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VIIL.—Researches in Physical Astronomy. By J. W. Lussock, Esq. V. P.
and Treas. R.S.

Read February 9, 1832,

IN general, two methods present themselves of solving any mechanical pro-
blem: the one furnished by the variation of parameters or constants, which
complete the integral obtained by the first approximation; the other furnished
by the integration of the differential equations by means of indeterminate
coefficients, or some equivalent method. KEach of these methods may be
applied to the theory of the perturbations of the heavenly bodies ; and they lead
to expressions which are, of course, substantially identical, but which do not
appear in the same shape except after certain transformations.

My object in the following pages is to effect these transformations, by which

their identity is established, making use of the developments of R and r %’—2

given in the Philosophical Transactions for 1831, p. 295. The identity of the
results obtained by either method serves to confirm the exactness of those
expressions.

Integrating the equation
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result from the part of R which is equal to , and the factor —:%.
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7 being any whole number positive or negative, but excepting the arguments,

0, nt—w, nt—w,
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Resolving the other fractions in the same manner,
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Observing that
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the preceding expression may be put in the form
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i being, as before explained, any whole number positive or negative, excluding
only certain arguments, 0, nt+¢—w=, and nf{ +¢—w
Considering the terms which have hitherto been neglected, if we suppose

%:1 + 70+ ecos(n(l+k)t+e——w)+e,f,cos(n(l+k,)t+e—-wl),

ad as a’ 5 a? 2
we have Ty = —2——&-‘-3-173,0 - mbs’l’ k= %—‘-5 bs,0 — mbg,l, k= 4{‘?}; by,
See Phil. Trans. 1831, p. 53.
Ifn(142r) =nandn? = —a’”; if e is the coefficient of sin (¢ + ¢ — =) in
the expression for the longitude, and f; is determined so that the coefficient of

sin(nt 4 ¢ — w,) in that expression equals zero,
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In the theory of the moon replacing ~
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The preceding results are obtained by the direct integration of the differen-
tial equations: I shall now show that they coincide with the results obtained
by the variation of the elliptic constants.

The equations for determining the variations of the elliptic constants are,

da.—.—?agngﬁdt
de

n A1 — e ——dR dE
ds:—-g—n—‘-/—e—i(l—'\/l—eg)—a‘zdt—l-Za‘ln—d—adt
de"anvl—el Vi Q——--dt—|-‘““/l_eqﬂ§dt

e T
dm’:———-—-——-——-an‘/el——egd—gdt
dy = — — 2% dR
P T i I —e db
an  dR

Tsini A1 — e dv
See the Théor. Anal. vol. 1. p. 320, or The Mechanism of the Heavens, p. 231.
In these works R is used with a contrary sign to its acceptation in the
Mécanique Céleste, which I have followed.
When the square of the eccentricity is neglected in the value of the radius
vector, the equations may be employed in the following shape :
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It is easily seen that this expression is identical with that of p. 232, obtained
by the direct integration of the differential equation of the second order.

Considering the arguments 0, n¢ + ¢ — =, nt + ¢ — =, still, however, neg-
lecting for an instant the term 4—2—‘; b,,ee cos (m — =) which requires parti-

cular attention,
20 2
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The term —; b3 . ¢ecos (@ — w,) in the development of R gives

a’n a’n .
dm=—-a—a;éb3,2e,cos(w—w,) de =—-mb3,ge,sm (w —w)
If h=esinw l=ecosw h= ¢ sinm, L =¢ cosm,
—_ ; — __ an _ an
dh=ccoswdw+ sinwde = “gas cos-ar,_--4_‘zza 5,0l
. atn : an
dl= —esinwdw +coswde = Z_‘;l_gbme,smw,:—‘lal by o by
The integrals of which equations are
h= Nsin (gt + C) l=Ncos(gt+ C)
hy=N,sin(gt + C) l=N,cos(gt+ C)
atn an
Ng=-4algl’s,9Nx N/g=""‘4—a‘:‘63,2N

ecos(nt+4e—w)=Ncos(n—g)t4e—C)
which will agree with the previous solution, p. 233, if
N=e¢f, e—C=¢—wm, nk = —g.

This theory of the secular inequalities appears to require to be extended to
the terms depending on higher powers of the eccentricities ; but I may remark
that the coefficient of the term e2e? cos (2w — 2 »)) in the development of R
vanishes in the theory of the moon, or at least such part of it as is multiplied
by i
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