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Abstract - The proposed topic is to examine the stability of the centre of mass of two satellites connected by extensible cable in elliptic orbit under the 

influence of air resistance and the shadow of the oblate earth due to solar pressure. We have obtained two equilibrium points out of which one is found 

to be stable in the sense of Liapunov. 

——————————      ——————————       

                                                          

1  INTRODUCTION 

HIS paper is devoted to study the stability of equilib-

rium points of the centre of mass of the system of two 

satellites connected by light, Flexible and extensible 

cable under the perturbative forces mentioned in the Ab-

stract in elliptic orbit. First of all we have derived the differ-

ential equations of motion by using Lagrange’s equations of 

motion of first kind in linearised and normalized form. The 

general solution of the system of differential equations are 

beyond our reach. Hence, we need to use averaged  values 

of the periodic terms present in the differential equations. 

Then we find Jacobi’s integral for the problem and then we 

get two equilibrium points of the system. Out of these two 

equilibrium points, one is found to be stable in the sense of 

Liapunov. 

 
2  EQUATIONS OF MOTION OF THE SYSTEM 
The equitation of motion of one of two satellites with re-

spect to the centre of mass of the system moving along Kep 

lerian elliptical orbit in Nechvill's coordinates have been 

obtained by exploiting Lagrange's equations of motion of 

first kind in the form : 
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Here dashes denotes the differentiations with respect to 

true anomaly  .  

The condition of constraint is given by, 
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For two dimensional equations of motion, (1) and (2) take 

the form 

  x
r

l
Af

Bx
xyx 














 
04

1

31 1coscos
4

3'2"  

and   y
r

l
Af

By
xy 















04

1

32 1sincos'2"

 .................………(3)

…… 
2

2

022



l
yx 

             ………………….(4)

 

 

For averaging the secular terms due to periodic terms pre-

sent in (3), we have 
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Where 
 
is taken to be constant 

Using (5) in (3), we get 
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Where 
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The condition of constraint given by (4) takes the form 
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From (6) it follows that the true anomaly v does not appear 

explicitly in the equations of motion. Hence there must ex-

ist Jacobi’s integral for the problem. 

 Multuplying the two euqtions of (6) by 2x’ and 2y’ 

repectively and adding them together and then after inte-

grating, we get Jacobi’s integral in the form. 
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Where he is the constant of integration. 
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From (8), We get the curve of zero velocity on putting 

oyx  22
 as 
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From (9) it follows that the satellite of mass m1 will be mov-
ing within the boundaries of the curve of zero Velocity of 
(8) for different values of Jacobi’s constant he. 

 EQUILIBRIUM POINT OF THE SYSTEM 
The equilibrium positions of the system are ob-

tained by giving constant values of the coordinetes in the 

equation (6). 

Let x= xo and y = yo give the equilibrium position 

where xo and yo are constants. Then we have 
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Using (10) in (6), we get  
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Where 
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From (11) it follows that it is impossible to find particular 

solution of the algebraic equations in its present from. 

Hence, for obtaining equilibrium position, we put 

 in (11) and then we get 
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Solving the two equations of (12), we get two equilibrium 

positions of the system and are given by (b1,c1) and (o,c2). 

Out of these two equilibrium points, only (o,c2) gives the 

meaningful value of the Hook’s modulus of elasticity  . 

Thus, we have to test the stability of the equilibrium point 

(o,c2) where, 
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Stability of the equilibrium point [o,c2] given by (13) 

Let the equilibrium point be given by, 

  x = 0 and y = c2 

Let 1  and 2  be the small variations in x and y conditions 

of the given equilibrium positions. Then we have 

1x   and         
22 cy  
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Where 

r =   2

22

2

1   c
 

Multiplying the two equations of (15) by 
12   and 2 

 122 c  respectively and adding them together. We get 

after integrating. 
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     where h  is the constant of integration. 

(17) is known as Jacobi’s integral for the variational equa-

tions of motion (15) 

To examine the stability of the equilibrium point [o. c2] in 

the sense of  Liapunov's, we take Jacobi’s integral as Lia-

punov's function   2121 ,,','  and is obtained by 

expanding the terms of (17) as follows. 

 2121 ,,','  = 
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Where 0(3) stands for the third and higher order terms in 

small quantities 
1  and 2 . 

It follows from Liapunov’s theorem an stability 

that the only criterion for the given equilibrium position 

(o,c2) given by (13) to be stable is that V defined by (18) 

must be positive definite and for this the following three 

conditions must be satisfied : 

(i)
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 Now let us analyze the conditions of (19) for stability of the 

equilibrium position (o,c2) one by one. 

Condition (i) of (19) 

L.H.S. of (i) of (19) 
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Hence first condition by (19) is satisfied. 

Condition (iii) of (19) 

 Since c2 is the y coordinate of the equilibrium 

point, so its numerator and denominator are both positive. 

  Hence from (13), we get 
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  Hence condition (iii) of (19) is satisfied 

L.H.S. of (ii) of (19) =  
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>    if  c2-lo > o 

 

Thus, condition (ii) of (19) is satisfied if c2 > lo 

Thus, we find that all the three conditions of (19) for equi-

librium point [o.c2] to be stable are satisfied if c2 > lo where 

c2 and lo have their usual meanings. 
 Therefore, we conclude that the equilibrium point 
[o, c2] of the system is stable in the sense of Liapunov if c2>lo 

 

 

REFERENCE :- 
(i) Singh; R.B. : The three dimensional motion of two 

connected bodies in an elliptical orbit in Bulle-

tin of  Moscow state University Mathematical 

mechanics, No.- 4, P.P.82-64, 1973 (Russian) 

(ii) Sharma; R.B. : Effect oblateness and Atmospheric 

resistance on the motion and stability of exten-

sible cable-connected satellites System in orbit; 

Ph.D thesis, Submitted to B.U., Muz,1989 

(iii) Sinha; S.K. : Effect of solar pressure on the motion 

and the stability of two interconnected satel-

lites in elliptical orbit. 

Astrophysics and space science, 140, pp, 49-

54,1988 

(iv) Singh; A.K.P. : Detailed study of the motion of two 

cable connected artificial satellites under the 

influence of earth’s oblateness, solar pressure 

and the shadow of the earth. 

Ph.D. thesis, Submitted to B.U., Muz., 2003 

———————————————— 

 Brijendra Kumar Singh, Department of Mathematics 
J.P. University, Chapra, Bihar, India.  
E-mail: brijendrakumarsingh111956@gmail.com 
 

 Dinesh Tiwari, Research Scholar 


