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EXISTENCE OF PERIODIC ORBITS IN THE RESTRICTED PROBLEM
OF THREE BODIES WHEN THE MORE MASSIVE BODY IS A
SOURCE OF RADIATION AND THE SMALLER PRIMARY IS A

TRIAXIAL RIGID BODY

*k
AWADHESH KUMAR PODDAR®, Z. A. TAQVI', SANJAY JAIN"* AND K. B. BHATNAGAR

Department of Mathematics, Jamia Millia Islamia, New Delhi
**Centre for Fundamental Research in Space Dynamics and Celestial Mechanics,
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In this paper, we have regularized the restricted problem in the neighbourhood of the bigger primary, which has
been taken as a source of radiation. The smaller primary has been taken a triaxial rigid body. The existence of
periodic orbits, symmetric as well as doubly symmetric has been studied.

Key Words : Restricted Three-Body Problem; Periodic Orbits; Triaxial Rigid Body; Radiation Pressure

1. INTRODUCTION

Giacaglia! studied the motion of an infinitesimal mass under the gravitational field of two finite
masses. He showed the existence of periodic collision orbits for the infinitesimal mass when the .
finite masses are moving in circular orbits.

Bhatnagar2 replaced the circular orbits of the finite masses by elliptic orbits. However, the
eccentricity of the elliptic orbits was supposed to be very small. In® he extended the work to four
bodies and m he studied the same problem in three dimension. During the last few years, many
mathematicians and astronomers have studied periodic orbits in the restricted problem. Some of them
are Mayer and Schmidt®, Markellos®, Hadjidemetriou7’ 8.9, 10 Bhatnagar and Taqvi“, Gomez and
Nogueralz, Kadmoska and Hadrava'’, Peridios, Zagorous and Ragosm, Ahamad®® and Elipe16,
Mathlouthi'’, Jorba'®, Scuflaire'®, Caranicolas®®, Awadhesh et al2!.

This paper is the extension of our paper, Poddar er al. In that paper we studied the existence
of peirodic orbits in the restricted problem when the smaller primary is a triaxial rigid body. In this
paper we have taken the bigger primary as a source of radiation as well.
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2. EQUATIONS OF MOTION

The equations of motion in canonical form of the infinitesimal mass in the restricted three-body
problem when the more massive body is a source of radiation and smaller primary a triaxial rigid
body in synodic dimensionless co-ordinates are

. _9H . _-93H

= j = (1
x; 3p,-’p’ x i=1,2), e

i

1 2 2 1-
where H=§(pl+p2)+n(p1x2-—p2xl)_Q_(_'Tﬂ_)_r£2

3u 2
——H5(2 o —0'2)+-—%x2 (0,-0y)=c
2r, 2r,

[Jain]%2
and ¢ is a function of u=c W)=cy+Hc,.

a* - c? b -c?

0, =———, 0, = ——,
17 sg2 7727 5p?

n = mean motion = 1+%(2 0, - 0y),

a, b, c = semi axes of the triaxial rigid body,
R = the dimensional distance between the primaries,
Q = radiation parameter

Here we have assumed that the principal axes of the triaxial rigid body are parallel to the
synodic axes and primaries are moving without rotation about their centre of mass in circular orbits.

For regularization, we shall introduce Levi-civita’s?3, Parabolic transformation defined as a
canonical transformation generated by

Sz(#‘*"ff‘é)l’]"‘zé] §2P2

and such that

=S M=o i=1,2] R )

where 7T, are momenta associated with the new co-ordinates .';‘l., we have

Gm-bmn Gmtéhm

T E+d Tl D

q=urE -G, 5=28 &
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The Hamiltonian, given in terms of these new variables is
-2 1420 &m -8 -t G mr e )
“8r, " +4(20,-0)) (2m 17 = 1M +6 ™)

6
—a-pli= B K, 01-02)+—L€521—€§(0'1—0'2)=c,
n Ty 2r ' r,

where r]=5f+§§=fz,
r§=1+2(§%—§§)+§4,
=1 + 1L,
O=1-P Here P<< 1.

We introduce a new variable 7, defined by

dt=r;d7,7=0 when ¢t = 0.
The Equations of motion (1) become

d§, g dm _ .
FERE TSPt (i=1,2), E)

where K is the new Hamiltonian gives as

K=r (H-C)=K,+uKk,,

where Ko=§+%§2[l+%(2 0'1—0'2):l[52 m - 7:2—2c;)]+P—1=—e

1

3 r
K1=——2-{1+Z(2 01—0'2)][51 n+& n,]-;;—

r (c- CO
-5@o;- cr2)+75252(a1 o) -——L &P+
I
2
The form given to K|, ensures that orbits, which are analytically continued from two body

orbits solutions, will belong to the K = O manifold, that is, are the solution of the regularized
equations of the restricted problem. We shall assume that K, is negative (K, = — €). Thus the

corresponding two-body problem will admit bounded orbits as a solution in synodic co-ordinates. It
is not difficult to see that lel< 1.
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3. SOLUTION OF THE EQUATIONS OF MOTION CORRESPONDING TO KO

In order to write the Hamiltion Jacobi equation corresponding to the Hamiltonian, K, we take

7r’.=——§; i=1,2)

and a=1-¢>0, and introducing polar co-ordinates
§=&cos ¢, &, =Esin g,

we obtain

2 2
(28] -4(32] e edonw]
[‘—;q)—w—Zc'O}-rP:a.

Its solution may be written as

w=U (&) +2G ¢, where G is an arbitrary parameter, and taking €2=z, we have

2
d 3 ’
(d—:) =_2[1+Z(201—02)][G+c0]ff9, - (4)
2
where f@ G (@-P)z 2

T QU+3/4Q20,-0)][GHeg) (1+3/420,-0)][Gay]

We suppose that G+c;<0 then the eq. fz) = O has two positive roots z; and z, and is
positive between them.

Also
Zl+22= —(a_B) 7 >0’
(1+374(2 0, - 0] [G + ¢
2

2(1+3/4 (2 6,-06,)][G+cy)
The solution of the eq. (4) is

. 2z Ty
Uz G, P,0)=[-2(1+3/4(2 0, - 6y} {G+C;)}lmj "ﬂ'zz dz.

%

The general solution
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wo=w(G, a)

is obtained depending on arbitrary parameters G and . The péra.meters ¢ and o have values fixed
by the regularization process and they are not arbitrary prameters. o, and o, are also not arbitrary
parameters, as they depend upon the shape of the triaxial rigid body.

Let the parameters a, e, [ be defined by

z1=a(l-e),
z=a(l+e),
z=2; COS 2 z, sin 2—a( —ecosl),

where 0<e<1. It may be noted that for z=z,,/=0.

The equations of motion corresponding to K, are

, dK ; ;

Since z= 52 , we have

(Zidir ): [-2 (G+c;,) [1+3/420; - 02]]1/2 F@.

Integrating, we get
t o d ,
| = 21046 (1+ 3 Qo-o -5, o
4

where 1=z, at =1,
Introducing L by the relation
a=L[-2 {1 + 3/4 (20,-0,)} {G+cy)]"? > 0,
we have

Zl+22 L
a=- = =
2 N-2(1+3/4(20,-0) (G+cy

.. (6)

P
+ 3 -,
2{1+Z(2O'1—0'2)}(G+co)
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PG?

L[—2{1+%(2 o,-oz)}(cug)}

Using (6) and (7), we can show that

f@= a?e?sinl.

And the eqn. (5) becomes

3 12
lz[—z{1+Z(20'1—02)}(G+c0)] (T- 1.

172
[(L? -G
)]

Now taking L and G for the arbitrary constants instead of o and G, the solution may be

given by the relations

Z
dw_JU _ dz__
oL~ IL " ! T " . ®
1
dow_JdU
3G aG*2?
P
=2 : 172
2[G+c;)][-2{1+%(2ol-az)}(c+c;))]
NI2-G p
* 2(G+cy) - 172
0 3 A
L[*2{1+z(20‘1—02)}(G+c0)
PG* ‘
B 172 sin/-f=g (say), . 9)

1+%(2al-az)(c+c;))]

dl

h —
where l1-ecosl

and fore =1 (le. G=0),f=0
The eqns. (8) and (9) establish the canonical set (l L, g G)
Since K,=a-1, it follows that
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Ky=L[-2 {14%(Q2 0, - 6,)} {G+cyl1"? - 1

and, therefore, for the problem generated by the Hamiltonian K, we have

when

dL K,

Y =0, L = const = L; (say),
dG_-9K, _ _
iz P =0, G = const = G, (say),
d 9K

3 , 172
———:-———:[—-2{1+Z(2 0'1—0'2)}(6*'00)] =n, = const,

== nl’r+lo

3
—[1+Z(2 cl—oz)j}L

dg 9K, —n
3 ’ 8
[—2{1+Z(201—02)}(G+CO)J

dt_ 9G

= const,

= g=ntT+g,

The angle ¢ is obtained from the eqn. (9) as

1 1 Pl
¢='2_(f+g)_z 172
[-2{1%(201-02)}{6”5} {G+c;)”
N P
4(G+cy , s
L{:—Z{1+Z(201—02)}{G+c0}]
2
- PG ) sin/, when e#1.
1[-2{”%(201-02)}{6“5}] (L*-GY
L, Pl _L
2 4 . "W 3 y , /2 4(:0
P .
1- 3 sin /,
3 ’
e =1

1581

.. (10)

. (11)
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The variables éi and 7; (i = 1, 2) are then expressed by the canonical elements. In fact, we
have for e# 1, (G #0),

§1=i\/z_cos ¢=\Ja(1—ecosl)cos o,
§2=i€sin¢=Va (1-ecos!)sin @,

_2eLsinlcos -2Gsing

+r
[a (1 -ecos D]V?

-

2 Pe sin [ cos ¢

172’
[a(l—ecosl)]l/z[—Z{1+%(20’1—02)}{G+c2)}:|

+ _2eLsinlcos ¢+2Gcos ¢
M= 7z
[a(1-ecos )]
2 Pe sin I sin ¢ . . (12)
[a(l—ecosl)]l/z[-2{1+%(20’1—02)}{G+c;)}]
where ¢ is given by the first of the eq. (11)"
For e = 1, G = 0, we find that
i§1=@sin-é-cos¢,
i§2=\5¢?—sin%sin¢,
4L l 4P cos ¢ cos I/2
inlzq—zzcosacos o— X ¢ iz
@[-2{1+Z(2cl—az)}co]
sin ¢ cos /2 . (13)

4L . 1 4P
= Vog 90y g Bk
[—2{1+Z(20'1—02)}c0]

where ¢ is given by the second of the eq. (11). The original synodic and sidereal cartesian
co-ordinates can be obtained as in our paper (2001).

In terms of the canonical variables introduced, the complete Hamiltonian may be written as

where R=—%[1+%(20‘1—02)}
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2Pesinlsin2 ¢

2eLsin2 ¢+2Gcos2 ¢ 172

[-2{1+%(2 ol-oz)}{cng)}]

—a {1l - e cos D}

[1+2a(1-ecosl)cos2 ¢+a®(l-ecos )] /2

- %a(l—ecosl)(Zal—oz)[l+2a(1—ecosl)c052¢+a2(l—ecosl)z]‘yz

+ 6a° (1-ecos))(0,~0,)[(1+2a(l-ecosl)cos2 ¢

+ a? (1 -ecos 1)2]'5/2 sin22¢sin2 /2 ~ cya(l1-ecosl).

The equations of motion corresponding to the complete Hamiltonian are

172
d _Jdk _ 3 ’ JR
:i_t—_aL_[_z{1+4(201_02)}{G+C0” +u—aL,

dg ok -L{1+3/4Q2 0, -0y} OR

3 e A Tk
[—2{1+z(20]—02)}{6+c0”

a0 ol ~Har
dG__ok__ (dR v
To=- g——‘u(agJ . (14)

In addition to the eqns. (6) and (7) for a, e and to the first of the eq. (11) for ¢..

The eqn. (14) form the basis of general perturbation theory for the problem in question. The
solution described by the eqns. (12) or (13) is periodic if 1 and g have commensurable frequences,
that is if

il

g

—2|G+col 2

=————=— (say),
2 7 (say)

where p, and q, are integers.

4r 4r

The period of &, m; are — and —, so that in case of commensurability the period of the
! g
. 4rmp dngq,
solution is or .
nl ng
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4. EXISTENCE OF PERIODIC ORBITS WHEN u#0

In order to prove the existence of periodic orbits when p#0, we shall follow the method used by
Choudhary (1966)%4.

Taking =L xy=G,y =Ly, =g,

for =0, the eq. (14) may be written as
dx;
dt

;=0, jdz’lzni(O) (say i = 1, 2),

dt

ie. xSo) =a, y§0) = nEO) T+ W,

These are ‘generating solution’ of the problem of two bodies. Here a; and w, are arbitrary
constants and

L0 _ -dky
1 ~ pe) ’
L 7H J‘ﬁ:al
ok
© _ 0
"= Sm . (15)

The generating solution will be periodic with the period 7, if

0
i (10)—)’1' (0)=n§ )TO_Zkt T

% (1) -x;(0)=0. (i = 1, 2)

©)

Here k; (i = 1; 2) are integers so that n; °~ are commensurable.

« Let the generating solution in the neighbourhood of the generating solution be periodic with
penod 75 (1 + @), where « is a negligible quantity of order u. Introduce new independent variable

¢ by the equation.

[=—7

1+a

T
The period of the general solution will then be l—f—a(l +0) ie. 17,

This period coincides with that of the generating solution. The eqns. (14) can be written as

dx; 2K
ZZ'=_(1 + a) a_yiv
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&

C (1+a)a i=(1,2). .. (16)

The general solution in the neighbourhood of the generating solution may be given as
x,'=ai+ﬁ,'+§,'(§)-
Qi ryen 0 (=12
] 1 i 1 ’

The eq. (16) can be written as

& -t o _a . _
& 3'7 dy 35 i=12 .. (A7

where K’, the new Hamiltonian is given by
K'(§&n)=(1+0)K[&a;+p+ ‘,n §+(oz+y+n]

~(- QK[ apn §+@)+ny &ny) &

aK dK (0) (0)
=(1+0) Z { i Ja, 'a“’i}+ 1 Gty &y

Now in order that the periodic solution may exist, the necessary and sufficient conditions
are written as :

x; (Tg) = x; (0) = §; (%) =0, .. (18)
y; (%) =y, (0) =2k, m,= 1, () = 0. . (19)

Restricting our solution only up to the first order infinitesimals, the Equations of motion (17)
may be written as

d§ _oK oK

T:——T-I:—=_(l+a)—a—a'-);:, s (20)
an; 9K K . (0

FIr PR et - @D

Expending k ({, a;+ B, n‘(.o) §+o;+7) in ascending power of B, 7, u we find that the eq.
(20) may be written as

d
_d%=_(1+a)—éf%-)k-[k(§,ai+ﬂ,n§0)+wi+}’i)]
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-(+o)5—| Ky a;+B)+ukK, ({a;+ ,,n §+w+y)
Jw,

2
- (1+a)uai Kl(Ca,,n

oK |
"o+ Z

9K,
B; aa

idw,

Rejecting the second order term a i, integrating and putting the value of & in (18), we get
2

= + 2

-KT Jdaw,

i=1

.. (22)
where

T
[K1]=;16 [ x{can cralat
0

The eq. (21) gives

an, o

i +(1+a)T[k(§a+ﬁ,,n C+w+7)l

n +(1+a)5‘Z—I[KO(§,a,-+ﬁ,-)+uK (& o+ Byn” C+ o+ )
O

2 9K,
Wrar@ g K Gayr T B
i=1

’5’a

2
JK 8K
+ ”{Ki(gi'ai'"g(»g* @;) + 2 { 5o+ 1]]

2 FK,
=n§)+(l+a)a 2 ¥ P a"a+0(p)
K, &K, FK,
= ozaa1 + B,

2P 3a 30w
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The eq. (19) gives

IK, F K, FK,
M (T B Yo ) = aro 3a, +ﬁ1 10——-2—+ﬁ2 03m Sa P +0 (=0, .. (23)
da
oK, FK, ' FK,
1y (T B Yo ) = 5”09 +[31 T3 — 9a, 9a +ﬂ2 T3 94, +O(u) 0. .. (24

Since { is involved explicitly in the characteristic function K, so K + I + C = 0 is an

integral and ai;i;to, therefore, by the theorem of implicit function, we may say that {; can be
1

expressed in terms of 52, My Ny So we are left with three equations involving five variables viz
By, By, 71» 15, . Hence, two unknown (say 7 and @) may be chosen arbitrarily. Let % =0 and
a=a(y)#0. Further the choice of the origin of time is arbitrary, so we take @, =0. Then the
eqns. (22), (23) and (24), will give B, B,, %, as holomorphic function of u, reducing to zero with

u, if the following conditions (Duboslim 1964)25 are satisfied.

‘56(71:0 I = 1’ 2, (25)
aKl .

aai =0i=1, 2 ... (26)
8(52’ 771» 772)

—— %0 wh =f8.=y.=0. . (27
35, By By) when u= =y, (27)

The condition (27) can be written as

By actual verification, we can show that

FK,
— 0 0
J &
. FK, P K, .
T T # 0.
0 aaf Oaalaaz
. F K, F K,
T
00a,da, 0 8a§
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The above determinant will not be equal to zero

If

We have,

where

1 L T2
KO=L[—2{1+2—(201-02)}{G+c0” -1,

,
K, j.--%[l +3/42 0y - ) [€, My + &, nl]—-r—;

C—

)
-P+1
p F-P+

T "
‘?(201“72)‘*'6“55%5%(“1“’2)‘
L) L)

_2eLsinlcos —2G sin ¢

;4
! [a (1 -ecos []'/2

2Pe sinlcos ¢

172
[a(l—ecosl)]l/z{—ZI:l+%(2 al-cz)][c»rc;)]}

_2eL sinlsin ¢+2G cos ¢
B 172

[a(l-ecosl]

2Pe sin [ cos ¢

172°
[a(1-ecos 1)]1’2{-2(G+c;))[1+%(2 01—0'2)]}

&, =Va (1-ecos]) cos ¢,
&,=a (1 -ecos ) sin ¢,
r1=§2=z=a(1—ecosl),
ri:l+2a(1—ecosl)c082¢+a2(1—80051)2a'
c=cytHcy,

2.210 .2
6%5%=a sin 5 sin 2¢,P<<1.

Taking only zero order terms, we have

r1=a,
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51;6003 0, §2=\f¢7sin¢

'7:__—2Gsin¢ _2Gcos ¢
157 7 R

) .
r2=1+2ac052¢+a2,

3 a a
K1=b—{1+Z(20'1—62)}x2c082¢—;2-—;€(20'1—0'2)
a3
3 .
+ -2—%(01 - 0,)sin*2 ¢,
2
where b=-ac,+1-~p,
1 1 Pl
¢=5@+NH-7 5 12
[—2{1+Z(20’1—62)}{G+c0” G +co’)
V12 - G? . P
4(G+c;)) 3 ) 172
L[—2{1+Z(2ol-az)}{c+c0”
) 2
- PG %) — |sinl,e#1
3 ’
L[-2{1+Z(201—0'2)}{G+c0” L*-6H
f = | (approx).
We know that
L=x,,G=x,,1=y,,8=Y,
Now ¢ can be written as
1 1 Py
9=201+y)-7 : i ,
\/xl—x2 1 P
- 172

. 3 . v ’
{—2{1+Z(201—0'2)}{x2+f:0}] x,

1589
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Pxi .
- ; 73 - sin y;
xl[—Z{1+Z(20'1—0'2)}{x2+co}] (X —x,)
0
where x;=a, y;= 715 ) {+ o,
Condition (25) gives
oK
1 . 1 P

-é—E)T:(ZSan(P) 5~ %)

4[_2{1+%(20’1—0'2)}{x2+c;)}] {12+C;)}

4 (x, +cy)

172
[—2{1+%{(2 0'1—0'2)}{x2+c;)}} X,

2
DXy

xl{—z{ui—(z ol-az)}(xzm;)J 172 (o~ x)

2 2
3 2a° 3
r2 27'2

3 .
+%‘%(61 ~0,) (5asin®2 ¢+2 cos 2 9)
r

2

K K
Thus = =0 when 2 ¢=0, 7 etc. Similarly we can show that ——L =0 when 2 ¢=0, m etc.
J W, 0w,

Hence, condition (25) is satisfied.

Now,

K 2
Z)221-=|:1+%(2 0'1—02)}x2c032¢—2a;r252-¢1

. 2 4

lzﬁfr‘-z-“—ﬂ-%(zcl-oz)smzch
.

2
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3 4
—fiﬂgcoszmz al-az)+42—5%(ol-az) sin®2 ¢cos 2 ¢
"2 2

2 . 4
+___7___Q45a Sin_2 +2cos 4 ¢.

)
FK,
When 2¢=0,nm etc. —5 #0.
J 0,

Hence Jacobian (27) is not equal to zero.

It may be noted that for 2¢=0 or 7 etc (26) is also satisfied. Hence we find that the
existence of periodic orbits for small values of u is thus proved.

5. EXISTENCE OF SYMMETRIC OR DOUBLY SYMMETRIC PERIODIC ORBITS
We may also observe that the eq. (3) in the form
E=f&Ei=12
do not change under the following transformation
) & —--¢.5-6,1o-7
(i) §,=6,.6--6,1o-1

which shows that symmetric or doubly symmetric orbits may exist for any value of u. It may be
noted that when

§ =0 and 7 =0, we have 5’1=0 and when §; =0 and 7, =0 we have 5'2=0.

Thus we may conclude the following :

(a) if t=0,£,(0)=0, 7 (0)=0 [£ (0)=0 and =, (0)=0]
and at 1=1,& (7)=0,7m (7)=0

[§, (7,)=0 and =, (7,)=0] then the orbit is periodic and the period is 2 T

(b) if at =0, 52 0=0m (0)=0 and 7=1, 51 (1))=0 and =, (7,)=0, then the orbit is
periodic and the period is 4 7,.

Case (a) ‘corresponds to orbits symmetric with respect to &, axis &, (axis)) and case (b)

corresponds to orbits symmetric with respect to both the axes (doubly symmetric). Now, we will
show that at least one of these condition is satisfied for 4 = 0. In this case the Equations of motion
are given by (10). We will consider the case (b). In the commensurable case
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3 ’
l=\/}?‘t‘+10,p1 =—2[ i +Z(2 (o) —0'2)](G+c0),

| 3
g=E‘t+gO,ql={ 1 +Z(2 01—02)}L,

n 4
where p,,q, are integers. So that L =2lG+cOI=—l
n, g,
4rnp, 4mng
The period is =———=—""=4\p| .
n, ng

Now proceeding exactly as in our paper (2001) we can show that corresponding to the two
sets of initial conditions (a) and (b) two cases of periodic orbits exit. The periodic orbits
corresponding to (a) will have the period 2\[;;;_ n and in the other case the peirod will be

4\/;?7:.

Initial conditions for the two cases (a) and (b) are as follows :-
(a) For t=(0),/(0)=-(2k+ 1), g (0)=(2n+ 1) m, k, n are integers.
(b) ©=0,1(0)=2nm g(0)=2km k,n are integers.

We have drawn the Figs. (1-3) corresponding to k = n = 0, p;=2,¢9,=1.

¢,

-2 -1 [ 1
- &,

FI1G. 1. Corresponds to e = 0, i = O for both the cases (a)‘ and (b),

The only difference between case (a) and (b) is a phase shift of 45°. In each fig., we have
drawn six orbits corresponding to different values of p keeping o, and 0, fixed.

In all the above figs. we have taken o, = 0.1, 62=0.09 and in each fig. six orbits have been
drawn corresponding to the values of P = 0, 0.01, 0.009, 0.008, 0.007, 0.006. It is observed that
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Te,

-.F

-2 -1 0

=4

FIG. 2. Corresponds to e = 1, u = 0 case (a)

Te,

2

"2 1 0 1 2

- &,

FiG. 3. Corresponds to ¢ = 1, 4 = 0 case (b)
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in both the cases as the values of the solar radiation parameter P decrease the periodic orbits shrink,

though very little.
ACKNOWLEDGEMENT

We are thankful to the Centre for Fundamental Research in Space Dynamics and Celestial Mechanics

(CFRSC) for providing all facilities in the completion of this work.

REFERENCES

1." Giorgio E. O. Giacaglia, Astron J. 72 (1967) 386-91.

2. K. B. Bhatnagar, Proc. natn. Inst. Sci. India 35A (1969) 829-44.
3. K. B. Bhatnagar, Indian J. pure appl. Math. Vol 2 (1971) No. 4.
4. K. B. Bhatnagar, Indian J. pure appl. Math. 3 (1972) No. 1.



1594 AWADHESH KUMAR PODDAR et al.

24
25

K. R. Mayer and D. S. Schmidt, Celest Mech. 4 (1971), 99-109.

Markellos Celest Mech. 9 (1974) 365-80.

John D Hadjidemetriou Celest Mech 34 (1975 a) 379-93.

John D Hadjidemetriou Celest Mech 12 (1975 b) 255-76.

John D Hadjidemetriou Celest Mech 12 (1975 c¢) 255-76.

John D Hadjidemetriou Celest Mech 34 (1984) 379-93.

K. B. Bhatnagar and Z. A. Taqvi Jnanabha Sect A 6 (1976) 81-93,

Gerard Gomez and Miquel Noguera Celest Mech 35 (1985) 235-55.

J. kadmoska and P. Hadrava, Celest Mech Dyn. Astr. 48 (1990), 115-26.

Periodos and C. G. Zagorous and Rogos, Celest Mech. Dyn. Astron 51 (1991) 349-362.
. Abdul Ahamad, Celest Mech Dyn. Astron 61 (1995) 181-96.

A. Elipe, Celest mech Dyn Astron 68 (1997) 1-11.

Mathlouthi Salem, Trans. Amer. math. Soc. 350 (1998) No. 6, 2265-76.

. Jorba Angle, Phys. D 114 (1998) No. 3-4, 197-229.

. Scuflaire Richard, Celest. Mech. Dyn. Astron. 71 (1999) No. 3, 203-28.

. N. D. Caranicolas, Astrophys. Space Sci. 271 (2000) No. 4, 341-52.

. A. K. Poddar, Z. A. Taqvi, Sanjay Jain and K. B. Bhatnagar, Indian J. pure appl. Math. (2001) to be published).
. Sanjay Jain, Thesis (Maths), University of Delhi, Delhi, 2000, 104-39.

. Levi-Civita, Acta Math 30 (1906) 305.

. R. K. Chaudhary, Proc. natn. Acad. Sci. India 36A (1966) 249-64.

. G. N. Duboshin, Celest Mech. (Analytical and Qualitative Metod) (Russian), 17-84.



