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Abstract. This paper deals with the motion of oblate infinitesimal mass around the triaxial primaries
in the framework of elliptical restricted three body problem. The triaxial primaries are moving around
each other in elliptic orbits about the common barycentre and the oblate infinitesimal is moving in the
neighbourhood of collinear equilibrium points. It is observed that location and stability of the oblate
infinitesimal around the collinear points are affected by the triaxiality of primaries. Furthermore, the
results shown that the behaviour of infinitesimal mass around the collinear points L and Loy are
unstable, while the behaviour of infinitesimal mass around L3 is shown stable for some parameters of
triaxiality of primaries.
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1. Introduction

The restricted three body problem has been studied widely by many researchers because of its
applications in the real world problems as compared to the general three body problem in space
dynamics, Celestial mechanics and analytic dynamics. The Elliptical Restricted Three Body
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Problem (ER3BP) model comprises the system consist of two finite bodies, known as primaries,
which moves around their common centre of mass being attracted by the gravitational attraction
to each other. The primaries describe either a circular motion or elliptical motion. If the system
performs motion in a circular path, then it is called a circular restricted three body problem
otherwise it is an elliptical restricted three body problem. The circular restricted three body
problem has been generalized by the introduction of the eccentricity of the orbit, thus improving
its applicability and retaining some useful properties of the circular model suitable to the
elliptical case. Ammar [1], Grebenikov [5], Gyrogyey [6], Kumar and Ishwar [7], Markellos
et al. [8], Moulton [9], Narayan and Kumar [[11]], Narayan et al. [15,(16]], Narayan and Singh
[12,13], Singh and Umar [[18,(19], Szebehely [20,21], Usha and Narayan [22]], Zimvoschikov and
Tihai [23]] have studied the effect radiation pressure on the motion of the infinitesimal body by
taking one or both the primaries as a source of radiation.

The bodies in celestial model of the problem were considered as spherical, but many celestial
bodies are either oblate spheroids or triaxial or both, and not spherically. For instance, the
Mars, Jupiter, Saturn, Neurons stares, Regulus and white dwarfs are oblate spheroids, whereas
the Moon and Pluto and its Moon Charon are triaxial. This oblateness and triaxiality of
primaries causes perturbation on the system. That is why many researchers have included
these characterisations in their study of ER3BP. The Earth is also considered oblate triaxial as
well.

This inspired many authors to include these characterizations in their study of ER3BP.
The stability of the collinear equilibrium points in the photogravitational/Generalised
photogravitational ER3BP was studied Sahoo and Ishwar [17], Kumar and Ishwar [7], and
Markellos et al. [8]. The linear stability of periodic orbits of the Lagrangian equilibrium points
of the ERTBP, was studied in Moulton [9] based on some value of the mass ratio. The dynamical
properties of the radiation pressure in ER3BP were also analysed and studied Narayan and
Kumar [11]], and Narayan et al. [15,16].

There are five equilibrium points in the ER3BP. The equilibrium points are the points
at which the particle has zero velocity and zero acceleration and are very important for
astronautical applications. Three of the equilibrium points are called collinear points as they lie
on the x-axis (axis joining the two primaries) and are denoted by L1, Lo, L3. The remaining
two are called Lagrangian points and are denoted by L4, L5.

In the present work, the motion of the oblate infinitesimal mass around the collinear points
under the triaxial primaries has been studied in the frame work of the ER3BP. The study of
motion of infinitesimal around the collinear point is useful for spacecraft mission. These are the
suitable to set permanent observatories of the Sun, the magnetosphere of the Earth links with
the hidden part of the Moon and others (Gomez and Mondelo [4]). In this paper, we have derived
location of collinear points and their stability, when the primaries are oblate triaxial. The study
of the stability of infinitesimal around the collinear points is important as these points can serve
as a possible fuel depot for future space probe in the lunar mission. The numerical calculations
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and the graphs have been plotted using MATLAB software, respectively. The location of the
collinear points and their stability has been analysed for the Jupiter-Earth system.

The present paper is organised as follows: Section [T which is introduction; Section 2| provides
the equation of motion; Section |3| gives the location of collinear points; Section [4| focuses on the
stability of the different collinear points. The conclusion of the work is drawn in Section

2. Equation of Motion

The differential equation of motion of the oblate infinitesimal mass in the ER3BP under triaxial
primaries in the barycentric, pulsating and rotating, non-dimensional coordinates are derived
in equation. The notations in principle follow Szebehely [20] with some minor modifications in
the notation being done for adapting to the present problem, which is given by Duggad et al. [3]]:
1 0Q 1 0Q
x" -2y = 1+ecosv (E)’ Y+ = 1+ecosv (E)’ 2.1)
where (') denotes differentiation with respect to v and Q is defined as

Q:(x2+y2) 1 {1—,u+£+(1—u)[(201—02)+A4]_3(1—M)[(01—02)y2+A4]

2 n2| rq ro 2r? 2r51’
. pl(20) —0p)+Aql Bpl(o’ - oh)y? +A4]} ©.2)
3 2 5 : ’
2r, ry
Let
- i{ 1-p LB 31 -wl2o1—02)+ A4l 15(1 - wl(o1 — 02)y? + A4l
n?l 8 rd 2r9 2r!
. 3ul20 —oy) + A4l 15ul(0] — 03)y” +A4]} ©.3)
27‘2 2r;
Then, equation (2.1) can be written as,
3(1- - 3u(a’ —ol)
x”—2y':—{x 1K+ 2 “)(051 o2) , KO —2 ]
1+ecosv n2r1 n2r2
pd-w[1 1 3[201-09)+A4] 3207 —-05)+A4l
n? (r3 8 2ro 2r5
_ 15001 - 02)y® +Aql 1510} —05)y” +A4]]}
7 7 ’
2r] 2r,,
1
y'+2x' = ———[1-Kly, (2.4)
l+ecosv
where
3 3 3
n?= 1+§e2+5(201—02)+§(20'1—0'2) (2.5)
and
a?+ b2 b2 — 2
01=———, O2=—p,
'"5R2 > " "5R?
r1:(x+u)2+y2, rgz(x—1+u)2+y2. (2.6)
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3. Location of Collinear Equilibrium Points

The collinear equilibrium points of the system are the saddle points. The minima of the function

Q(x,y) occur at the collinear points. Hence, they are obtained as:
0Q 0Q

——~_-0. =Z==0 3.1
0x * 0Oy ’ 3.1

where Q is given by equation (2.2). But, the collinear point lie on the x-axis; hence, are given by

the conditions:

0Q) 0Q)

—=0, —=0 =0. 3.2

w0 ay Y y (3.2)
Hence using equation (3.1) and (3.2), we get

1 {(1—p)(x+u) . e —1+ p) N 31— p)(x+ w201 —02)+ A4l

fla)=x- E r? rg 2r?
3 _ I
_ Bux =1+ w20 —03) + Ayl H _o. (3.3)
2rg

There are three collinear equilibrium points. These are denoted by L; lying between the bigger
and smaller primary (—u < x <1—pu); Lg lying to the right of smaller primary (x >1-u) and L3,
lying to the left of the bigger primary (x < —p).

3.1 Location of L;
To find the solution for L1, substituting x =x2—p=1-pu—p, such that ro = p and r; =1—p into

the equation we have:
1 { (1-p) p  3(1-PlRo1-09)+A4 3ul(20] —0j) + A4l H o
(1—p)2 p2 2(1—[))4 2p4 :
Now rearranging the terms, and simplifying, we have:
p3{1 _ {8+2¢%+2(201 — 03) + 220" - 09) +3[(201 — 03) + A4llp
{1+2e2+2(201—02)+2(20", — 0}) + 3[(201 — 02) + A4l}
{2 +38e?+3(201 - 02) +3(20" — o)) + 2[(201 — 02) + A4l}p? }

{1+2e2+2(201—02)+2(20", — 0}) + 3[(201 — 02) + A4l}

(3.4)

__H
31—-w

{1+15[20" — o)) + A41H(1 - p)* ]
{1+2e2+2(201—02)+2(20", — 0}) + 3[(201 — 072) + A4l}

45
.{1 —30[(20) —0h) + Aglp + 3[(20’1 —oh)+A4lp® - (n?+6[(20) —a’2)+A4]p3}}. (3.5)

Now, let

o=

H
3(1-p)

Then, we have:

p3{ B+ 2e”? +2(201 — 02) + 220, — o)) + 3[(201 — 02) + A4llp

{1+2e2+2(201 - 02)+2(20" — 05+ 1[(201 — g2) + A4}

{1+15[(20 —05) + A4l} ]

{1+2e2+2(201-02)+2(20] —0})+ %[(201 —09)+A4l}
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. {2 +3e%+3(201 - 02) +3(20" — o)) +2[(201 —02)+A4]}p2}
{1+2e2+2(201—02)+2(20), — o)) + 3[(201 — 072) + A4}
45
= /13(1—p)4{1 —30[(20, — 0b) + Aglp + 3[(20'1 —0obh)+A4lp? - (n? +6[(20) —0'2)+A4]p3}}.
(3.6)
Thus, using the series expansion given as:
p=AM1+cid+coA?+..)). 3.7
The simplified equation can be written as:
_ /1[1 1 { {1+6e2+6(201-09)+ 6(20] —0}) - g[(201 —02)+A4]+90[(20 — 05) + Ayl} }/1
= 3 {1+2e2+2(201 - 02)+2(20] — o) + 3[(201 — 02) + A4}
1{{10+9e2+9(201—02)+9(20'1—0'2)+6[(201—02)+A4]—%[(20'1—0'2)+A4]} }/12 .\ ]

9 {1+2e2+2(201 —02)+2(20", — o)+ 3[(201 — 0) + A4]}

(3.8)
Hence the solution for L1 is given by:
1 1 1 {1+6e2+6(201—02)+6(20’1 —0y)— g[(201 —02)+A4]+90[(20] — 05) + Ayl} 1
R [ "{ {1+262 +2(201 — 09) + 220", — o)) + 3201 — 09) + Aql) }

3
1{{10+9e2+9(201—o2)+9(20’1—o’2)+6[(201—02)+A4]—%[(20’1—0’2)+A4]}} 9 ]
A+ .

9 {1+2¢2+2(20 — 09) + 220", — ) + 3201 — 9) + A4])?

9
(3.9)

3.2 Location of L»
For finding the location of Ly, substituting x = x2 + p such that ro = p, r1 = 1+ p. Then
substituting, the values in equation (3.3), we have:

3120} -0h)+A4] o 3
n?(L+p)P°—(1+pP — §1Q201-09)+ Agl _ [1+21,,—22—an
1)

(1+p)* 1- p?
On simplification, we have
p3{ . {3 +2e%+2(201—02) + 220" — 0}) +3[(201 — 02) + Asllp
{1+3e2+3(201—02)+3(20" —0}) — 1[(201 — g2) + A4}
N 22 +7e?+ 7201 - 02) + 120" — 0)) - 2[(201 — 072) + A4l}p? }
{1+3e2+3(201—02)+3(20", —0}) — 3[(201 — 02) + A4l}
{1+15[(20" — o)) + A4]H(1 - p)* ]

{1+ 32 +3(201 —02) +3(20, - 0}) — 1[(201 — 079) + A4}

(3.10)

3(1-p)

45
-{1 ~30[(20) - 0h) + Aglp + ?[(20’1 —0h)+Aglp? —(n? + 6020 — oh) +A4]p3}}.
(3.11)
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Using the series as in equation (3.7), we have

b= /1[1 { {1+10e2+10(201 —09) + 10(201 - 02) 5[(201 —09) + Agl+ 30[(2(71 02) + A4} })L
{1+3e2+3(201—02)+3(20", —0}) — 3[(201 — 02) + A4l}

1+82e2+8(201-02)+ (20 —0})- B[(201-02)+ A4]+ Z2[(20") — o) + A4}

B 5{ {1+38e2+3(201 — 09)+3(20", — 7)) — 1201 — 2) + A4]? }

(3.12)
Hence the solution for L, is given by:
{1+10e2+10(201 — 0'2)+10(20'1 02) 5[(201— 02)+A4]+30[(201 02)+A4]}
_5{ {1+3e2+3(201 - 09) + 320", — o)) — 2[(201 — 09) + A4l) }
{{1+ 13(3 (201 o9)+52 (201 02)— 2[(201-09)+ A4+ 22 561207 - Uz)+A4]}} + ]
{1 +3e2 +3(201 — 09) + 3(20", — 0}) — 4[(201 — 09) + A4])2 ol

x=1-pu—-2|1

9
(3.13)

3.3 Location of L3
In order to find the solution for L3, substituting x =x; — p such that r; =p and rg =1+ p, into
equation (3.3), we have:

i [n2p3 —1- 3[(201;;2)4-144]] 610
1-p 3[@ot-opp+as] g1 9 .
[1+W—n (1+p) ]P
Let p = 1+ a, and using the elementary algorithm for division up to O(a)*, we have
v 6e> 6 6 12
_IT/J = { - T— 5(201—02)— 5(2011—0’2)4‘7[(201 —09)+ Ayl
12a 132¢2 132 32 396
+(— - ){1— YR (201_02)_8_4(20,1_0/2)+§[(201_02)+A4]
3 12a\? 19257e% 19257
2 DtAdr+|——] 1+ + 201 -
o 2010 4]} ( 7 ) { 2016 ' 2016 201772
19257 237 756
+————(20] —05) - —I[(201—09)+ A 2 ’+A}
2016 ( 0q 02) 144[( 01—-092) 4l - 8064[( 01 02) 4l
12a\® 935 104538¢% 66507 66507 _ ,
+[ - - - - (201-02)— (207 —0y)
7 1728 24192 24192 24192
38 190109+ Ad - —2 120" —gl)+ A ]}+0[a]4 } (3.15)
T 7t 01T 0P T AT gargg a0 T O T A '

Now using the method of successive approximations and Lagrange inversion formula Murray
and Dermott [10]], and retaining only linear terms in §,01ando2, we get
7e2 1 1
p=1- { 5 —(201 —032)— —(201 05)—[(201 —02)+A4]}
7 { 219¢%2 219

219 171
~1o1 T o gy Q01 02) - (201 ~03) - So-[(201 - 09)+ A
192 o1 21 (201 —-09) 91 (207 —05) o [(201 — 0g) + Ayl
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36 u 7 95872 9587
2 D+ A L] - =4 -1- 201 —
" gral 201792 4]}(1—u) 12{ 672 672 20170
2
9587 5305 57 7}
_W(za'l—a'z) 336 —I[(201 - 02)+A4]+ﬁ[(203—0§)+A4]}(m)
7 2521 290013¢2 351321 351321 , ,
- - + (201 —09)+ (207 —09)
12 1728 36288 72576 72576
167463 121545 o\’ m )4 }
+——[(201-02)+A4l+ 2 +A — | +O[——| +...¢.
1536 [((201—02) + A4l 290304[( 01—05) 4]}(1_IJ) -1
(3.16)
Hence the solution for Lgis given as:
Te 1 1
x=—,u—[1—{—7——(201—02)——(201 0’2)—[(201—02)+A4]}
7 219¢2 219 219 171
—E{ —T—E(2UI—U2)—H(ZU&—U,2)——[(201—02)+A4]
36 u 7 95872 9587
2 D+ A |- =4 -1- 201 —
~ 72 20102 4]}(1—u) 12{ 6712 672 201702
2
9587 5305 57 u
~ g (201~ O+ o (201~ 09) + Agl+ (20 - 0'2)+A4]}(m)
7 2521 290013¢? 351321 361321 _ , ,
—-——< = - + (201—09)+ (207 —0y)
12 1728 36288 72576 72576
3 4
167463 121545 7 U
+ 201-09)+ A4+ ————[(20" —0,)+A ( ) +O(— +H 3.17
4536 [(201—02)+A4] 290304[( o1—05) 4]} i -1 (3.17)

4. Linear Stability of Collinear Points

The stability of motion of the infinitesimal mass near the collinear equilibrium point is analysed
using following lemma (Bonavito et al. [23]):

Lemma 4.1. At the collinear points:
X - { 1-u O 3(1-wl(201—09) +Agl  15(1—p)l(01—02)y” + A4l

3 3 5 7
r{ ry 2r1 2r1

| 320, —0)) +Agd 15410}~ 05)y” + Ad] } o1 4.1)

Qrg 2r;
Proof. For an equilibrium points, we have the condition:
A-wx+p) wx—-1+p) 3(A—-px+wl(201—-02)+ A4l
+ +
r?l’ r% 2r5{
3/J(x 1+ wl2o] —09)+Agl  15(1 - p)(x + wl(o1 — 02)y? + A4l
2r2 27{
15u(x — 1+ (o), — oh)y? + A4l

7
2r2

n2

(4.2)
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The condition for a collinear equilibrium points isy = 0, so the above equation can be written as:

1A - +p) N ple—1+p) N 31— w(x+wl(201—092)+ A4l
n? rs rs 2ro

Su(x — 1+ w20, —oh)+ A4l
i St A] ) (4.3)
2r2

Rearranging the terms, the above equation (4.3)can be given as:

% —(1_”)(x+u)(r1—rI2)+—“(x_1+u)(rz—r§2)
n ri ro
N 3(1—p)x+ w201 —02) +A4](r1 3 rI4)
2r1
3 -1 20" —ol)+A
N p(x =1+ w207 —0y) + 4](r2—r§4) —o. (4.4)

27‘2
Next, to prove equation (4.1) we analyse each collinear equilibrium point separately.

4.1 Stability at Collinear Point L,
Now, at the point L1, r1+re =1, so r; =x+u and rg = x — 1 — u, Substituting the values in
equation (4.3) and simplifying using equation (4.3), we have:

1 3 3
— {1—k+5(1—p)[(201—02)+A4]+5,u[(20'1—a'2)+A4]}r1
1 3 3[(207 —0y) + A4l
_u{l—%+§[(20,1—0',2)+A4]—§ rg }] =0.

Since % #0 and rg9 < 1 we have,
n

1 3 320 —05) + A4l
=1+ ﬂ{—3+—[(2a’l—o'2)+A4]+— S S —1}
ri r2 2 2 r2

3 3
+ 5(1 — (201 —092) + A4l + 5/.1[(20’,1 —0y) +A4]] ) (4.5)

Hence, we have & > 1 for L1, collinear point

4.2 Stability at Collinear Point L,
At Lo, ri—rg=1,s0r;=x+u and rg = x — 1+ u. Inserting the values in equation (4.3), and
using equation (2.3), and proceeding in the same way as for L1, also for collinear point Lo, we

have
1 3 3[(20] —0,) + A4l
E=1+ ﬂ{_3+—[(20’1—0’2)+A4]+— 1 52 : —1}
rilrsg 2 2 ry

3 3
+ 5(1 -wl(201—092)+Ayl+ 5;1[(20'1 - 0'2) +A4]] . (4.6)
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4.3 Stability at Collinear Point L3
At, L3, r1—reg=1,sor;=—-x—pand rg = —x+ 1 — u. Proceeding in same manner as in L; and
L, substituting values in equation (4.1) and using equation (2.3), we have:

20" — A
E=1+ ”{1— ! + = [(201 05)+Agl+ 310, 052)+ 4]}
ri r2 2 ry
3 3 ;o
+5(1—u)[(201—02)+A4]+5u[(201—02)+A4]]. 4.7)

Hence, for collinear point Lg, also £ > 1. Thus, for all collinear point L1, L9 and L3, we have
k > 1. This completes the proof of lemma.

Now, for investigating the roots of characteristics equation and analysing the stability of
motion of the infinitesimal mass around the primaries near the collinear point, assuming
that the particle receives a small displacement from the equilibrium position. Then finding
the variational equations of motion by substituting the coordinates of displaced points in the
equation of motion equation and expanding by Taylor’s series about the collinear point and
taking only the linear terms, we get the equation as:

&"—2n' = plQY,E+ QY ], 0" +28 =plQ).E + QI 7], (4.8)

1
1+ecosv

subscript of 2 denotes the second order partial derivatives of 2 with respect to x and y, as it

where ¢ = and (xg,yo) are the coordinates of the collinear points respectively. The
appears, respectively.
Since, all the collinear points lie on the x-axis, hence y = 0, resulting, (., = 0. Introducing

new variables given by,

¢ d¢ dn
x1=¢, Xo=m, X3=—, X4=—.
1 2=1 3% v 4= 70
Substituting these values in equation (4.8), the system of equations can be written as:
dx;
d—l =Pj1x1+Pioxo+ Pigxg +Pijsxy, 1= 1,2,3,4 4.9)
v
where

P11 =P1g=P14=Pg1 =Pgg = Pg3 =P33=P44 =0,
Pi13=P9s=1,P34=2,Py3=-2
and
P31 =¢Q,, P3a=Py=¢Q),, Py=¢Q),,
where subscript ‘0’ indicates the value evaluated as respective collinear points. As y =0, hence

we have P31 —P41 =0 and (/) 1+ecosv

ofv. So, considering the averaged system, given by:
d x(p)

d—; PO+ PO + PO + PPL, i=1,2,3,4, (4.10)

The coefficient of equation (4.9) is 27 periodic function

where

P(O) f P;(w)dv, i,s=1,2,3,4.
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Thus, we get:
1 1
pO QO pO 0
31:—\/1_e2 xx> 42:—‘/1_62ny, (4.11)

where subscript ‘0’ where ever appears, indicates the value of the corresponding collinear point
Lq, Ly, L3. Thus, the characteristics equation for the system of equation (4.11) can be given as:

A +QA%2+R =0, (4.12)
where
Q =-(4-PY -PY,), R=PY .P),, (4.13)
The motion of infinitesimal particle will be stable near the collinear point when given a small
displacement and small velocity, the particle oscillates for a considerable time about the point
(Sahoo and Ishwar [[17]). That is, the system will be stable if the roots of the characteristics
equation are purely imaginary.
The roots of the characteristics equation (4.12) are given by:
3(1-wl(201—02)+ A4l 3ul20] —0}) + A4l

A2, = [k ~2(1-¢?%)

rfl’ r";’
- - 15uk[(20" —0ol)+ A
+ lon? _gh— 15(1 ,u)k[(2(21 o2)+Aq  15p [(207 : o)+ A4l
r1 o
18(1 - w201 —02) + A4l
+ 5
1
18#[(20’1r;<f/2)+A4] +8e2(1 + % _ 3(1—u)[(2;f:5—02)+A4] _ 3u[(20'12—rz57’2)+A4]}]%
+ 2 1 2 . (4.14)
2V1—e2

Let A2 =s, i =1,2, so the above equation (4.14) can be written as:
3(1 - w201 —02)+ A4l 3ul(20] —05) + Ayl

s1= [k—2(1—e2)

5 5
ry o
15(1 - pk[(201—09)+ A 15uk[(20" — o)+ A4l
4 lop2 _gp — 15— WEI (;1 02)+A4]  15p 1~ % 4
a1 Ty
18(1 - wl(201 —o032) + A4l
+ 5
1
18#[(20'1rga’2)+A4] + 8e2{1 + ;22 _ 3(1—u)[(2;7r15—02)+A4] _ Su[(20’12—rc;’2)+A4]}]%
2 1 2
+ b
2vV1—e2
3(1-wl(2071 - +A 3ul(20" —ol)+ A4l
so= | h—2(1—e?)— (1-wl 0:; o2) +A4] SplZ0y 52 4
ry Ty
9 15(1 — wk[(201 —09) + A4l 15ukl(20] —0%) + A4l
— |9%k* -8k = - =
r1 Ty
18(1 - w201 —02) + A4l
+ 5
T
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[

18#[(20’120’2)+A4] _ 862{1 4 ]% _ 3(1—ﬂ)[(2;f:5—02)+A4] _ 3u[(20'12;g'2)+A4]} 2
2 1 2
N . (4.15)
2V 1—e?

As k > 1 for the collinear point we have,

9 15(1 - wkl(201 —09)+ A4l 15uk[(20) —05) + A4l
9k* -8k — = -~ =
1 2
18(1- wl(201 —09) + Ayl  18ul(20) —05) + A4l
+ r5 + r5
1 2

1
2

> 1. (4.16)

B 3(1-wl(201-02)+Asl 3ul(20]—05)+ A4l }
9 5 - 5

2r1 2r2
Thus, from equation, equation (4.15) and equation (4.16), we have s; >0 and s2 <0. As, s = A2,

s1 >0, we have two real roots of opposite sign, and s2 < 0 resulting into two imaginary roots.
Hence, the solution to the equation (4.14) is of the form:

A= Cileplv + Cizep2v + Ci3 COS(p3’U - Ci4), 1=1,2, 4.17)

where p1, pe and ps are the roots of the equation (4.13). Since, C;1, C;2 and C;3 are real
constant. Since the equation (4.17) contains positive exponential function; a small change in the

+8e2{1+

initial conditions makes the solution unbounded. Thus, the motion is unstable near a collinear
equilibrium point.

5. Conclusion

The formula derived in the paper can be applied to the Jupiter and the Earth as primaries and
the particle as space craft. So, the system, the mass parameter u= — 1'22,,12 =3.00317 x 1076, the
eccentricity of the elliptical orbit of the primaries, e = 0.0167. The nature of motion around the

collinear point can be analysed as:
(1) The motion around the point L1 is unstable for all the values of 01, 02, U’l, o1 and o7 as
)L% >0 and /1% < 0. This can be seen from Figure (1, Figure [2| Figure |3 Figure |4, Figure

and Figure [6]

(2) The point Lo also exhibits the instability of motion in its vicinity as £ > 1, /1% >0 and
)1% < 0 for all values of 01, 09, 0'1, o1 and o1. This is evident from Figure |7, Figure

Figure[9] Figure[10] Figure[1I and Figure

(8) For L3, the motion appears to be stable for some value of o1, o9, 0’1, o1 and o1 because
the values of /1% 9 <0. That is, the roots will be imaginary implying the stability of the
system which is evident from the Figure Figure |14} Figure (15, Figure Figure
and Figure

For different values of 01, 02, 0, 01 and o our result is conformity of the result of Narayan
and Usha [14], and Narayan and Singh [[12]. The existence and Stability of collinear points of
the ER3BP with different condition has been analysed. The figures are drawn using MATLAB.

Hence we arrived at the conclusion that motion around collinear point L; and Lo are

unstable, while motion around L3 is conditionally stable for some values of o1, 09, 0’1, o1
and o1.
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Figure 4. Correlation of characteristic root
A1 and p for L1 (A4 =0.005, 01 =0.005, 02 =
0.002, 0/1 =0.007, 0’2 =0.002, e =0.0167)
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Figure 10. Correlation of characteristic root
A1 and p for Lo (A4 =0.005, 01 =0.005, 02 =
0.002, 0/1 =0.007, 0’2 =0.002, e =0.0167)
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Figure 11. Correlation of characteristic root 1;
and u for Ly (A4 =0.0006, o1 =0.00009, g9 =
0.00001, o'} =0.0005, o;, = 0.0001, e = 0.0167)
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Figure 12. Correlation of characteristic root

A1 and p for Lo (A4 =0.0006, 01 =0.0005, oo =
0.0002, o =0.00008, o5, = 0.00002, e = 0.0167)
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