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Abstract
We have found the location of triangular equilibrium point in generalized elliptic photogravitational
restricted three body problems. The problem is generalised in the sense that smaller primary is an
oblate spheroid and bigger primary is radiating. The position of triangular point is affected by
radiation oblateness, eccentricity and semi-major axis. The classical results may be verified.
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1. Introduction
Elliptic orbit is more realistic than the circular. The elliptic restricted three body problem is a
generalization of the classical RTBP. The elliptic restricted three body problem describes the three
dimensional motion of a small particle, called the third body (infinitesimal mass) under the
gravitational attraction force of two finite bodies, called the primaries, which revolve in elliptic orbit in
a plane around their common centre of mass.

Radiation and oblateness of the primaries also affect the motion of the infinitesimal mass. Many
researchers studied the restricted problem taking into account one or both the primaries as oblate
spheroids and radiating. Radzievsky (1950) dealt with the restricted problem of three bodies,
considering more massive primary as a source of radiation. Sahoo and Ishwar (2000) examined stability
of collinear points in the generalized photo gravitational ERTB. A Narayan and C. R. Kumar (2011)
studied the effect of photo gravitational and oblateness on the triangular Lagrangian points in ERTBP.

In section 2, we have found equations of motion of our problem. The mean motion of our problem is
also found. It is affected by the eccentricity and semi major axis of orbit and oblateness of smaller
primary.

In section 3, we have used perturbation method to find the location of triangular equilibrium points. We

have found that they are the function of oblateness ( 2A ), radiation 1q eccentricity and semi major axis

of orbit. They are also different from classical case.

We conclude that the triangular equilibrium point is affected by radiation, oblateness, eccentricity and
semi-major axis. The results have been verified by classical case.

2. Equations of Motion
We consider two bodies (primaries) of masses 1m and 2m with 21 mm  moving in a plane around their

common center of mass in elliptic orbit and a third body (infinitesimal mass) of mass m is moving in a
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plane of motion of the primaries. Equations of motion of our problem in rotating and pulsating co-
ordinate system are given by (Sahoo and Ishwar 2000)

xU
x

yx 



 2 (1)

yU
y

xy 



 2 (2)

zU
z

z 



 (3)

Where the force U

 


























3
2

2

21

1
2

22

2 2

11

21

1

r

A

rr

q

n

yx

e
U


(4)

 


























3
2

2

21

1
2

22

2 2

11

21

1

r

A

rr

q

n

yx

e


(5)

The mean motion of our problem is obtained as
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a is semi-major axis of the ellipse
e is the eccentricity of the ellipse

2A is the coefficients of oblateness of smaller primary
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Here 1m , 2m are the masses of the bigger and smaller primaries (x1,0,0) and (x2,0,0) are the coordinate

of 1m and 2m respectively. 1q is mass reduction factor. 2

22

2 5r

rr
A pe  is oblateness coefficient due to

smaller primary 2m , where pe rr , represents equatorial radii and polar radii respectively.  2,1iri are

the distance of the infinitesimal mass from 1m and 2m respectively. Semi-major axis and eccentricity of

orbit is denoted by a and e respectively.

Now multiplying equations (1), (2) and (3) by yx  2,2 and z2 respectively and adding we get

 yx FyFx
dt

dC  2 (9)

where 222 yxUC  , the quantity C is Jacobi integral. The zero velocity curves are given by

UC 2 .
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3. Locations of the Equilibrium Points
Using perturbation method, we have found location of triangular equilibrium point. For triangular
equilibrium point 0,0,0  yUU yx and 0z then we have
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Now, from equation (10), (11) and (12), we have
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Multiplying equations (13) and (14) by y and  x respectively and subtracting
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In photogravitational ERTBP i.e., when oblateness is absent and bigger primary is radiating
then
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Now we suppose due to oblateness perturbation in 2r is 2 i.e.,
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Again from the relation between mean motion and oblateness, we have
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With the help of equation (22), we have
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(neglecting higher order terms)
In similar way, we find
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Considering only terms 2e and 2A and neglecting their product, equation (21) gives
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Now substituting the values of 2
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Neglecting higher order terms and product of 2
2eA , we have
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At first find  2x

            













 

2
1

22

1

2

1

2

1 232
1

32
32

2
2

32
2

32
1

2 A
aqa

aAe
a

e
aqx 

          

        3232
12

3232
1

3232
12

2
3232

1
23232

1
22

1
2

1
1

2

1

1
2

21
4

1

4

1

aaqAaaqaaqA

e
aaq

aaqex






 
(35)

With the help of (31) and (34), we get

          
         

  3232
12

3232
1

3232
12

2
3232

1

23232
1

2
2

2
32

1
232

1
2

1
2

1

1
2

1
1

2

21
4

1

4

1

2

5
11

aaqA

aaqaaqAe
aaq

aaqe
e

Aaqeaqy


















        

        23232
12

223232
1

23232
1

2
2

32
1

1221

121
4

1
1

aaqAeaaq

eaaqeAaqy




 

(36)

4. Conclusion
We conclude that triangular equilibrium point of the problem is affected by radiation, oblateness,
eccentricity and semi-major axis. We verified the results of classical case.
References

1. Chernikov Yu. A.: Astron. AJ. 14 (1), 176-181 (1961).
2. Jaiyeola Sefinat B., Abdulrazaq Abdulraheem and Titiloye Emmanue O., Effects of Poynting-Robertson

Drag and Oblateness on the Stability of Photogravitational Restricted Three-Body Problem., Advances
in Astrophysics 1(1), 36-46 (2016).

3. Kushvah, B. S., Ishwar, B., Journal of Dynamical System and Geometric Theories 4(1), 79-86 (2006).
4. Liou J. C., Zook and Jackson: Icarus 116, 186-201 (1995).
5. McCusky, S. W.:Addison-Wesley publishing company, Inc. New York (1963).
6. Murray, C. D., Icarus 112, 465-484 (1994).
7. Narayan, A. and Kumar, C. R., Int. J. Pure and Appl. Math. 68, 201 (2011).
8. Poynting, J. H., Philos. Trans. R. Soc. Lond., 202, 525-552 (1903).
9. Radzievsky, V.V.: Astron. J. 27, 249 (1950).
10. Sahoo, S. K., Ishwar, B., Bulletin of the Astronomical Society of India, 28, 579-586 (2000).
11. Schuerman, D., Astrophys. J. 238, 337-342 (1980).
12. Singh, J. and Umar,A.: Astrophys. Space Sci., 341, 349-358 (2012)
13. Vivek Kumar Mishra, Sharma J.P. and Ishwar B., Stability of triangular equilibrium points in the

Photogravitational elliptic restricted three body problem with Poynting-Robertson Drag., International
Journal of Advanced Astronomy, 4(1), 33-38 (2016).

14. Zimovshchikov, A.S., Tkhai. V.N., ; Sol. Syst. Res. 38, 155 (2004).


