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XI. The OrB1T and MoTI1ON of the GEORGIUM SIDUS
determined direttly from Obfervations, after a wery eafy and
Simple Method. By FoHN Rosrson, M. A. F.R. S. EpIn.
and Profeffor of Natural Philofophy in the Univerfity of
EpiNBURGH.

[Read by the Author, March 6. 1786.]

| HE accuracy of modern obfervations has difcovered irre-
gularities in the motions of Jupiter and Saturn, which
our knowledge of the laws of planetary gravitation has not as
yet enabled us to explain. I have, therefore, long thought it
probable that there may be planets without the orbit of Saturn,
of fufficient magnitude to occafion thefe irregularities. This
conjeCture 1s confirmed by the difcovery of a new planet.

On the 13th of March 1781, Mr HerscHEL, an aftronomer
of great ardour and ingenuity, obferved a Star, near the foot of
Caftor, whofe fteady light attracted his attention. He immedi-
ately applied to his telefcope a higher magnifying power, and
difcovered an augmentation of its apparent diameter. Two
days after, he obferved that it had changed its place; and,
taking it for a comet, he wrote an account of his obfervation
to Dr MASKELYNE, Aftronomer-royal, who got fight of this
Star on the 17th of March. An account of this difcovery was
foon given to the other aftronomers of Europe, who have con-
tinued to obferve it with unceafing attention. I did not obtain
a fight of it till Auguft 1782.

ALMosST at its firft appearance, the Englifh aftronomers {up-
pofed it to be a Planet. They were led to this opinion by va-
rious circumftances which rendered it very probable ; fuch as,

Qq its
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its vicinity to the Ecliptic, the direction of its motion, and
its being nearly ftationary at the time of its difcovery, in fuch
an afpect with refpe to the Sun, as correfponds to the ftation-
ary appearancé of the Planets. The French aftronomers ima-
gined it a Comet, although it had not that train of faint light
which ufually diftinguithes thofe bodies ; and, in the courfe
of the year 1781, endeavoured to determine the elements of
its motion on this fuppofition, but could not find out fuch as
would correfpond with its fucceflive appearances. They at laft
found themfelves obliged to fuppofe, that it moved round the
Sun in an orbit nearly circular. Mr LexeL, Profeflor of aftro-
nomy at St Peterfburg, was the firft who attempted a compu-
tation of its motion on this principle ; and fhowed that a circular
orbit, the radius of which is about nineteen times the diftance
of the earth from the fun, would very nearly agree with all
the obferyations made during the year 1781. The firft diftin&
information which I got of it was in June 1782, from Mr MinToO,
a gentleman of this place, who communicated to me a feries of
excellent obfervations made by Profeflor SLop at Pifa. This
feries contained the means of determining with accuracy the
ftationary points of the Planet in O¢tober 1781 and March
1782, and its oppofition in December 1781. From thefe, I was
enabled to afcertain with great eafe, the radius of its circular
orbit. For, at its ftationary appearance, we have the fquare of

the cofine of its elongation from the Sun = ——~, # being the
ye—1I

radius, and the earth’s mean diftance being 1. ‘The oppofi-
tion in December 1781, gives us one place of the Planet as
viewed from the Sun, independent of all hypothefes. With
thefe data, it was eafy for me to determine the apparent place of
the Star for any time, and compare it with obfervation ; and
the refult of this comparifon was fuch as to thow, that the opi-
nion was very nearly true, the greateft errors not amounting

to
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to more thon what might reafonably be attributed to the inac-
curacy of -obfervation.

ASTRONOMERs were every where engaged in the fame re-
fearch ; and it occurred to fome of them, that the Star might
poflibly have been obferved before, by thofe who were employ-
ed in making catalogues of the Zodiacal Stars. Mr BobpE of
Berlin had juft publifhed a valuable work, in which all the
catalogues of the Stars were included. He had recourfe to
his papers, where he had  marked all the difference of thefe
catalogues, in order to difcover whether any Star, obferved
by one aftronomer, and omitted by another, might not be
this Star of Mr HEeRrscHEL, paying attention to thofe diffe-
rences only which he could find in the parts of the Zodiac,
through which the nearly determined orbit of this newly dif-
covered Planet might be fuppofed to pafs. Among others, he
found the Star, No. 964. of MAYER’s Catalogue, not obferved
by others, and but once obferved by MAavEr, who could
not therefore difcover any motion in it. Mr Bope imme-
diately examined the heavens, and could not find this Star.
He farther found, that the elements of the new Planet afligned
to it that very apparent place, in the month of September
1756, oune of the years in which MAYER was occupied with
thefe obfervations. On examining the regifter of MavYER’s
obfervations, it was found, that he had obferved the Star,No. 964.
on the 25th of September 1756. This was notified to Mr BobpE,
in September 1781. He immediately made this information
public ; and it has fince been currently fuppofed, that the Star
obferved by MaYER was the Plangt of HERScCHEL.

IT was found, even before the end of 1782, that the circu-
lar hypothefis was not exact, and that the angular motion of
the Planet round the Sun was increafing. This fhowed, that
the Planet was not moving in a circle, but in an excentric orbit,
and was approaching to the Sun. Aftronomers. therefore, be-
gan to inveftigate the inequality. of this angular heliocentric
motion, 1n order to difcover the form and pofitioi: of the ellipfe

Q. q2 defcribed
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defcribed by the Planet. This was a very difficult tafk ; for
the very fmall inequality of the motion thowed. that the orbit
was nearly circular; and the arch already defcribed was not
much more than the fiftieth part of the whole circumference.
Tte folution of the problem requires us to determine, from
the variation of curvature difcoverable in this fmall arch, to
what part of the circumference it belongs. This requires the
utmoft accuracy in the obfervations, and great fagacity in making
dedu&ions from them *. But, taking it for granted that the
964th Star of MayvEer’s Catalogue was the new Planet, the
problem becomes fufceptible of a very eafy folution; for that
Star is fituated more than a quarter of a revolution from the
place of the Planet in 1782, and fo fortunately, that almoft
the whole effe¢t of the excentricity and inequality. of the mo-.
tion is accumulated. Aftronomers, therefore, availed them-
felves of this obfervation of Mr Bobe, and quickly found, by
repeated trials, elements of the motions, which correfponded
perfe@ly with MAYER’s obfervation, and all thofe made fince
Mr HerscHEL firft got fight of the Planet. But they do not
all feem difpofed to confefs their obligation to Mr Bobt.
Some of them affedt to have deduced their elements direétly
from obfervations, by the formule expreflive of the elliptical
motion of the Planets, and to be agreeably furprifed with after-
wards obferving the coincidence of their elements with this ob-
fervation of MayvER. They have not given a detail of their
methods of inveftigation..

Or

* Tue firft perfon who obtained any dire@ information of the elliptical orbit of the
Planet was the celebrated Abbé Boscovicu, who, in O&tober or November 1481, dedu-
ced elements of its orbit from the obfervations of Mr Mecmain. His method is ex-

“ceedingly ingenious, ‘and remarkable for that fimplicity and geometrical elegance which
charalterife all his performances.. It did not come to my knowledge till the beginning
of this prefent year 1787, when I found it in the Colle&ion which he publithed at Baffano,
in 1785, in five volumes. He makes ufe of the fame phyfical principles which I employed
in January 1783, to determine the orbit by the two oppofitions which had then been ob- .
{ferved, combined with another obfervation, made at the diftance of a fydereal year
from one of the oppofitions. ‘This method 1 communicated to Dr Maskeryne in 1483.
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Or all the theories of this Planet which I have feen, that of
M. pE LA PrLacE, communicated to the Royal Academy of
Sciences at Paris, appears the moft accurate, and very nearly
correfponds to the obfervations which have been made fince
the time of its publication. This theory was announced to the
public in the Connoiffance des Mouvemens Celefles, as deduced di-
reGtly from the recent obfervations, by a method peculiar to
M. pE LA Prace. This I hoped to find in an excellent difler-
tation on the elliptical motion of the Planets, publifhed by him
in 1784. But, although I found this work full of new and va-
luable information, as might be expefted from this eminent
~ mathematician, I was difappeinted in my hopes of learning
the procefs by which he had deduced his theory of the new
Planet. He has, indeed, inferted in this work the elements of
its orbit, and the four obfervations which he had employed for
determining them, by a new method of confidering the plane-
tary motions, with which he was then oceupied, but which he
does not explain. When'I compared M. pe 1A PLacE’s theo-
ry with thofe obfervations, I found fuch differences as would
have allowed him to make choice of elements confiderably dif-
ferent. It appears, therefore, that, before applying his method,
he has corrected the obfervations on fome juftifiable principle,
which I regret exceedingly that he has not communicated, fince
he has been fo fuccefsful in the ufe of it. It would, doubtlefs,
have been much more deferving of the notice of mathema-
ticians than the empirical one which I have adopted in the fub-
fequent part of this paper.

In fpring 1784, I framed a fet of elements which corre-
fponded with the obfervations made at that time with abundant
accuracy. Mr MinTo, whom I have already mentioned, alfo
communicated to me elements, little differing from mine, and
equally accurate. Both thefe were deduced from a fuppofition
that the Star obferved by MAYER was the new Planet. We had,.
by this time, great advantages over our predeceflors; for a

much
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much larger portion of the arch had been .obferved ; and,
which was of immenfe confequence, three oppoittions had
been obferved, which gave us three pofitions of the Planet,
independent of all hypothefes. The arches defcribed be-
tween thefe oppofitions being thus determined, free from all
uncertainty, the acceleration of the Planet’s motion became
known ; and a method now offered of determining, by inter-
polation, its heliocentric place, at any intermediate moment,
with very great accuracy. And now, by chufing fuch obfer-
vations of the Star as fhould give a great difference between
the heliocentric and geocentric place, the radius of the earth’s
orbit became a bafe, by which we could meafure, with confi-
derable accuracy, its diftance from the Sun. Thus, having
both its pofition and diftance from the Sun, we could affign its
abfolute place in the heavens, and confequently the form of its
path.

IN the beginning of 1785, another oppofition was obferved,
and thus a method obtained of deducing the elements directly.
But this required a procefs fo extremely complicated, in order
to obtain tolerable accuracy in the refult, that I had not the
courage to attempt it. 1 waited patiently till a fiftch oppofition
{hould be obferved with four intercepted arches. This, I faw,
would afford a method extremely fimple and eafy, and, at the
fame time, fufceptible of confiderable accuracy. It is this me-
thod which I have now the honour to lay before this Society ;
and I hope that the Gentlemen who hear me will not think it
altogether unworthy of their attention : For it is furely defirable
not to reft our knowledge of the motions of this Planet on mere
conjecture, whatever probability there may be of its truth from
the coincidence of obfervations. I muft, at the fame time,
acknowledge beforehand, that the refult of my inveftigation
has not enabled me to determine the elements of its motion
with perfect certainty. It has, on the contrary, convinced me,
that, i1f we do not admit that the new Planet is the fame with

964
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064 of MAYER, near half a century muft elapfe before the ele-
ments of its motion can be determined with a precifion equal
to that which is attained in the cafe of the other Planets. But
the method afligns certain limits, and thefe not very wide, with-
in which all the circumftances of its motion muft be compre-
hended. This alone muft be regarded as a confiderable attain-
ment.

THE heliocentric place of the Planet in oppofition to the Sun,
on the 21ft of Decempber 1781, was determined by me, from
obfervations made on the 19th and 28th of that month, by
Dr MAsSKeLYNE, combined with obfervations made by Profef-
{or Srop at Pifa, on the 22d, 23d, 27th, and 28th. The helio-
centric place at the oppofition 1782, was determined from ob-
fervations made by Dr MASKELYNE on the 14th and 28th of
December, combined with thofe of Profeflor SLoP on the 22d,
25th, and 26th of that month. The place of oppofition in
1783 was determined from my own obfervations on the 26th,
27th, 28th of December, and the sth of January following.
The place at oppofition January 3d 1785, was determined from
my own obfervations on the 28th and 2gth of December, and
the 1ft and 6th of January. The place at oppofition 1786,
was determined from my own obfervations on the 29th, joth,
and 31ft of December, and the 1ft, 3d, and 8th of January.
The method which I took for combining thefe obfervations, in
order to get rid of the inaccuracy to which each of them was
liable, was as follows: The arch defcribed between any two
fucceflive oppofitions gave me a pretty near approximation to
the diftance of the Planet from the Sun, by means of the Kep-
lerian law, that the {quares of the angular motions are inverfe-
ly as the cubes of the diftances. The heliocentric angular
motion, at any oppofition, muft. be very nearly a medium be-
tween the angular motions with which the arches, intercepted
between it and the preceding and following oppofition, would
be uniformly defcribed. Thus I obtained, with fufficient ac-

curacy,
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curacy, the heliocentric angular motion at the three interme-
diate oppofitions. The angular velocities -at the two extreme
oppofitions were determined with equal accuracy, by {uppofing,
that the changes of angular velocity followed a regular law.
Thus I was enabled to determine the geocentric motion for a
few days before and after appofition, and confequently to af-
“fign, from each obfervation, the precife time and place where
the Planet would be in oppofition to the Sun. Thefe determi-
nations’ differed from each other in no cafe 10°. It is demon-
ftrable, that the .affumptions made for this combination of ob-
{ervations could not produce an error of 2”. I therefore,
with confidence, took the means of thefe determinations for
the places of the Planet, in its apparent oppofitions to the Sun.

THE times and apparent longitudes and latitudes of the Planet
are exprefled in the following table :

1785. Jan. 3. 1%.28.56
1786. Jan. 8. 10.39.3I

. 14.23.02 25. 40
. 18.57. 05 28. 52

M. T. Ed. Long. Lat. N.
b. 4 ” 5. ’ ’” 4 ”
1781. Dec. 21. 17.44. 33 3. 00. 52. II 15.07
1782. Dec. 26. 08. 56. 56 3. 05. 20. 29 18. 56
1783. Dec. 31. 0o0. 46. 24 3. 09. 50. 52 22. 10
3
3

My manner of obferving obliged me to. compare the Planet
with two fixed Stars which did not differ from it, or from each
other, more than one degree in declination. This obliged me
to employ fome Stars which are to be found in MaygRr’s Cata-
logue alone. Ihave, therefore, always made ufe of this Catalogue.
If, therefore, the following theory be confronted with an ob-
{ervation, where the geocentric place of the Planet is deduced
from a comparifon of it with a Star in its neighbourhood, and if
the place of this Star be deduced from BRADLEY’s, or DE LA
Ca1LLE’s Catalogues, the longitude will be found about 6” too

fmall, or as much too great.
THE
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THE manner of obfervation, and the inftrument which I make
ufe of, appear to me to have feveral advantages which are not un-
worthy of the attention of Aftronomers. An account of them
will therefore be communicated on fome future occafion.

Frowm thefe places, it is eafy to determine the inclination of
the Planet’s orbit to the plane of the Ecliptic, and the place of
its Node, which are as follow :

£ 77
Long. Node, Jan. 1. 1786. 2.12.48. 45
Inclin. Orbit, 46.26

I was now enabled to reduce thefe Ecliptic places to the or-
bit itfelf, and thus to determine the arches of this orbit de-
fcribed during the intervals between the oppofitions.

I THEN took the oppofition which was obferved on the 31t
of December 17873 for an epoch, to which all the obfervations
fhould be reduced.” The interval of time between this and the
preceding oppofition was 3694d. 154h. 49. 28". 1 counted
back another equal interval, which brought me within a few
minutes of the time of oppofition 1781, and I computed (by
means of the heliocentric motion, already determined for that
oppofition with fufficient accuracy) the place of the Planet for
the beginning of the above mentioned interval. In like man-
ner, I computed its place for two equal intervals of 369 4. 15 4.
49’ 28", reckoned forward from the epoch. Thus I obtained
four angles in the orbit, defcribed in equal intervals of time.
The differences of thefe angles fhowed the inequality of the
Planet’s angular motion. From this inequality alone, we are
to determine the chief elements of its excentric orbit.

I iMmMEDIATELY found, that thefe differences, firiély taken,
had irregularities which are inconfiftent with the moft remark-
able circumftances of the Planet’s motions. It appeared, there-
fore, that the obfervations muft be corrected, as far as is con-
fiftent with the probability of their inaccuracy. With refpe@

Rr to
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to the obfervations of Dr MaskeLYNE and Mr SLop, made
with inftruments equal to any in Europe, this inaccuracy
thould not be fuppofed greater than ;. With refpe¢t to my
own, I will allow it to amount to 10".

THE queftion is now, upon what good principle we may
prefume to corre the obfervations. When the Planet appears
ftationary, we have the beft opportunity of afcertaining its
diftance from the Sun, by means of an imperfe¢t knowledge
of its angular motion, the earth’s diftance from the Sun afford-
ing a bafe moft advantageoufly fituated. Mr MiNTO has com-
municated to me Mr SLor’s obfervations of the Planet when in
this fituation. On 1782, March, 64. 65. 14. 56". M, T.
Greenwich, the apparent longitude of the Planet was obferved
2 5. 28° 49. 2%". on the Ecliptic. The five obferved oppofi-
tions give us the firft and fecond differences of the heliceentric
motion at thofe oppofitions. By thefe means we obtain, by the
ufual methods of interpolation, the.heliocentric place of the
Planet at the time of the above obfervation, and this without
an error amounting to 2°. By comparing this with the geo-
centric place, we obtain the Planet’s diftance from the Sun
= 18,9053. By making a fimilar interpolation for March ~d.
6 h. 14. 56", we obtain another heliocentric place of the Planet.
"The difference of thefe two places gives the diurnal heliocen-
tric motion = 43%,4365. But a Planet defcribing round
the Sun a circle whofe radius is 18, gog3, will have its diurnal
motion = 43°,1647. .

From this it is demonftrable, that the Planet’s diftance from
the Sun 1s greater than half the parameter of its orbit; and
that its true anomaly, or diftance from its aphelion, is more
than 9go®*. On the other hand, we find, from the continual ac-

celeration of its motion, that, at the oppofition 1485, the Planet
had

* For the angular velocity of a body in an ellipfe, is to that of a body in a circle, at,
the fame diftancg, in the fubduplicate ratio of the half parameter to_the diftance.
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had not yet arrived at its perihelion. Hence it is demonftrable,
that the differences of the arches defcribed in equal times
fhould form a feries of numbers continually decreafing, very
flowly at firft, but afterwards more rapidly.

Upron this principle, we may venture to corret the obferva-
tions. In this corre@ion there is ftill a choice; for we may
make the decreafe of the feries either more or lefs rapid. The
ellipfes which arife from the extremes of the feries formed up-
on this principle, will evidently be the limits which compre-
hend the principal elements of the eccentric motion; and,
fince we allow ourfelves very little liberty in the correction, it
is prefumable, that thefe limits will not be very wide.

From the above obfervation of the Planet in its ftationary
point, we find that its angular velocity does not greatly exceed
that of a Planet revolving in a circle ; and a fimilar ufe being
made of Mr MasgeLYNE’s firft obfervations, will fhow, that
the heliocentric motion of the Planet in April 1781 hardly ex-
ceeded the motion in a circle at the fame diftance. We may,
therefore, prefume that its true anomaly does not much exceed
90°. Therefore, the feries of firft differences, adapted to this
fituation, muft decreafe very flowly, whilft the fecond differen-
ces muft increafe alfo very flowly. This will appear by exa-
mining the tables of any of the Planets. I fhall, there-
fore, begin by giving to the fecond differences a very {mall
increafe, and to the firft differences a very fmall diminu-
tion. This will be done by a corre&tion not exceeding 3" in
any of the obfervations; and this muft be allowed to be far
within the limits of probability. The firft obfervation has its
longitude diminifhed 1”; the fecond has its longitude increafed
21", the third has its longitude increafed by the fame quanti-
ty, and the fourth and fifth have their longitudes increafed 3",
The times correfponding to the above mentioned equal inter-
vals, and the correfponding corrected longitudes, cleared from

Rroz the



316

The Orbit and Motion of

the effe@s of aberration and mutation, and reduced to the orbit,
and to the epoch of oppofition 1783, are as follow :

M. T. Green.
h. * 7 s
1781. Dec. 21. 17.20.17 3. 00. 53. §0
1782. Dec. 26. ©9. 09. 45 3. 05. 21. 16,5
1783. Dec. 31. ©0.59. 13 3. 09. 50. 37,5
1785. Jan. 3. 16.48.41 3. 14. 21. 52
1786. Jan. 8. o08.38.09 3. 18.54. 58

THESE give us the following intercepted arches, with their
firft and fecond differences :

o ! o

4. 27.26,5 1. "
<5455

4. 29. 21 1538

4+ 31. 14,5 1. 51,5 2

4. 33. 06

From thefe data, the elliptical orbit of the Planet is to be
conftructed. Various methods prefent themfelves of doing
this, depending on the equations between the mean and true
anomaly. But I found that, unlefs the quantities involving the
fourth power of the excentricity were introduced into the equa-
tion, I could not determine the place of the aphelion with to-
lerable accuracy. The equation in this form would be almoft
intractable. I therefore fearched for a method which would be
more fimple, when applied to the prefent cafe, which has been
rendered {o particular, by the determination already obtained of
the quarter of the orbit in which the Planet has been obferved.
The following method occurred to me, and is, indeed, as obvi-
ous as it is fimple, while it is alfo fufceptible of great accu-
racy.

Let ACP (fig. 1.) be the elliptical orbit of the Planet, P the
perihelion, S the focus in which the Sun is placed, and O the

CEntre ;
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centre ; and let A, B, C, D, E, be the places of the Planet in 1its
fucceflive oppofitions to the Sun; draw the chords AB, BC,
CD, DE, AC, CE, 'and the radii ve&ores-AS, BS, CS, DS, ES.
We may: fuppofe that the points x and ¥, where the chords AC,
CE, are interfeted by the radii vectores, BS, DS, are in the
middle of thofe chords. For, let us fuppofe that thofe chords
are bife@ed in x and y by radii SB and SD, the reilineal tri-
angles ABS, BCS are: equal, and the fegments cut off by the
chords AB, BC are very nearly equal ;- thefe fegments are very
{fmall.in comparifon with the triangles ABx, BxC, and thefe
triangles are very fmall in comparifon with the triangles AxS,
«CS. Therefore, the elliptical fectors ABS, BCS, are very near-
ly equal, and B is very nearly the place of the Planet at the fe-
cond oppofition.

LeT the angles ASB be = #, BSC = v, CSD = », DSE = ¢,
ASC = w, CSE = 2, AxS = x, and CyS = 7.

Then, AS : Ay = fin. % : fin. u,
and Cx, or Ay : CS = fin. v : fin. .
therefore, AS : CS = fin. v :_fin. u,
alfo, ES : CS = fin. & : fin. y.

Taus,we have obtained the ratio of the three diftances AS, CS,
ES, and we have the angles ASC, CSE, given by obfervation.
This is all that is neceflary for.conftru@ing the ellipfe, by
means of the 21ft prop. of NEwToN’s Principia, B. 1. or of a
theorem to be delivered afterwards.

Tuis ellipfe will be found to have its- femitranfverfe axis
about nineteen times the earth’s diftance from the Sun, and its

. . 1 . . .
excentricity about —= of its femitranfverfe axis, and the angle

PSC about 73°. As it approaches very near to the form of the
ellipfe really defcribed by the Planet, we' may difcover, by its
means, the errors which have arifen from the fuppofition that
the feGtors ASB, BSC, are equal, when A is equal to xB.

Yor
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For this purpofe, bife¢t AE in F, draw OFx and SFc ; make
xc to Cc, as.cSto cF; draw Ce¢S, and draw 'OK parallel AE": It
is evident that xc may be confidered as a firaight line parallel to
EA ; the fegments ExF, FxA, are equal, and the triangles EFS,
FSA, are equal ; therefore the elliptical fpaces E«FS, «FSA are
equal ; but the triangles xcF, CcS are equal, their altitudes be-
ing reciprocally as their bafes; therefore, the elliptical fectors
ACS, CSE, are equal, and C is the place of the Planet at the
third oppofition. Now, cF is nearly equal to the verfed fine of
cA, which is an arch of about 9°, and is therefore about

—81—0 of ¢S. xcis to cF as OK to KF; and therefore xc is nearly

) 3 I I I

— of cS. 1IS— O
P of cF, or . cS. Cc 5 f xc, or T28000

of cS.

Therefore the angle CSc does not'exceed two feconds. If a fi-

milar conftruction be made for the points B and "D, it will be
found that the angles BSb, DSd, will not exceed —g— of a {fecond.
For BS, CS, DS, are nearly equal, and bH and dG are nearly
-3— of cF ; therefore Bb and Dd are nearly _1% of Cec.

HeNcE it 1s evident, that this fimple and obvious conftruc-
tion will give the elements of the orbit with all the accuracy
that can be attained by any direct methods from our obferva-
tions, becaufe the errors of obfervation are much greater than
this ; and if the obfervations are not equalifed according to
fome probable principle, as has been attempted above, elements
cannot be obtained which will be confiftent with them all. The
corre@ions which muft be made for this equalifation are much
greater than this error; and, therefore, no dire@® methods can
give more accurate elements.

TH1s error, fmall as it is, may be very eafily corrected, by
computing its quantity in the ellipfe already conftru&ted. This

computation
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computation muft be exceedingly near the truth, becaufe the
ellipfe is very near the truth. But the trouble of this previous
conftruction may be avoided by means of the following confi-
derations: The triangles xFc, dGd, are nearly fimilar; and
therefore, cF : dG = AE? : CE? nearly ; thercfore the trian-
gle xcF :3Gd = AE+ : CE* nearly; alfo, Sc = Sd nearly ;
therefore, Cc : Dd (or, ¢F : yG =) AE* : CE* nearly; but AE
is. nearly double of CE ; therefore, ¢F': yG = 16 : 1 nearly;
allo, ¢oF : xH = 16: 1 nearly.

Now, CS: Cy = fin. y-: fin. x,.

and Cy:ly = Cy: Eq,

and Ey: ES = fin.y : fin.,

therefore, C5 :'ES = Cy x/fin.y: Ey X fin. x.

Let CS:eS = fin.y: fin. x,

then, ES:eS = Ey: Cy,

and ES:Ee = Ey: Cy —Ey, = Ey : 29G.

Ix like manner, make CS : aS = fin. u : fin. v, and we fhall
have AS: Aa = Ax : 2xH nearly, =-Ey: 2yG nearly, and
Ee : Aa. = ES: AS nearly, and therefore Ee nearly equal to

Aa,

Make AS : So = fin. % : fin. w,

then, (becaufe SE : AS = Ko X /in. w : ApXx fin. %)

we have SE :So = Lo¢: Ao,

and SE: Eo = Ee¢: Ap—F¢, = A¢p: 2¢F nearly,
or SE : Eo =2Ey : 329G, = Ey : 169G nearly.

Hence it follows that Eo 1s nearly equal to eight times Ee.

Laftly, Make aS:S¢ = fin.2: fin. w, then we fhall have
aS:Se = AS:8So, and Aa::0 = AS:SE, and therefore :o

nearly equal to Aa, or to Ee; therefore ee is nearly fix times

Ee Q'

Hexnce
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HEeNCE may be derived the following rule for approximating
to the true ratios of AS and ES to CS:

Make CS: aS = fin.u: fin.v,

CS:eS =/fin.y : fin x,

eS : oS = fin.w: fin. 2,

aS : ¢S = fin. 2 : fin. w.
Then mfake AS = aS +_"6i‘, and ES = S — -;f- Then the
points A, C, E, will be in the circumference of an ellipfe, of
which S is the focus, and O the centre, and having the fe@ors

ASC, CSE, very nearly equal.

THE approximation will be much eafier, and almoft as ac-
I
6
be added to the logarithm of aS, for the logarithm of AS, and

%— of the difference of the logarithms of ¢S and eS be {fubtrad-

ed from the logarithm of €S for the logarithm of ES.

curate, if — of the difference of the logarithms of aS and «S

IT may even be fufficient to add —16— of the difference of the

logarithms of €S and ¢S to the logarithms of aS, and to fab-
tradt it from the logarithm of eS.

THE following Theorem may be of ufe for conftruing the
ellipfe, and, I believe, is new :

LeT DAP be an ellipfe, (fig. 2.) of which O is the centre,

S the focus, and ap the diretrix; from any three points A, C,

E, draw lines Aa, Cc, Ee, perpendicular to the dire@rix ; draw

the radii AS, CS, ES; draw AK, xCH, and ¢E, perpendicular

to Aa, and AG, CF, perpendicular to ES, and Sp perpendicular
to ap.

LeT
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Ler AS be = 4, CS = ¢, ES = ¢, the angle ASE = «,
CSE = y, and ESP = =z.

IT is evident that EH : EK = & : ¢A, = CS — ES : AS—ES,
=c—e:a-—ce; alfo, SF = c.cof} y, SG = a.cof;x, CF = c.fin, y,
and AG = a.fin, x ; alfo, the angle FCH = GAK, = ESP, = =.

TuerREFORE, FH = CF.tan, z, = c.fin,y.tan,z, and GK =
a.fin, x.tan,% ; therefore, EH = e—c.cof, y + c.fin, y.tan, %, and
EK = e—a.cof, x +afinyx.tan, = 3 therefore, c—e:0—e =
¢ — ccofyy + cofinyytan,z e — acof,x + a.fin,x.tan,z, and
(c— e).(e—a.cofsx) + (c—¢€).a.fin,x.tan,z = (a — €).(e — c.cof; y)
+ (a—eé).c.fin, y.tan,z. ‘This gives,

(c—e).(e=a. cof; ) — (a—e).(e=—=c. cof;y)
c.(a—¢) finy y —a.(c—€). fin,x

A
Tan,z =

Or, more conveniently for logarithms,

c.(a—e). cofsy—a. (c—¢) cof; x —e.(a—)
c.(a—e). fin, y —a.(c—e). fin, x

‘Then, by the common theorems, we have the excentricity ¢ =
= oeds z_:— c;; (x+2) the mean diftance being = 1. The
aphelion and perihelion diftances are 1 ++ and 1 —« By their
means, we obtain the mean anomalies correfponding to the true
anomalies OSA and OSE. The difference of the mean anoma-
lies is to 360°, as the time between the appulfes of the Planet
to the points A and E to the time of a fydereal revolution.
The fquare of a fydereal year is to the {quare of the time of

this revolution, as 1 to the cube of the Planet’s mean diftance
from the Sun.

Tan,z =

This procefs gives us the following elements :

Mean Diftance, - - 10,08247%
Excentricity, - - 0,9006
Periodic Time, - - 83,359 Years.

ST Mean
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S Q ’ o
Mean Anomaly at E, 4. 00. 32. 5T
Longitude of the Aphelion, ?for the Epoch I1.23.00, 5I
Longitude of the Node, 1783, Dec. 31. 2. 12. 46. 14
Inclination of the Orbit, - - 00. 00. 46. 2§

THESE elements agree with all the obfervations made fince
Mr HerscHEL’s difcovery of the Planet, with abundant accura-
cy, the differences being as often, and as much. in defe& as in
excefs. When I compared them with MAYER’s obfervation of
the Star, No 964. 1 found the calculated place of the Planet
only 3. 52" to the weftward of the Star, and 1” to the north-
ward. As thefe elements feem to be formed on good prin-
ciples, I cannot help being of opinion, that that Star was the
Planet now obferved. If, in forming the elements, I had fup-
pofed that the fecond differences of the arches were conftant,
(a fuppofition quite allowable,) I thould have obtained elements
almoft precifely the fame with thofe which I foermerly deduced
from the fuppofition that the Star, No. 964. of MaYER’s Cata-
logue, was the Planet. This aflumption would not have occafi-
oned an alteration of one fecond in.any of the places above ufed.

ALTHOUGH it now appeared unneceflary to make any farther
trial, I made another corre@ion of the obfervations, {o as to
produce a feries of fecond differences, which fhould decreafe
as rapidly as was confiftent with the probable inaccuracy of
the obfervations. This gave me the following elements :

Mean Diftance, - - 19,18254
Excentricity, - - 0,88461
s o ’ 1”-
Mean Longitude, 1786 Jan. 1. 3.23. 17. 03
Long. of Aphelion, M. T. Green. T1. 17. 32. 54
d  h
Periodic Time, 84 06. o4. 48

THESE -elements alfo agreed very well with the obfervations
{ince HerscHEL’s difcovery ; as alfo with MAYER’s obfervations :
But if thefe elements be compared with the obfervation of the

ftation
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ftation in March 1782, they produce an angular motion, which
differs confiderably from what appears by interpolation, thow-
ing that the mean diftance is confiderably too great.

IT refults from this inveftigation, that the elements of the:
orbit are contained between thefe extremes, and are probably
much nearer to the firft fet. A confiderable time muft elapfe
before they can be determined with accuracy, from obfervations
made fince March 1781. But. the probability that MAYER ob-
ferved the Planet is fo great, that I am decidedly of opinion
that it is the fame with No. 964. of his catalogue. If this be
granted, we can obtain the elements with all the accuracy that
is’attained in the other Planets : For the place of MAYER’s Star
is within fix degrees of the Aphelion, as determined by the firft
fet of elements, and all the effe@s of its excentricity are nearly
accumulated in 1781 ; and are thereforer moft eafily deduced
from the obfervations. I {hall therefore {ubjoin another fet of
elements accommodated to this fuppofition ; they were formedby
me about two years ago in the ufual way, by repeated trial, till
the refult fhould agree with MAYER’s obfervations, and with
all the others which I had then colle¢ted. I have not found
any reafon fince that time to make any change, unlefs perhaps
the inclination of the orbit may be increafed about 10"

Mean Diftance, - - 19,0858
Excentricity, - - 0,90737
Mean Longitude, 1786 Jan. 1. Noon. M. T. s. ¢ ° "
Green. 3. 23.41. 13
Longitude of the Aphelion, - 11.23.10. 38
Longitude of the Node, - 2. 12, 48. 45
Inclination of the Orbit, = - ., 00 0o 46. 26
Periodic Time in Days, 30456. oI. 40. 48
Mean diurnal Motion, 42",551

I mAY juft obferve in this place, that if I were difpofed, with
fome aftronomers, to admit that the Star, No. 34. Tauri of the

Britannic Catalogue, 1s the new Planet, the elements formed on
S{2 the
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the fuppofition of the moft rapid decreafe of the fecond diffe-
rences will agree very well with FLAMSTEAD’s obfervation of
that Star on December 13. 1690, being only 40", or perhaps on-
ly 12" to the weftward of it. But the latitude differs more
than two minutes from FLamsTEAD’s latitude, which 1s right-
ly deduced from the Zenith diftance. This is too great an er-
ror for him to commit in the obfervation, and we fhould there-
fore reje& the fuppofition on this account alone. But there are
ftronger reafons for rejecting it, arifing from the difagreement
of thofe elements with the obfervations made on the ftations of
the Planet in O&ober 1781, and March and O&ober 1482,
which give us a very near approximation to its diftance from
- the Sun. When compared with obfervations of the Planet
near its ftationary points in the Spring, they give the geocentric
longitude confiderably too great, while they give it too {mall
for the fimilar ebfervations in Autumn.

THE appearance of this Planet has ferved to exercife the in-
genuity of mathematicians, by a problem confiderably different
. from that afforded by the motions of comets in very excentric
orbits ; and, by this means, has favoured the public with ma-
ny improvements in analytical knowledge. My profeflional
duty has made me confine myfelf chiefly to the fearch of
fuch methods as might be very intelligible to perfons poffefled
of {mall degrees of mathematical knowledge. The method
now exhibited has this advantage in an eminent degree ; and
therefore, although 1t will not engage the atténtion of fkilful
mathematicians, | hope it will be ufeful, becaufe it may incite
beginners to a zealous profecution of this. noble ftudy, by thow-
ing them fome of its moft pleafing gratifications. I may add,
that the method now exhibited 1s one of the moft likely to give
us an accurate knowledge of the Planet’s motion. Another pe-
riod of four years will enable us to apply it to arches of double
extent, which will diminifh the errors arifing from the unavoid-
able inaccuracy of obfervations to one fourth of their prefent

quantity, and a comparifon of the new elements with thofe now
given,
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given, will enable us to diminifth them as much again. When
itis confidered, that in thofe elements no attention has been paid
to the gravitation of the Planet to the other fix, it will {till more
clearly appear how abundantly accurate they are for the pur-
pofes of aftronomical computation.

I Took another method of obtaining elements, by means of
the ratio of three diftances from the Sun; namely, by interpo-
lating heliocentric places of the Planet, for the times of its vici-
nity to its ftations, and comparing thefe with its geocentric
places. It 1s eafy to fee, that this method alfo is fufceptible of
great accuracy, after having obferved five oppofitions, which
give us fecond and third differences of the -heliocentric places,
and therefore afford a proper application of the methods of in-
terpolation. Elements deduced in this way, almoft perfe&tly
coincided with the above. I alfo obtained, in January 1784, a fet
of elements very nearly the {fame, by means of the three oppo-
fitions which had then been obferved, and by the help of a
theorem which 1 make ufe of in my elements of phyfical aftro-
nomy, viz. That the velocity of a body, in any point of the
path which it defcribes by the action of a centripetal force, is
that which it would acquire if uniformly impelled by the cen-
tripetal force along % of that chord of the ofculating circle
which pafles through the centre of forces.

I suALL here fubjoin tables for computing the motion of
this Planet.

TasLE L. contains the Radical Mean Longitudes of the Planet,
Aphelion, and Node ; for the Mean Time of noon at Green-
wich, at the beginning of the Aftronomical Year, that is, for
the Mean Noon of the 31ft of December immediately preceding.
It alfo contains the Mean Sydereal Motions of the Planet for
months, days, and hours, and the preceflion of the Equinoxes
at the beginning of each month. The fydereal motions are
chofen in preference to the tropical, becaufe the motions of the
aphelion and node are not yet known. One application of the

preceffion of the equinoial points, is therefore {ufficient.
TABLE
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TasLE IL contains the Elliptic Equation of the Planet. The
argument is the Mean Anomaly, or the Mean Longitude of the
Planet—the Longitude of the Aphelion.

TasLE III. contains the Logarithm of the Planet’s diftance
from the Sun, the Earth’s mean diftance being 1. The argu-
ment is the Mean. Anomaly of the Planet,

TaBLE IV. contains the Heliocentric Latitude of the Planet,
the Reduéion to the Ecliptic, and the Reduction of the Loga-
rithm of the diftance from the Sun. The argument is the Or-
bital Longitude of the Planet—the Longitude of the Node.

TasLE V. contains the Geocentric Aberration of the Planet,
for reducing its true to the apparent place. The argument is
the Elongation of the Planet from the Sun.

EX A MPUL E

ReqQuireDp the heliocentric place of the Planet for 1787,

January 134d. o4 h. 56" 0o’ M. T. Greenwich.

s, © 4 1 S Qe / 1" Se o 4,

1478%. M. Lon. Plan.3. 28.00. '12,5 Lon. Aphel. 1. 23.11. 28 Lon. Nod. 2.12.49.35

Jan. 0. 00. 00. 00 3. 28.09. 35 3.23-32. 3§
13- Q. 13,2 ————
4 M. Mot. 2,1 M. An. 4.04. §8.07 Arg.Lat. 1.10.43.00
56/ 1,7 Hel. Lat. N. 30.1§
Log.dift. © 1.26941%9
. 3. 28.09. 34,5 Red. Log. 168
Eq. Orbut, 4. 36. 59,3 —
Log. curt. dift. 1.2694011
3-23- 32 35,2
Prec.—Red. 75 4

Plan. for M. Eq*. 3. 23. 32. 2%,8

Tt will be remarked, that the deviations from obfervations
made near the vernal ftations are in defe@, while thofe near the
autumnal ftations arein excefs. Henceit may be prefumed, that
the mean diftance and periodic time are fomewhat too fmall,
and the aphelion too far advanced on the ecliptic. I did not
remark this till after I had computed the tables ; and it is a te-
dious tafk to make the computation a-new. I have publifhed
them, not in the perfuafion that they are perfe@, but becaufe
none have as yet been publifhed in Britain, and I have feen on-
ly thofe of DE 1A PracE and Or1ani, both of which are lefs
confiftent with obfervations than mine.
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TABLE 1
Rapical meanNn Praces, aND-MoTIONS:
{M. Lon. Plan. Lon. Aphel. | Lon. Node. ED.| M. Mot. {|H.| Mot.
S o l"‘, (4 S o 1 w g o ” »‘ PR ’”
1756 | 11.13.43.43,1) 11.22.25.48 [2. 12. 23. 35§ 1| 0. 42,5 1} 1,8
1781 | 3.02.0IL. 16,5/ 10.23. 00. 26 [2. 12. 44. 34} 2| I. 25,1} 2| 3,6
1782 | 3.06. 20. 59,0/ 11. 23. 07. 16]2. 12. 45. 24F 3| 2. 07,71l 3| 5,3/
1783 | 3. 10.40.41,0/11.23.08. 07 (2.12.46. 14F 4| 2.50,2} 4| 7,1
1784 | 3.15.00.23,011.23. 08. 57 (2. 12.47.05% 5| 3.32,7] 5/ 8,9]
1785 | 3.19. 20. 48,0} 11. 23. 09. 48 [2. 12. 47. 55§ 6| 4.15,3] 6|10,6
1786 | 3.23. 40. 30,5/ 1. 23+ 10. 38 [2. 12. 48. 45§ 7| 4. 57,9]| 7|12,4
1787 | 3.28.00.12,5[11.23. 11.28 2. 12. 49. 35% 8 5.40,5| 8/14,2
1788 | 4.02.10.54,7|11.23. 12. I9[2. I2. 50. 260} QH 6. 23,0| 9|16,0
1789 | 4..00. 40. 19,5/ I1. 23. 13. ©9|2. T2. 51. 10}10| 7:05,6[10{17,7
1790 | 4.1I.00.01,7|11.23.13. 59 [2. I2. 52. 0011 7. 48,1 [[11]19,5
1791 | 4. 15.19.23,9/11.23. I4. 50 [2. 12. 52. 57 k12| 8. 30,7 [[12}21,3
1792 | 4. 19.39.06,1| I1.23.15.40 [2. 12. 53. 47}13] 9. 13’2~H1323’I :
1793 | 4.23.29. 3Q,9| I1.23.10. 31 [2. 12. 54. 32014 9.55,8Y/14]24,8
1794 | 4.28.19.13,1{11. 32.17.2I 2. 12. 55. 28}15}10. 38,3 |I15]26,6
1795 | 5.02.38.55,3 8. 12 [2. 12. 56. 18f16(11. 20,9 [|16}28,4
" 1. Motion. o 17|12, 03,4 1171301
N. B. In taking out 18(12. 46,018(31,9
o " " the I}/I Mot. for :Ely (Ey §19(13. 28,5 (l19 33,7
an. o] o0o.00.00,0 | 0,0} D 2l€apycar, alicr the §20114. 11,1 |[20]35,5
fET"eb. o] 00" 2I.59,L | 4,3 ﬁﬁf‘g’ffﬁ,’fr‘;?_‘y’ reckon B21114. 53,6 [21(37,2
'Mar. of ©0. 41.50,0 | 8,3.} 82215, 36,2 [[22/39,0
Apr. of I.03.49,8 [12,5] j23 16, 18,7 (23/40,8
May, o 1.25. 00,4 [16,7} J24{17- O1,3 [124142,5
June, of  1.47.05,5 |20,9] 425[17- 43,8 [125
July, of 2.08. 22,1 [25,1 120]18. 26,4 126
Aug. of 2.30.21,3 [29,3 §27119. 08,9 127
Sept. o 2.52.20,4 {33,0 28 I9. 51,5 |28
O&. o 3.13.37,0 37,8 §29120- 34,0129
ov. of  3.35.30,I [42,0 30[21. 16,6 130
Dec. of  3.50.52,8 (46,1 31f21. 50,1 {31
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TAB. II. Eriiericar EquaTioN:
Arg. M. An,
o L 11
—_— Diff. —_ Diff. —
o o ’ ” ’ " o) ’ ” ’ 7" (o) ¢ ” ’
o 0. ©0. 00,0 5. 23,0 2. 35 22,4 4. 44,7 4- 34+ 36,5 2. 57,7
1| o0s5.2300 | 240071 s | 437 342, '2
| 2| o 10.46,01 oo g| 244 49,6 [* 4 & 4+ 40. 27,4 53
] 31 o.16.08,8 5-22,°1 . 49. 29,5 4 39,9 4. 43, 15,8 2. 48,4
] ‘4| o 21.31,3 Sh zi’g 2. 54. 06,7 4- 37,2 4- 45 59,5 2
5 | o.26.53,5 'g ’9 2.'58. 41,2 4 345 4- 48. 38,4 2.
ML ' . 21, 4. 31,7 2.
6 | o 32.15,4 s 21,3| 3703 129], seg| 4 51 12,6 |
7[ 3730712 5051 3-07-4L7 |7 g | 4 53 45,7 |,
| 8 0425742227 3 12.07,5 [ 2301 4. 56. 05,7 >
9 | 0-48. 17,512 702 | 3.16. 30,3 1% Th| 4. 58. 24,0
10 || ©.53.36,8 :. 18’5 3. 20. 49,9 4' 12’4 5. 00. 39,0 2'
11 | 0585531 .6l 325 06,3 | 502 47,9 )
112 || 1.04. 12,97 1?6 . 3. 20. 19,5 4 13’8 5. 04. 51,7 2
| 13 | 1.00.29,512 1721 3.33.20,3 [+ °2° 5. 6. 50,2 (1"
| 14| 11445012 Ii:i 3.37.35,7 [7 004 5.08. 43,4 |1
15 | 1.19-50.4 5 ) 541387 #9301 5 10, 31,3|"
| 16 || 1.25.12,6 ' r1.8] 3-45- 38,0 3 59’3 5. 12. 13,9 -
[ 17 | &30 242 1 02) 3.49.33,8 3 59 0) 5. 13. 57,07
{ 18 || 1. 35. 34,9 5' 09’0 3. 53. 25,8 3 58’0 5. 15. 22,7 I.
119 | 1.40.43,9 5: 07’4 3. 57. 14,1 3-4%3 5. 16. 48,8 [
20 || 1.453. 51,3 5 05’7 4. 00. 58,4 2 44’2 5. 18. 09,5 I.
. ’ (4o 40, I.
2I || I.50.57,0 . O4. 30,0 . 1. 24,
22 || 1.56. 01,1 3+ Ol i og. fg,5 3"36’5 g zg. 3§,g I
23 || 2.01.03,4 5 85»3 4. I1. 48,0 3-32,5 5. 21. 37,7 I
24 | 2.060. 03,7 i 58,2 4. 15. 16,4 |3 28,4 5. 22. 35,7 ©-
25 " 2. 11. 02,2 4' 56,3 4. 18. 40,6 |3 i4’2 5. 23. 28,0 ©
26 || 2.15.58,5 1 4. 22. 00,5 3+ 19,9 5.24. 14,0 >
27 I 2.20.52,8 4 54,3 4. 25. 16,0 3 15,5 5. 24. 55,3 ©:
28 | 2. 25. 44,9:4' 52,1 4. 28. 27,2 3- 11,2 5. 25. 30:2 ©.
29 || 2. 30. 34,8 i :‘?’2 4. 31. 34,2 3: gg,o 5-25. 59,3 ©.
30§ 2.35.22,4 > 1 4. 34. 36,5 3- 02,3 5. 20. 22,4 ©:
+ + +
XI. X. IX. i
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TAB. II. Errierical EquaTion.
Arg. M. AnL
I1L. : 1v. V. "
—_ Diff. | — Diff. — Diff. l
° 0 ’ " ’ \,, o ¢ " ’ vl o ¢ ¢ ” 0
o il 5.26. 22,4 X 17'4 4. 51.23,4 242 ol 2 52. 12,4 < 8.1 30
1]l 5:26.39,8| 0 1] 4-48.4061 07 | 2470438 | 20
-2 || 5.26. 51,2 o 05’4 4. 45- 52,2 53’8 2. 41. 52,3 5 15,3 28
3 || 5:26.56,6| 5 (T 4- 42 58,4 117351 2. 36. 37,0 27 20 27
4 5205001 o g6 43958313 o5 23T 1835 5r) 20
5 {l 5.26. 48,4 S I.i,s 4. 36. 53,3 ; 16’9 2. 25. 50,4 5. 25,1 25
6 || 5:26-360| 1ol 4334243 16 | 220303 [ Lo" | 24
7 5208310 g 4302005 57| 215032105, 0 ) 23
8 5:25:53,7 | o0 | 427,043 157 0 2.00.32,2 07 g 22
9 || 5:25-23,0 5 3678 4 23- 37,013 3575 | 2935841 5o | 21
IO || 5.24. 46,2 2’7 4. 20. 04,5 ; 38’0 I.58. 21,9 5. 30,0 20
0.4 ’ y . [3 N PR A ’
II ) 5.24.03,51 48,9 4. 16. 20,5 3+ 43,2 I.52.42,9 3. 41,5 I 19
12 | 5.23. 14,0 o. 55’2' 4-12-43,3 3. 48,3 I-47- 05,4 5. 43,7 L8
13 || 5.22. 10,4 00’7! 4. 08. 55,0 3. 53’4 1. 41. 17,7 12, 40,01 17
14 || 5.21.18,7 >/} 4.05.01,0 3. 5’8:6 I.35-3L,7 2. 47,0 16
15 | 5:20 11,5 | 7% 401 03,0 |10 | 20480 T Ut 15
10 || 5.18.58,4 i ;3’; 3, 50. 59,6 4 08:4 I.23.53,0 5. 51:9 4
17 | 5:17-3%3 | 1 55 5 3525121, yan| I8 OL7 |0 oo 13
18 | 5.16.14,0(; 31’5 3- 48. 35,0 4. i8,0| I 1% 08,2 5. 53,1 | 12
19 | 5. 14-42,5) 37,3 3- 44- 20,0 4. 22:7 I.06. 13,1 5. 56,6 I
20 | 5-13-05,2| 43’3 3:39-573), 5| 1% 16,5 PN Rl
21 | 5.11.2L,9] :6 3-35- 351 7| < 54. 18,6 .00l 9
22 1 5.09.32,3] ;. gg,S 3- 30. 58,4 j §6,Z 0. 48. 19,6 g gg,z 8
23 | 5:07- 37915 o1,4] 3 26. 22’2 4. 40,6 | < 42' It6. onol] 7}
24 15953805 o741 320 40014 448 013 ;2"5‘ 60,9 ©
22 5: 03 2 ’2. 2. 12,9 3 2. 5;,9 4. 48a9 O. 24. 14,0 6. 02,5 >
2 5.01.153, | .3 3. 12. 07, 4.53,0] T8 P16, 03,0 4
27 | 4.58. 55,8 ’. 21% 3.07. 14,9 4. 57,0 0. 18. 11,0 6. 03,5 3
28 || 4.56. 31,0 31,0 3. 02. 17,9 5. 00,8 ©: Ig’ 07"3 6.03,7| 2
a 4. 54- O0,0 s, 36 6 2. 57. I'Z,I 5. 04’7 O 00, 03, 6; 03,8 I
30 4. 51. 23’4 ? 2. 52. 12,4 0. 00. 00,0 o
VIIL Vil VL |




The Orbit and Motion of
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T A B. IIl. Logarithm of the PLaNET’s Diftance from the Sun.
Arg. M. An,
O I. IL "
Q Logar. Diff. | Logar. Diff. | Logar. Diff. " °
o || 1.30088 1.2084548 1.291606
3000017 27 90454 1619 9 3 2014 30
I ||1.3008790 32 1.2982929 1660 | 12913149 2049 29
2 || 1.3008708 L 1.2981260 1718 1.2910200 2933 28 |
3 || 1,3008571 Igz 1.2979542 1767 1.290%217% s013 || 27
4 || 1.30083%79 246 1.2977775 | (416 | 1-2904202 3047 26
5 || 1.3008133 300 1.2975959 1863 1.290I155 3078 25
6 || 1.3007833 1.2974094 1.289807% 24 |
7 || 1.300747%8 igg 1.2972182 ;g;; 1.28940968 gizg 23
8 || 1.3007068 64 1.2070224 | 292 1.2891828 3160 22
9 || 1.3006604 | 4 1.2968218 > 1.2888659 . 21
10 || 1.3006085 | 519 |1.2066165 ©53 | 1.2885462 | 3197 |l 20
2100 22
II || 1.3005512 222 1.2964005 210 1.2882237 32 2 19
12 |1 1.3004886 | o .| 1.2961920 2133 1.2878985 gz%l 18
13 || 1.3004206 434 1.2959730 2233 1.2875708 3302 17
14 || 1.3003472 gs | 1:2957495 227 1.2872406 .6 || 10
15 || 1.3002684 7 1.20955216 9 1.2869080 332 15
16 || 1.3001842 842 1.2952802 2324 1.2865730 3350 14
. g . 6 . ,
17 || 1.3000047 949}?5 1.2950525 zio; 1.2862358 gggz I3
18 |11.2999999 | 21 2.2948116 2452 1.2858964 3414 12
19 || 1.2998998 1053 1.2045664 2404 1.2855550 3434 II
20 || 1.29979045 1o6 1.209431%70 2535 1.2852116 454 IO
21 || 1.2996839 1166 1.2040635 ” 1.2848662 3 I 9
22 || 1.29956%9 1212 1.2938060 2%2 '1.2845190 3458 8
23 || 12094467 | 1o6. | 1:2035445 | Se.2 12841702 | 314 g
24 || 1.2093203 | 17 1 11.2932790 | ¢ p 1.2838198 18 6
25 {1 1.2991888 3 1.2030095 9 1.2834680 35 5
6 | 1.2 22 1360 1.2927362 2733 8 8 3532 I~
o (|3 292092% | 1qry | 13927802 | ayyo | 120314 3aus || 4
27 1112980105 | J g0 | I. 924592 | ,4/c | 1.2827603 2l 3
28 || 1.2987636 1.2921786 3 1.2824045 355 2
19 | 1.2086117 | 919 | 1.2018 2943 | 12820476 3569
30 || 1.2984548 1.2916063 N 1.2816896 o
Logar. Diff. | Lecgar. Diff. | Logar. Dift. |-
XI. X. IX. |

(-




The GEORGIUM SIDUS. 337
T A B. IlI. Logarithm of the PLaxeT’s Diftance from the Sun.
Arg. M. An,
IIL. iV. V.
Q Logar. Diff. | Logar. Diff. | Logar. Diff. || °
.2816896 - | 1. .
o | 1.281689 3588 2710423 3325 1.2627235 510 30
I || 1.2813308 6 |'1-2707098 | 1.2625225 29
2 | 1.2809712 3292 1.2703799 3209 11.2623274 1351 28
3 |l 1.2806110 368 1.2700528 3271 1.2621382 | 1892 27,
2 i 1.2802503 3612' 1.2697288 32‘1‘8 1.2619552 | 1.37 || 26
5 | 1.2798891 3616 1.2694078 3179 1.2617785 ;;OZ 25
6 | 1.2795275 619 1.2690899 L 1.2616080 1641 | 24
7 | 1.2791650 3620 1.2687754 3145 1.2614439 46 23
8 | 1.2788036 3620 1.2684044 3110 1.2612863 157 22
9 || 1.2784416 36 1.2681570 3074 1.2611352 ISIE o1
10 | 1.2780797 3612 1.2678533 3037 1.2609906 14;”6 20
— 301 2999 1300
11 4 1.27%77181 614 1.2675534 2960 1.2608526 1212 || 19
12 | 1.2773567 360 1.2672574 manl 1.2607214 3 18
13 || 1.2769958 36 9 1.2669653 gg 1.2605969 124g 17
14 || 1.2766354 394 1.2066773 2000 1.26047 117 16
4 3 28 93 |
1s | 1.2762757 | 3597 | 1.2663036 | 2937 | 1.2603686 | 1197 | 15
3589 |—= 2793 1039
16 | 1.2759168 579 1.2601143 | .. 1.2602647 o Il T4
17 { 1.2755589 3 : 1.2658396 > gx 1.2601677 97 13
18 || 1.2%752020 3253 1.2655095 2g54 1.2600%777 gzo 12
19 || 1.2748461 3546 1.2653041 2607 1.25909048 75% I1
20 || 1.2744915 o 1.2650434 | 550 12599190 | (2o | IO
21 || 1.2741384 | Siig 1.2647875 | ;. g | 12598504 | .6 1l O
22 |l 1.2737868 3 o1 1.2645367 paz6 1.2597888 3
23 |l 1.2734367 358 1.2642911 242 1.2507345 543 .
24 || 1.273088 3493 1.264050% 404 1.250687 471 6
12732503 | 3464 2350 T 399
25 |l 1.2727420 1.2638157 I.2596475 5
3444 2296 327
26 || 1.2723976 N 1.2635861 padl 1.2596148 N 4
27 |l 1.2720553 32@% 1.2633620 21@6 1.2595893 Igg 3
28 || 1.2717152 3 1.2031434 a12q | 12595711 116 2
29 | 1.2%1 3377 | 1.2629305 9 1.2595001 I
9 713775 3352 2070 ) 37
30 || 1.2710423 1.2627235 | 1.25955604 | o
Logar. Diff: | Logar. Diff. | Logar. Diff.
VIIIL. Vil Vie




332 The Orbit and Motion of, &e.
TABLE IV. TAB. V.
o. N. I. N [ 1L N
VI. S| —}|— | VILS. | — | — {VIL §) — | — Elong. | Ab.
Lat. Red. [R.log] Lat Rea R.log!f Lat. |Red. [R.log}f -
_o- v » -;:_ A A o p
oljoo.oco| o | of23.12| 8| 99i40. 12| 8 [297|30 O. 00l—24
1joo. 49| o | ©o|23.54| 8 [105/40. 36! 8 |303]29 © Ioj—23
2| 1.37] 1| 1]24.36] 8 |111{40. 59 ' 8 [309|28 20/—271
3l 2.26] 1} 1]25.17( 9 |[117} 41. 21 8 i314/27] |I. 00|—19
4l 3-14| 1| 2]25.57| 9 {124/41. 43 7 [320)20 10]—17
5 4-03] 2| 3]26.37] 9 [130]42. 04| 7 |323)125 10/—13
O] 4.51| 2| 4127-17| 9 |137{42- 24| 7 [33924] . |II. 20/—13
71 5-39] 2| 6]27.56] 9 |143{42.43| 7 |335}|23] 10}—19
8‘ 6.281 3| 8]28.35] 9 |150[43. 02| 7 |34G|[22 20/— 7
9f 7.16] 3 |10]|29.13] 9 |157/43.20 6 |345|21] |IIL ooj— 3
0] 8.04| 3 |1220. 50| 9 |164|43- 37| 6 [349l20 10— o
11] 8.51| 4 |14(30.27| 9 [¥70|43- 53| 6 |354][19, 204+ '3
12§ 9.39| 4 |17]31.03] 9 |177/44.08| 6 |358}i18, |1V, ool4- 6
13 10.26| 4 |20]|31.29] 9 {184 44- 23 5 {30217 o1l+ 9
14|11 141 4 123132. 14 9 191} 44: 37| 5 |300[16 o2l+ 11
15| 12011 5 12632.49/ 9 1108 44. 50| 5 1309)i15 V. oo+ 12
164 12. 48| 5 |3033.23| 9 [205/45.02|'4 372414 10]+ 14
1170 13-34| 5 (3333-574 9 21 45- 13| 4 37613 204 15
18] 14.21| 6 {38134.30] 9 219! 45.24 | 4 (37612 |VI. ool+ 16
19{ 15. 07| 6 | 42|35.02| 9 [220/45.34 | 4 |381fr1|
201 15- 53| 6 146135.331 9 [233145-43 | 3 |384{r0
21} 16. 38| 6 | 51]30.04] 9 [239[45. 51| 3 [380 9
22 17.23| 7 | 55]30. 341 9 |240[45. 58] 3 |389| 8,
23] 18.08| # | 61]37.04] 9 [253|46.04] 2 390 7
240 18. 53 7 165 [37- 33| 9 [259{40. 10| 2 |392) 6
25/ 19. 37| 7 | 71|38.01] 9 [265146. 15| 2 [393] 5
26l 20. 21| 7 | 76| 38.29 9 |272[46. 18| 1 {394 4
271 21. 04| 8 {82]38.56] 9 [278]40.21| 1 [394] 3
28] 21. 47| 8 | 88]39.22 8 [285/40.23] 1 {394/ 2
2022. 30| 8 193]39.47| 8 201 46. 25| o |395|| 1
i30)|23- 12| 8 [99}40. 12| 8 1207/ 46. 26| o |396) o
| X8|+ —f X8+ f— X8| +]—
. Il V. N. w.N| | lun B





