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X V II. On the Secular Variation of the Mean Motion.
B y  J .  C. A dams, Esq., M .A., F.R.S. 8fc.

Received and Read June 16, 1853.

1. I n  trea ting  a g rea t problem  of approxim ation, such as th a t presented to us by 
the investigation of the m oon’s m otion, experience shows th a t nothing is more easy 
than  to neglect, as insignificant, considerations which ultim ately prove to be of the 
g reatest im portance. One instance of this occurs with reference to  the secular 
acceleration of the m oon’s m ean motion. A lthough this acceleration, and the dim i­
nution of the eccentricity  of the earth ’s orbit, on which it depends, had been made 
know n by observation as separate facts, yet m any of the first geom eters altogether 
failed to trace any connexion between them , and it was only after m aking repeated 
attem pts to  explain the phenom enon by other m eans, th a t L aplace him self succeeded 
in referring it to its tru e  cause.

2. The accurate  determ ination of the am ount of the acceleration is a m atte r of very 
great im portance. The effect of an e rro r in any of the periodic inequalities upon 
the m oon’s place, is always confined w ithin certain  lim its, and  takes place alternately  
in opposite directions w ithin very m oderate intervals of tim e, whereas the effect of an 
error in the acceleration goes on increasing for an alm ost indefinite period, so tha t 
the calculation of the m oon’s place for a very d istan t epoch, such as th a t of the 
eclipse of T hales, may be seriously vitiated by it.

In  the M ecanique Celeste, the approxim ation to the value of the acceleration is 
confined to the principal term , b u t in the theories of D amoiseau and P lana the 
developm ents are carried to an immense extent, particu larly  in the la tte r, where the 
m ultiplier of the change in the square of the eccentricity  of the earth ’s orbit, which 
occurs in the expression of the secular acceleration, is developed to term s of the 
seventh order.

As these theories agree in principle, and only differ slightly in the num erical value 
which they assign to the acceleration, and as they passed under the examination of 
L aplace, with especial reference to this subject, it m ight be supposed tha t a t most 
only some small num erical corrections would be required in order to obtain a very 
exact determ ination of the am ount of this acceleration.

I t  has therefore not been w ithout some surprise, that I have lately found tha t 
L aplace’s explanation of the phenomenon in question is essentially incomplete, and 
tha t the num erical results of D amoiseau’s and P lana’s theories, with reference to it, 
consequently require to be very sensibly altered.
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398 MR. J. C. ADAMS ON THE SECULAR VARIATION

3. L aplace’s explanation  may be briefly stated  as follows. H e shows th a t the mean 
cen tra l d istu rb ing  force o f the sun, by w hich the  m oon’s g rav ity  tow ards the earth is 
dim inished, depends no t only on the  sun’s m ean distance, b u t also on the eccentricity 
of the  ea rth ’s orb it. N ow  th is eccen tric ity  is a t p resen t, and for m any ages has been, 
d im inishing, while the  m ean distance rem ains unaltered . In consequence of this 
the m ean d is tu rb in g  force is also d im inishing, and therefore the moon’s gravity 
tow ards the earth  a t a given d istance is, on the whole, increasing. Also, the area 
described in a given tim e by the  moon about the  earth  is not affected by this alteration 
of the cen tral force ; w hence it readily  follows th a t the m oon’s m ean distance from the 
earth  will be dim inished in the sam e ratio  as the  force a t a given distance is increased, 
and th a t the m ean an g u lar m otion will be increased in double the sam e ratio.

4. This is the m ain princip le of L aplace’s analy tical m ethod, in which he is followed 
by D amoiseau and P lana ; bu t it will be observed, th a t this reasoning supposes that 
the area  described by the moon in a  given tim e is no t perm anently  altered , or in 
o ther w ords, th a t the tan g en tia l d is tu rb in g  force produces no perm anent effect. On 
exam ination , how ever, it will be found th a t this is no t s tric tly  true, and I will endeavour 
briefly to point out th e  m anner in w hich the inequalities o f the  m oon’s motion are 
modified by a g radual change of the cen tra l d is tu rb ing  force, so as to give rise to 
such an a lte ra tio n  of the areal velocity.

As an exam ple, 1 will ta k e  the Variation, the most d irect effect of the d isturbing 
force.

In  the o rd inary  theory, the orb it o f the  moon as affected by this inequality  only, 
would be sym m etrical w ith respect to the  line of conjunction  w ith the sun, and the 
areal velocity generated  while the  m oon was m oving from qu ad ra tu re  to syzygy, 
w ould be exactly  destroyed while it  was m oving from syzygy to qu ad ra tu re , so that 
no perm anent a lte ra tio n  of areal velocity w ould be produced.

In  reality , however, the m agnitude o f the d is tu rb ing  force by which this inequality 
is caused, depends in  some degree on the  eccen tric ity  of the ea rth ’s orbit, and  as this 
is continually  dim inishing, the cen tra l d is tu rb in g  forces a t equal an g u lar distances 
on opposite sides of conjunction  will n o t be exactly  equal. H ence the orbit will no 
longer be sym m etrically  situated  w ith respect to  the line of conjunction. Now the 
change of areal velocity produced by the tangen tia l force a t any point, depends partly on 
the value of the radius vector a t th a t point, and  consequently  the effects of the tangential 
force before and  afte r conjunction  will no longer exactly  balance each other.

T he other inequalities of the  m oon’s m otion will be sim ilarly  modified, especially 
those w hich depend, m ore directly , on the eccentricity  of the earth ’s orbit, so that 
each of them  gives rise to an  uncom pensated change of the areal velocity.

Since the d isto rtion  in the  form of the o rb it ju s t pointed out is due to the a lter­
ation of the d is tu rb ing  force consequent upon a change in the eccentricity  of the 
e a r th ’s orbit, and  it is by virtue of this distortion th a t the tangential force produces 
a perm anent change in the rate of descrip tion  of areas, it follows that this alteration

 on September 28, 2018http://rstl.royalsocietypublishing.org/Downloaded from 

http://rstl.royalsocietypublishing.org/


OF THE MOON’S MEAN MOTION. 399

of the areal velocity will be of the order of the square of the d isturb ing  force m ulti­
plied by the rate of change of the earth’s eccentricity.

It is evident th a t the am ount of the acceleration of the moon’s mean motion will 
be directly affected by th is a lte ration  of areal velocity.

5. H aving thus briefly indicated the way in which the effect now treated  of originates, 
I will proceed with the analytical investigation of its am ount.

In  the present com m unication, however, I shall confine my a tten tion  to the prin­
cipal term  of the change thus produced in the acceleration of the moon’s motion, 
deferring to another, though I hope not a distant, opportunity, the fuller developm ent 
of this subject, as well as the consideration of the secular variations of the other 
elements of the moon’s orbit arising from the same cause.

In w hat follows, the notation , except when otherwise explained, is the same as that 
of D amoiseau’s “ Theorie de la L une.”

6. I f  we suppose the moon to move in the plane of the ecliptic, and also neglect the 
term s depending on the sun’s parallax, the differential equations of the moon’s motion 
become

d2u 1 m'u,s . 3
ft2 ' 2h2us~  2 h2u3 COS (2v —

3 m'u'3 du 
2 h2u4 dv

• _ ,. 3m! /. _ ,.
sin (2v—2v)—-p- ( u +  m2A)“^ Sm (

dt_ 1 3  m' Cu'3dv
dv hu2 '2 h3u2j

. , . . .  27 m!2
sin (2i - 2 « ) + ¥  ^ fu,3dv .

sm ■2v')

In  the solution usually given of these equations, u is expressed by means of a 
constant part and a series involving cosines of angles composed of m ultiples of 
2v—2mv, cv— m, and c'mv — Tn'; also t is expressed by means of a  p a rt proportional 
to v and a series involving sines of the same angles ; the  coefficients o f the periodic 
term s being functions of m, e and  e'. Now if e' be a constan t quantity , this is the 
true form of the solution, bu t if e' be variable, it is impossible to satisfy the differen­
tial equations w ithout adding to the expression for u a series of sm all supplem entary 
term s depending on the sines of the angles whose cosines are already involved in it, 
and to tha t for t, sim ilar term s depending on the cosines of the same angles, the

• • dd
coefficients of these new term s involving ^  as a factor.

The q u a n ti ty ^
V3dv

u4 sin {2v—2v ), which occurs in the above equations, is proportional

to the variable part of the square of the areal velocity, and consists, in the ordinary 
theory, of a series of periodic term s involving cosines of the angles above m entioned. 
In  consequence, however, of the existence of the new term s ju s t described, there will 
be added to it a series of sm all term s involving of the sam e angles, together

with a non-periodic part of the form |lle '^ e ' or J  He'2. The in troduction  of this term

3 GMDCCCLIII.
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400 MR. J. C. ADAMS ON THE SECULAR VARIATION

will evidently change the relation betw een the non-periodic p a rt of ^  and e'2, upon 

which the secular acceleration  depends.
7. W e m ust com m ence by finding the new term s to  be added  to the ordinary 

expression for u . «ttV mV. ,7- +  mV goo > uvj
F or the sake of sim plification we will neglect the  eccen tric ity  of the m oon’s orbit.

1 dirtP. .0 \ rj(S 1 / ' n \  A 8i s T ,
Let -  denote the non-periodic p a rt of u, and - + £ m the com plete value.

T hen by substitu tion  in the  equation  for u , m aking  use of D amoiseau’s develop­
m ents of the und istu rbed  values of the  several functions o f u, , and which occur

iBorit 935 asnjgoo gnfvfoyiii a an a t.o rfj I q  gtntffoiftpoo aril 9391! w
~ "—  " ....instead of 1 mav-\-X, and cmvin it, p u ttin g  Jd=a.i and  w riting , for convenience, .

J >o
instead  of d  ^  m dv-\-X— vs'(as in P lana, vol. i. p. 322), we obtain

*-
ctanoo b9*i9bi8noa sd \m u  ; yJoncup silt tu6s> lo

ti U
1

0 = - T s r + - -

bn,
cPlu

-(-0Wa a 1 dv2

1 m2/  3 , \ . 3 m2 3 m2 , , 3 m2 , , v
+  2 + V + 2 e V +  2 T a °u + 2  a cosc

enriT

di­ V— m 800 Vitt
3 „ a— 7, m -----j-2 a dv

.wS—hS) aoosw y - I  | ^ =
3 /  5 \

sin (2v— 2t7U') +  2 ~ (^ 1 —oe'2J cos (2*—2

2 1 3
— dcos (2v—2 mv— dmv)—4 — dcos

iao aw 901118 AioijfiTsotoi yd bapuboitm eiogivib aril
3 rrdCf /  5 \  7

— I dv\ yl ~ o e'2)  sin (2v— 2 mv)-\sin (2v—

— sin (2v—2m v+cW ) j
9 in1 f f 5 \  7

—-z —1( 1— ̂ e'2)eos (2v— 2mv)-\-̂dcos 
z aiLv z J z

— 7, cos (2V —2 j ahu
■H.m&—iS) boo V

—|  ^ - | ( l  — |e '2)  sin (2p—2 w w )+ | e sin (2v—2/wv—cW )

Iriw  i s b i o  ta o w o i

/  1 U-

m 8 
s » £

-d  sin (2v—2mv-\-dmv)j— y-

f* f / c \ ^
— 1—’i;)e'2J sin (2v—2//?v)+-je' sin (2v—2?«v—cwv)+ 12

— \d  sin (2v — 2 +  dmv)

— ~ [ ^ ^  +  A } ^ { ( 1“ -2e'2)  sin (2* '-‘2mv) +  |c ' sin (2v—2mv
111/

bsiiupai 9d II iw
— 7c' sin (2v— 2 ?/?>+c'mv)j.
#7 loiriw miaJ arit yfno gliiniBta-
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notjo A^sobassume hcq oibohaq-iion adf liaawlad fioiJbJfaT adtf a^diida 
/ ^ \ d dd

ahu=m2( 1 ~ o e'2)cos (2v— 2mv) +  aao '^ t  sin (2v—
pfiflibio adJ ol jSabofiNad oJ erinai wan adJgnibnil aonammoa tWm aW .t  

-» m V  cos c'mv-\-al6̂  sin c'mv
.iid'io e'nooni aril lo vJioritnaooa aril ipalgan Hiw aw noitodilqmia to ajfjjg adi lo'i 

*? dd
+ |m 2e!eps (2v—2my— ^ + d 33̂  si n

—^mVcoS(2i>—2mvAr(?hlv)+'aẑ t §\t\ (2tv—(2mv-\-c'mv)i 
inaoo da iff// \ — bnn t'w evs to gnobonmTirjavWa ad#|a.aanlnv badmjsibnn adJ to aJnam
where the coefficients of the terms involving cosines are those given by the ordinary 
m a bon . <•-•j-'iRjtt f 10 DnaJgfli wt ^anamavnop 101 jmitnw JbnjGL , . = SA theory, and a30, a1&} a33i and a34 are numerical quantities to be determined.

9. In developing the terms^/of the a|>ove equation, by the substitution of this value
dd dd

of abu, the quantity may be considered constant, and ^ m u st be expressed in terms

of it. 

Thus

\s&4- :

dd ndt 
dv~  dvndt, , sjtv 8

; I P
ddr ] 1 77

~ndt\ * — ~4m*cos (2v—2 mv)—-m V cos —2 —c'mv)

-4-^mV cos —2m i'+cW )|.
\ jKt 1 r sAlso, integrating by parts, and putting 2 instead of 2 — 2 —3w, and 2 — in

the divisors introduced by integration, since we only want to find the terms of the

lowest order which are multiplied by we obtain

—— J ^ l^ l —2ei)  s*ri (**— 2mv) + |e / s n̂ —2mj>—c'mv)

— sin (&»—2mv-\-c'mvy>

= -  — ( 1 —- e,2J cos (2v—2 mv)-\-— — (2v—2 —
..ki- n  - ..riV , V 1 /tS '#•; A\ * 1 »\ G - •• 1 1 ^--L- ( q vvi &

+ “ «/J

w 0 — umS —ai£J pji
—j  — e* cos (2y—2mv-|-c,m»')4 «. -} nig

j  ddd ndt fc. _ x 21 m2f*, dd ndt _ , .
l e ' t T i ^ + T s f l S K S  ,W  cos i 2;

, 3 m2!*. ife' _ , , .
+ i  i t f & a  7 ?w s t - a p + t 1* ) -

And .afW =3m V  sin c'mj'T—ef sin c/m»n
(«r.)— —hS) nia —*2) oig { 8

3 2 « w . 1 V=  — ̂ V ,
. ; (i*i«'-)'4-,»w2—<2) fiig-W— 

retaining only the term which will be required.
3 g 2
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10. W hen  the proper substitu tions are made, the term s involving - cosines id estroy 
each other, as in the  usual theory , and  by equating  tot zero the term s involving the
sines, we obtain 8

\—7m4d i[

9"— r — h+ 1  ) — -4* 
* \2 /  S

20ms- 3 a s(,+  ̂ » != a >  «
v> Of > o t

95
3 flM= T t » 2 a, — —‘30— 4 ,» 830— I2m +  ( V —l)-“ oHh

3m 3+ a l6= 0  « l6=  — 3»i3
3~so 81 (sS e - i )

14 m2— 3 (i.M — g m2= 0

v» 2 

G

£ci8
13.3 0 133 a "1 L— -z-mr .*. £/33— — Trrm

i3* 
24

]I I

AVtAdM ni nevi$ cpo diiffi'v adl ^niJuJhBdfig) *io ?nobfi1on 8'ahajSI ni 8; -—fr = ŝ  wo'/.
2m2- 3 a 34- f > i 2= 0 .

3 8 («fl8.q.iflow
/  19 , J ~.W

11. In  o rder to ob ta in  the relation  betw een a and  a., we m ust substitu te  the value
i ' tr a ?  ̂  ̂ |j  ̂ Jv ? “ If i i ^ ^ *

ju s t  found for aiu, in the  sam e equation , and  equate  to zero the non-periodic part,
esic B , £ £2
I F -  ss«£+  s"T'

observing th a t the  term s sw +  1 p,ft> bmj

12— i ^ ( ( 1  —|e '2) sin (2v—2mV)+ \<dsin (2v—2
°iJ l J ‘idi miilatJDd 9dJ j& 

tM

give
O O

•teupd sdi .oi nollulijadijg <niagA r ,l

- p  sin (2o—2m>+<?nu)}aiu

i W ’ >

MM — I ; •‘irr

___ 8̂5 m4 |p
4 ndte-rii nearly,ndt

( i W  ) ■ 285 m4 „ .= — — — e'2 as the ir non-periodic part.

Also the term s
15 m2 
2 a;

ddd ndt
ndt dv COS (2v— 2mv) 

4
21 m2 { d v ^ j  n-^r cos (2v— 2

j ndt*
r* .7.7  ̂.7/

+ ? “ 2 f *
CHf 4 ~

of a r t. 9. s im ila rly  give

us; ni8 i

cos (2p — 2 m v + c,mi»)

U>m̂  
2 a;

11 2<?W\ 21 m2
~8 m  ndi)~~~4

165 m4 33 m4____ —p12 _i_ - — p'2 ~'J— nea r 1 v
32 a ,e ^  128 a ,e +  128 a, n t -V

90 ll 495 rn4 *w s a in ip te i  ‘rioAid ac ' no ilaupo  a q o b v a d
=  64 «7e'2 “* their non-penodic part, av, bnB .jibomq-non
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XoIiagyHeiiceawgrtiteiiivni a u m J  ad l t9bfirn 9‘m gnoitutilgdua Tjqo-iq 9ilJt n sdW  .01

v1"* ST J 4 a,
sd t ^ n fv fo v n ^^m y J yiffipaos adJ nr an t*i9dlo doso

u----------h^ —( i + « e  ) — A .. e -j- 64 - e  +-g- —e~j~-a a, 2 a,
Q TYl̂

- j -  ( l - 5 e '2) 4 a,v '

3 mA

441 WV _  ... _
' 16 a, 16^«ys^ e44e5 l»e—£sttOS

olsffdo 9W t89nig

+ -  - r i - 5 « " ) + ^ « ^ = * 4 2 ^ - j J ^ S * * :' 2  a, K > '8 O f  r 8 «, 8 a;

4 a / 1 06  ̂ 16 «, a; J
t0 = sstt^-—eett8—

o = | - i { 1 - f  % r !  » V + 3 m ; ^ m V > } .

'to

“ ' I s m- — eg«o
Now m2=  7| ~ v «\8 in Plana’s notation, or (substituting the value  o f given in P lana,

i .  « L  to = ^ 8 + ^ s ~ £w evol. it. p. 855).

o d Ilv  a r i l  9 in J itg d D g  18n o i j a s i f  p _ b J d o

.linq oiboi*i9q-flon 9dt oms w  9}lnp9 Ime tnoiJniJp9 acnea 9ili ni *i6l bundl t8uj[
and aJ:=a/{ 1 + m ‘- ~ m ‘+ ?»tV2 -  ̂ / » y » f e  s

(«m'o-'imS— nia'9^ ilia (s,9r-  
13. Again, by substitution in the equation for we obtain

§ =  ^ « + ! | W + | » y ’

sitt.

+ 1

4

9VI%

.ybrnofl

86

Wa SS,R( ^ ? t  iafc-2m r+ e’m»)

—8®**  ̂a^a  (2»—2m»—c’mt)
» 8

—2 ^ sin (2v— ~dWff
IS /  ̂ ‘sfoS *'

aril
iff clW x  \W ^  f —• ry“ ('>S«§ — 'lS) 800 -v- -rr-'lE f —

—6 w2— j ^ K l —2e J —2w ^"■̂ 2 ^ sin (2 —2mv—cmttj
VVvmv g ft

‘ U J“ * S '
£
5T
■^e'sin (2p— 2w v4-c,wi*')la ^w 
; /  ovig yinnfimig ,

C eirf"g'. /S'b' vN Tt \  *\ *sn '§
n i ' 4' f ^ 2y siQ f2 i^^2 i> |^^e-s& n .(p*—2

4 .fv. ’ — ‘ i^^'sfrf:(^-r--2»ii>+ c'mv) 1 ] 
;l» 8SI 1 v$ Sc J J

.JIB JO

vIlLOfl sS~4» 8SI
14. Develope this equation as before, retaining m* qnjy when it occurs in the 

non-periodic part, and we orbonaq^non nsril Bn
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~v,v noitsupa 3d'
3 /  5 \  21

— rm 2( 1 — ()e'2 ) cos (2v— 2mv) ——mV cos (2v—2mv—cW )
4V 2 /   ̂ 8 v ;

3 4
+gW*V cos (2v—2mv-|-c'mv)
Si /

15 . 21 ^
—-g-m2 n d tsm s*nr*J Si / St

3 1
~ 1 6 w2^ sin L

. 2391 •«'.•* __ , 171
dv d a ,|_ ‘ 64 ‘ -mV 2 V1VV fa ~

v 42511 '/ 5 , \  t L d f J l l 1 425 0eW  . . vV *i .
— —m-j^l—^ e 2J  cos (2v— 2mv) — ^  sin (2v—2mv) hfiB

+ 3m V  cos c W + 6 » * 4  sinc-m,
ndt HÔ BUOa

77 595 ^— g-mV cos (2v—2mv—c W ) + ^ '^ 2̂ s i n  (2v—2 mv—c'mv)

cos (2v—2mv-j-c'mv)— s*ri (2^—2mv+c,mt')l.

15. Substitu te  the value before found for 2 in term s of a /

dt
dv— a \̂ 1 -f-m2— —̂ m4+ -mV2—- ^ - mV864

lorn noi

9*m norjfujp'i

li tedt 998 sw aonsH 
odt io final bno99g odt11 A  5 ,A /o  _ . 425 3 W  . .

“  4 w r i 1 2e j C O s (2v 2 mv)24 sm (2v - Wf,l

odt lo nm J Inqionriq odT
O'lo'b’l9 dl 81 fI0 ilfi*19i999B

77

425 ne'dd .

-f-3m2e' cos c'mv+6m3̂  sin c'mv

de'
— ~ m 2e'cos (2v— 2mv— c'mv) - j - s i n  (2v — — c'mv)

4ti"1 ndt
11 i > ‘'C<; 85 dd . t 1

+ —mV cos (2v—2mv-|-c'mv) — 48m2ndts*n L
woH

,6. Now, put i= « ,3{l 919riW
1 rCAT 00* I --\0°V

m ultiply by », and  in teg ra te  ;
aim kora im m  9ili to nabi nn 9vi$ ot 9v*i98 Iliw tlu89i sid l

I n d t= v— -g-m2M ~~2e Jsin  (2v“ 27WV) +  :k ' m2^  cos (2v~ 2mv)
47 ^  199TI09

+ 3m e ' sin c W + 3 ^  cos c'mv
^  4X3 |fcf b j r n i ,  , JU ntsi u a u i

- j |m V s i n  (2 y - 2 m v -c W ) - 1 g-m!‘S F cos (2 » -2 iw -c « » )
1I1JB9I
/l no
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17. In the expre^sinn' foiv- iust fouHyj ^  is absolutely constant, but e' is variable,' ” ’qq r *** V 'I'''* I / k "T* \ ^y n,"‘ * ) ^ j s j j Vjy£
consequently a v will vary^qnd the^fore m likewise, ^hich is connected with it by

the equation w = —•
-f-sVsa b i

himTaking the variation oPthe equation for w, and observing that =  ——, we haveiXl CI jmP

8n > 
n

• — I -zm

3867 in

•3771
2 04‘

Therefore, if If be the initial lvalue o f and E; the corresponding value of ef, 

« = N —(|m 2—^ |^ :m4)w(e,2—E,2y  u

and W
377t-m ‘̂ (e'2—E

Hence the expression for the true longitude iiPterms of the mean, contains the secular 
equation

18. A ccpr^ iug  tp PLA^A, the corresponding  term s ip  the  expression for the secular 
equation  are

Hence we see that the terms now taken into consideration have the effect of making 
the second term of the secular equation more than three times as great as it would 
otherwise be. Of course, the succeeding terms will also be materially changed.

The principal term of the correction to be applied to P lana’s value of the secular 
acceleration is therefore

Now

5355
128

)ndt— — nea,'ty>

where t is expressed in years ; ,,t be reforest he numerical value of this term is

This result will serve to give an idea of the numerical importance of the new terms 
to be added to the received value of the secular acceleration, and probably will not 
differ widely from the complete correction; though in order to obtain a value suffi­
ciently accurate to be definitively used in the calculation of ancient eclipses, the 
approximation must be carried considerably further.

The new periodic term s added to  the  m oon’s longitude are perfectly  insignificant, 
the coefficient o f'jtha t involving <cos ti'mv,which is by far the largest o f them , only
am ounting to 0"*003.
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406 ON THE SECULAR VARIATION OF THE MOON’S MEAN MOTION.

19. T ransform ing the expressions found above, so as to obtain  the  moon’s longitude 
and radius vector in term s of the tim e, and  w riting  for convenience nt instead of 
Jndt-\-z, mntinstead  of mnt-\-s',and c'mnt instead o f o ', we have

v— n t + ^ r r f ^ l — ̂ e’2̂sin (2 — 2 m )n t—y ^ ^ c o s  (2 — » HIV
;qHoo*sVĉ u sm■ > ' ; rf

dd
—3 me'sin c'mnt--3—̂  cos c'mnt

77 \oioVis\°L \o
+  ^g //iV s in (2 —2 m — c

O

4S m ndt
n o \  sm» ,.^0^1 to

cos (2 —2m —c'm)nt
ixmmA

— Y^mVsin (2 —2m-f c'm)nt— ̂ ^ 2~^cos (2 —2m+c'm)n^
8S8 i ,31 3m/t> baa Jbne bsyisosil

" . 11 4 201 4 ,2 -= a u =  I — rrm— -r -̂m4er 8 16
,, M OITD l? CIOflTVl 1

i i f  ~\ ,̂2\  / . , . 203 e'dd . . .
+ mV  ~ 2 e )cos (-’- - ’'«)»<+ sin (2

^ - ?93oqqua sloo^ub kb badchno Ln« dausd io/1
— -m V  cos cm nt—3m3—j- sin c'mnt

Z te.t9*«T8 H !c iS ;• ifi Ui qi9l| j
i9jdW

0011098 Jg'ifl aril H I
+ 2 w V  cos (2 —2m — c'm)nt— J^ sin (2 —2

no*) I t8£ioiJa»B oJni babivib ei rioirfw .liomafl1 9i ^
— cos (2 —2 m + c ,m)«^+7^[?w2̂  sin (2 —

rm pdf ;ijuhiitlo oaoqioq sdl no} iwolqmagi.as dona) noiaivib aviggaooog I©
20. i  he existence of the new term s in the expressions for the moon s coordinatesqpjDar 1

occurred  to me some tim e since, w hen I  was engaged in th ink ing  over a new method° ° _ y
of trea tin g  the lu n a r theory , though I did no t then  perceive the ir im portan t bearing& r i &
on the value of the secular equation.re D9ilq;Jlom gnisd enoitomjl uavig ad

M y a tten tion  was first d irected  to this la tte r sub ject while endeavouring to supply an
om ission in the theory  o f the moon given by P ontecoulant in his “ Theorie Analy- 
tique.” In  this valuable w ork, the  au tho r, following the exam ple originally set by 
Sir J .  L ubbock in his T rac ts  on the L u n a r Theory, obtains directly  the expressions 
for the m oon’s coord inates in te rm s of the tim e, which are found in P lana’s theory 
by m eans of the reversion of series. W ith  respect to the secular acceleration of the 
mean m otion, however, P ontecoulant unfortunately  adopts P lana’s result w ithout 
exam ination. On perform ing the calcu la tion  requisite to com plete this part of the 
theory, I was surprised to find th a t the  second term  of the expression tor the secular 
acceleration thus obtained, not only differed to ta lly  in m agnitude from the correspond­
ing term  given by P lana, bu t was even of a co n tra ry  sign. My previous researches, 
however, im m ediately led me to suspect w hat was the origin of this discordance, and 
when both processes were corrected  by tak in g  into account the new term s whose 
existence I had already  recognized, I had the satisfaction of finding a perfect agree­
ment between the results.

|iv m<n\

June 1 6 th,1853.
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