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Abstract. Higher order normalizations are performed in the generalized pho-
togravitational restricted three body problem with Poynting-Robertson drag.
Here we have taken bigger primary as a source of radiation and smaller pri-
mary as an oblate spheroid. Whittaker method is used to transform the second
order part of the Hamiltonian into the normal form. We have also performed
Birkhoff’s normalization of the Hamiltonian. For this we have utilized Hen-
rard’s method and expanded the coordinates of the infinitesimal body in dou-
ble D’Alembert series. We have found the values of first and second order
components. They are affected by radiation pressure, oblateness and P-R drag.
Finally we obtained the third order part of the Hamiltonian zero.

Keywords : celestial mechanics

1. Introduction

The restricted three body problem describes the motion of an infinitesimal mass moving
under the gravitational effect of the two finite masses, called primaries, which move in
circular orbits around their centre of mass on account of their mutual attraction and the
infinitesimal mass not influencing the motion of the primaries. The classical restricted
three body problem is generalized to include the force of radiation pressure, the Poynting-
Robertson effect and oblateness effect.
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Poynting (1903) considered the effect of the absorption and subsequent re-emission
of sunlight by small isolated particles in the solar system. His work was later modified by
Robertson (1937) who used precise relativistic treatments of the first order in the ratio
of the velocity of the particle to that of light. Chernikov (1970) & Schuerman (1980)
discussed the position as well as the stability of the Lagrangian equilibrium points when
radiation pressure, P-R drag force are included. Murray (1994) systematically discussed
the dynamical effect of general drag in the planar circular restricted three body problem.
Liou et al. (1995) examined the effect of radiation pressure, P-R drag and solar wind
drag in the restricted three body problem.

Moser’s conditions (1962), Arnold’s theorem (1961) and Liapunov’s theorem (1956)
played a significant role in deciding the nonlinear stability of an equilibrium point. Moser
gave some modifications in Arnold’s theorem. Then Deprit & Deprit (1967) investi-
gated the nonlinear stability of triangular points by applying Moser’s modified version of
Arnold’s theorem(1961). Maciejewski & Gozdziewski (1991) described the normalization
algorithms of Hamiltonian near an equilibrium point. Niedzielska (1994) investigated the
nonlinear stability of the libration points in the photogravitational restricted three body
problem. Mishra & Ishwar (1995) studied second order normalization in the generalized
restricted problem of three bodies, smaller primary being an oblate spheroid. Ishwar
(1997) studied nonlinear stability in the generalized restricted three body problem.

In this paper higher order normalizations are performed in the generalized photogravi-
tational restricted three body problem with Poynting-Robertson drag. Whittaker method
is used to transform the second order part of the Hamiltonian into the normal form. We
have performed Birkhoff’s normalization of the Hamiltonian. For this we have utilized
Henrard’s method and expanded the coordinates of the third body in double D’Alembert
series. We have found the values of first and second order components. The second order
components are obtained as solutions of the two partial differential equations. We have
employed the first condition of KAM theorem in solving these equations. The first and
second order components are affected by radiation pressure, oblateness and P-R drag.
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Finally we obtained the third order part Hj3 of the Hamiltonian in I 11 Z€ro.

2. Location of triangular equilibrium points

Equations of motion are
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be the oblateness coefficient, r. and 7, be the equatorial and polar radii respectively, r

be the distance between primaries, ¢, = (1 — —) be the mass reduction factor expressed
in terms of the particle’s radius a, density p and radiation pressure efficiency factor x (in
the C.G.S.system) i.e, ¢ = 1— M. Assumption g; = constant is equivalent to
neglecting fluctuation in the beam of bolar radiation and the effect of solar radiation, the

effect of the planet’s shadow, obviously ¢; < 1. Triangular equilibrium points are given
by U, =0,U, =0,z =0,y # 0, then we have

o [(1- u)(1 + gAg) - 48] 24,
R 3u(1 — p)yozo T2
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where xg = % — p, Yo = :l:é( )1/2 and § = qi/?’, as in Kushvah & Ishwar (2006).

3. Normalization of H,

We used Whittaker (1965) method for the transformation of Hs into normal form. The
Lagrangian function of the problem can be written as

1 n’ (I-—pwa | pA
L=Z= -2 -2 o w2 2 A+ M)Al Ll a2 6
5 (@& +97) +nlzy —dy) + o (2" +y7) + W T a3 (6)
+Wl{w ~ marctan ¥
2ry (@ + )
and the Hamiltonian is H = —L + p,& + p,¥, where p,, p, are the momenta coordinates
given by
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For simplicity we suppose ¢1 = 1 — ¢, with |e] << 1 then coordinates of triangular
equilibrium points can be written in the form

v e Ay Ase (9+47) 4ve
=122, 720 nWy — nW 7
2 3 2 3 6vV3 ' 21y3 ! ™
V3 2¢ Ay 243¢  (1+7) drye
Vol o= 2 W, — 1% 8
Y 2{ 9 3 9 o3 T s 1} (®)

where v = 1 — 2u. We shift the origin to Ly. For that, we change + — z. + z and
y — Y« +y. Let a =z, + p,b =y, so that

1 2¢ 24%¢  (947) 8ve }
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b=—<¢1-—=—-—— + nWy — nW: 10
2 9 3 9 93 s (10)

Expanding L in power series of x and y, we get

L = Lo+Li+Lo+Ls+-- (11)
H = Hoy+Hi+Hy+Hs+ - =—L+p&+pyy (12)

where Lo, Ly, Lo, L3 ... are
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where
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The second order part Hy of the corresponding Hamiltonian takes the form

2 2
_mtn

Hy 5

(ypx — xpy) + Ex® + Fy? + Gy (25)

To investigate the stability of the motion, as in Whittaker(1965), we consider the following
set of linear equations in the variables z,y:

—A\pg = 6522 Ar = %gf
26
ie. AX = 0
x 2E G A —n
|y | G 2F n A
X = o and A= N n 1 0 (27)
Dy -n —A 0 1

Clearly |A| = 0, implies that the characteristic equation corresponding to Hamiltonian
H, is given by

M4 2E+F4+n?)XN2+4EF —G?> +n* —20%(E+ F) = 0. (28)
This is characteristic equation whose discriminant is

D=4(E+F+n?? -~ 4{dEF - G* +n" —2n*(E + F)}. (29)
Stability is assured only when D > 0. i.e

1o < phe, — 0.221895916277307669¢ + 2.1038871010983331 4,
+ 0.493433373141671349¢ A5 + 0.704139054372097028n W1
+ 0.401154273957540929neW;
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where ., = 0.0385208965045513718. When D > 0 the roots +iw; and +iws (wy,ws
being the long/short -periodic frequencies) are related to each other as
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From (30) and (31) it may be noted that w;(j = 1,2) satisfy
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Following the method for reducing Hs into the normal form, as in Whittaker(1965), we
use the transformation
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P = (2Lw;) Y2 cos s, Qi = (I)l/2 ing;, (i=1,2). (35)

Wi

The transformation changes the second order part of the Hamiltonian into the normal
form

H2 = w1]1 — wQIQ. (36)
The general solution of the corresponding equations of motion are
I; = const., ¢; = +w; + const, (i =1,2), (37)

If the oscillations about L, are exactly linear, Eq. (37) represents the integrals of motion
and the corresponding orbits are given by

r = 2w1[1 cos @1 + J1a 2w212 COS ¢ (38)
y = \/78111 o1 + ng\/ism P2 + Jas \/ﬁwl cos @1
+ Jauy/2Dws cos ¢o (39)
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with l? = 4wj2 +9,(j =1,2) and k? = 2w} — 1,k = —2w3 + 1.
4. Second order normalization

In order to perform Birkhoff’s normalization, we use Henrard’s method (Deprit & Deprit-
Bartholomé 1967) for which the coordinates (z,y) of infinitesimal body, to be expanded
in double D’Alembert series = Y o, B} y = >, B%! where the homogeneous
components BL? and B%! of degree n are of the form

Z IlT 127 Z Cn—mn’n,p,q COS (p¢1 + Q¢2) + Sn—m,m,p,q sin (p¢l + Q¢2) (46)

0<m<n (p,q)

The conditions in double summation are (i) p runs over those integers in the interval
0 < p < n — m that have the same parity as n — m (ii) ¢ runs over those integers
in the interval —m < ¢ < m that have the same parity as m. Here Iy, Iy are the
action momenta coordinates which are to be taken as constants of integer, ¢1, ¢o are
angle coordinates to be determined as linear functions of time in such a way that (;51 =
wi+d 51 fon(I1,12), p2 = —wa+Y ", <1 92n (11, I2) where wy, wo are the basic frequencies,
fon and go, are of the form

o = >0 ot 2T (47)
0<m<n

9on = Z gIZ(nfm),2mI{l7mI£n' (48)
0<m<n

The first order components Bl1 0 and B?’l are the values of x and y given by (38) and
(39). In order to find out the second order components By, By'! we consider Lagrange’s
equations of motion

d oL, 9L  d,OL 0L

a'9:) "o @'%y) ey T (49)
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i 2nj+ QE—n?)e+ Gy = Gt G
ie. ’ , . (50)
i+ 2ni+(2F —n?)y+Gr = dOLys + 0824

Since z and y are double D’Alembert series, 2/z%(j > 0,k > 0,5 + k > 0) and the time
derivatives &, 9, Z, 4 are also double D’Alembert series. We can write

F= dn, Y=Y G E= D in, G= i

n>1 n>1 n>1 n>1

A L op1/2 1/2 .
where &, 9, &,y are homogeneous components of degree n in Il/ ,IQ/ ie.

P= Ay gy OB (b ot fat o)
T d no Opy LTI
n>1 n>1
OBL.0
+ (w2t g2t gat)] (51)
092
We write three components &1, &3, T3 of &
. oB)"° B}’ 10
= - = DBy’ 2
T w1 96, w2 Db 1 (5 )
. 0By 0By 1,0
T2 w1 6¢)1 w2 3(;52 2 ( )
, dBs"° oB3"° OB} OB}
x = w —w + —
A e A P
0By oB°
— DBM L 1 1 54
3 fa 96, g2 Db ( )
where 9 9
D=w——wy—.
w1 8¢1 w2 8¢2 (55)

Similarly three components &1, 2, 3 of & are

2 51,0 2 1,0 2 p1,0 2By’ 0*B;"

-;131 = D Bl’ , L'L"Q =D B2’ , ;'C'3 =D Bg’ +2w1f2W - 2&)292W.
o1 b5

In similar manner we can write the components of 7, . Putting the values of x,y, &, 9, &
and ¢ in terms of double D’Alembert series in equation (50) we get

(D2 +2E—1— gAg) ByY — {2 (1 + iAg) D — G} BY' =X, (56)

{2 (1 - 2A2> D+ G} By + <D2 +2F —1— zAQ) By =Y, (57)
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where
0Ls

X, = [ } .
ay w:B%‘O,y:B?’l

76 :| and Y2:|:
X w:B%‘O,y:Bg’l

These are two simultaneous partial differential equations in By and By''. We solve these
equations to find the values of By® and BY'', from Eqs (56) and (57)

Ai1DoBy° =@y, ALBY' = —Uy where Ay =D?+w? Ay =D*+wi  (58)
®y = (D* + 2F —n?) Xy + (2nD — G)Ys (59)
Uy = (2nD + G)Xo — (D* + 2F — n?)Y, (60)

The Eq.(58) can be solved for 321,0 and Bg’l by putting the formula

1 cos(pp1 + qp2) 1 cos(pd1 + qp2)
D o A o
1220 sin(por + qo2) Pa | sin(pér + qop2)

where
Dpg= [Wf — (wip — w2Q)2] [Wg — (w1p — wzQ)2]
provided A, ;, # 0. Since Ao = 0, g1 = 0 the terms cos ¢1, sin ¢1, cos @2, sin ¢, are the
critical terms, ®5 and Uy are free from such terms. By condition(1) of Moser’s theorem
kiwr + kows # 0 for all pairs (ki, ko) of integers such that |ki| + |ka| < 4, therefore
each of wy,ws, w1 * 2w, wy + 2wy is different from zero and consequently none of the
divisors Ag g, No,2, N2, N1,1, 1,1 is zero. The second order components B%’O,Bg’l
are as follows:
Bé’o = r1dy +1roly + 131y co8 201 + 1415 cOS 209 + 7”5]11/2.721/2 cos(¢1 — ¢2)
+r6111/2121/2 cos(¢1 + ¢2) + 1711 sin 2¢1 + rsls sin 29

tro 212 sin(dy — do) + 1oLy *Th ? sin(¢r + ¢2) (61)

Bg’l = - {51.71 + Sol5 + 311 cos 21 + 5415 cos 2o + 35111/2121/2 cos(¢1 — ¢2)

—|—56I11/2I21/2 cos(¢1 + ¢2) + syl sin2¢1 + sgls sin 2¢o
4 sl 212 sin(dy — ) + s101Y/2 1Y sin(er + ¢2)} (62)

where

1
"n= —53 {Jf3w1F4 + J13J23w1F41 + (
wiws

2
J2 1

w1

+ J223w1> F;’} (63)

1 J2
ro = 22 {J124w2F4 + JiaJoawa Fy + <w22 + J224w2) F4”} (64)
1W3 2
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re 02 (201 — o) (dior — 209) {(wl wa) {{ 13 22(w2) 14 21(001) } 1

+2{ Ja21J24( )1/ + J22J23 UQ}FIN}
w1 wo
+(w1 — ws)? {{2{J13J14F2 + (JigJoa + J1aJoz) Fy } (wiwa)/?

_2{

Jo1J22

1 2 Wiy1/2
(wiwg)1/? = JasJaa(wiwn)"/ }FN} (w1 = wn) [{J13J22( 2) /
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_J14J21 I/Q}F/ +2{J21J22 )1/ +J22J23 1/2}F//

— [{2{J13J14F4 + (JigJoa + J14J23)Fi}(w1w2)1/2

J21J22
(W1w2)1/2

_2{

J23J24(w1w2)1/2}Fi/}} (68)

1

T B0¥(de? — B

J2
{Swi’ [J13(J13F1 + Joz B )wi — <w211 - J223w1>F1”}
-9 J o J221 _ 72 "
w1 |w1J13(J13F3 + Jo3 Fy) o Jyswi | F4

—4w%J21(J13F2 + J23F2”)w1 + J21(J13F4£ + 2J23Fil)} (69)

—1 3 J222 2
rg = W{Swz |:J14(J14F1 + J24F1/)LU2 — <u]2 — J24w2 Fl”

+4w3 Joo (J1aFp 4 2J24F Yws — 2wo {w2J14(J14F3 + Jou Fy)

J2
_ (:22 - J224w2> Fél] — Joo(J1aFy + 2J24inl)} (70)

1
wiws (2w 4 we) (w1 + 2ws)

g =

{(Wl + wy)? {{2J13J14F1

Jo1J22

wa)1/2 + JogJaa(wiws) 2L FY

+(J13J2a + J1aJ23) ] } (wiws) )1/ +2{
—(w1 +w2) [{J13J22 2)1/2 J14J21 o1 1/2}F/
72{J21J24 )1/2 J22J23 1/Z}F”}
w1 wo

—(w1 +w2) {{2{J13J14F3 + (J13Joa + JiaJ23) Fi H(wiws) /2

Jo1J22

+2{ (wle)1/2

+J23J24(w1w2)1/2}Fé'] [{J13J22 )1/2

—J14J21 1/2}F/ - 2{J21J24 )1/2 J22J23 1/2}F"] } (71)
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1 3
- - 2.J13J14F
T10 u}1w2(20J1 - W2)(2(UQ — wl) {(wl w2) |:{ 13714471
Ja1 J:
+(N1aJas + Jiadag) Fi } (rn) 72 — 24 wi 212/2 Jaz Joa(wiwa) 2} FY
1 2

w
— (w1 — ws)? {{J13J22<>1/2 — e (S)2)E
wo w1
+2{J21J24 )1/2 + J22J23 UQ}FN}
—(w1 — wo) {{2{J13J14F3 + (J13J2a + J1aJa3) Fy } (wiws) /2

_2{

[{J13J22 2 J14J21 I/Q}F'
w2 w1

J21J22

1 2

w w
+2{J21J24(*2)1/2 - J22J23(1)1/2}F4 } (72)
w1 w2

We can write expressions of s; with the help of r; replacing F; by G, F! by G} and F}'
by G/,(i =1,2,3,4), where

—nWle

Ro= (73)
3 [16 979 (143 + 97) (555 + 376)
Fr = | Deq6Ay— 2 Apey ST Iy OO TIDY) gy
2 32{3“L TR s T T s e
de 1507 (215 + 297)
144+ 2 po5a, 20y
{ + 3 + 5 2 18 2€ — 6\[ W1
2(1174 + 169
_unwﬁ ] (74)
273
3v/3 16 234, 104 115(1 + ) 2(439 — 687)
Py o= 14— et = Ape+ T Dy - BT e
3 16 [ 3 2 9 2 18v3 27\/3 '

32¢ 310 (511 + 537) (2519 — 2497) }
9 2 404y — T Ape+ 0 Uy — 22 S e b | (75
{ 3 27 g 2 63 1 97v3 1 (75)
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-3 178014, (2821 + 1897) (23077 + 95927)
Fy = —2|364+ 4204, — A Wy — LT
: 256[ a4 W B 213
100e 8494, 59 (1254 387)
2874 2 ik
+8'y{ 3+ 21 11 +7 2€ — 6[ 1
13— 21
_ (87613 = 213) o } (76)
273
W1€
o= = 7
1 3\/3 ( )
1 115(1 1
R = \f{ , o 1367, o W50 4) g (863 136y) L
16 18 18v/3 273
32¢ 382 (511 + 537) (2519 — 24) ]
S 404y — S e+ 2T 2 gy S T S e b | (T8
{3 29 6v/3 ! 27v/3 €] (18
—9[8 2034, 721 (105 + 157) (319 — 114)
o — — o Ave— W W
3 8 {3” 6 STV STV
de 1734, 781 (197 + 237)
9 ¢ 2102 IO pe LTS
ﬂ{ 9 6 9T T
(265 — 327) ]
————=nWie 79
81v/3 ' (79)
-3V3 532¢ 19184, 285824, (203 + 12117)
F = 392 — - A W
4 16 { 3 T3 - S
(949 + 4378) 108 40374y 611, (8397 +919)
Y W e + 28 + — A+ =L
- A 81 2 siv3
2266 — 1
_ (92266 — 18697) .. ] (80)
27/3
o= e (81)
6
—9[8 2034, 625 (105 + 157) (307 — 114+)
Jol—— — 22 Age — - 1%
2 32 {3“ 6 5a %€ 18v3 sv3

24 D e T2,
K 9 " 2 54 2 18v/3 ! 813

4 A 197 + 2 211 — 32
. { €, 554y 79T, (19742 o 3 y)nWﬁH(&)
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/"
F3

—9v3 { 8 554, 134 (374 7) (93 4 226+) e

2——e+ — —Aye—~—-—*n —_—
16 3 6 3 2 18v3 ! 813

169 (241 + 457) (1558 — 1267) }
o de 4 9 g e BT A g (1998 7 1209 g 83
7{ 97 2 18v3 ! 813 ! (83)

9 212 2950A 1370A 7714 237 2(1907 — 984
F[i/ _ R |: + 2 2 ( + Fy) W ( 7) TLW1€

_ Age — 12T 2900) _

26| 3 < 3 o7 € 903 ! 8173
11 4e 1524 2 2

P { e 1524, 36965 (2569 + 2777)

T T T T s T T

(22603 + 4396+) e ]
11343

TLW1

3 16 1367 115(1 863 — 136
G2 ES 2|:14—6+A2— A26+ ( +,Y) W M

WV —
3 18 183 ! 27V/3

32¢ 382 (511 + 537) (2519 — 247) }
7{ S R 6v/3 ! 273 1€ 0 |(86)

TLW16

16 907A 143+ 9 477 4 403
76_’_6142_ 2A2€_|_( + ’Y) W- M

n +
3 18 6v3 ! 273
4 T1Ay 1489 (215 + 29)
14 4 =< Age — 22T 20Y)
+y + 3 + 5 18 2€ 6\/§

2(1174
21174 + 169) Wie }
273

nWie

nwi

(87)

3v/3
G, = %\2{84+526+212A2—267A26+

2200+ 617) (14854 +225)
3V/3 ! 27V3

(562 + 8) (13285 + 5169) ]
474 32 + 156 Ay + 649 Age — 202 T )y B9200 FOIBIY) gy UL gg
7{ 2 2 3V3 ! 27v/3 er] @8

nWie

—nWie
q = 89
1 \/g ( )
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— —Aye — ———"1n

+ - ===
37 76 54 18v3 ! 813
4 A 197 + 2

_7{2_6_55 2 TOT, -, (1974 23y)

9 [8 2034, 625 (105+15y) . (307 —114y)
Th 1

9 2 54 % 183 n1

Gy = —|14— —€+ — ———Ase + nWy —
3 8 3 6 18 2 183 ! 273

39¢ 310 (511 + 537) (251 — 247) }
4 d 226 g0A, — 20 e+ 2OV gy 590 T2y 91
7{ 3 27 g e 6v/3 ! 273 e O

1 Ay 14 115(1 41 —11
, 3\/3[ 6  65A, 39 5(1+7) - 9 8v)nWI€

-9 847 A, 2(28 + ) 4(2210 — 69)
G, = —|12¢—2874,5 + Aoe — _
4 128 [ S M V3 273

152¢ 2320 (497 — 1237)
—v< 96 13545 — A W,
’Y{ + 3 + 2 9 2€ + 3v3 nWy

nWy — nWie

4(1
~ 4(17697 + 324) Wie ]
27V3

—nWie
G = —— = (93)

23A 12 4
2 — 44 Age — anl _ M
3 18v/3 3v3

884, (421 + 457) (1558 — 1267) ]
4~d de + n Wy — 2220 7 22 94
7{ 27 183 ! 81v3 ! (94)

9v3 8
Gy = ;{{2—36—1— nWie

" —9[8 2034, 589 5(51 + 27) (349 — 2827)
Gy = —|=¢ ——Ase— ————nW — —n——=
16 |9 6 54 18v/3 81v/3

4 412 197 + 23
+’Y{2 — 56 — 26142 — 77A2€ + anv&

nWie

18v/3

(211 - 32y) nWwH (95)
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—9V3 20 35045 (329) 2(1529 + 450v)
Gl = [12+e+76A - Ase + nWy — 22 T e
. 256 3 ST T W R 27v/3 '
7494, 808 (109 — 40) (35 — 1269) ]
+y48 — —— + —Aye — —F—nW; + ———nWie 96
’Y{ 3 9 ‘2 3v3 1 2713 1 (96)
. . 1,0 | pl0 0,1, po1 .
Using transformation x = By +B;" and y = B;" 4+ By’ the third order part H3 = —L3
of the Hamiltonian in 111/2, 121/2 is of the form
Hs = A3 oI + A LI + Ay o121y + Ag 5152 (97)

We can verify that in Eq. (97), Aso vanishes independently as in Deprit & Deprit
Bartholomé (1967). Similarly the other coefficients A1, Aj 2, Ag 3 are also found to be
zero independently. Hence the third order part Hs of the Hamiltonian in I 11 / 2, 121/ % s
Zero.

5. Conclusion

Using Whittaker (1965) method we have found that the second order part Hs of the
Hamiltonian is transformed into the normal form Hy = wyl; —wal5. The third order part
Hj3 of the Hamiltonian in 111/2, 121/2 is zero.

Acknowledgements

We are thankful to D.S.T. Government of India, New Delhi for sanctioning a project
DST/MS/140/2K dated 02/01/2004 on this topic. We are also thankful to TUCAA,
Pune for providing financial assistance for visiting the library and using the computer
facility.

References

Arnold, V. 1., 1961, Sov. Math. Dokl., 2, 247

Chernikov, Yu. A., 1970, SvA, 14(1), 176

Deprit, A., & Deprit-Bartholomé, A., 1967, AJ, 72, 173

Ishwar, B., 1997, CeMDA, 65, 253

Kolmogorov, A. N., 1954, DokANSSR, 98, 469

Kushvah, B. S., & Ishwar, B., 2004, Review Bull. Cal. Math. Soc., 12, (1 & 2), 109

Kushvah, B. S., Sharma, J. P., & Ishwar, B., 2006, Review Bull. Cal. Math. Soc., 14, (1 & 2)

Kushvah, B. S.; & Ishwar, B., 2006, Journal of Dynamical Systems & Geometric Theories, Vol.
4(1), 79

Liapunov, A. M., 1956. Acad. Sc. USSR



338 B. S. Kushvah et al.

Liou, J. C., Zook, H. A., & Jackson, A. A., 1995, Icar, 116, 186

Maciejewski, A. J., & Gozdziewski, K., 1991, Ap&SS, 179, 1

Mishra, P., & Ishwar, B., 1995, AJ, 110(4), 1901

Moser, J., 1962, Nach. Akad. Wiss., Gottingen, Math. Phys., KL. II, 1, 1

Murray, C.D., 1994, Icar, 112, 465

Niedzielska, Z., 1994, CeMDA, 58, 203

Poynting, J. H., 1903, MNRAS, 64A, 1

Robertson, H. P., 1937, MNRAS, 97, 423

Schuerman, D. W., 1980, ApJ, 238(1), 337

Subba Rao, P. V., & Sharma, R. K., 1997, CeMDA, 65, 291

Tripathi Deepak Kumar, & Ishwar, B., 2005, News Bull. Cal. Math. Soc., 28,(1 & 3)

Whittaker, E. T., 1965, A treatise on the analytical dynamics of particles and rigid bodies,
Cambridge University Press, London, 427



