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922.

NOTE ON THE LUNAR THEORY.

[From the Monthly Notices of the Royal Astronomical Society, vol. LiL (1892), pp. 2—5.]

In the Lunar Theory, in whatever way worked out, the values ultimately obtained
for the coordinates 7, w», y should of course satisfy identically the equations of
motion; and that they do so, is the ultimate verification of the correctness of the
results obtained. It can hardly be hoped for that such a verification will ever be
made for Delaunay’s results; and yet it would seem generally that the labour of
such a verification of the results to any extent, while exceeding (and possibly greatly
exceeding) that of obtaining these results by any method employed for that purpose,
ought still to be, so to speak, a labour of the same order. And one can, moreover,
imagine the process of verification so arranged as to be a process of mere routine
which could be carried out by ordinary computers. But, however this may be, I
think it is not without interest to exhibit the verification to a very small extent,
viz. to e, mi.

I think there is an advantage in using capital letters for the arguments, and I
accordingly write G (instead of Delaunay’s g), to denote the mean anormaly.

The equations of motion are:

i o1 @)2 wat | dQ
AN b/ (dt t e T
2 7? cos? (@> e

dt I\dt T’

d (. d e dv\* dQ
d—t<’r E‘%>+'r smycosy(d—t> =73/’

mrt
Q= ~ i (§cos* H — }), where cos H =cos y cos (v — v),

or say
mna’
Q= ~ 5 r? {3 cos*y cos* (v —v') — }};
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and thus the equations become

¢ 2 9 243 212’3
g{:—r {Coss Y (%) i (%%) } + n‘ra‘ i m:"sa 7 {3 cos {§ + 4 cos (20 — 20)} - 4},

g—t 72 cos®y (%)2 = mjia ; 7? {— § cos® y sin (20— 20')},

d / ,dy : alv)2 _ mPnla’ : ;
- (r"‘%) + r¥sin y cos y (ai —T'r” {—8siny cosy & + 4 cos (20 — 2v')}.

To simplify as much as possible, take the Sun’s orbit to be circular, ie. '=d/
v =mnt; also neglect *: the first and second equations are

2, 2 273
14 <d1)> + n—g— = mn®r {§ + § cos (2v — 2v')},

e~ "\dt
d dv : f
Jtrﬁ. (Et) = mn*r® {— § sin (20 — 2v)} ;

and if for convenience of working we write a=1, n=1, then the first equation may
be written

1d> /[dv
r di? <

d_t>2 3 % =m? {} + § cos (2v — 2v)},

and similarly the second equation is

AT ?Jl?) =—3m?sin (20 — 2v');

and the third equation may be disregarded.

i (W dv

The two equations should be satisfied by Delaunay’s values, putting therein
¢ =0, y=0; say by the values

»= 1o+ ot = g

+ (m? + 32m® + 131m?*) cos 2D

il (&m*) cos 4D

+e(l —FHm?) cos

+ e (33m?) cos (2D + G)

+ e (fm + 181 m?) cos (2D - G);
v=t

+ (&m? + 29m® + 823 m*) sin 2D

. (3%tm*) sin 4D

+ 2 sin G

+ e (AIm?) sin (2D + @)

+ ¢ (42m + 283 m?) sin (2D — @);
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where

D=(1-m)t,

G=(1-3mt,

The verification for the first equation is

1 dor

rde
Const.

‘ + 2m*
Cos 2D + 4m?
+ 1tm?
+ 8tms
Cos 4D + 8m#
Cos G e
—2em?
Cos(2D+ @) elZEm?
Cos(2D—-@) em ()

e (= )

g e
aes L
-1 +1
+$m?
~gm —fme
—im? +3m?
—85m? +32m?
— 23ams + 13Tmt
— gt m? + 4wt
—4de 3e
+ 3em? —3em?

e(—Tpm) e (ifmd)

D) em (%)

em (— 147)  om (%)

The verification for the second equation is

2dr dv

rdt " dt
Sin 2D + 4m?

+ 28m?

+ 1¢2mt

" Sin 4D + ZLlm?

Sin ¢ : e.2

e.3m?
Sin (2D + @) e.139m?
Sin (2D — @) e.1im

e.gm?

and the verification is thus completed.
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T
— Lime
—28m?
— 142t
— 201!
+e.—2
+e.3m?
e.—18m?
e.—1m

e.—%3m?

v =mt).

m2 {—3—3(cos 20— 2v)}

e(—3m?)

em® (3)

+ $m?sin (20 — 20') =

+ §m?

+ 43m!

e.3m?

e.—3m?
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The following intermediate results may be recorded ; %= 1 s

Cos 2D

Cos 4D

Cos G

Cos 2D + @&
Cos 2D — @

2

N =
+3m?
+ imt
+3mt
+ jem?
+ em?

+ em?,

Sin 2D

Sin 4D

Sin G

Sin (2D + @)
Sin (2D — @)

—logr=

dme — gagme

m? + 3Em? 4 Gtmt

Sms

e (1 —4$m?)

e (Hm?)

e (tm + Igtm?),
b 1@
rdt

2m? + 12m? + Tlms
ft

e(l —§m?)

e (Fgm?)

e(iEm + 5im?).

dv _
di

w1

1im? + $§m® 4 552 m!
e

e(2—35md)

e (%tm?)

e (3fm + Ytms),

2,
These were, in fact, made use of for finding the foregoing values of r, Z—t:, Le.

C. XIIIL
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