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BIS signifies breakdown of integrated system. In our present paper we will
study the BIS effect in the galactic . Three dimensional periodic orbits around

the collinear liberation points L (1=1,2,3) in the restricted three body

problem has been studied when both the primaries (earth-moon) are axis
Key words: symmetrig bc_>d_ies Wi_th one of their axes as axis of symmetry and equatorial
Axis Symmetric Body, planes coinciding with the plane of motion by taking different values of
Collinear Points, semi-axes of the axis symmetric bodies (earth-moon). With the help of
Restricied Three Bodies predictor corrector method, we have computed the initial conditions by
taking different values of the semi-axes of the axis symmetric bodies. With
these initial conditions, we have drawn three dimensional periodic orbits in
the different cases.
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Introduction
2. EQUATIONS OF MOTION

By adopting the notations and terminology of
Szebehely and taking the distance between the
primaries unity and the sum of the masses of the
primaries as one, unit of time is so chosen so as
to make gravitational constant G=1. Equations

We studied earlier the three dimensional periodic
orbits around the collinear liberation points in
the restricted three body problem by assuming
the bigger primary as an axis symmetric rigid
body with its equatorial plane coinciding with
the plane of motion. In this paper, we wish to

generalize the earlier by taking both the of motion of My in dimensionless variables and

primaries as axis symmetric bodies viz. the
earth-moon system. We continue the
investigation using the value for 4, =0.01215

for the mass parameter of the problem. The
numerical study presented here is based on the
same method and techniques as the
investigations mentioned in our earlier papers.

Cartesian form can be written as

G oy = +2nK=Q. 720 .
X=2ny=Q , y+2nx=Q ,7=Q, )

where
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Q="n(xX*+y)-——(c, -0,y +
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1- 1- 3(1-
(23;1)(201_0_2)+( H, a3 sﬂ)o_lzz
r, r, r, 2r,
M ' ' 3,” ' "\y,2 3.” 12
+ 20 —0,)— o -0 - oz,
2r23( 1 2) 2r25( 1 Z)y 2r25 1
u=m, l-—pu=m,
(@’ -a?) al-al
o, = 15R23 , o,= 25R23’ 0,,0,< l,
aIZ _a!2 a12 _aIZ
al'=( 15R23 ), o= 25R23 , o0, < |,

R=Dimensional distance between the primaries.

G =Gravitational Constant,

ai,aZ,ag,a{,a;,ag' are the lengths of the semi
axes of the axis symmetric bodies of masses M,
and M, . The mean motion n of the primaries is
given by

2

n* = 1+§(20‘1 -0,) +§(20‘1’—0'2’).

3. COLLINEAR LIBERATION POINTS AT
(L1,Lo,L3)
The libration points are given by the solution of

Q)(:O! Qy=0, Q =0

z

Since Q, >0 in each of the open intervals
(—o0, =1, (111, ), (11, 0) the function Q is
strictly increasing in each of them.

Also Q, — —asx — —oo,(—1)+0 or u+0,
and Q, > asx— o, (u-1)—-0or u—-0.

Therefore, there exists one and only one value of
X in each of the above intervals. Further

Q(u-2)<0, Q0)<0 and Q(u+1)>0.
Therefore, there are only three real roots, one
lying in each of the intervals (xz—2, 11 —1),

(-1 1) and (a, +1). Thus there are

three collinear libration points. The first
collinear point is located left of the primary of

mass M, the second is between the
primaries, and the third collinear libration
point is to the right of the primary of mass M,

4. MOTION AROUND THE COLLINEAR
LIBERATION POINTS

Let L be any of the collinear liberation points
Lj, ]=123,. If a new coordinate system is

defined with L as origin and X,yandz its
axes, parallel to Ox , Oy and Oz respectively,
the transformation between the two systems is
given by the relations:

X—>X_+X,

y =Y, @)
711
Then the Equations of motion are transformed

through (2) in the nyz coordinate system as,

X=-2ny=Q (x_+X,Y,2),
y+2nx=Q (X +X,Y,2), 3)
I=Q,(x +XY,2)

Putting values of wvarious derivatives in
equation (3), we get

X—2ny = Ax+AX*+ Ay’ +Az%,
y—2nx=By+B,xy,
7=Cz+Cyxz. (4)
where

2, 2(1—/1)3+ 2p :
|X|__/I| |XL+1_,u|
L 80-#)20,~3,) _6u(20/-03)
|X|__;u|5 |X|__;u+1|5

A=n
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[(1 ,u)(X *ﬂ) L 3A= 1o, — o)X — )
R _ 8- - | Bpu(x +1-p)
flx(xﬂl ﬁ? R e T | Tk ul kil
L —H LT H
T 15(1_ /u)(201 _Jz)(xl_ _/u)
2 | X —H |7
— g[(l_ﬂ)(XL _:u) + ﬂ(XL +1—,Ll) 5(1_ﬂ)(261 _O-z)(XL —,Ll) + 15(1_/1)61(XL _,Ll)
x —ul | X +1-uf 2| x —ul |x —ul
L 5= (o, —azz(XL —H) | Su(2o—o3)(x, 4 +1) . 15u(20, - o)) (% — u+1)
|XL_ﬂ| 2|XL_/U+1| 2|XL_,U+1|7
Su(oy —oy)(x —u+1) iy
et | L 15u0](x_—p+1)
| X —,Ll+1|7
a- ,U)(X —4) | HX 1)
[ P | x +1—uf 5. SECOND ORDER APPROXIMATION
L
OF PERIODIC SOLUTION
4 5(1-#)(20'1 _O-Z)(XL —,Ll)
7
2|% ~ul We search for periodic solutions in the form of
R GO LA second order expansions in powers of a
I x —ul parameter & :(0 to 0.009).
5,u(20' o) (X, —u+1)
2| % —p+1[ X(7) =X (7)e + X%, (7)¢’,
, 5u0l(x —u+1) YO =Y@e+y,@, ()
[ X, —u+1] 2(r) = 2,(r)e + 2,(r)&’
R v ) N _3Q-4)(20,-0,)
I —ulf |x +1-uf 2| % —uf In order to erase any secular term in future
31-p)(o,-0,) 3u(20,-0)) 3ulo,-o)) analysis and retaining terms of powers in &
S Ix-uf 20x +l-uf [x +l-uf not greater than two and denoting by dot(.) the

_ 3= —p) | 3u(x +1-p)

IXL—,U|5

| X, +1_xU|5

+ 15(1_ ll’l)(zo-l _ O-Z)(XL _ /1)

2|X|__/u|7

, 150-4)(o,

—0,)(X —4)

[ x,

—ul

15,u(20 —o,) (X, —pu+1)

2| x —u+1f
i 151”(0-1 _0-2)(XL —H +1)
| x, —p+1f
_—Q=m M
ox—ulP o Ix +1-pf
_3A-p)(20,-0,) 3(-u)o,
2|x —uf Ix —pl
_ Bu(20{-0;)  3uo]
2| x —u+ |1 X —p+lf]

r -derivatives and ignoring the terms

o, 1=12, .we have to solve the system:
X, 0
F(D)|y, |=|0 (6)
z, 0
where
D’-A -2nD 0
F(D)=| 21D D’-B 0
0 0 D’-C

1

The general solution of the equation (6) is
given by
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X(9)= > B0 (o), (72)
()= > dER (D) (7
z,(r)= ZG:e]. Exp(4,7) (7¢)

Where A,1=1234 are the characteristic
roots of the system given by the Equation (7a)
and (7b) and 4;, ] =5,6 are given by equation
(7c). Periodic orbits can be obtained if at least
one pair of Imaginary roots exists. By a suitable
choice of the coefficients of the exponential of
(7), we may have a special periodic solution
which contains only the frequency . Equation
(7) admit the periodic solution,

X (r) = Acoswr + Bsin wr,
y,(r) = A" coswr + B sinwr,
z,(r)= A'coswr +B'sinwr,

where the coefficients A, B, A*, B*, A’ and B’
are given by

~_ 2nBw
(B, +o°)

B* _ —2nAw
B+’

B =%
(0]

Without any loss of generality, we put
y;(0)=0, z,(0)=0then A" =0, A'=0
and consequently, B=0. This means that
X,(0)=0,y,(0)=0 and Z(0) = Otoo.

Finally, the above solution becomes,

=A ,
X, (7) coswt ®

y,(r) =B’ sinwr,
z,(r) =B'coswr

The second order system is given by

X, g,(7)
F(D)|Y, [=]| 9,(2) |, )
z, 9,(7)
where

0,(r) =K, + K, cos2wr,
g,(7r) = A, sin 2w,
g,(r) = A, sin2wr,

And

K, :%[AZAZ +AB?+AB"],

L am
K, = STAA ~AB" ~AB"]
1 .
A, =848
2
L g
A, =2 [C,ABT,

Periodic Solution of equation (9) is given by

X, () =M, + M, cos2wr,
Y,(7) =N, sin 2w7,
22 (T) = N2 sin2wr. (10)

M. =L (4K o +4A nw—BK),
v

N, = i(—4A1a)2 +4knw— AA),
4

AZ

N, =— 2t
(-4a° —C))
w =160 —4(4n° — A —B )’ + AB.

Finally, a second order approximation of
periodic  solutions around the collinear
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libration points, as a function of parameter, & is

obtained as

X(t,&) = Acoswt & +[M, + M, cos 2wt]e?,

y(t,e) =B sinwt e+ N, sin2awte’,
2(t,&) =B'sinawte + N, sin 2wte’.

Period of this solution is, T =

2

w

6. NUMERICAL RESULTS
(1£=0.01215) using the Formulae (4) we find, a

first approximation, which are close to Lj, 1=12,3

. Then, by a linear predictor-corrector algorithm based
on numerical integration of the equations of motion we
can draw three dimensional periodic orbits for

different values of o, and o,.

Table 1 gives the parameter of earth and

moon
Table 1
a, 6400 | 6400 | 6400 | 6400 6400
a, 6400 | 6390 | 6380 | 6370 6360
a, 6400 | 6380 | 6360 | 6340 6320
4 1750 | 1750 | 1750 | 1750 1750
fé 1750 | 1740 | 1730 | 1720 1710
fé 1750 | 1730 | 1710 | 1690 1670

a,.a,,a, and a,d, a; are the semi-axes of the
earth and the moon respectively

S O O O R

-1.15567991
-.836918007
1.005062401

Table 2

Collinear liberation points
Earth — Moon casex = 0.01215, R = 384400km .

2
9.42x10-8

4.697x108
3.46x10-7

1.728x10-7

-1.1556813
-.83691163
1.00506213

3 4 5
1.873x10-7 2.794 x10-7 3.703x10-7
9.312x108 1.385 x10~7 1.83x107
6.908x10-7 1.0345x10-¢ 1.377x10-6
3.449x107 5.161x107 6.865x107
-1.1556828 -1.1556843 1.1556857
-.83691470 -.83691306 -.83691142

1.00506186 1.00506161 1.00506136
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7. CONCLUSION

With the help of predictor method, we have
computed the initial conditions by taking
different values of the semi-axes of the axes-
symmetric bodies. With these initial conditions,
we can draw actual three dimensional periodic
orbits.
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