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VII. Elements of Captain HaiLL’s Comet. By J. BRINKLEY,
D.D. F.R.S. and M.R. 1. 4. and Andrew’s Professor of
Astronomy in the University of Dublin. In a Letter addressed
to W, H. WoLrLaston, M. D. V.P.R. S.

Read, January 10, 182¢2.

Observatory, Trinity College, Dublin,
My DEAR SIR, October 15, 1821.

I SEND you the elements of the comet observed at Valpa-
raiso, the observations of which you were so kind as to send
to me.

‘We are indebted to the science of Captain HaLr, for add-
ing this comet to our catalogue.

The observations appear to have been as exact as could have
been made even in an established observatory, on a comet
only visible so near the horizon, and so far from the meridian,
and of which the light was probably faint both from its actual
distance from us, and its apparent proximity to the sun,

The comet on the 8th of April was distant nearly 1,41
from the earth, the sun’s distance from the earth being unity,
and on the gd of May, when last seen, about 2,64.

This comet is interesting to astronomers on account of its
small perihelion distance. In the Catalogue of M, DELAMBRE,
out of 116 comets, the orbits of which have been computed,
there are only three that pass nearer the sun.

It is interesting also, from the probability that itis the same
comet that was observed in 1593, which agrees with this in
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its small perihelion distance and great inclination. The incli-
nation was computed by LacaiLLeE to be 88° nearly. The
inclination of this is 106° 44/. The perihelion distance of
that == ,089, of this ,093.

This comet would probably have been a very remarkable
one by its appearance, had the earth been in a favourable
situation.

It may, at first, cause some surprize, that it escaped the
watchful observers of Europe when on the north side of the
ecliptic, in February and March last, before it passed its peri-
helion; but on examination it will be found, that in March it
was only a few degrees from the sun, and must have been
rendered invisible by the superior lustre thereof. It passed
from the north to the south side of the plane of the earth’s
orbit, March e1st, 18" go», a few hours after it had passed its
perihelion ; and its elongation from the sun then was only
about 4°.

The observations having been made so long after its pas-
sage through perihelion, the smallness of its perihelion dis-
tance, and some other circumstances, have involved the com-
putation in difficulties not often met with. This induces me
to request you will lay before the Royal Society, the method
by which I proceeded.

The unusual circumstances relative to this comet, will also
appear by referring to a passage in the Preface of M. Burck-
HARDT’s new table of the Parabolic Movements, &c. in the
Conn. des Temps, 1818, It relates to the interval of his
table from 1000 to 10,000 days, of which he says, ¢ comme
il est probable que cette partie ne servira jamais dans la pra-~
tique, &c.”” Now, in the observations after the 18th of April,
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the anomalies of this comet exceeded that of 1000 days in
the tabular comet.

Besides the elements (B) deduced by the method of which
the explanation is given, I had previously deduced another
set (A) by a process less certain in its operations. The latter
set (A) however, may be thought not much inferior to the

other set (B).
I remain, my dear Sir,

your’s most truly,

Dy, Wollaston, &c. &c. &c.

J. BRINKLEY.

. Elements (B.) Elements (A.)
Perihelion distance ,092800 Perihelion distance ,0894
Time of passage through perihelion Passage through perihelion} h. m. s,
Mean Time, Greenwich,] h. m. s. March 21, - - - 7 326
March 21st. - - - 13 15 47 o 1
o ¢ u | Inclination - - s. 74 32 41
Inclination - - s 73 15 48 | Node - - - 1 19 38 17
Node (ascending) 1 18 24 41 | Perihelion - - 8 o 35 8
Perihelion - - 7 29 6 47 | Motion retrograde.
Motion retrograde,
Observation. | Observation, | Observation. |Error o{Bl::l)lements Error "{5‘)‘3“‘““‘5
1821, I\é:?;)lar’:;isrg.e Longitude, | LatitudeS. | Long. | Lat, Long. | Lat,
h. m.s.
April 8] 7 1058 3’3 2/7 44,3 | 21 4’8 8”,0 6% 8% +Io 20| 6
11} 65445 |3647 3.4|221015,2(+1 28(+0 29|+053i+0 2
120 7 230 [3749 5 |221526 [41 11 +0 45|40 26|40 13
14 654 0 |394425,9]|222426,2\+056/40 7|40 1|—029
17 7 029 |422157 |2233 9 |4056/—030 0 oOl—1 7
_ .18 63652 |43 914 | 2234 7 |41 36[|+0 17|40 45]—0 18
19 63454 435755 |223455 |40 1|4056|—0 46|40 24
20, 62819 |444253 |2230650 |4025{40 9|—014/—0 21
21} 63010 |45 26 57,022 37 58,8/+0 36/—0 B|+o 4|l—0 34
24 64930 |47 3142,7|22 41 31,3 |41 11|—2 15|41 6|—2 32
29, 64836 |5041 8,7|223937,2|—2 4[—038|—116—0 41
May 1} 63140 |51 44551]223745,6|+2 4|+051|+3 1353|4049
3| 62937 |52 5‘2 55-1122 37 42,7 |—0 50|40 15|40 45140 22
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Computation of the Elements.

The method used for the first approximation was that of
M. Larrace.* The observations chosen were those of April
8, 11, and 14. It considerably diminishes the length of the
calculation to use only three observations, where it can be
done. In the present instance it is not likely, had a greater
number of observations been used, that the superior accuracy
derived would have compensated for the additional trouble.
The result from the three observations, is as exact as would
be necessary on common occasions. Here, on account of the
small perihelion distance and small motion of the comet in
heliocentric longitude between the first and last observations,
the method of M. LarLAcCE, ¢ Determination exacte des ele-
mens de D’orbite, &c. &c.” is inapplicable ; the errors of the
motion in heliocentric ]bngitude being greater than the motion
itself.

The extension however of that method, as indicated by
M. DeLAMBRE,] might succeed in this instance, but the for-
midable calculations necessary are sufficient to deter one from
the attempt.

The method which I gave in Vol. XIII. p. 189, of the Trans-
actions of the Royal Irish Academy, also, in this case, requires
to be extended. It will be necessary to introduce the squares
of the variation of the perihelion distance, and of the cor-
rection of the time from perihelion.

The manner in which my method is extended to this
case will be easily understood from the following detail;
and also the change I have made in deriving on common

# Mec. Celes. T'om. i. p. 221, &c. + p. 225. 1 Astron. Tom. 3. p. 384.
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occasions the final equations, by using a formula for the com-

putation of V, different from that given by M. LAPLACE.
Previously to the computation, I re-calculated the observa-

tions of April 8, 11, 14, 21, and May g, using the places of the

stars as given by M. Piazzi. This perhaps was unnecessary.
The results were

R Declination S.

h.m. s. o 4 u
April 8] 2 34 15,0 7 5152
11| 2 46 28,0 712 4
14] 257 14,2 63351

21 317 46,1 513 35
May 3| 344197 3 25 5§

By M. LarLAacE’s method, © Determination approchée, &c.”’
the observations of April 8, 11, and 14, give perihelion dist.
(p) = ,0865, and time of perihelion, March 1g? 14® 4™.

Let the true perihelion dist. = p -~ dp, and time of peri-
helion = March 19" 14® g™—dt, so that ¢ being the interval
between March 19 14® 4, and the observation of April 8,
the true value of ¢ =1t -} dt.

Let also T= the time in the table of the comet of 109 days,
when the anomaly ==».

A ==variation of anomaly in that table in one day at time
T, and r = comet’s distance from the sun

Thenduz(]—flé_%dl’)z; - - (1)
and (2) d:’glf = dvtan 3 v+~ ml (2)

Conceive the triangle in which S, T, C, represent the sun,
earth, and comet respectively, and let P represent the pro-
Jection of the comet on the plane of the earth’s orbit.
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In this case, comet’s hel. long.==earth’s long.—TSP. Also

d hel. lat. (#)=z tan SCT cot CST tan =. - - (9
d hel. long. (8) = — x cot TSP tan SCT (tan CST — cot CST
tan® ) — (4)

These angles SCT, &c. are found in the course of the cal-
culation.

If B, B’ " represent three hel, longitudes, and =, #* " re-
present three hel. latitudes, and V, V’ represent the bases of
two spherical triangles of which the sides are go®wmr, go°—=",
and go°*—, go—=", and the vertical angles B—g'and B—f"
respectively,

cos V== cos (#—mn')—2 sin*; (B—f') cos #' cos = (5)
cos V== cos (z—n")—2sin’} (6—B") cos #" cos = (6)

Taking the observations of April 8, 21, and May g, and the

above values of p and ¢,

! Anomalies, Hel. Long. Hel, Lat. S,
. (o] ! I S. o ! " o [ i
April 8 13946 38*=y | 2517 1=B | 4855 19=n
21| 14638 6 =V | 2347 40=F' | 42 43 42=n'
May 3| 15012 10 =" | 2 2 35 30=B"| 39 22 5o=x"

If U=y'—v and U'=y"—y
The observations of April 8 and April 21, give
U=06° 51’ 28" V=6"16" 44"
Those of April 8, and May g, give
U'=10" 25’ go” V'==g¢° 44 12"
Therefore because U4-d U =V 4 dV
and U'dU'=V'4dV

* The results are put down to seconds; but as only five places in the logarithms
were used in this part of the process, they may sometimes err by several seconds,
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dV —dU = 2084 - - (8)
dV'— dU = 2480"” - - (9)
By the formula above given
dv = 2751 dt—g50060 dp
dv'= 1336 dt—762080 dp
d'"= 861 dt—669980 dp
Zx == 7512 di—209300 dp
' == 4459 di—158500 dp
1"= gegy di—188450 dp
dr=— 43902 .. dB=-,93452
dn'=—,3446 2" .. dB'=— ,48672'
dn'"=— 2954 2" .. dB"=— ,21302"
From these values it is necessary to compute dV, dV’.
Let H= ¢ sin* X (8—p') cos #' cos =
H =2 sin® 3 (B—B") cos #" cos =
then equations () and (6) become
cos V =cos (r—n')—H  — (10)
cos V'= cos (7—r")—H' — (11)

Itis obvious from the smallness of B—@’ and B—@”, and the
magnitude of the errors of U—V and U’—V" that the errors
of f—p’ and B—fB” may bear a considerable proportion to
the quantities themselves, or be even greater. Therefore the
coefficients of the differentials dp and dt in dH will be quite
incorrect, if the differential of H be computed in the common
way.

It is the smallness of B—@' and B'—@” in this case that
renders M. LAPLACE’s method of computing V, V' inconve-
nient, in consequence of its being necessary to use the tangent
of an angle nearly == go°.

But the variations of V and V' may be obtained with suffi-
cient accuracy in the following manner.



Captain HALL’s comet seen at Valparaiso. 57

By equation (10) we easily deduce an account of the
smallness of H

H
P U /
w 7 + sin 17/ sin (w—;?)
and with sufficient exactness

in 1”cos %’ x (B + dB — B'— df')*
V4 dV=7 —7'4 dvr-—-dW"'l"Zsml 2 gfns (,,(..',r') )

therefore
W:—(dw_dﬂ!) +7r~____7rl__v+ 2 sin 1" cos w’ cos w (B+dB—B' —dB)*

sin (w—a"’)

and the same expression serves for dV’ changing ', ' and V
into #, 8" and V.

Hence, substituting the values of g8, 8’, 8, #*, =", #” &c. &c.
we obtain
dV =—g44%*4,34462" —4390x+N (2680—,467224,21882)
dV'=—~03 +‘,2954_1x”-—4396x+N’(484.5—-,4672x+,1o65w")’
where log N = 5(.63801 and log N'= 5.47328
and finally, equations (8) and (9) give
N (2680—2534dt+63150dp) —g64dt—150649dp=2428 (12)
N'(4845—38166dt4-83572dpY—452dt—227619dp=g212 (13)
From these equations the values of dp and d¢ may be derived.
The indirect solution seems to be the shortest, as we know
the value of dp within narrow limits.

The first error of p as deduced from the approximation of
LAPLACE, rarely indeed will amount to + ,01.

1. Let us suppose dp=— ,005. Then equation (12) gives
dt=+44.,294, and —1,194. The positive value is too great to
be admitted, taking = — 1,194, the result from equation
(1) is o= — 468.

* This number 344'=6° 16’ 44"—69 11¢ should be strictly 367"==6° 16' 44"
—6° 11/ 37"; but the accidental omission of 37" is not of the smallest consequence
in the result.

MDCCCXXII. I
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2. dp ==,000
dt = - 4,901 and —1,547, substituting in equation (13)
= — 1,547
= - 309
8. dp = - ,005
dt = - 5,442 and — 1,838
=—137
the value of dp therefore exceeds 4 ,005.
The last result shows, that with this value of dp, the errors
of V= U and V'——U’ are reduced to comparatively small
quantities; and it may be useless in this first process to endea-~
vour to reduce them still more.
Therefore we may now make p==,0865 - ,005 = ,0915,
and ¢ = 19,9118 — 1,838 = 18,0738.
With these values we obtain, having corrected the sun’s
places and comet’s observed places for aberration, and made
the computations to seven places of figures,

I 1 S o ] °
April 8 136 513 s’l:v 29 4/.7 32=8 | 50 f_,'ll 16
21 | 144 5048=y | 2 459 14=F" | 4338 4=o
May 3| 14848 45=" | 2312 5=8" | 39 56 29=7"

‘V= 70 551 611’ VI= 110 53] 33".

On account of the great changes that have taken place in
some of these quantities, particularly in the longitudes; it
will be better to re=compute dv, d=, dp, &c. &c.

This in'common cases would be unnecessary.

The new values are
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dv = 8299 dt — 97’7400 dp
d' = 1510 dt — 768635 dp
d'= 947 dt — 667980 dp
= 83535 dt — 220500 dp
of = 4768 dt — 172700 dp
&"=gg90 dt — 158150 dp
dm = —— 45432 . dB = — 1,1466
dr'= — ,8599a' . df' = — ,4756 2’
dn''= — ,30584" . d" = — ,2252 2"
We may now use the equations (10) and (11) for finding 4V
and dV'
dV sin V=sin (7—=') (dr—dnr) == h.L

sin 1
dH=H sin 1" (tan £ (3—p') (dB—dp')—d=' tan #'—d= tan =)
The expressions for dV‘ and dH' are had by changing
H, £’ and #»' into H', 6 and #".
Then, by substituting the above values for d=, dn", &c. &c.
dV = —3858 dt 4+ 8oiiodp
dV'= —4888 dt 4 112190 dp
and the equations
U4-dU=V 4-dV

U+ dU'=V'+4dV
become
— 2069 df — 128650 dp = 111 — (14)
— 2536 dt — 1972g0dp= 8o — (15)
which give

dp = - ,001425 and di= — ,1423
Consequently, the new approximate values of p and ¢ are
p = ,092925 and ¢ = 17,9315
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Repeating the computation with these values we obtain

o 16 4.';:,:6 501 2’411;_—;”
5 634=B'| 43 43 35=w
3 335=R"| 39 59 56=n

“ s
April 8 136 22 43— | 2

21 | 144 28 59=/| 2
May 3| 148 30 40=»"| 2

V — 80 6' 29 VI:_:_ 120 8I 7”

and thence U—V=— 13" and U'—V'= — 11

Substituting these values on the right hand side of equations
(14) and (15), and solving the equations

dp = — ,0001249 and df = ,014049

and the new values of p and # are p==,092800, and t=17,9456,
which are sufficiently exact. From these new values of dp
and dt we very easily get from the above values of dv &c. &c.

1’ s

April 8 126 z‘5 ég:u 2
21 | 144 30 56=y] 2

May 3| 148 32 16="| 2

/o .0 /o
013 57=R | 51 139=w
5 552=F'| 4343 3=«
3 320=B"| 39 59 36=n"

V—_§° 51 24” V= 12° 6 45”
The diflferences between the first values of 8, g &c. &c. and
these correct values, seem deserving of notice,

It remains to find the place of the node, inclination of the
orbit, and the place of perihelion.-

For this purpose it is very convenient and sufficiently exact*
to compute, in the spherical triangle formed by the sides

* We are enabled to use this short process for finding the inclination, in conse-
quence of being able to compute so readily the new values of dV, and dV as well as
of dw, dB, &c. &c. by substituting in the values above given, the last values of dp,
dt.  This may be considered as another advantage of this method of correcting the
approximate elements of a comet’s orbit.
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90— =, go— 7" and V’, the angle opposite to go—=", and
also in the spherical triangle formed by go—=, go—=' and
V, the angle opposite to go—=".

These angles are

152° g8’ ¢, which gives the inclination 73° 1g 50"

152 51 56, which gives the inclination 73 11 47
Now, if the orbit were an exact parabola, and the observa-
tions perfectly accurate, the above quantities ought, in conse-
quence of the exactness that has been used in the computa-
tion, to agree to a second. Henceis seen the unavoidable
errors arising from these two causes jointly. It is probable,
that the deviation from a parabola has no sensible effect in
the present case.

With the mean value 152° 45" 8" we get the place of the
node 48° 24/ 41", and the place of perihelion =7’ 29° 6’ 47".

There evidently appears an irregularity in the three last
right ascensions observed April 29, May 1 and g. Itis possible,
that this happened in consequence of the difficulty of observ-
ing the comet from its faintness : if so, each of the observa-
tions may partake of that irregularity, and the inaccuracy of
the observation of May g, may have affected the elements.

This might have been avoided, by combining a greater
number of observations in correcting the approximate ele-
ments, but the advantage would not, probably, have repaid
the additional labour,

The remark on these latter ohservations, must not be un-
derstood to imply, in the smallest degree, a defect in observ-
ing; on the contrary, the general exactness of the observations
appears highly creditable to the observers, and requires no
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allowance for the unavoidable difficulties under which they
must have observed.

Note.—The computations relative to the comet observed
by Captain HaLL, were finished in the middle of October last,
and the results immediately sent to London for the purpose
of being laid before the Royal Society. The second part of
the Transactions for 1821, did not reach me till after the
communication had been read at the Royal Society. In that
second part, I was much surprised to find the elements of
the same comet computed by Mr. RuMkER, from the obser-
vations made by Dr. OLBERs, before the passage through
perihelion.

Subsequently, the ¢ Conn. des Tems,” for 1824 reached
me, which contains Observations made at Paris, and Elements
by M. NicoLLET ; also a notice of the comet having been ob-
served in several places of Europe. It certainly is highly
creditable to those observers who discovered, under very
difficult circumstances, the comet in its approach to the sun.

By the addition of Captain HaLL's observations after the
passage through perihelion, we are enabled to obtain very
exact elements.

The errors of my Elements, when applied to observations
before perihelion, and the errors of Mr. RuMKER’s and of
M. NicoLLET’s Elements, when applied to Captain HaLL’s
observations after perihelion, are considerable :

Therefore, I have farther corrected my Elements, by using
Dr. OLBERS’ observations of January go, with those of Cap-
tain HALL of April 8, and May 3.
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The new elements (C) are
Perihelion distance ,091677
Time of passage through March 21, by L1 4.8
perihelion - o
Inclination - - - = 73 84 .53
Node - - - - - 48 4218
Place of perihelion - - 239 80 83
Motion retrograde.
Errors of the Elements (C).

{ Mean time
Greenwich.

Error in Error in
Longitude. | Latitude. Observers.

/7 » .
Jan. 21} 4018 | =0 12 |M. N1coLLET, Paris.

30 4+ 1 6| 4 o013 {Dr. OLBERS, Bremen.
Feb. ¢ — o028 | —o0 44 |M. NicoLLET.
Mar. 6/ —2z 17 | — 0§57 |Dr. OLBERS.

April 8 - 018 | =o0 45 |Captain HaLr, Valparaiso.
20, 4 o 11 | —o0 10 {Ditto.
May 3| =049 | + o 12 |Ditto.

Between January 21, and May g, the comet described
above goo® about the sun: consequently, as a parabola re-
presents the observations with so much exactness, it follows,.
that the period of its revolution must be considerable.

JQ B.’

Observatory, Trinity College, Dublin,
Feb. 25, 1822,



