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1. Infroduetion

, conside^r' a point mass o'bitifrg e co'1re al, clisl a,rce .¡,

undel the inflnencc of ts'o ,tol,ces : t1 atLlacl,ion arrtl a per,_turtring force depending on a s'rall pa et 
's clescribe the mo_tion in terrns of classic. Kepleliaìr ments by rneans ofNe.wton-Euìer. equations (e.S.- 14l)

tlpldu :2(Zlp.)rsT,
rl{2f clu, : (Zl¡t)r\BtV l@D),
di I du, : (Z I p")r\Aty lp,

(1) clq1f cht : (z,f ¡l(rBk,BCIIrleLÐ) l_ 12T(r(q -f A)lp + -4) + rzBS),

ùhlclu : (zlù(-rBql)CI4r l@D) * r2T(r(k _f B)lp + B) _ r2AS)
dtldu : Zr2(p1t)-trz,

ravitational palamei,er of the clyna_f) : longit,ude of ascencline n'òrlc.
{I : c Cos cù, k - cSin<o(c : eeccn-

il õd":,li "#l:l Hli':'å'ålffi ;;; n
The tirne interval clefined or, 

tttu'

(2) ?Q:
211'

I
df lda) du

o

is callecl lq4"I periocr and constit'tes one of i,he most importa.t p,n¡¿,-meters of the perturberl motion clescribecl by (tj."""
o first orcler in o. \\,:ls gir-en in [B]
in the attlacbion fielcl of a r.otation

va,rious per,tur.bing factor,s
sltÌver/ see [4]). ;l seconcl
be usecl to orbjts of ar.bi-

6 e.-392b
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trary suburìitarv eccentricit¡r, $¡â,s gi\ren in l4]. rn this paper r\¡e proposea rnuch improverl estimate ïî fn, -to 
orr5, oiUe" t,, "l iã.; ¡re case n,lìenthe pelturbing force acts raclialÇ.

2. Basie equafions

Since r.aclial, s,e have T :0t I4r : 0r anclas a direct s ation (í), Z :L aì*o, using ilre or,biteclnation in n br. r. ! ple + .- 
"ãl o), r,r.hele c :: ?¿ - (,) iS har.e

(3) r:1t(I+qA!kB)-..
So, ecluations (1) recluce to

dplclzc: 0, cle/da, :0, clildu, : ç,

dqldu,: 7tzp.-1Bï(7 j_ qA I ti4)-z,
(4) dklctn,: -.pz¡t-rAS(1 + qA + L:B)-z,

ùtlùu :,pB/zþ-l/z(7 + qA I ttB)_2,

n'here the expression of B lernains unspecifiecl.
pf (4), tnere follorvs immecliat ly p : pn, dù : {l^, ,i,

turbed orbit is planar ancr of constan s"eriitatus'"ecturn¡i'*.
refer to the initial r.alu o, supposin g fhai' q
small. changes (Lq : q k' - k; o1ãi ii-"'i
enough, ancl integlating_ and fifth ecluations (4) by successiveapp'oximat1911,_rve g'el, thecha'ges of q ancr /c i* -trre 

intervaî ür, ;;lâ fiÅ;orcler in o (hiclden into B)

Lq: ptrp.-' ZìlS(1 + goAthoB)-zdu,

(5)
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Befol
will be hel s which

LcL t,
on ø, and depend

holds :

3. Auxiliarv rcsults

A*(lII + À¡r)-"(8)
ôn*

'Ihe p.oof is i'rmediate by i'cluctio^. Ilor. ø :1 l,e have
dlt + Nn)-' : 

-s(111 f llø)-"-try.
ôn

snppose that (8) T]u. no,- w :')t't,, â^7ù calculate the deri'ative forrþ:n1/f1;rvehaYe
a",,,l(lt[ i Nn _ ôlð"'(trIlNn)-'l_

dnL or" J
ôû''+t

a"Í + Aq t Btt¡-z
7qn-i ¿¡tt

To pror.e this relation, rve l.rite

a"(7 + A4 t nn¡-,
âq"-i ¿¡tt

)-E

a t, _, ,,,, 
(s f a¿ __r ) ! (M + -Àrø)_"_,,¡,,1 _- ã l.t , (, _ 1) !- (nt + irø)-"-,,¡ 

J -
: (-1¡',+r Í: 

+ li): er + 
^rn)-.r--il,-tpn,+1,herce (s) js rr.rrr,. 

(s - 1) !

r'¡et rlou'o. /L be.enr irLrrepcncrelrt va.iar.rles, reb a, -B rre funcúions
Ëil|"Ï"íl:.i'ïb i:,t.î?S"îî;fli 

i;"fi;i'i¿t 
", j bc 

'arurar îumbcrs, i ( ø.

I
rlo

I'e: 
\lto, ,r; n) du.

(e) : (-7)"(n + 1) !(I I AqI Bh¡-"-"On-jBt.

Lh: - p¿r"-r .{B(1 + 8oA t koB)-z du.
110

a'(7 I Aq I 13tc¡-z Ai f A,-i(1 + Aq + Bn¡-21 ô, .¿qn-t ¿¡.- - ¡¡ffi l: u*, -,_,,
r"'hel'e.1",,-¡ abbl,evjates tJrc exll,cssion in s.quare þr,ackeús. Irulting ;lf :r + ßk, N : A, n 

=Q, 
, -2, ,u):,)L 

- j, one;öìü; F,_¡is ottheïot'tn ê,,(ttI ¡ N'r)-"1Ai1,, uo, 1.,'y"it '"

1t

As to the noclal periocl, let us cleriote

(6) l(q, t;; u) : ?snv-Iz(I + qA I kn¡-r.
So, b¡' (6) ancl the last ecluation (4), (2) becomes

(7)

To find ?g we har.e to express trre integrand of (7) in terms of ø only.

;l: 
Atr, 

l(-I)"-i(n - i + 1) !(1 + Aq + Btr;)-,+i-24,,-il :
:(-r)iþt, - j + r)!A,-i #rr I AqI Btc¡_,,a¡_" _
: (-1)"-i(n _ j + 1) ! A,,_jGj,
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'where Gr : Ai(L i Acl I Bk)-"+¡-zf þltt. Putting Íow Jly':1-1A8, N: B,
u :1r' s : .tù - .i + 2, w : j, one sees l,hat Gj acquires the same form
A'(M + Nn)-'f 0n". Applying once again (8), rve gel,

a"(I+Aq+Btt)-z
Aqil-i Akt

: (-1),-i(n - j +r)tA,-i(-r)i , ("T]'-', . (r I Ått1 Btr)-,-zpt-
\rL-J+t):

:(- 7)"(n + 1) ! (l + Aq I 13k'¡-'-'¡"-iBt r

a,nd reiatjon (9) is ploved.

/r. Nodal perioel

Being nolv able to clet,elmirLe 1,he noclal periocl, 'li'e shall expl'ess
the main lesult of this pa,pel in the forrn of

Theorem '1. If th'e pertul'beil' moti,ot¿ of a ltoirtt m,ass i+t ctl?, al,[rclctiae

fietd, is d,escribed, by eclucr,tion,s (4), lhen ll¿e n,oclal periocl, correspott'cling to
tltis ¡notion is giren, b1¡

;\ bel-tcl' apploxirnal iorr 205

Iìeplzrci'g norv / i' (?), *'e gct trre exp.essio' (10), anci the l,rreo'em ispror.ed.

in o any or.der

1,.,*, er in o)'-of
enLÍì o, but l'his

crete sil,uations. Arnong sucÌt
to asi,ronorny : motion ¿rlountl s
in anisotlopic radiation fie
vilaüit-rnal ficlds, llreory oll
satellil,e rrrot,iolr trncler, Ihc
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Rotttattia

IA: pfrtzp-ttz
æ

T (-1)"(n, f 1) (7 I cloA I koB)-'-2(ALq ¡ BLk)"du,

A"(L + Aq+ Blt)-z

(10)
Proof. Let us 1-'a,y1or-exp¿ìltcl the function / gi en by (6) on t'he

hypersnrface H : H(eo, h:o; u) rvith t'espect to the small quântities
L,q,, Lh;; \\re have

I : to*,Ë, # [ (^'å + 
^k *)",],:

-- lo ï Ë,# F^t"o"-i1u'r)r[ ,# * ),'
'whete the subsclipt ¿r0" signifies that in the lesulting explessions rve
pnt g : qo, k,: /úor ântl let ¿¿ r.aly. ilahing into account (6)' rve obtain

t
J

I : ro I a'l'v-'n fi,# 
"E 

ci(aq)"-i(Àk)iI
1,,A(ln-r Alil

or, resorting to (9) and performing the calculations :

æ tt

I Cl(Atq)n-t(BLk)t -j:o

(-I),(tt, + 1)(1 I ïoA ! l,;olJ)-"-2(tl\c1 | Br\lt)" :

f : Í, i p'J'$-t/" f, (-1)'(øf 1)(1-l-qo;l llcoB)-'-z
,1:7

æ
{ r ^,312.,-7/2 11

-Jo-r Yo Y' A
n:1

- p3t2þ-1n Ë (-t)'(r, + 1)(1 I ctoA * koB)-'-'(ALçt + BLh)".
n:0


