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Abstract. The main goal of the present study is to reveal the behaviour of motion
of the infinitesimal body in case of circular restricted three-body problem where all
the participating bodies have oblate shapes and both primaries have the effect of solar
radiation pressure. The third infinitesimal body is varying its mass according to Jeans
law. We also consider that the system is affected by the small perturbations in Coriolis
and centrifugal forces. We evaluate the equations of motion of the infinitesimal oblate
body under the generalized sense in the perturbed circular restricted three-body prob-
lem by using the Meshcherskii-space time transformations to preserve the dimensions
of the position as well as time, and then determine the Jacobi-integral. Further we
numerically illustrated the equilibrium points, Poincaré surfaces of section, regions of
possible and forbidden motion and then basins of the attracting domain by supposing
the effects of all the parameters used. Further more, we examine the stability of these
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equilibrium points with the help of Meshcherskii space-time inverse transformations and
found them unstable.

Keywords: infinitesimal oblate body, variable mass, regions of forbidden motion,
stability of equilibrium points.

1. Introduction

Plagiarism is a serious issue at the time of writing a research paper. We should
directly focus towards our problem. Our research field is a part of Mechanics i.e.
Celestial mechanics which also lies in the Applied Mathematics and theoretical
Physics. Here, we have focused on the motion of the small particle (especially
Satellite in comparison to the Earth) under the gravitational attraction of the
other two celestial bodies i.e restricted three-body problem. Restricted means
the two bigger primary bodies are influencing the third infinitesimal body with
their forces but the third body will not affect the motion of the primaries. We
also consider that both the primaries have solar radiation pressure as well as
oblateness effect while the third infinitesimal body is taken as oblate in shape
and varies its mass according to Jeans law. The system is perturbed by the
Coriolis and centrifugal forces. The two primaries are moving in circular orbits
around their common center of mass which is taken as origin. All these effects
and perturbations are studied by many researchers separately as follows:

[25] numerically investigated the effect of oblateness of the more massive
primary on the location of five equilibrium points in the circular restricted 3-
body problem. They noticed that the patterns of angular frequencies have
interesting differences. [17] investigated the effects of perturbations in the frame
of restricted three-body problem and compared there work with the previous
works. They found that these perturbations have significant impact on the
stability of equilibrium points. [26, 27] investigated the effects of radiation
pressure, oblateness, variable mass and asteroid belts in the framework of the
circular restricted three-body problem by finding Lagrangian function with the
help of kinetic energy and potential energy. [1] studied the effects of radiation
pressure, oblateness as well as Coriolis and centrifugal forces on the stability of
equilibrium points in the frame of circular restricted three-body problem. They
observed that the Coriolis force has stabilizing tendency while other forces have
destabilizing tendency. They also found that collinear equilibrium points are
always unstable while non-collinear points are week in stability due to these
external factors.

[21] investigated the effect of variable mass in the frame of circular restricted
three-body problem by considering that sum of the masses of all bodies are
always constant. They obtained the zero-velocity surfaces using Jacobi-quasi-
integral. They also presented an example for their model as binary stars system
with conservation of mass transfer. [18] revealed the existence, position and
stability of the collinear equilibrium points in the frame of generalized Hill’s
problem by hypothesizing primary as radiating and secondary as oblate. They
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also plotted the basins of attraction by using fast and simple Newton-Raphson
iterative method for several cases of parameters. [23] investigated the effect of
oblateness on the periodic orbits as well as on the regions of quasi-periodic mo-
tion around both the primaries in the circular restricted three-body problem by
using the numerical technique of Poincaré surfaces of section. They found some
variations in the stability of orbits due to oblateness. [29] studied the motion
of infinitesimal variable mass in the circular restricted three-body problem by
taking on account to one of the primaries having photo-gravitational effect using
Jeans law [19] and Meshcharskii space-time transformations [22].

[20] analysed the motion of infinitesimal body in the frame of restricted four-
body problem with solar wind drag and radiation pressure. They numerically
studied the equilibrium points, zero-velocity curves, Poincaré surfaces of sec-
tions and Lyapunove Characteristic exponents (LCEs). [4, 2, 5, 6] studied the
effect of oblateness, radiation pressure of the primaries as well as the effect of
variable mass of the infinitesimal body in the frame of restricted problem. [24]
explored the motion of the infinitesimal body around one of the triangular equi-
librium points (L4) in the circular restricted three-body problem by choosing
one of the primary as Heterogeneous triaxial body. [8, 7, 9, 10, 11, 12, 13, 14, 16]
investigated the effects of the perturbations and variable mass in the frame of
restricted three-body problem. They also studied the effects of these perturba-
tions on the locations of equilibrium points, Poincaré surfaces of section, regions
of possible and forbidden motion, basins of attraction and examined the stability
of these equilibrium points where most of the cases they found that these points
are unstable. [30] investigated the basins of convergence of attracting points
by considering the modified gravitational potential using well-known Newton-
Raphson iterative method in the frame of restricted three-body problem. They
also computed the degree of fractality using the basin entropy.

This work is organised in various sections and subsections which are as fol-
lows: The overview of literature is given in section 1. The determination of
equations of motion and Jacobi-integral are given in section 2 while section 3
represent the numerical works with subsections 3.1, 3.2, 3.3 and 3.4. The sta-
bility of equilibrium points are numerically studied in section 4. Finally the
conclusion of the work is presented in section 5.

2. Determination of equations of motion

Let there be three masses mi and m where two masses (mi) are primaries of
oblate shapes with oblateness factors σi and radiation pressures with radiation
factors qi, (i = 1, 2) respectively while the third body has also oblate shape
with oblateness factor σ and varies its mass according to Jeans law. We also
considered that the motion is perturbed by the coriolis and centrifugal forces
with factors ϕ and ψ respectively. In the synodic coordinate system xyz, the line
joining both the primaries, is taken as x-axis while the line perpendicular to this
line is considered as y-axis. The two primary bodies are moving in circular orbits
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around their common center of mass which is taken as origin. The mean motion
n of the system is taken about z − axis which is perpendicular to the plane of
motion of the primaries. The gravitational forces of primaries are influencing to
the third infinitesimal variable mass oblate body while these two bodies are not
influenced by the third body. To fix the variables as non-dimensional, assume
that the total mass of the primaries is unity, the separation distance between
the primaries (R) is unity and the time of unit is so chosen as the gravitational
constant is also unity. i.e. m1 +m2 = 1, R = 1 and G = 1. Let µ = m2

m1+m2
and

m1 = 1 − µ. The coordinates of the primaries(mi) and the infinitesimal body
(m) are given by (−µ, 0, 0), (1 − µ, 0, 0) and (x, y, z) respectively. Following
the procedure given by [3] and [15], we can illustrate the equations of motion
of the infinitesimal variable mass oblate body with non-dimensional variables
where the variation of mass of this body originates from one point and have zero
momenta as:

Vx =
ṁ

m
(ẋ− nϕy) + (ẍ− 2nϕẏ),

Vy =
ṁ

m
(ẏ + nϕx) + (ÿ + 2nϕẋ),(1)

Vz =
ṁ

m
ż + z̈,

where

(2) V =
n2ψ

2
(x2 + y2) + (1− µ)

(
q1
r1

+
(q1σ1 + σ)

2r31

)
+ µ

(
q2
r2

+
(q2σ2 + σ)

2r32

)
,

with
r21 = (x+ µ)2 + y2 + z2,

r22 = (x− 1 + µ)2 + y2 + z2,

n2 = 1 +
3

2
(σ1 + σ2),

ϕ = 1 + ϵ1,

ψ = 1 + ϵ2,

ϵ1, ϵ2 ≪ 1.

Due to variation of mass, we should preserve the dimension of the space
and time therefore we will use Jean’s law [19] and Meshcherskii space time
transformations [22] as,

m = m0e
−α1t, dt = dτ

x = α
−1/2
2 ξ, ẋ = α

−1/2
2

(
ξ̇ +

α1

2
ξ
)
, ẍ = α

−1/2
2

(
ξ̈ + α1ξ̇ +

α2
1

4
ξ

)
y = α

−1/2
2 η, ẏ = α

−1/2
2

(
η̇ +

α1

2
η
)
, ÿ = α

−1/2
2

(
η̈ + α1η̇ +

α2
1

4
η

)
(3)

z = α
−1/2
2 ζ, ż = α

−1/2
2

(
ζ̇ +

α1

2
ζ
)
, z̈ = α

−1/2
2

(
ζ̈ + α1ζ̇ +

α2
1

4
ζ

)
,
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where α1 is constant coefficient, α2 =
m

m0
and m0 is the mass of infinitesimal

oblate body at time t = 0.

After using Eq.(3) in Eq. (1), we get

∂Ω

∂ξ
= ξ̈ − 2nϕη̇,

∂Ω

∂η
= η̈ + 2nϕξ̇,(4)

∂Ω

∂ζ
= ζ̈,

where

Ω =
α2
1

8
(ξ2 + η2 + ζ2) +

n2ψ

2
(ξ2 + η2)

+ α
3/2
2

[
(1− µ){ q1

ρ1
+

(q1σ1 + σ)α2

2ρ33
}+ µ{ q2

ρ2
+

(q2σ2 + σ)α2

2ρ32
}
]
,(5)

with

ρ21 = (ξ + µ
√
α2)

2 + η2 + ζ2,

ρ22 = (ξ −
√
α2(1− µ))2 + η2 + ζ2.(6)

The equations of motion (4) admits as

(7) ξ̇2 + η̇2 + ζ̇2 = 2Ω− C − 2

∫ t

t0

∂Ω

∂t
dt,

where left hand side of Eq. (7) represents the velocity of the infinitesimal oblate
body and C is the Jacobian constant for the system.

3. Numerical performances

3.1 Location of equilibrium points

We can find the locations of equilibrium points after putting all the derivatives
to zero and solving the obtained equations of the system (4), i.e. Ωξ = 0, Ωη = 0
and Ωζ = 0, and hence

ξ(n2ψ +
α2
1

4
)− α

3/2
2

(
q1(1− µ)(ξ +

√
α2µ)

ρ31
+

3(σ + σ1q1)α2(1− µ)(ξ +
√
α2µ)

2ρ51

)

− α
3/2
2

(
q2µ(ξ +

√
α2(−1 + µ))

ρ32
+

3(σ + σ2q2)α2µ(ξ +
√
α2(−1 + µ))

2ρ52

)
= 0,

(8)
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η(n2ψ +
α2
1

4
)− ηα

3/2
2

(
q1(1− µ)

ρ31
+

3(σ + σ1q1)α2(1− µ)

2ρ51

)
− ηα

3/2
2

(
q2µ

ρ32
+

3(σ + σ2q2)α2µ

2ρ52

)
= 0,(9)

ζ
α2
1

4
− ζα

3/2
2

(
q1(1− µ)

ρ31
+

3(σ + σ1q1)α2(1− µ)

2ρ51

)
− ζα

3/2
2

(
q2µ

ρ32
+

3(σ + σ2q2)α2µ

2ρ52

)
= 0.(10)

After numerically solving Eqs. (8), (9) and (10) for the variations of the
parameters used with the help of well known software, Mathematica, we perform
these graphs in Figures 1,2,3 and 4. We have illustrated these points in five cases
as:

1. The Classical case:
(σ = 0, σ1 = 0, σ2 = 0, q1 = 1, q2 = 1, ϵ1 = 0, ϵ2 = 0, α1 = 0, α2 = 1)

2. Taken the effect of oblateness of all three participating bodies:
(σ = 0.001, σ1 = 0.003, σ2 = 0.005, q1 = 1, q2 = 1, ϵ1 = 0, ϵ2 = 0,
α1 = 0, α2 = 1)

3. Taken the effect of oblateness and radiation pressure:
(σ = 0.001, σ1 = 0.003, σ2 = 0.005, q1 = 0.85, q2 = 0.95, ϵ1 = 0, ϵ2 = 0,
α1 = 0, α2 = 1)

4. Taken the effect of oblateness, radiation pressure, Coriolis and centrifugal
forces:
(σ = 0.001, σ1 = 0.003, σ2 = 0.005, q1 = 0.85, q2 = 0.95, ϵ1 = 0.2, ϵ2 = 0.2,
α1 = 0, α2 = 1)

5. Taken the effect of all perturbations given in case 4 including the variation
of mass parameters:
(σ = 0.001, σ1 = 0.003, σ2 = 0.005, q1 = 0.85, q2 = 0.95, ϵ1 = 0.2, ϵ2 = 0.2,
α1 = 0.2, α2 ̸= 1.)

Figure (1) represents the variation of the cases from case 1 to case 5 in ξ−η-
plane. Here the points due to the cases 1, 2, 3, 4 and 5 are denoted by black,
green, magenta, orange and blue colors respectively. We introduced the cases
one by one, further we observed from Figure (1(a)) that the system has five
equilibrium points (L1,2,3,4,5) out of which three (L1,2,3) are collinear and two
(L4,5) are non-collinear (also known as triangular points), all these equilibrium
points are moving towards origin. This effect can be easily seen in Figure 1(b)
which is representing the zoomed part of the Figure 1(a) near L4. Figure 2
presents the equilibrium points due to these five cases in ξ− ζ-plane. From this
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Figure we observed that due to first four cases there are only three collinear
equilibrium points given in Figure 2(a) and found that due to these cases three
equilibrium points (L1,2,3) are moving towards origin while due to case 5 we
receive two more equilibrium points (L4,5) including the collinear equilibrium
points (L1,2,3) (Figure 2(b)).

In Figure 3, we perform the case 5 where we have seen the effect of variation
of mass parameter α1 (0.2 (Black), 0.4 (Green), 0.6 (Magenta)) in ξ − η-plane
(Figure 3(a)) and in ξ−ζ-plane (Figure 3(b)). The Figure 3(a) shows only slight
variation in equilibrium points L3,4,5 while there are no effect on the equilibrium
points L1,2 due to increase in the value of α1. The Figure 3(b) shows as the value
of α1 increases, the three equilibrium points (L1,2,3) remain unchanged while two
equilibrium points L4,5 are moving towards the origin. Figure 4 reveals the case
5 where we have seen the effect of variation of mass parameter α2 (0.4 (black),
0.8 (green), 1.4 (magenta)) in ξ−η-plane (Figure 4(a)) and in ξ−ζ-plane (Figure
4(b)). These two Figures 4(a) and 4(b) shows that as the value of α2 increases,
all five equilibrium points (L1,2,3,4,5) move away from the origin. We also noticed
that there is no effect of Coriolis force on the location of equilibrium points.
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(a) Different color points show the variation
of cases 1 (black), 2 (green), 3 (magenta), 4
(orange) and 5 (blue)
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(b) Zoomed part of figure (1(a)) near L4

Figure 1: Locations of equilibrium points in ξ − η–plane at µ = 0.03

3.2 Poincaré surfaces of section

The aim of plotting the Poincaré surfaces of section is to examine the chaotic
or regular behaviour of the path of the infinitesimal oblate body. The graph
between ξ and ξ̇ must be drawn when η = 0, whenever the orbit intersects
the plane at η̇ ≥ 0. Here we have plotted the Poincaré surfaces of section by
creating a phase space in case 5 and given in Figures 5(a) and 5(b) in ξ− ξ̇ and
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(a) Represents the first four cases 1 (black),
2 (green), 3 (magenta), 4 (orange)
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(b) Variation of mass case 5 (blue) i.e. α1 =
0.2 and α2 = 0.4

Figure 2: Locations of equilibrium points in ξ − ζ–plane at µ = 0.03
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(a) Variation of mass parameter α1 in ξ − η–
plane
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(b) Variation of mass parameter α1 in ξ− ζ–
plane

Figure 3: Locations of equilibrium points at α2 = 0.4, α1 = 0.2 (black), 0.4
(green), 0.6 (magenta)

η − η̇-planes respectively. We observed from these two figures that as the value
of α2 increases, the surfaces of section expanded and these appear as butterfly
on the phase plane. In this way there are no chaos found in this study.
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(a) Variation of mass parameter α2 in ξ − η–
plane
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(b) Variation of mass parameter α2 in ξ− ζ–
plane

Figure 4: Locations of equilibrium points at α1 = 0.2, α2 = 0.4 (black), 0.8
(green), 1.4 (magenta)
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(b) Variation of mass parameter α2 in η− η̇–
plane

Figure 5: Poincaré surfaces of section at α1 = 0.2, α2 = 0.4 (black), 0.8 (green),
1.4 (magenta)

3.3 Regions of possible motion

To illustrate the regions of possible or forbidden motion, we follow the proce-
dure and terminology used by [15]. To determine the each value of Jacobian
constant corresponding to the each equilibrium point we use Eq. (7) and plot-
ted gray shaded regions as the forbidden regions which are given in Figure (6).
These figures reveal very important dynamical properties of the motion of the
infinitesimal variable mass oblate body. Figure (6(a)) represents the region cor-
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responding to the equilibrium point L1 and shows that infinitesimal body can
move near primaries except the gray color shaded region i. e. it can not move
near L2,3,4,5. It can move only near L1 which is a gateway for the circular
region. Figure (6(b)) represents the region corresponding to the equilibrium
point L2 and shows that the small particle can move freely except near the
equilibrium points L3,4,5. Figure (6(c)) represents the region corresponding to
the equilibrium point L3 and shows that the small particle can move near the
three equilibrium points L1, L2 and L3 where as it can not move in gray shaded
regions i.e. near the equilibrium points L4,5. Figure (6(d)) represents the region
corresponding to the equilibrium points L4,5 and shows that the small particle
can move freely and there is no forbidden region. Blue points are indicating the
locations of the equilibrium points.

3.4 Basins of attraction

One of the most important qualitative behaviour of the dynamical systems is
the basins of attracting domain. To study this we use very simple and well
known Newton-Raphson iterative method. Using this iterative method, we have
illustrated the attracting domain in ξ − η-plane for different values of variation
parameter (α2). The algorithm of this problem is given as:

ξn+1 = ξn −
(

ΩξΩηη − ΩηΩξη

ΩξξΩηη − ΩξηΩηξ

)
(ξn,ηn)

,(11)

ηn+1 = ηn −
(

ΩηΩξξ − ΩξΩηξ

ΩξξΩηη − ΩξηΩηξ

)
(ξn,ηn)

,(12)

where ξn, ηn are the values of ξ and η coordinates of the nth step of iterative
process. The point (ξ, η) will be a member of the attracting domain, if the
initial point converges rapidly to one of the equilibrium points. This process
stops when the successive approximation converges to an equilibrium point. We
also declare that the basins of attracting domain is not related with the classical
basins of attracting domain in dissipative system. We used a color code for the
classification of different equilibrium points on the ξ − η-plane.

We have performed the basins of attracting domain for three different values
of variation parameter α2 (0.4, 0.8 and 1.4 corresponds to the Figures 7, 8 and
9 respectively) in ξ − η-plane for the variable mass case 5. Figures 7(b), 8(b)
and 9(b) are the zoomed parts of the Figures 7(a), 8(a) and 9(a) respectively.
In all three figures, we observed that there are five attracting points L1,2,3,4,5.
From the Figure (7(b)), we found that L1,2,3 corresponds to the light blue color
region, L4 corresponds to the blue color region and L5 corresponds to the green
color region, all these regions extended to infinity. From the Figure (8(b)),
we found that L1,2,3 corresponds to the green color region, L4 corresponds to
the cyan color region while L5 corresponds to the red color region, all these
regions extended to infinity. Further from the Figure (9(b)), we found that
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Figure 6: Regions of motion in ξ − η–plane corresponding to the variable mass
case 5

L1,2,3 corresponds to the green color region, L4 corresponds to the purple color
region and L5 corresponds to the red color region, all these regions extended to
infinity. In all the figures black dots are denoting the locations of the attracting
points.

4. Stability of equilibrium points

In this section we examine the stability of equilibrium points of the infinitesimal
variable mass oblate body in the neighbourhood of (ξ0 + ξ1, η0 + η1, ζ0 + ζ1)
under the effect of the oblate radiating primaries and the perturbing factors of
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(a) Corresponds to α1 = 0.2, α2 = 0.4 (b) Zoomed part of figure 7(a) near center of
mass

Figure 7: Basins of Attracting domain corresponding to variable mass case 5 in
ξ − η–plane

(a) Corresponds to α1 = 0.2, α2 = 0.8 (b) Zoomed part of figure 8(a) near center of
mass

Figure 8: Basins of Attracting domain corresponding to variable mass case 5 in
ξ − η–plane

Coriolis and centrifugal forces. Where (ξ1, η1, ζ1) are small displacements from
the equilibrium points (ξ0, η0, ζ0).
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(a) Corresponds to α1 = 0.2, α2 = 1.4 (b) Zoomed part of figure 9(a) near center of
mass

Figure 9: Basins of Attracting domain corresponding to variable mass case 5 in
ξ − η–plane

The system (4) can be rewritten in the phase space as:

ξ̇1 = ξ2,

η̇1 = η2,

ζ̇1 = ζ2,

ξ̇2 = 2nϕη2 + (Ωξξ)
0ξ1 + (Ωξη)

0η1 + (Ωξζ)
0ζ1,(13)

η̇2 = −2nϕξ2 + (Ωηξ)
0ξ1 + (Ωηη)

0η1 + (Ωηζ)
0ζ1,

ζ̇2 = (Ωζξ)
0ξ1 + (Ωζη)

0η1 + (Ωζζ)
0ζ1,

where the superscript 0 indicates the value of the second derivative of potential
function at the corresponding equilibrium point (ξ0, η0, ζ0).

When α1 = 0, then the above system (13) will reduce to the constant mass,
while when α1 ̸= 0, then we can not examine the stability by ordinary method
because the distances of the equilibrium point to the primaries vary with time.
Therefore we will use Meshcherskii-space-time inverse transformations which are
as follows:

ξ3 =α
−1/2
2 ξ1, η3 = α

−1/2
2 η1, ζ3 = α

−1/2
2 ζ1,

ξ4 =α
−1/2
2 ξ2, η4 = α

−1/2
2 η2, ζ4 = α

−1/2
2 ζ2.(14)

Using the transformations given in Eq. (14), the system (13) can be written as
follows:

(15) χ̇ = A χ,
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where

(16) χ̇ =



ξ̇3

η̇3

ζ̇3

ξ̇4

η̇4

ζ̇4


, χ =



ξ3

η3

ζ3

ξ4

η4

ζ4


and

(17) A =



1

2
α1 0 0 1 0 0

0
1

2
α1 0 0 1 0

0 0
1

2
α1 0 0 1

(Ωξξ)
0 (Ωξη)

0 (Ωξζ)
0 1

2
α1 2nϕ 0

(Ωηξ)
0 (Ωηη)

0 (Ωηζ)
0 −2nϕ

1

2
α1 0

(Ωζξ)
0 (Ωζη)

0 (Ωζζ)
0 0 0

1

2
α1


The characteristic equation for the matrix A is

(18) λ6 + β5 λ
5 + β4 λ

4 + β3 λ
3 + β2 λ

2 + β1 λ+ β0 = 0,

where

β5 = −3α1,

β4 = 4n2ϕ2 − (Ωξξ)
0 − (Ωηη)

0 − (Ωζζ)
0 +

15

4
α2
1,

β3 = 2α1((Ωξξ)
0 + (Ωηη)

0 + (Ωζζ)
0 − 8n2ϕ2 − 5

4
α2
1),

β2 =
1

64
α2
1(384n

2ϕ2 + 60α2
1 − 96((Ωξξ)

0 + (Ωηη)
0 + (Ωζζ)

0))

− (4n2ϕ2(Ωζζ)
0 + ((Ωξη)

0)2 + ((Ωξζ)
0)2 − (Ωξξ)

0(Ωηη)
0

+ ((Ωηζ)
0)2 − (Ωξξ)

0(Ωζζ)
0 − (Ωηη)

0(Ωζζ)
0),

β1 =
1

64
α3
1(32((Ωξξ)

0 + (Ωηη)
0 + (Ωζζ)

0 − 4n2ϕ2)− 12α2
1)(19)

+ α1(((Ωξη)
0)2 + ((Ωξζ)

0)2 − (Ωξξ)
0(Ωηη)

0
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+ ((Ωηζ)
0)2 − (Ωξξ)

0(Ωζζ)
0 − (Ωηη)

0(Ωζζ)
0 + 4n2ϕ2(Ωζζ)

0,

β0 =
α4
1

64
(−4((Ωξξ)

0 + (Ωηη)
0 + (Ωζζ)

0 − 4n2ϕ2) + α2)

+
α2
1

4
(((Ωξζ)

0)2 − ((Ωξη)
0)2 + (Ωξξ)

0(Ωηη)
0

− ((Ωηζ)
0)2 + (Ωξξ)

0(Ωζζ)
0 + (Ωηη)

0(Ωζζ)
0 − n2ϕ2(Ωζζ)

0)

+ ((Ωξζ)
0)2(Ωηη)

0 − 2(Ωξη)
0(Ωξζ)

0(Ωηζ)
0 + (Ωξξ)

0((Ωηζ)
0)2

+ ((Ωξη)
0)2(Ωζζ)

0 − (Ωξξ)
0(Ωηη)

0(Ωζζ)
0.

We solved equation (18) numerically for different values of parameters used
and evaluated the characteristic roots for each equilibrium points which are
given in table 1. From this table we observed that all the equilibrium points are
unstable because at-least one characteristic root is either positive real number
or positive real part of the complex characteristic root. While in the classical
case collinear equilibrium points are always unstable and triangular equilibrium
points are stable [28]. Therefore, the variation parameters changes the stability
of equilibrium points to instability.

Table 1: The nature of equilibrium points in ξ − η-plane at α1 = 0.2, α2 = 0.4,
µ = 0.03, q1 = 0.85,q2 = 0.95,σ = 0.001, σ1 = 0.003, σ2 = 0.005,
ϵ1 = 0.2, ϵ2 = 0.2.

EquilibriumPoint Roots Nature

ξ − Co. η − Co.

0.7408249862 0.0000000000 0.0999999999± 2.2972215331i Unstable0.0999999999± 2.1773781596i
− 2.7663246283

2.9663246283

0.4602562445 0.0000000000 0.1000000002± 2.0542780618i Unstable0.1000000009± 2.2072142439i
− 2.4264415713

2.6264415713

−0.5699707318 0.0000000000 0.0999999992± 1.1187298304i Unstable0.1000000007± 1.4706767196i
− 0.1544263628

0.3544263628

0.2775860568 ±0.4767832700 0.0999999995± 0.4141521317i Unstable0.1000000006± 1.1019981851i
0.1000000009± 1.4017456238i
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5. Conclusion

The effects of parameters used are studied in the perturbed circular restricted
three-body problem where infinitesimal oblate body varies its mass according
to Jean’s law and both the primaries are having radiation as well as oblateness
effects. And the system is also affected by the perturbing factor in Coriolis and
centrifugal forces. The equations of motion are evaluated by using Jeans law and
Meshcherskii-space time transformations, our determined system differs by the
variation parameters (α1 and α2) from the classical case 1. We have numerically
and graphically shown the equilibrium points, Poincaré surfaces of section, re-
gions of possible and forbidden motion and also basins of attracting domain with
the different values of parameters used. Here at most five equilibrium points are
obtained, out of which three are collinear (L1, L2 and L3) and other two are
non-collinear (L4 and L5)(Figures 1, 2, 3 and 4). As we introduce one by one
cases (from case 1 to case 5) in the system (4) for equilibrium points, Figures
1 and 2 show that all the equilibrium points are moving towards origin. Figure
3 represents the locations of equilibrium points with the change in variation
parameter α1, from here we found that all the equilibrium points are moving
toward origin in ξ − ζ-plane while in ξ − η-plane, it has little effect. Figure 4
performs the change in the variation parameter α2, and we observed that equi-
librium points are moving away from the origin in both ξ − η and ξ − ζ-planes.
To study the dynamical behaviour of the infinitesimal oblate body, we have
plotted the Poincaré surfaces of section and found regular curves with many
islands which appear like a butterfly (Figure 5). Next we have determined the
value of Jacobi-constant corresponding to each equilibrium points by using the
method given by [15] and illustrated the prohibited and allowed regions for the
infinitesimal oblate body. Here gray shaded regions are the forbidden regions
(Figure 6) and in the rest part infinitesimal body can move freely. Further more
we have drawn the basins of attracting domain for three different values of α2

and given in Figures (7, 8 and 9). From these figures we obtained different color
regions which are showing the different attracting domain. Finally we performed
the stability of equilibrium points numerically. This numerical study is given
in the table 1. From this table we observed that at least one of the roots have
either positive real part of the complex roots or only positive real root. Which
confirm that all the equilibrium points are unstable. This result is different from
the result obtained in classical case [28], where we found that three equilibrium
points are unstable while two are stable. Therefore these variation parameters
have great impact on the dynamical behaviour of the motion of the infinitesimal
variable mass oblate body.
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