qqq an
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exaltnefs, that perhaps thefe methods are only to be
called in to illuftrate and confirm the others.

M. Pingré confined himfelf principally to the de-
termination of the leaft diftance of the centers. At
21".43’.11” he found the diftance between the neareft
limbs of Venus and the Sun to be the greateft
= 5’.57",2. or §’.57",4 when correted by refrac-
tion. 'This diftance being fubtraced from 15”.19”,5
the difference of the Semidiameters, leaves ¢9’.22"/,1
for the leaft apparent diftance of the centers. But as
that obfervation was made rather too late, when the
diftance of the centers was greater than it ought to
be, he found by calculation that it fhould be dimi-
nithed by o”,22. The true apparent leaft diftance
of the centers by actual obfervation was therefore

/217,88, In order to be more fecure of this re-
fult, Mr. Pingré compared a large number of ob-
ferved diftances, both at the beginning and towards
the middle of the tranfit, with the diftance deter-
mined by internal conta®, and after excluding every
doubtful obfervation, he found the leaft apparent
diftance of the centers to be 9’.21",69. By com-

aring this diftance with the diftance deduced from
the total duration as obferved at any place (the me-
thod of finding which he has given at large in his
memoir inferted in the Memoirs of the academy
of fciences for 1761) and by knowing from cal-
culation what influence a parallax of 10" for inftance
would have upon thofe diftances, he found the Sun’s
parallax as in the following table,

Places
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L.diftance of|L. diftance
Obferved dura- |centers from|deducedfrom|Sun’spa-

Places, tions. the durati- {calculation, | rallax,
ons, [ S
t 7" &: " ¢ "

Tobolki - - - - -5 48 53,259 51,53l9 52, 24(10,125
Stockholm - - -|5 50 43,5 |9 54, 85|9 55,83/10,03
Upfal - - - - - -l5 50 26 |9 55,02|9 55,95/10,23
Cajancburg - =~ - -15 49 54 |9 55,61)9 55,61/10,00
Tornea® - -« - - -{5 50 09 lg 55,28l9 56,0810,09

By taking a mean of thefe determinations, we find
the Sun’s parallax to be 10”,1. In the above calcu-
lations the Sun’s femi-diameter was fuppofed =
157.48”,5, and that of Venus 29”. Obfervers,
fays Mr. Pingré, have found the former to be about
2’ lefs, and the latter on the contrary half a fecond
larger. By calculating upon the fuppofition of a
difference of 2’/ in the difference of the {femidiameters
of the Sun and Venus, the leaft diftance of the cen-
ters at Toboliki, Stockholm, Upfal, Tornea’, and Caja-
neburg, ought to be 37, 12 lefs, and at Rodrigues
2/,56 or 2”,60, and the Sun’s horizontal parallax
ought alfo to be o’/,17 lefs. If then this corretion
be admitted, which is warranted by the beft obfer-
vations, the Sun’s horizontal parallax will be

//’92.
7 There is ftill another method by which we are
enabled to determine the Sun’s parallax, by compar-
ing the oblervations made in different places where
the effect of parallax upon the planetis confiderable
at the times of the two contadts. It was more con-
venient to ‘make ufe of the 2d internal contat for
this purpofe, and the obfervers were very advantage-
oully ftationed at St. Helena and the Cape of Good

Qqq 2 Hope :
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Hope: for by comparing the obfervations made there
with thofe at Tornea®, Tobolfki, and in fome of the
Eaftern parts of Afia, the difference of the times of
the conta&s whenreduced to the fame meridian will
be found to be very confiderable, amounting to more
than g minutes atthe two firft placesabove mention-
ed, and being greater, as the places are farther fitu-
ated to the North-Eaft. Butif this method be ufed,
it is abfolutely neceflary that the longitudes of the
places thould be determined with the utmoft accuracy,
fince an error of a few feconds would have a confi-
derable influence upon the refult, and would increafe
or diminith the quantity of the Sun’s parallax, in pro-
portion. The unfavourable ftate of the heavens at
the time of the internal contac prevented the Rev.
Mr. Mafkelyne from making an obfervation at the
Ifle of St. Helena; which is the more to be lamented
as his obfervation would have confirmed or corrected
the obfervation at the Cape, if neceflary; fince the
effe@ of parallax at both places would have been
very nearly the fame. The obfervers at the Cape
were more fortunate, and differed only 4 in their
obfervation of the internal contact. — But before we
proceed to deduce the quantity of the Sun’s parallax,
by comparing as well the obfervation made at Green-
wich asthofe at other places, with the obfervation at
the Cape, it will be neceffary to lay before the reader
the authorities upon which the longitude of each
place has been determined.

The longitude of the Cape of Good-Hope was
not even nearly known till the Abbé de la Caille
went thither in the year 1751. By a comparifon of
9 eclipfes of Jupiter’s fatellites as well immerfions as
emerfions obferved at the Cape with the correfpond-

ing
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ing obfervations made at Paris, the Cape was found
by the Abbé de la Caille himfelf to be 1*.4’.14" to
the Eaft of Paris, or 1*13’.31” to the Eaft of Green-
wich. Mefl. Mafon and Dixon obferved many
eclipfes of Jupiter’s fatellites at the Cape, but the
weather was not fo favourable here in England.
However by comparing four obfervations made in Sur-
ry-Street and one at Greenwich with thofe made at
the Cape, the difference of longitude at a mean is
found to be 1%.13".28’ , which I have ufed in the fol-
lowing computations.

The internal conta@®, as reduced from fiderial to
apparent time by Mr. Mafon, happened at
21*.39".52”/.— But upon examination it will be
found to have happened later: for whether we make
ufe of the Sun’s mean R. afcenfion from the beft folar
tables extant, or the Sun’s apparent R. afcenfion
reduced to the meridian of the place as determined
by actual obfervation on the day of the tranfit, the
true apparent time of the contact will be found to have
happened at 21b39". 54 — or at 21% 39”.54/ L if the
time by the ftar Antares be ufed, whofe fituation was
more favourable to an obferver in 34°. of South lati-
tude. 1fhall therefore fuppofe theinternal conta@ to
have happened at 21%.39’.52”" by taking a mean of
the two obfervations *,

The Royal Obfervatory at Paris was fuppofed by
Sir Ifaac Newton, in his Principia, to be ¢’.20” to
the Eaft of Greenwich. And the editor of Dr. Hal-

* Mr. Mafon, before heleft England, acknowledged, in aletter
to me, that he had committed a miftake in his calculation, by
forgetting to apply to the Sun’s place the equation of praceffion,
which on the day of the tranfit amounted to = 15",6.

ley’s
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ley’s tables has followed that determination, which
has alfo been generally ufed by the Englith Aftrono-
mers. — The French Aftronomers have till very lately
imagined the difference of meridians to be ¢’.10”.
as deduced from a fingle obfervation of an eclipfe of
- Jupiter’s firft fatellite made by Mr. Caflini when in
London, with a telefcope of fimilar fize and con-
ftruction with that ufed at Paris when the fame eclipfe
was obferved. — In the year 1734 Mr. Maraldi pub-
lithed a comparifon of 33 eclipfes obferved at Green-
wich by Mr. Flamfteed, and at Paris by the French
Aftronomers, 19 of which are immerfions, and the
reft emerfions. The longitudes refulting from each
correfpondent obfervation differ widely from each
other, the two obfervatories being 11’.27”” diftant by
an immerfion of the 2d fatellite, and only 7/ 43’/ by
an emerfion of the firft. But if we take a mean of
the whole, the difference of longitude willbe 9”.24"" ;
and if we exclude the obfervation of the 2d fatellite
above mentioned, which muft be very faulty, the dif-
ference of meridians will be ¢’.22"”/, arefult which in
all probability is but a very few feconds from the truth.
It may be obferved that the immerfions all give the
difference of longitude too great, and almoft all the
emerfions too little; a circumitance owing either to
the badnefs of the air here in England, or to an in-
equality in the goodnefs of the telefcopes, or per-
haps to both; for whatever was the advantage in ob-
ferving the immerfions, was ballanced by the emer-
fions: for which reafon whenever the eclipfes of Ju-
piter’s fatellites are ufed, the longitude thould, if poffi-
ble, be deduced both from immerfions and emerfions.
As the obfervations of tranfits of Mercury may be
very ufeful in fettling the longitudes of places which

arc
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are not far diftant, I have examined the feveral obfer-
vations that I can meet with made at Paris, and either
immediately at Greenwich or in fuch parts of London .
whofe longitude from Greenwich is known within one
fecond of time. And the refult of fuch comparifons
is as follows.

On the 2gth of O&ober 1723 Dr. Halley obferved
the firft interior contac of the limbs of Mercury and
the Sun at 2%, 42/.26"/ apparent time at Greenwich.
The Rev. Mr. Profeflor Bradley obferved the fame
at 27.427.38”, at Wanfted in Effex (10” to theEaft of
Greenwich) or at 2h.427.28” when reduced to the
meridian of Greenwich. Mr.Graham in Fleetftreet
obferved the fame at 2h.42’.19”, or at 2h.42’.44",
when reduced to Greenwich. The mean of thefe
is 2h42/.32”,7. In the obfervatory at Paris Mr.
Maraldi obferved the fame at 2".51°.48" apparent
time ; and Mr. Delifle at 2%.51°.37 7, but fufpe&s it
might have been fome few feconds later. I will
fuppofe it to have happened at 2% 51/, 437, 5.
The difference of meridians therefore is ¢’.10”,8.
If we take a mean of Dr. Halley’s and Mr. Bradley’s
obfervations only, the difference of meridians is

‘16,5,

? Inthe year 1736 Dr. Bevis obferved the laft con-
tacts of the limbs of Mercury and the Sun at
ot 87.33" at Greenwich. The fame was obferved
at Paris by M. Maraldi and M. Caffini de Thury, and
at Thury by Mr. Caffini, at o".18’ 05”,5 by a mean
of the three obfervations. The difference of longi-
tude theretore is 9’. 32", 5. '

In the year 1743 the laft internal conta& of the
limbs was obferved by Mr. Graham in Fleetftreet at
1".0".42”, and by Dr. Bevis at Beaufort-Buildings in

the



, [ 484 ]

the Strand at 1%.0”.33” : or by a mean of both when
reduced to the meridian of Greenwich at 1h.1”.04//.—
The fame was obferved by the Abbé dela Caille, by
Mefl. Maraldi, Monnier, and Caffini the fon, at Paris,
and by Mr. Caffini at Thury: which obfervations,
when reduced to the meridian of the Royal Obfer-
vatory, give 1h.10”.15”,5 for the time of the internal
contact: the difference of meridians is therefore
9’.12”.3. By a mean of the obfervations of Mr.
Graham and Dr. Bevis when reduced to Greenwich,
the laft external conta& on the fame day happened
at 1h.2.42”, and by a mean of the obfervations in
France the fame happened there at 1*.12".10”. The
difference of longitude thereforeis 9/.28”7. N B. No
obfervations were made of this tranfit at the Royal
Obfervatory at Greenwich, on account of clouds.

In the year 1753 was another tranfit of Mercury,
when the unfavourable ftate of the heavens a few fe-
conds before the time of the internal contact prevented
any obfervations from being made at Greenwich, as
appears from a paper communicated tome by the ex-
ecutorsof the late Dr. Bradley. Both contaéts however
were luckily very well obferved, by Mr.Short, Dr. Bevis
and M. Bird; by a mean of whofe obfervations reduced
to the meridian of Greenwich the internal contact
happened at 10%.9".37",5. 'The fame contact was
obferved by 13 obfervers at Paris, and was found not
to happen fooner than 10"18'.36", nor later than
10b.19".03””.  But by a mean of all at 10.18".45".
The difference of meridians therefore is 9’.07”,35.
By a mean of the obfervations of Mr. Short, Dr.
Bevis, Mr. Bird, Mr. Canton, and Mr. Siflon, allre-

duced to the meridian of Greenwich, the external
contact
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conta&t happened at 10%12’.17",5. and at the Royal
Obfervatory, by a mean of all the obfervations at Paris,
at 10%,21°.33"”. The difference of longitude therefore
isg9’.15”,5. And if we take a mean of thefe 7 re-
fults, the Royal Obfervatory at Paris will be found to
be ¢’.17” 1 to the Eaft of the Royal Obfervatory at
Greenwich, a determination very nearly agreeing with
that mentioned by Sir Ifaac Newton, and which, I
believe, was deduced from a comparifon of Dr. Hal-
ley’s and Mr. Caffini’s obfervations.

The Abbé de la Caille, in his memoire on the par~
allax of the Moon, fuppofes the difference of meri-
dians to be 9’.17” tho’ he has not mentioned from
what authority he drew that conclufion. I fhall
therefore fuppofe the difference of meridians to be

'.17"7.—=The laft internal conta&® was obferved at
Paris by Mr. de la Lande at 2028 257 or 26" ; at
20".28.26’" by Father Clouet, and by Mr. Maraldi
and Mr. Barros feparately at 20%.28’.42’. Mr. Pin-
gré, in a very curious memoire on the Sun’s parallax
already referred to, fuppofes the internal contaét to
have happened at Paris at 20".28/.38”. 1 fhall
therefore make ufe of the Abbé de la Caille’s obferva-
tion at 20" 28/, 37/ *. ‘

The difference of meridians between Paris and
Stockholm, fays Mr. Wargentin, is 15.2”. 51" or 52"/ at
moft. Mr. de la Lande from a comparifon of 1
obfervations of the firft fatellite of Jupiter made from.
1750 to 1759 and communicated to him by Mr.

argentin, determines the difference of longitude
to be 1%.3°.10””. And the Abbé de la Caille, in his
memoire on the Moon’s parallax, fuppofes it to be
1*.3%.13".  As thefe two laft determinations agree fo
nearly together, I thall fuppofe Stockholm to be

Rrr ' 1.3’
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1*.3”.10” to the Eaft of Paris, and 1h.12.2%" to the
Eaft of Greenwich; and the laft internal conta& to
have happened at 21%.30".09”,5, which is a mean
between th& obfervations of Mefl. Wargentin and
Klingenftiern. ;

The City of Cajaneburgin Sweden is 38’.40” to
the Eaft of Stockholm, according to very late obferva-
tions ; and therefore Cajaneburg is 12.517.07" to the
Eaft of Greenwich. The 2d internal contact hap-
pened at 22%.77.59”, when the error in writing down
the minutes is corrected according to the inftruction
given in Philofophical Tranfactions, for 1761, p.231.
Indeed (fuppofing the longitude of Cajaneburg as
above fet down to be exact) it is very eafy to prove
that the error of one minute was made at the egrefs
rather than at the ingrefs,

The City of Tobolfki in Siberia (according to the
obfervation of the end of the folar eclipfe on June 3d
by Mr. Chappe and Mr. Planmann at Cajaneburg and
calculated by Mr. Pingré) is 2%.42".11” to the Eaftof
Cajaneburg ; and this determination is alfo confirmed
by Mr. Wargentin’s obfervation of the fame phafe.
Toboliki therefore is 4".33.18" to the Eaft of Green-
wich: and I fuppofe Mr. Chappe to have obferved
the laft internal conta&t at ob.49’.23” %, without
making any allowance for the luminous ring which
appeared round Venus in his telefcope.

The Obfervatory at Upfal (according to Mr. War-
gentin in the Philofophical Tranfactions) is 1.1’.10”
to the Eaft of Paris, and is therefore 1k.10%.27” to
the Eaft of Greenwich. By taking a mean of the
three obfervations made there, the internal contact

happened at 21%,28’.06”.
Torne2’
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Tornea® has been generally fuppofed to be
12,2730 to the Eaft of Paris; but with this differ-
ence of meridians, the obfervations at Tornea®, tho’
made by Mr. Hellant, a very excellent obferver, will
give a parallax of the Sun much lefs than the other
obfervations made in high Northern latitudes. In
order to fettle the longitude of this place, I am of
opinion that we may have recourfe with fafety, and
without incurring the charge of reafoning in a circle,
to the obfervation of the tranfit itfelf; I mean the
obfervation of the internal conta&t at the ingrefs.
Whether we fuppofe the Sun’s parallax to be 8” or
10”, the firft internal conta&t would have happened
fooner at Tornea’ than at Stockholm 19” or 24”. As
the Sun’s parallax will readilly be allowed to be more
than 8”, I fhall fuppofe the firft internal contat to
have happened 21’ fooncr. ‘Turnea” is therefore
24’ 55" to the Eaft of Stockholm, and confequently
1%.37".22"" to the Eaft of Greenwich. I fhall make
ufe of Mr. Hellant’s obfervation of the internal con-
tact at 21%54’.08” in preference to that of Mr. La-~
gerbom.

Abo, the capital of Finland, where Mr. Juftander
obferved the laft internal contactat 21%.45”.19"” (when
a correction is made in the minutes) is 1%.117.29"/ to
the Eaft of Paris, and 1"28’.34” to the Eaft of
Greenwich,

At Hernofand, which is 1*.11”.2¢9" to the Eaft of
Greenwich, I fhall fuppofe the 2d internal conta&
was obferved at 21%.28’.52//, as publifhed in the Phis
lofophical Tranfactions by Mr. Short from the Swed-
ifh a&s.

Ifind the Ifland of Rodrigues by comparing three
obfervations of eclipfes of Jupiter’s fatellites with

Rrr 2 others



[ 488 ]

others made in England and at the Cape, to be
4%.127,38" to the Eaft of Greenwich: and this deter-
mination is exadtly confirmed by Mr. Pringré’s com-
parifon of the fameeclipfes. The obfervation of the
occultation of a fixt ftar gives the longitude 6’ or 7"
greater. In the Philofophical Tranfattions, and even
in the former part of the volume of the Memoirs of
the Academy of Sciences for 1761, we find the inter-
nal conta& was obferved at Rodrigues at o".34”.47";
And yet in the memoire on the Sun’s parallax it is faid
to have happened at o.36’.49””. Upon comparing
this latter with the time by the clock, it fliould feem
“that Mr. Pingré had committed a miftake in fubtra&-
ing the error of his clock inftead of addingit. But he
has no where mentioned any reafon for this difference.

Gottingen, where the celebrated Mr. Mayer ob-
ferved the firft internal contat at 20%.58.26"
to the Eaft of Parisis 30’ 16’7 or 39" 33"/ to the Eaft
of Greenwich.

The Abbé de la Caille has placed Bologna 36’.03"
to the Eaft of Paris: By comparing the obfervations
of the tranfit of Mercury, I find, by a mean of three
refults agreeing very nearly together, that Bologna is
45’.15" to the Eaft of Greenwich. Mr. Zanotti ob-
ferved there the 2d internal contact at 21%04’.34".
But as he ufed a refratting telefcope of 21 feet, and
as two other obfervers with telefcopes of 10 and 22
feet faw the conta& 24"/ later, I fhall fuppofe it to have
happened at 21" 4/ 58", v

At Florence, the internal conta® was obferved
with a refle@or of more than 4 feet at 21*.4’.28"" by
Father Ximenes. The longitude of this place is
34’ 48/ to the Eaft of Paris, according to the table in
the Connoiffance des Mouvemens Celeftes, or 35’. 58"

according
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according to the table in the Elemens d’Aftronomie
by Mr. Caffini. By taking a mean of both, Florence
is 44’.40"” to the Eaft of Greenwich.

The longitude of St.Peters at Rome is 49/.54"/
according to the French Aftronomers. The internal
contalt was obferved to happen at 21*.09’.36”’. But
as it is not faid where this obfervation was made, the
longitude given above will be found to be fomewhat
inaccurate. '

Obfervations were alfo made at Madrid and Lifbon;
at the former, the internal contalt happened at
20h.67.56” apparent time: and at Lifbon at
19".44".26”7. Thelongitude of Madrid, as given in
the Philofophical Tranfactions, is certainly erroneous ;
being more than a minute and a half too little, if the
obfervation of the tranfit can be depended upon.
At Lifbon, the longitude of the place was not
determined by Mr. Ciera, who obferved the tranfit,
when Mr. Pingré, from whom I have taken the ob-
fervation, left it in his way from Rodrigues. From
the beft accounts that I can colle&, particularly
from the 38 5th number of the Philofophical Tranf-
aCtions, and from an account of fome obfervations
by Mr. Short, Lifbon is about 36’.26" to the Weft
of Greenwich,

Now in order to deduce the Sun’s parallax from
the obfervations related above, I proceeded in the fol-
lowing manner. Having fubtracted the difference
of longitude between Greenwich and the Cape
==1"13".28" from 21%39’.52" the mean of the ob-
ferved times atthe Cape, and compared the remainder
with the obferved time at Greenwich, I find that the
internal contatt was obferved 77.24” later at the Cape

X than
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than at Greenwich, on account of parallax. I then
calculated what would be the effect of parallax at each
place, fuppofing the Sun’s parallaxto be ¢ feconds;
and found that the time of the internal contat would
be accelerated 17.16”7,63 at Greenwich, and retarded
6’.317,09 at the Cape: the whole effet of parallax
therefore is 7”.47"/,72. But the difference in time,
as found by obfervation, is only 7’.24’': and there-
fore the difference by calculation is to the differ-
ence by obfervation, as the affumed parallax is to the
true parallax on the day of the tranfit, which by this
obfervation is 8”,543. The parallax refulting from
each obfervation will be found in the following table,
which will be fufficiently explained by the foregoing
example.

Places, [kt [Smes im] sheer
V) w7 7

Greenwich - - ~ = = = -l 7 47,72]7 24 |3, §43
Paris - - == -~ = - | 7 28, 40|7 03, 5/8, 494
Stockholm - - = =« = -~ - 8 53,72|8 41, 58, 712
Upfal - = -=--»~=- 9 o1,8318 45 |8, 727
Cajaneburg ~ - - = - = - 9 42,3019 32 |8, 841
Tobollki ~ = = = = = = = 10 29, obro 18, 5|8, 848
Tornea® =« - « = = = = - 0 48,95l 38 8,832
Abo - - = = = = = = - - g 11,16/8 59 {3,301
Hernofand - - - - - - - 9 21,179 o1 {3,676
Rodrigues - =~ - « = = =l 3 19,722 I3 |5, 993
Gottingen - - - - = - - 7 54307 31 3, 558
Bologna - - - - - - - - 7 03,316 41 8, 525
Florence = = = = = = - - 6 57,796 36 |8, 536
Rome =~ = =« = = = - - 6 45,166 41 |3, 907

Such
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Such is the refult of a comparifon of the beft ob-
fervations made in places whofe longitudes are as ac-
curately afcertained as the pretent ftate of Aftronomy
will permit: by a mean of the whole, rejecting only
the obfervation at Rodrigues, the Sun’s parallax on
the day of the tranfit is 8 /,692. — I have excluded
the comparifon of the obfervation at Rodrigues, be-
caufe the parallax refulting from it differs fo confider-
ably from the reft. If we fuppofe the internal con-
tact to have really happened one minute fooner,
through a miftake in writing down the obiervation,
the parallax will then be 8 /,697.

This obfervation made at Rodrigues, fuppofing it
exatt, will furnith another term wherewith to com-
pare the feveral obfervations made in Europe. The
Sun’s parallax refulting from cach obfervation may be
{een in the following table.

Difference |Difference |Sun’s par-}|Difference} Sun’s

Places. of :ia::s].amd th‘i)xl::.v’d allax.  |lof t(;l\;:'::'e& parallax.
] 1 u 7 "N, u 7
Greenwich - - - =|4 28,0cl5 11 |10,444{4 11 18,429
Paris - - - - -l4 8,98l4 50,5/10,5¢c||3 50,5!8, 332
Stockholm - - -|5 39,00|6 28, 5{10, 314/|5 28, 58, 721
Upfal - - - - -|5 42,1406 32 |10,312||5 32 {8,734
Cajaneburg - - -[6 22,58|7 19 lic, 327{[5 19 18,915
Toboltki - - =-.-|7 09,348 05, 5]10, 177|117 05,518,619
Tornea® =~ - - -6 29,23|7 25 [10,289||6 25 {8,902
Abo - - - -l5 51,466 47 [|10,422||5 47 {8,886
Hernofand - -~ .16 o1,45/6 49 {10,183||5 49 (8,690
Gottingen - - -4 34,64]5 18 |10,421||4 18 {8,454
Bologna - - - -}3 43,5914 33 [10.787||3 33 8,372
Florence - - - .3 38,074 23 [10,854{(3 23 [8,449
- 2

Cape of Good Hop

319,722 13 15,9933 13 {8, 697

The
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The mean of the whole, rejecting the comparifon
of the Cape, is 10”,419; fuppofing the internal con-
ta@ to have happered at o".36’.49". Butif a mif-
take of one minute was really committed, the 3d
column will receive a confiderable alteration and the
parallax refulting from each obfervation will be re-
prefented in the laft column, the mean of which is
8", 654, agreeing as nearly as pofiible with the paral-
lax refulting from all the beft obfervations compared
with the Cape.

Mr. Pingre finding the parallax refulting from his
own obfervation to differ fo widely from that deduced
from the Cape, and that both obfervations might be
made to agree by fuppofing an error of one minute
in the obfervation at Rodrigues, has examined every
fource of error that might be €omumitted ; and upon
the whole fees reafon to prefer his own obfervation to
that of Mr. Mafon, nof becaufe be could find no mifiake
in bis own, but becaufe be bas proved that no miflake
could poffibly be committed. His obfervation indeed is
in fome meafure confirmed by comparing all the ob-
fervations with that at Lifbon: from which compa-
rifon if the longitude above laid down may be de-
pended upon, the Sun’s parallax is fomewhat more
than 10 feconds.

The feveral obfervations, that have been compared
with the obfervations both of the Cape and Rodri-
gues, may alfo be compared together; and by com-
bining fome of them, we may obtain different re-
fults, upon which we may more or lefs depend, as
the differences between the obferved times are greater

or lefs.
Places



[ 493 ]

Places compared.

Diference

of

Toboliki and Greenwich
Tobolfki and Paris - -
Toboliki and Gottingen
Tobolfki and Stockholm
Tobolfki and Upfal -
Tobolfki and Bologna -
Tobolfki and Florence -
Stockholm and Greenwich
Stockholm and Paris -
Stockholm and Bologna
Stockholm and Florence
Tornea® and Gottingen
Tornea® and Paris - -
Tornea® and Greenwich
Cajaneburg and Greenwich
Cajaneburg and Paris - -
Cajaneburg and Gottingen
Cajaneburg and Florence -
Cajaneburg and Bologna -
Upfal and Paris - - -

[ I R B B

' B L]

Upfal and Greenwich -
Hernofand and Paris -
Hernofand and Greenwich
Herrofand and Bologna
Hernofand and Florence
Abo and Paris - - -
Abo and Greenwich -
Abo and Bologna -
Abo and Florence -
Tornea® and Bologna
Tornea® and Florence
Greenwich and Paris

-
-

-
-
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calculated
times,

"
41534
0, 36
34,70
30, 34
27,23
25,75
31,27
I1, ¢
30,02
55-41
0,93
54,59
20, 25
1,23
54, 58
13, 6¢
47+ 94
445 51
38’ 99
33,13
14,11
52,47
33,45
17, 86
23, 38
42,4¢
23,44
07,85
13,37
45,04
51,16

7
2

19,02
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7
54,5
15
4755
37,0
335
375
42, 5
17,5
38, ¢
00, 5
0555

555

20,5

Difference [Sun’s pare
of obferv’d
times.

allax,

9734
9,736
9, 744
9,663
9, 646
9 513
9, 525
9, 824
9,797
9, 396
95 340
9,974
9,014
9,948
10,054
10,003
10, 088
9,628
9, 679
9, 808
9,836
9> 402
95 342
9,139
9, 101
10, 145
10,031
9: 714
9, 649
9,617
9, 569

g, 700

It
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It has been thewn that the parallax refult- “
ing from the total durations is }f 9,379
— from a comparifon of the obfervation at
Madrafs with thofe of Toboliki and Ca- » 9,763
janeburg is — ,
~ from a comparifon of the obferved, with ,
a calculated, duration without parallax, is} 9724
— from the leaft diftance of the centers — 9, 920
— from the obfervations combined togetheris 9,695

It can hardly be fuppofed that as fuch different me-
thods give a parallax of the Sun on the day f the
tranfit equal to ¢’/,736, thatthis parallax thould yet
be only 8,692 as deduced from a comparifon of the
obfervations with the Cape, while the fame obferva-
tions compared with thofe of Rodrigues and Lifbon
fhew that the parallax exceeds 10 feconds. Let us
therefore fuppofe that the obfervers at the Cape have
fet down their obfervation one minute too foon, tho’
it muft be confefled that the time of the duration at
the egrefs cannot warrant fuch a correion, and that
the time of the internal contaét thould have been ob-
ferved at 21%.40'. 52"/ ; the parallax, by taking a mean,
will then be 9”/,732, exa@ly agreeing with a mean
of all the other determinations. And in this Quan-
tity of the Sun’s parallax we muft either acquiefce, or
remain as ignorant of the true quantity of it as we
we were before, till we can have recourfe to the next
tranfit on June 3d 1769, when the planet Venus will
again pafs over the Sun’s difk, having fomething

more
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more than 10 minutes of North latitude ; and will
be fo favourably circumftanced, that, if the errors
in obferving each conta® do not exceed 4" or 57,
the quantity of the Sun’s parallax may be deter-
mined within lefs than _1_* part of the whole:
as the total duration, or the interval between the two
internal contaéts, will be found to be about 18 mi-
nutes longer at Tornea® than at Mexico. But the
feveral circumftances of that tranfit muft be the fub-
ject of a future paper. Let it fuflice at prefent to ob-
ferve that it will in part be vifible to the inhabitants
of this ifland, as Venus will be feen wholly entered
upon the Sun’s difk more than half an hour before
the time of fun-fet at Greenwich.

S{1 2 LVI. #



