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XXX Aecount of an Oéﬁrwmn of the Right Afcenfion and
Declination of Mercury out of the Mridian, near bis greateft
Elongation, Sept. 1786, ade by Mr. John Smeaton, F. R. S.
with an Equatorial Micrometer, of bis own: Invention and
Workmanfbip 5 accompanied with an In?vg/z'zgatian of & Method
of allowing for Refralion in fuch Kind of Obfervations; com-

municated to the Rev. Nevil Mafkelyne, D. D. F. R, S. and -

Aﬂronomer' Royal, and by him to the Royal Society.

Read June 7, 1787.

pE LA LANDE having announced to fome of my aftro-
M. nomical friends the utility of accurate obfervations of
“Mercury, at his two elongations the laft year, in Auguft and
September ; I tried to get obfervations of that planet in crof-
fing the meridian, for fome days before and after the greateft
elongation in Anguft; and though the ftate of the atmofphere
about that time was not’ very favourable to the purpofe, yet

there was one day that I thought unexceptionable, but could -

not perceive the leaft appearance of Mercury; at which 1 was

the rather furprifed, as I had formerly feen that planet in the

like fituation, with the fame inftrument, with perfect per{pi-
cuity *: and as I did not hear of any one elfe having fucceeded

in

¥ The infrument mentioned is a tranfit, made by myfelf in the year 1768;
at which time achromatic obje&-glaffes not having been, fo far asI knew, applied

to aftronomical inftruments by others, but having found the good cffeéts thereof
for
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Mr. SMEATONS Ofervation, &e. 319
it this obfervation, I thought it might be very poflible for the fame
difappointment again to happen,with refpect to the approaching
clongation in September. I judged, therefore, that it might
Le of fome utility to aftronomy, if, by any means, a good ob-
fervation of Mercury could be got; and alfo, that it would be
a proper fubjeé whereon to ‘make trial -of an inflrument for
fuch purpofes, the idea of which I had coneeived, and begun
to conftrué, above forty years before; but which, from vae’
rious avocations, I did not perfeét to my fatisfattion till the
year 1770% 1 fince which time it has lain by, in hopes that
fomething might happen, by which a full and effettual trial
might be made thereof.

This inftrument was orginally intended as an unprovernent'
of the common wire micrometer, for the purpofes of taking
differences of right afcenfion and declination, in a more coms=
modious and effe¢tual manner than could be done in the me-
thod then pra&ifed of ufing that anflrument +; and at the

fame

for other purpofes, I refolved to ufe a double achiromatic obje@t-glafs, made by
Mr. Dorronp; which being of equal aperture with'the fimple object-glafs, then
in ‘the tranfit of the Royal Obfervatory, this telefeope I therefore efteemed to be
of 'nearly equal validity, as to -quantity of light, with that at Greenwich, but
reduced to the more commodious length of three feet fix inches.

# Some obfervations made therewith, after it was completed, I tranfmitted to
my friend Mr. AvserT; the confiftency of which induced him to procure ‘&
fimilar inftrument ‘to be made for cometary and fuch kind of obfervations as-cannot
be commodioufly made in the meridian, Of this infirument the Rev. Mr.’
WoLrasToN has made honourable mention in Phil. Tranf. Vol. LXXV. for 178§,

P 348-

4 The common wire micrometer, as ufed by Dr. BraprLey, and defcribed
from a paper of the DoQor’s hand-writing, is given by Dr, MAsKELYNE in the
Philofophical Tranfattions, Vol, LXII, for. the year 1772; and in additiea to
¢0 which I muft beg lcave to obferve, that the telefcopes then in ufe for the

Vor, LXXVII. Aaa mjcrae-



320 My, SMEATON's Obfervation of Mercury
fame time more effetually. to anfwer the purpofe of Gramam's.
aftronomical  feftor, which was contrived by him. (as Dr.
SmiTH informs us) to {upply the deficiencies-of the micrometer-
then in ufe *, N \
The moft neceffary and' fundamental improvements-feemed
to be; firft, that of rendering the micrometer telefcope ma-
nageable upon an equatorial motion ;- and, fecondly, the con-
trivance of a ftand of fuch folidity and ftedfaftne(s that the.
telefcope might preferve the pofition in: which it was placed, for
alength of time: for it occurred to me, that if: the telefcope.
could be maintained at reft; or-in a degree of ftability fupe-
rior to that of the aftronomical fe@er;-then the neceflity of
taking in a greater compafs in declination than could be com-
modioufly given to the field of a telefcope would be the lefs
neceflary : for, inftead of eonfining the objeftto a.comparifon:
with a ftar not differing more than. a few minutes of time, or
at moft a quarter of an hour in right afcenfion, thofe compa-
rifons could be extended to an hour or two, or even on occafion
to three or four hours; there being fcarcely any part of the
heavens fo deveid of ftars, of a fuitable magnitude for thefe.
obfervations, but that a proper one may be found within
that compafs in right afcenfion, provided there is allowed

micrometer were from ten to fifteen feet long, made with wooden tubes, fup-
ported at each end upon two wooden fupports, by which the telefcope could be
managed in altitude and azimuth ; but not to follow a celeftial obje& in its proper
motion on one center: which apparatus, I believe, is ftill remaining in -the
Royal Obfervatory.

* This inftrument is defcribed in Smrrw’s Optics, Vol IL p. 350.; and the
original oie, made by Mr. Grauawm, was, at his death, placed in the Royal
Oblervatory, and is mounted upon a three.legged fland of wosd.

i the



with an Bquatstial Micrometer, 321
the difference of a degree, either northor fouth of the obje,
in declination *,

Confidering, however, ‘that the approaching elongation
would be ‘in the morning; and ‘thit the beft chance of
{eeing Mercury with this inftrument would be fome time in
the twilight, between Mercury’s rifing and the rifing of the
Sun; yet, on fuppofition of catching the planet in his paflage
‘over the wires, there would be no chance of feeing any ftar
pafs over thefield, wherewith to compare him, till the follow-
ing evening, which being at -leaft fourteen hours, the certain
pofition of the telefcope for fo great a length of time was
almoff more than 1.could reafonably hope for. To judge how
far I might form an expe&aition, by way of a previous trial,
1 compared Saturn with o Capricorni 4, and found the return

& The field of the telefcope of Mr, Ausert’s inftrument is two degreesy
‘but that of the original, wherewith this obfervation was made, is 1° 17": to
gain which, the eye-glafs being immoveable (and acbromatic to prevent the.
indiftiné@nefs that would otherwife have taken place near the border) the magni«
fying power was obliged to be confiderably reduced, in refpe&t of what has been
wfual for rficrometers, that is, fo as mot to exceed 20 times: in confequence,
‘there is, therefore, no need fot fo long a telefcope, this being but 34%
inches focal length of object-glafs; but being a double achromatic, made by
‘the late Mr., Joun Dorronp, it is capabl: of as great an aperture as could be
.given to the fimple obje@-glaffes of twelve or fifteen feet telefcopes, that were
then generally given to micrometers ; but the pencil of light being greateft in
this, is attended with this advantage, that the fmall ftars can be {feen very diftin
and in great abundance, like the modern night-glaffes: and there.is in reality no
need of great magnifying powers for the prefent purpofes for the place of the
wire being viewed by an eye-glafs, of about 13 inches focus, its place may be
'diftinguifhed to lefs than a 2300th partof an inch, which, on the radius of 34%
jnches, is fcarce 2''% of a degree; and which, as I apprehend, is nearer the
¢ruth than can reafonably be expected from inftruments out of the meridian.

4 According to this obfervation b preceded o V3 the 2d of Sept. at g h. 15’
P.M. mean time by 30" 9.7 MT, and with greater declination fouth than y by

w1’ 23",
Aaaz of



322 Mr. SmMEATON's. Obfervation of Mercury

of "the ftar to the fame place two evenings afterwards, both in
right afcenfion and: declination, was fo.near,. that I concluded I’
might very well expect a good obfervation of Mercury, in cafe-
I could get a fight of him, though the ftars wherewith he was
to be compared lay at the diftance of the following evening at
the fooneft.

The micrometer is farnifhed with five horary wires, deno-
minated in their order 4, A, B, C, D (B bemg the mid-
dle horary w1re), and the two declination wires are deno~
minated. 4and B, each moveable by a {eparate and independent
micrometer-{crew, from. the outfide of the field to the center;,
and a little beyond it ; fo that each wire can be moved into the
place of the other when at or near the center *,

The morning of the 2 3@_,9f September, about:a quarter paft
five o’clock, the air being clear and perfectly ferene, it being
then about an hour after Mercury’s rifing, and near three-
quarters of an hour before the rifing of the fun, I ver y readily
found Mercury with the telefcope, and. when. found could
eafily fee him with an opera glafs; and. Mercury, being then
in a ftate of very little alteration of declination, I adjufted one
of the declination wires to his apparent run, by rnaking him
traverfe the whole field. ‘The obfervations were then taken as

* In Dr. BRADLEY’s Paper it is faid, that before the Zate alterations, both the
declmmon wires were made moveable; and that it was an improvement to make
one of them fixed, and one only moveable.. But however they might be imme-.
diately preceding the Do&or’s time, I believe, the original micrometers by Mr, -
TOWNI.EY were with one fixed and one moveable declination wire, as I have
{feen one in this form among the remaining apparatus of Mr, ABRAHAM SHARPE,
In an inftroment, however, fitted up for the purpofes of the equatorial micro-
sueter, 1 believe, it will be found moft convenient ‘to have both thofe wires
moveable ; as by this means they not only are enabled to flide into cach other’s plave,
but every part of the frame of the inftrument remains fixed during the whole of”
ths obletvation, thetwo flides carr ying thefe two wires excepted,

-
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in the firlt table; and in the evening I Wzis 'l\ilcky enough t
get thofe of A Ceti and o Tauri, intending to repeat the whol
‘the next morning and evening. The next morning prove
cloudy, and fo continued, that I faw the planet no more; bu
in the evening of the 26th, I found the ftars come again {
near the fame declination, that I was encouraged to continu
the obfervation to foe what change would happen. It the
eame on bad rainy weather till the zoth, when I again re
peated the obfervation, and found tbc ftars to come fo near i
declination that I was fully fatisfied of the ftability of th
inftrument, fo far at leaft as could regard twenty-four hours
but as I was then appointed to go a journey, and coul
have no other ufe for it, I locked the door of the Ob
fervatory, leaving the 'inftrument in its pofition, that
might fee what change would happen by the time of my return
and was quite aftonithed to find, on the 13th of O&ober, that i
had remained in a manner unmoved; for it had fuffered n
more apparent alteration than what might occur by the error
of pbfcrvin.g, and alterations of the clocks and tranfit.

It muft, however, be remarked, that, befides that ip th
conftrution of the inftrument every thing was contrive
that appeared likely to give it firmnefs, it was refled upor
the fraflum of an hexagonal pyramid of ftone, in the foundiny
whereof great care was taken as to its folidity, and was de
tached from the floor for fupporting the obferver.

‘This Obfervatory at Aufborpe I efteem in the latitude o
53° 47" 54" N.and 5 50”7 of time W. from Greenwich,

Aadg Tabl
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Equatorial Micrometer.

h able L Obfcrvatxons ‘of Mercury at” his ‘elongation Sept. 1786, Wlth an

AN -+ | Time as | Time re-|{Reducedto| |, Parts of | Micro-
.Day,obje& and E taken by | duced to |the middle ;IVIearf of the mi-| meter
:wues. I lthe clock. min, & fec.|wire, £e WITES:\ crom. | reduc,
Sept. 23, |AM, M. q. beay P +  u | Rev.Pts| Rev.Prs.
Merc, to wire @] 5 |24 3 5 | 24 47.5| 26 34.8 : ’
Al — |25 3 143 25 52.3| 26 34.8
Middlewire Bl — |20 2 9% 20 34.7| 26 34.7| 26 34.7'B28.85|S 0.74
N. B. The telei’copes center|
G — 127 1 6 2‘.7,- 18 | 26 34.7 {was pointed to -horary circle
D — 28 1 15 | 28 22.5] 26 34.6 || ¢ 34°F Decl. N. 70 43",
PM.
ACetitoB| 9 |15 1 27 | 15 28.5] 15 28.5| 15 28.4
Cl — |16 0 23 | 16 11.5] 15 28.3
o Tauri to Bl ~— 40 T 25 | 40 27.5| 40 27.5| 40 27.4|B 8.39N19.72
C| — }41 0 21 | 41 10.5( 40 27.3
Sept. 26. : :
ACetitoa 9|22 13| 2 3651 4 235 .
Al — 13223| 3455 4239 4 238[B16.97N11.14
Cl— | 50143 5 7.3| 4 24.1
¢ Tauri to Al — [28 2 21 | 28 40.5] 29 22.9 :
Bl — |29 I 16 | 29 23 | 29 23 | 29 23 |B 8.47N19.64
Sept. 30. ‘
ACetitoal 8 |47 0 3% 47 1.8] 48 48.8
Al — 48 013 | 48 6.5] 48 48.9
Bl— |48 3 8 |48 49 |48 49 |48 49 [B16.97Nr1.14
{ C| — 149 2 142 49 32.3] 48 49.1 o
o 'Tauri to A 13011 |13 5.51 13 47.9
: B -9- Igg 6 lg 48 |13 48 | 13 48.1|B 8.48N19.63
R Cl= (14 2 3|14 315} 13 48.3] q ‘
| « Orionis to a| 11 |41 3 12 | 41 §1 | 43 38
o Al — |42 3 207| 42 §5.3] 43 377}
Bl — (43 2.17 | 43 38.5] 43.38.5| 43 37.9415.07|5 15.77
C|l — |44 1 12 | 44 21 | 43 37.8 . 3
| D — [45 ¥ 203} 45 25.3| 43377 i
© O&. 13. - - : . ,
aACetitoAl 7158 3 o |58 45 |59 27.4 |
’ Bl — |59 1 25| 59 27.7| §9 27.7| 59 27.5B16.97N11.14
C| 8|0 o021} 0107|359 27.§
o Tauri to C| — |25 0 20 | 25 10 | 24 26.8{ 24 26.8{B 8.50|N19.61
 Orionis to a| 10 (52 2 0} 52 30.2| §4 17.2
Al — [532 9 |53 34.5| 54 16,9
Bl — |54 1T 43| 54 17.2| 54 17.2| 54 17.1{415.07]8 15.77
| Cl— |55 0 0%.,52 0.2] 54 17
Dl —|(s6 01050 5 |54 17.4
1 2 3 4 5 6 Vi 8
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Table II. For reducing the horary wires of the EquatoriaL
Micrometer to that of the middle, when taken in mean
folar time.

o | Equatorial Declifiation
o objed, 7° 48’
B 3 ’ i
@.’srun|%’s run) @ ’srun}% ’srun
The 1{t wire precedes the middle, add~ alt 416.2 1 4_’6’ ! 4/7/. 3 ! 4’7I
. a2d - —— A0 42.1/0 42 [0 42.5/0 42.4
3d, or middle wire - ' Bl = == =f|l = == =
4th is fubfequent to the middle, fubtra& Clo 42.90 42.8|0 43.3]0 432
gth D |1 4681 46.61 47.9]1 47.6
I 203 | 4 | s |6

Table
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Table III. Containing the obfervations of Tab. L. reduced fo as to thew
the corre& differences of right afcenfion and declination between
Mercury and the ftars wherewith he was compared. ‘

Paffage |Correltion|y a0 Ioterval Pasts of [Pts. of micr.
. {over mid.] to reduce]| . meany  Anterva’s fmicrome-| reduced=
o . time of thelof mean time] ter from | declin. from
1786. 3 hox:. wire | the élock obfervation. | of different | the tele-| the tele-
Date and obje&. | i |[by journ.| to mean o obfervati fcope’s | fcope's cen-
“clock, time. oblervations. | center. | ter. ;
Sept. 23. AM{ -, o e,y Rev.Ptsq e
¥ to the mid. wire] § | 26 34.7 |3 §9.8| 5 22 34.9 15 0745 1 8
PM h o, i
A Cetitomid.wire] 9 | 15 28.4|—4 o.1| 9 11 28.3]15 48 §53.4 I
o Tauritothefame| 9 | 40 27.4|—4 ©O.1| 9 36 27.3| 0 24 §9 [N19.72)N 30 26
Sept. 26. :
A Ceti to mid. wire] 9 | 4 23.8|—4 43.2| 8 59 40.6 Nat. 14N 17 11
o Tauritothefame| 9 | 29 23 [—4 43.2| 9 24 39.8| 0 24 59.2({N19.64{N 30 18
Sept. 30.
aCetitomid. wire, 8 | 48 49 |—4 50.9] 8 43 58.1 Nir.1g/N 17 11
oTauritothefame] 9 | 13 48.1|—4 50.9/ 9 8 57.2| 0 24 §9.1|N19.63N 30 17 |-
«Orion.tothefame] IT | 43 37.9|=4 §0.81rx 38 47.1] 2 29 49.9|8 15.77/S 24 20
o&. 13.
» Ceti tomid, wire| 7 | §9 27.5|—~6 36.4| 7 52 5I.1 Nirni14N17 11}
o Taurito the fame| 8 | 24 26.8|—6 36.8| 8 17 50 | 0 24 §8.9 N19.61N 30 15
aOrion.tothefame| 10 | g4 17.11—6 37 [10 47 40.1| 2 29 50.1{S 1577/ 24 20
: 2| 3 4 | s 6 7| 8

Table
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Table IV. Deviations in the direGtion of the axis of the telefcope of the Equatorial Micro-
ano,,n in right afcenfion and declination in 20 days, from the 23d of September to the
13th of O&ober, both inclufive.

Obje&ts obferved.

3 days from the
23d to 26th.

4 days from
the 26th to
30th.

% days from the
23d to 3oth

13 days from
the 3oth to
uwn?

1% days from
the 26th to
13th

20 days from the

23d to 13th.

A Ceti MW. ?A.oms.mou
: Declination

H.w. Afcenfion

o Tauri e
Declination
. . [R. Afcenfion
Orionis ﬁ ¢ RN
@ Declination

14
exa&t O

not taken the 23d

too late 0.2
South 8.

11
too late 1.1
exalt o©.

too late 1.0
South 1.

11
ﬁoo_ﬁm u.H

not taken the 2 wm

too late 1.2
South g.

41
too foono.3
exat o.

too foon 0:§
South 2.

too foon 0.3
exact O.

il
too late 0.8
exaét O.

too late 0.§
South 3.

17
too late ©.8
not taken the 23d

too late 0.7
South 11.

N. B. The right afcenfion is exprefled in the wunommn and decimal parts of a fecond of time.
'The declination is exprefled in feconds of a degree.

Bbb Expla-

Vor. LXXVIIL



328 Mr. SmeaTON’s Obfervation of Mercury

Explanation of the lefs obvious parts of the Tables of the Obferva-
tion of Mercury near bis E/ongm‘zon, Sept 1786. ’

The third columu of Tab. I. contains the times of obferva~
tion as they were taken down from the half-fecond journcymar
clock, in minutes, quarters, and &eass, according to the following
method ; which was, by taking up the beat when the fecond
hand came to 15, 30, 45, or 60, and then counting 30 beats re-
peatedly till the arrival of the objeét at the middle of the wire it
was appt‘oaclljzlg ; after its arrival, the beats (or interval be-
tween two beats) being retained in memory, and the eve caft
upon the dial-plate, it was eafily feen whcther it was [o many
beats more than the quarter, the half, three-quarters, or the
whole minute, and was fet down accordingly. Thofe reduced
to minutes, feconds, and tenths of feconds, by allowing .2 or.3
for the quarter {fecond, .5 the half, and .7 or .8 for the three-
quarters of afecond, are contained in the fourth column. The
reduction of the fourth column to the fifth was by means of the
auxiliary ‘Tab. II.; and Mercury being then nearly ﬁamomry
refpeting the fun, the fun’s run was ufed for the planet in-
ftead of that of a ftar. The mean of each fet of obfervatxons '
of the fifth column is carried into the fixth.

The feventh column contains the parts of the micrometer
as they were read oft; to render which intelligible, it is to be
noted, that the declination wire A travels from the upper fide
of the ficld of view of the telefcope towards the center, and
fomewhat beyond it: and upon it are taken all the obje&s that
pafs the field.of view on the upper fide, anfwerable (by inver-
fion of the object) to the fouthern half of the field: and in
like manner thoie that pafs the field of view on the lower

2 half



with an Equatorial Microtetet. 329
half are taken upon the wire B, and for the fame reafonn denote
a declination north. The fcale of the micrometers of cach
wire begins from a point affuned fomewhat without the field,
and the number increafes from thence towards the center of
the field, and continues beyond it; the integral parts are the
turns of the ferew, and the centefimal the divifions of the
index plate, being divided into 100 parts. The point of the
{cale, anfwerable to the center of the field of view, having
been found by obfervations on each fcale refpetively ; when
the wire 4 ( Auflralis) ftands at 30.84, itisin the center of the
field; and when the wire B (Borealis) is at 28.11, it alfo cuts
the fame center. Hence the parts of the micrometer being
refpectively taken from thofe two numbers (which may there-
fore be called conflant numbers) the remainder will be the
diftance of each refpective wire from the center in parts of the
micrometer. Thus, in the obfervation of o Tauri upon the
23d, the parts are B 8.39; this taken from 28.11, leaves
N 19.72, which are placed in col. 8. as the diftance, in parts
of the micrometer, that o Tauri pafied notth of the center of
the field of view, or axis of the telefcope.

In like manner, in the obfervation of Mercuty on the 23dy
the parts are B 28.85; but this being greater than the conftant
number 28.11, the excels will be .74 partss which being the
parts reaching beyond the center, they will be fo much /foush
of it, and are fet down therefore in col. 8. S 0,74 : and in this
manner the declinations of the reft are made out, from their
refpe@ive numbers of parts of the micrometer, and fet down
in col. 8. o

The numbers of the fixth column of Tab. I. are transferred
to the third column of Tab. 1IL; and the declinations fet down
in parts of the micrometer, Tab. I col. 8. are transferred to

col, 7. of Tab. 1L
Bbbe Col.
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Col. 4. of this table contains the correftions of the
times deduced: from the journeyman clock (as per col.. 3,).
to reduce 1t to mean time; which corre&ions are made
out from the general account of the goings of the tranfit
clock, correéted by tranfits of the {un, taken the 22d, 23d,
27th, and 3oth of September, and the 12th, 1 3th, and 14th
of O&ober *.” The journeyman clock was rsgularly com-
pared at nights and mornings with the tranfit clock; and ge-
nerally inmediately. after-the obfervation. The meridian and
rotative oblervatories in which the clocks refpeétively were,
are at the diftance of 53.yards E. and W.; the comparifons
were made by a feconds ftop watch .

The numbers of the fourth column being praperly applied
to. thofe of the third produce the fifth 3 and which, with the
fixth column, will be {ufficiently explained by their titles. The
parts of. the micrometer in the feventh column, being reduced
into minutes and fecands, are contained. in col. 8. and re{pec-
tively thew the minutes and feconds at which each obje
pafled to the north or fouth of the center. of the telefcope.
The value of the parts of the micrometer were obtained by
previous obfervations, from: whence the following rule was
deduced : the numbers of turns and centefimal parts being con-
fidered as integral, and divided by 1.08, the quotient will be
the number of {econds. Thus,. in the abfervation of o Tauri

* The tranfit clock was made by Hinprey, and-has a pendulum rod of
cedar wood, v
4+ The journeyman clock was generally fet to-the tranfit clock on Sunday
mornings ; and when from home the former was fuffered to go down. The
‘journeyman will generally agree with the tranfit clock to 2 in 24 hours; but durmg
the period of thele obfervations, went remarkably well,

upon:
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upon the 23d, the parts 1972, divided by 1.08, gives 1826”7
= 30" 26”"; and the parts of mercury .74, divided by 1.08 =
68”7 =1” 8. Now the telefcope being fixed to one point of the
heavens during the whole period of thefe obfervations, without
any motion of any of the parts, the fcrews commanding
the declination wires 4 and B excepted, we are enabled to -
judge of its fteadinefs to this point by the following remarks.
If it varied in declination,. this would be thewn by the paffigs -
of the fame ftar at a different diffance from the center of the -
telefcope at different revolutions ; and if it varied in rightafcen-
fion, it would be fhewn by its not pafling the horary wires at-
the due time, according to the acceleration of the ftars upoir.
the mean time of the:fun. Both the. right afcenfion and de-
clination. may be varied by differences of refrattion of the air
at the fame altitude ; and the right afcenfion is further liable to
be apparently varied, by the errors of the tranfit inftrument, the -
tranfit clock, the transferring of its time to the journeyman .
clock, the intermediate errors of the fame, and of the obfer-
vation itfelf; and as there paflfed an interval of almoft 16.
hours betwixt the paffage of Mercury over the field of. view of.
the telefcope and that of a Ceti, which. was the neareft ftar
wherewith a comparifon could be made, it will be a fatisfac~
tion to fee, as before intimated, what variations arofe in ftill..
geeater intervals of time. '

In right afcenfions

' . b T
Thus a Ceti upon Sept. 23. pafled the horary wires at: - 9 11 23.37
and 26. . : = 8 59 40.6.
A Ceti therefore came fooner in three days by - - 11 47.7
but — onght to accelerate on mean time = - 11 47.7

—: S———..

e therefore came after three days exadtly to the time,

R S— ..

Againg.,
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D

. h' " .
Again, o Tauri upen Sept. 2 3. pafled the horaty wires at - 9 30 2l7l.g
and - 26» - o - -— 9 24 39’8
o Tauri therefore came fooner after three days by - R 1T 47.5
e ough't to accelerare on mean time - - 11 47.9
wimm—- therefore came too late in-three days by - - )

In declination.

o Tauri upon ‘Sept. 23. paffed north of telefcope’s center - 35 o
26. ' . - - 30 18
e therefore paffed lefs'north, or more fouth, than before by ‘ g

L 3

In like manner every comparifon that Tab. IIL affords is par-
ticularly fet down in Tab. IV. which containing thirteen com-
parifons-in right afcenfion and ten in-declination, the greateft
«deviation in right afcenfion is ‘17”.2, and 11" of a degree in
‘declination. This fuppofes every error before mentioned to .
tefide in the inftrument, and every other inftrument and obfer-
vation, which were concerned in the refult, to be perfect
which, from the {mallnefs of the total errors, feems to indi-
«cate a degree of fteadinefs in the inftrument unexperienced -or
unnoticed before,

Deduttion of the pofiion of Mercury from the preceding
obfervations as fet down in Tab. TI1.
In right afcenfion from col. 6.

-8 Tauri followed A Ceti Sept. 23, - - - 24,. 53
— 30, - - - 24 59.1
Oé, 13. - - | 24 53.7

mhimemiininsr 3 % I0EAN OF the four  w -~ 2459

& Orionis
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“h, .

« Orlonis followed o Tauri Sept. 30, - - o 2 29' 4'(3‘9
0o&. I3 — — ~ 2 29 50. i

at a mean . ~— [ - 2 29— 50
Now Mercury preceded 2 Ceti Sept. 23. - ~ 15 48 534

a Ceti prccede‘d o Tauri by mean of foqr - e 24 59

o Tausi preceded o Orionis by mean of two. - 2 29 50
Mercury therefore preceded o Orionis by - - 18 43 42.4.:‘

In declination from col. 8.

44

Sept. 23. A.M. Mercury pafled th? middle horary wire, fouth of its center 1' .8
Same evening o Tauri paffcd the middle horary wire, north:of it - 30 26

Therefore Mercury paffed the middle horary wire more S. than o Tauri by 31 34.

But Sept. 26. & Ceti pafled N, of center 17’ 1) s L
: Diff.. 13 4

— — ¢ Tauri - 30 18 f ,

~—mmmee 30, A Ceti - 17 11 12 6

— o Tauri e s 30 17 3o

= O&. 13. a Ceti 17 11)

— 0 Taun e—— s 20 13§

From the {mallnefs of the above differences we may infer;,
that very little uncertainty in declination had attended the:
paflage of o Tauri upon Sept 23.

/4 1 4L I

¥ Upon Sept. 30. o Téiurri.paﬂ'ed N 3° 77\ sym 54 37
—- a Orionis S 24 20
Upon O&. 13. ¢ Tauri paffed' N 30 15 X
e s gz OriONES -S 24 20 54 35
. i . ) PANTS
# Orionis then at a mean pafled more fouth than ¢-Tauri - 54 36

Ao e

Merc. therefore on the 23d pafied with more N, declination than « Orionis 23 2.

—— oo

T Tnveftigation:



354 Myr. SmMEATON’s Qbfervation of Mercury

Invefligation of the effeéts of refra&ion.

The preceding dedultions and remarks thew the confiftency
of the obfervations with themfelves; «yet, from the pofi-
tion of the telefcope, it being only elevatéd 11°% above-the
horizon ¥, it is neceflary to examine how .far the dedu&iéns
above {pecified .were: capable of being affetted by refration.
And i thisrefpeét it will appear, that if it be {uppofed, there
-is no difference in the quantity of refraction of fuch objeés as
appear within the limits of the field of view of this inftrument
(whichis 1° 17’), then their relative pofitions to each other will
not be affeted thereby : for if in fig. 1. (Tab. XIIL) we fuppofe
' the circle VHRO to reprefent the boundary of the field of view,
HO being -an-horizontal and VR a vertical line, each pafling
through the center -of the field at L; and if PLP denotes a
-part of a parallel of declination, then BLX perpendicular
thereto, will be a part of an horary circle, both pafling through
the fame center. Now let d« be-the apparent path of a ftar,
{uppofing it unaffected by refrattion till it comes to the vertical
line. at % ,.and. there to be lifted up by refraGion in the faid
vertical to L. Let e+ denote.another ftar, alfo unaffe@ed by
refration, to pafs along the different parallel of declination
e+ till it comes to < 3 then, if it be fuppofed that the two
ftars are both fituated in' the fame horary circle, if at the point
+ refration takes place, and by hypothefis this is lifted up
equally with the other, in the perpeddicalar %/, then the
line + % being drawn through the places of the two ftars, will
be cotemporary and parallel to LX; and the figure /+ L.
being . evidently a rhomboides, the two ftars, fo altered by -

+#-This will readily be deduced by infpection of the celeftial globe.
refraction,
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vefraltion, ‘will arrive together at the horary circle LX at the
fame time, and with the fame difference of declination, as if
no refraction had taken place. Itis therefore only the difference
of refrattion which takes place in obje@s at different heights
in the fame field, that can alter their relative fituations: how-
ever, it appears neceffary to examine what this may amount
to. ,

Let the letters in fig. 2. denote the fame things as befores
to which we will add, that ¢, A, B, C, D, denote the parallel
horary wires of the micrometer, and A4, BB, the declina-
tion wires, denoted /7 and B in the tablest now from the celeftial
globe we thall alfo readily obtain the horary angle VLP = 54°%
=Lée. Let now an obje& pafs along the wire A4 from the
horizontal line at & to the vertical line at 43 in this it will pafs
through a difference of refraltion, according as it gets more
and more elevated above the horizontal line HO; and let the

“elevation L& be half a degree or 30 minutes: then, according
to Dr. BraprLey’s Table of Refraltion*, the difference of
refra&ion betwixt the 78th and y9th degrees of zenith diftance
is 23,6, half of which 117.8, may be efteemed the difference
of refration for a difference of half a degree of altitude at
28°% zenith diftance, or of 11°§ altitude : the obje&, there~
fore, in paffing from the hotizontal line at 4 to the vertical line
at b paffes through every difference of refraltion from o to
11”.8 3 and the queftion is, how much it is at a medium, that
is, when it arrives at the middle wire at the point ¢2 From
this point let fall the perpendicular ce.  Now, the proportion
of the fides of the triangle 461, being given from conftrudtion,
they may be taken off by a {cale, vz,

* Inferted in Dr, Maskenyre’s Obfervations, Vol. kv p. 135,

Vor., LXXVIL Ccc Supe
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Suppo{e Li=174
- db=299
Cdl=242
and affuming the fidle Lo =30
the other fides by proportion [ db=751.6
as above will be dL =417
The triangles Léc and dce are fimilar to d5L ; therefore fay,
as db=51.6 : dL=41.7 :: Lb=30 : Le=24; and as Lé=
go:Le=24::dl=41.7:dc=33.5; and again, as db=
51.6 1 dc=33.5 :: Lb=30 : ce=19.5: but this will affe& the
~declination, only in proportion of the line ¢f drawn parallel
to LX 3 and it will affe@ the right afcenfion according to the
line fz: but the tiiangle ecf being fimilar to the original one
dbL, we fhall have db=751.6 : Lb=30 .1 ce=19.5: fc=11.3
for the line aﬁ'e&mg the right afcenfion; and alfo, as db=
51.6 1 dL=41.7 21 ce=19.5: ¢f=15.8 for the line affeling
the declination. But the effet of difference of refration upon
“the line L&= 30’ being only 1178, the refpedtive effects of
the lines f¢ and ¢f will be in proportion; that is,

7

. as30:1 r'.g‘ i, 11.8 : ;.’.4 for the effe& in right afcenfion,
and as 30 : 15.8 1 11.8 ¢ 6.2 — declination ;

but as it has been determmed that when the line 1.4 is 30
minutes, the line L.C, or the correfponding declination, will be
only 24 minutes ; the effets of refraltion above ftated will be
therefore due to 24/, | '

Correstion Jor the pofition of the wires.

The above corre@tions take place on fuppofition that the
feveral wires of the micrometer were {triétly parallel to the
re{pective parts of the circles of declination, and horary circles
in the heavens; but in the pradtical wie of this infirument it

- 18
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s found more convenient, on account of a ready and certain
adjuftment, to place one of the wires 44 or BB parallel to
the apparent track of the ftar wherewith the planetary body is
to be compared: in confequence, when the ftar %, fig. 1. is~
lifted up to L, it will not ftri&ly purfue the line LP; but
being lefs and lefs lifted up as it mounts higher, it will appa-
‘rently fall more and more below the line LP as it afcends above
the line HO, and will therefore take a courfe, fuppofe Lp.
‘The wire PLP being therefore adjufted to agree with plp; by
conftru@ion of the inftrument, the wire BLX will affume the
pofition gL« perpendicular to pLp. The ftar, therefore, that
ran along the parallel e+ before it fuffered refraltion, and at
 + was {uppofed to be lifted up to /, there not meeting LX
will take the courfe Jy, nearly parallel to Lp, and have fome
diftance, as /, to travel before it arrives at the new-placed wire
Lx; and it is now proper to examine what this quantity
may be.
Through the pomt % draw the line rzos parallel to HO, and
‘:Cxuttmg the vertical RLV in o, and let Lo be affumed=30";
then, fince the angle XL is {uppofed to be minute, the grofs pro-
portions of the fides of the triangles Iyz and Ly/ may be, for
this purpofe, {uppofed the fame *, and the fame as Léc, d2L,
fig. 2. to which the triangle Lazo, fig. 1. will alfo be fimilar 3
as likewife the triangle yzo, and alfo the little triangle z/v : but
making the fide /v of the triangle zlv equal to the effet of
refration in perpendicular=11".8; then, to find the fide /,

# 1 am aware, that the fuppofition of the fides of the triangles Lyz and Lyl
being the fame cannot be ftriétly fo; ror can they have the fame proportions ; nor
are any of the lines concerned right lines, that are fuppofed fuch ; but affimptions
mear the truth are allowable for the corretion of an error in the greateff part
that if uncorre&ted would fcarcely amount to a grofs errors’

Cccz2 the
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the diftance run from the firft to the laft fuppofed place of the
wire, we need only {ay, as Lb=30 1 db=51.6 s lv=11".8 : .
=—20".33 and this will be its value when the declination Le,
fig. 2. is 24"; but then the declination L/ or L, fig. 1.
being greater than the perpendicular fide Lo (affumed 307) in the
proportion of Lz : Lo, {ay, by fimilarity of triangles converfely,
asdLiz=41.y cdb=51.6 :: Lo=350" v Ly =38".2; but as the
corretion before ftated of 20,3 1s anangular error, taking place
in proportion to the diftance from the center, or the declination ;.
for the declination given of 24" fay, as 38.2: 247 11 20”3 : 133
to which adding 4.4, we thall have 17”4 for the whole error
in right afcenfion, fuppefing it in the equator, but muft be
again increafed in the proportion in which a ftar having decli-
nation is flower than a ftar in the equator; that is, it muft be
mncrealed in the proportion of any of the numbers in the
fourth column of Tab. 1. to the fimilar ones in col. 6. of
the fame table; that is, as 17 46" : 17 47" or as 106 : 107,,
21774 1976 %,

As all thele errors, arifing from difference of refra&ion, are
in proportion of the diftance of the objeét from the center of the
telefcope, they will take place in proportion to the difference of
declination of the two obje&s to be compared, whether they have
pafled the ficld on the fame, or on different fides of the center.
Now the difference of declination of Mercury and « Orionis
- being only 23" 27/, and the quantities being made out for 24"
fay (rejeting the 2 feconds), as 24’ : 23" 1974 1 1670,
which turned into time in the ryn of the ftar will be 1.1
in right afcenfion.

* My friend Dr. MaskeLYNE obferves, that in frifuefs each. flar ought to-
have its own proper reduétion, on account of difference of declination, which:im
#vireme cafes will amount to a.fenfible quantity,

3 Say
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Say again, as 24" 1 23" 6”7.2 : 6”7, the corre@ion in de-
clination. From the near equality of the lines L/ and Lg, it
is evident, that no correCion of declmation is neceflary on acw~
count of the inclination of the wires, the whole difference falling
in right afcenfion. As therefore Mercury pafled with 257 2/
more north declination than « Orionis, and paffed through a
part of the medium that lifted him up lefs; it therefore gave
him lefs north declination than it did to «, and therefore appa-
rently diminithed the real difference ; hence 6 muft be added
to the apparent difference 23" 2”/, makingit 23’ 8" difference
of declination: and as Mercury was lifted up lefs than a,
he would not {fo foon come to the middle wire by 17,1 as he
thould have done, he therefore came too late by 1.1, which
mufl be fubtracted from the time of Mercury’s paflfage the 2d
of Sept. which will increafe the time in which he preceded
e« Orionis; thatis, 18 h. 43" 42”.4 increafed by 1.r will be-
come 18 h. 43" 43”.5 difference of right afcenfion.

I have been the more particular in the inveftigation of this
obfervation, firft of all to afcertain the degree of dependance
that may be formed on an inftrument of the kind ; and, fe<
condly, to infer fuch eafy and fimple rules, that other fimilar
obfervations may be the more eafily reduced. Being therefore
fatisfied of the ftability of the inftrument ; if we had concluded
the obfervation with that of Mercury in the morning, and of
o Tauriin the evening of the 23d, then the refult from Tab.

111 thould have been
h.

~ & 1
Mercury paffed the wires at - - - 17 22 34‘.9
Anc ¢ Tauri paffed at - - - 9 36 27.3
Diference of right aflcenfion - > - 15 13 52.4

which
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which is the very fame as was before deduced from the
mean of the whole:

? ¢

And if to Mercury’s declination fouth of telefcope’s center - 1
We add o Tauri’s —— — north - 30 26
We thall have for the difference of declination - = 31 3—4,

e anms mo—

the fame as before determined. Our obfervation would, there-
fore, in this cafe fimply have been, that Mercury preceded
o Tauri in right afcenfion 15h. 13" 52”4 mean time, and
paffed the wire with more {fouth declination than o Tauri by
31" 34" '
* After this, o Tauri would have requlred to be compared with
fome well re@ified ftar by meridian inftruments; but in the
prefent cafe » Orionis, one of Dr. MaskeLYNE’s Catalogue of
34 principal ftars happened to lie fufficiently near the fame pa-
yallel of declination, to admit of o Tauri to be compared
therewith by the fame inftrument, while pointed to the fame
place of the heavens. The operations which were fubfequent,
therefore, muft be conﬁdered as intended to fave thofe of a
meridian inftrument. |

Now had our obfervation concluded with the above, then
the corre&ion would have taken place upon the difference of
declination of o Tauri with Mercury, inftead of the ultimate
one with « Orionis; but it muft be obferved, that whatever
quannty of correction the difference of declination would occa-
fion, it would be compenfated in the difference of refra&tion of
of o Tauri and & Orionis, when they came to be obferved on
the meridian; howuver, in the prefent cafe it happens to be
more commodxous, as both can be done under one.

Preparatory then to the laymg down the fimple rule for the

corre@ion of refraction, it is proper to premife, that it is evi-
‘ dent,
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dent, the lines, fig. 2. Lb, L, ce, ¢f, being in continued
proportion L& will be to ¢f in triplicate proportion of L to
Lc; and that Le will be to ¢f in duplicate proportion of
L5 : Le. The difference of declination, therefore, due to
30’ difference of elevation will be as L4 to Le fimply ; but the
effe& of difference of refradion in declination will be lefs than
the difference of declination in the proportion of L4* : Le*;
and that the effe& of difference of refraction 1 n right afcenﬁon ;
will be lefs than the difference of refration in declination in
the proportion of Lé : ¢b fimply.

Now it has been remarked, that the elevation of the tele~
fcope’s center above the horizon, and the horary angle VLP,
will always be readily gwen near enough for the purpofe by:
the globe. = A triangle given L&d can therefore be conftruted,
and the fide Lb being made 30’ (or any convenient aliquot
“part of a degree) the other fides will be found by propor=
tion: fay then, as in the prefent cafe, ab=51.6 : dL.=41.7 ::
Lb=30: Lc=24, for the difference of declination correfpond—
‘ing to half a degree of altxtude fay then, as §1.6*: 41.9%
that is, as 2663 : 1739 15.7=¢f. But without trou=
bling ourfelves with hngh numbers, if we take the proportxon.
51.6 to 41.7 by the flide-rule rwice, we fhall arrive at i5.7,
near enough for the value of the line ¢f: fay then, as Lé=|
30 :¢f=15.7 1t 1178 1 6”.2 for the refradlion in declination :
and as dL = 41.7 : Lé= 30 11 6”.2 : 4”4 for the refraGtion in
right afcenfion, according to the #rwe pofition of the wires:
and, for the correGtion of nght afcenfion in the poﬁtlon of

the wires, fay,
Fig.2.. - . E _Fig 1.

~— - - - - N
As Lb=30 :Jb:sl.gz: lo=11".8 : lrk=20".3;
and again, dL=41.7 : db=51,0 3s Le=30" i Lz=38.2.

Take
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Take now Lb, fig. 1.=Le, fig. 2.=24/, and draw the line’

hik, fig. 1. parallel to the line &y, and then fay, as Lax=

38%2 : Lb (or Lij=24" : [s=20".3 : bi= 13", which +4".4
= 17"".4 for the whole error in right afcention, with a declina-
tion or diftance from the center of 24”; but as the errors both of
“right afcenfion and declination are in proportion to diftance from
the center, as the difference of tiie plmet and ftar is only 23/,
fay, as 24" 1 237 1 17740 167 /~7 =1".1 time; and for the de-
" clination, fay again, as 24’ : 237 11 67,2 1 6" declination ¥,

Reduétion of Mercury’s comparifon with e« Qrionis, fo rwa
aftenfion and declination.

We have laid it down, that the 23d Sept. 1786, A.M. at
s h. 22’ 34’/.9 mean time, Mercury preceded « Urionis 18 h.
43 43".5, and had then a more northern declination by
23787 | |
According to Dr. MASKELYNE’s Catalogue of 34 ftars, the
right afcenfion of « Orlonxs reduced to the time when he was
obferved is 835° 54" 12", :

Now as the whole circle of the fphere makes a revolution
in the time that « Orionis makes one turn, which is

h. ’ 1" . .
23 56 4.1 then from this deduct
18 43 435

s it vt St

5 12 206 remains for the time that & Orionis preceded

 ———t,

* If the comparifon had been with o Tauri, then we muft have faid,

1 1

As 24 : 31‘ 17.5 ¢ 23._1 .5 of time,
and 24 : 31L 32 6.2 : 8.1 correion for declination,
N. B. All thefe and the above propertions will be commodioufly wrought with

the flide-rule. ;
Mercury
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Mercury in right afcenfion; but if « ran the whole rotation
= 360° in 23h. 56" 4”.1, what portion of it will be run in
sh. 127 207.6=18740".6?

But 24 h.=86,400 feconds, and 360= 1,296,000 feconds:
Time. Time. Of degrees. Of degrees

Say then, as 86400" : 187407.6 :t 1296000" : 281109 =2 = 7§ 5’ 5
But, according to Dr. MaskeLyYNE’s {ele&t Catalogue, the right afcen-
fien of « Orionis for Sept. 30, 1786, was, (which add) - 85 54712

D e ——

The right afcenfion of Mercury at the time of obfervation was thetefore 163 59 21

L L T SNV

According to Dr. MaskzLyNE’s felect Catalogue o« Orionis had decli- , , ,,

nation north, correéted for preceflion - - 7 21 8.8
The fum of aberration and nutation from Connoiffance des Temps - + 8.4
The corre& declination north of ¢ Orionis - — 7 21 17.2

_Te which add that Mercury paffed more north ~ - 23 8
Mercury’s declination therefore was - -~ - 7 44 25.2
lee reﬁllto

1786, Sept 23. A.M, Mercury’s righ.t aff:enﬁon - 163 59 21
at §h. 22" 35" M,T. declination north o 7 44 2§

VOLt LXXVIL D dd



