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Abstract. Periodic orbits in the elliptic restricted three-body problem are studied by considering the
photogravitational and oblateness effects of the larger and smaller primary, respectively. The mean
motion is derived with the help of averaging the distance r between the primaries over a revolution in
terms of the mean anomaly. Collinear points L1, L2, L3 are studied for some of the Sun and its
planet systems. The value of the critical mass pc is found, which decreases with the increase in
radiation pressure and oblateness. The stability of the triangular points is studied using the
analytical technique of Bennett. This is based on Floquet's theory for determination of characteristic
exponents for periodic coefficients. Transition curves bounding the regions of stability in the p-e
plane, accurate to O(e?) are generated. Tadpole orbits, a combination of long-short periodic orbits,
are produced for Sun-Jupiter and Sun-Saturn systems.

Keywords: The elliptic restricted three-body problem, radiation pressure, oblateness, transition
curve, tadpole orbits.

1 Introduction

The elliptic restricted three-body problem (ER3BP) determines the motion of infinestimal body under
the gravitational attraction of two finite bodies known as primaries, which revolve in elliptic orbits
around their center of mass. The term “restricted” means that the third body gets influenced by the
primaries whereas it does not affect their motion. It describes the dynamical system more accurately as
the motion of the primaries are mostly elliptical. The photogravitational circular restricted three-body
problem (PCR3BP) studied by Radzievsky (1950) is the simplest model for this problem. Poynting
(1903) explained that small meteors or cosmic dust are not affected by gravitational force alone but by
radiation factor as they come near a luminous body.

Several studies in the perturbed elliptic restricted three-body problem (PER3BP) have been carried
out. Some of them are by Raheem and Singh (2006), Kumar and Ishwar (2011), Singh and Umar (2012),
etc. It is understood that the rotation of planets produces an equatorial bulge due to centrifugal force;
resulting in an oblate spheroid. Some of the planets in the solar system such as Jupiter, Saturn, Uranus
and Neptune are sufficiently oblate. Various authors such as Sahoo and Ishwar (2000), Kumar and
Ishwar (2009), Narayan and Kumar (2011), Singh and Umar (2012), Narayan (2014), Umar and Singh
(2014) have studied the effect of oblateness in ER3BP by taking one or both primaries as a source of
radiation or oblate spheroid.

Some of the authors have calculated the mean motion n and others have used the previous values of
this important parameter. Essentially the true anomaly was used for averaging the radial distance r over
a revolution. Some of the authors did not explain the method of evaluation. However, some of the
authors have ignored the effect of eccentricity on the mean motion. Following Danby (1988, page 346),
in this paper we have used the mean anomaly M to average the distance r between the primaries to get
its average value. Then we have used this average value in computation of the mean motion n of the
primaries. This value of n is different from the mean motion which is derived from the true anomaly in
the literature. The characteristic exponents can be analyzed by various perturbation techniques. The
present paper uses the analytical technique developed by Bennett (1965) based on Floquet's theory [17]
for a system with periodic coefficients. The stability of the third body around the triangular equilibrium
points results in the form of transition curves in the p-e plane, accurate to O(e?). These curves separate
the stable region from the unstable region. The collinear points are generally unstable; whereas the
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triangular points are conditionally stable in the linear analysis. This results in long- and short- orbits
around the triangular libration points. Gurfil (2006), Erdi (2009) and Elbaz and Fariz (2016) developed
new methods for generating periodic orbits around the libration points.

The present study involves in examining the motion of the third body in the ER3BP when the larger
primary is a source of radiation and the smaller primary is an oblate spheroid. Analysis of the stability
of the triangular points using the analytical technique with the effect of radiation pressure through
generation of transition curves is carried out. Tadpole orbits for Sun-Jupiter system are generated. The
motion around L, is studied for the Sun-Saturn system with and without radiation. The paper is
organized in 7 sections. Sec 1. provides introduction; Sec 2. determines the equations of motion; Sec 3.
provides the location of collinear libration points; Sec 4. deals with the stability of triangular libration
points. In Sec 5. the transition curves are generated; Sec 6. deals with tadpole orbits, and Sec 7.
concludes with the results and conclusion.

2 Equations of Motion

The planar =0 equations of motion are

" " 1
e"—2n :ﬁ .
+ ecos
(1)
n'+2'=—Q.
1+ecosf "

where fis the true anomaly and p is the semi-latus rectum a(1-¢’) with a being the semi-major axis. The
distance between the primaries varies when they move in elliptical orbits.

The force function equation is given as (Sahoo and Ishwar, 2000).
: L-u)q
921(52+,72)+i u+ﬁ+ﬂ : (2)
2 n’ 4 T, 27”2j

where 7, and 7, are the magnitudes of the position of the spacecraft from the bigger and smaller primary,
respectively. ¢ is the mass reduction factor of the larger primary and A, is the oblateness coefficient of
the smaller primary. The magnitudes of the position of the spacecraft are given as

= (e-n) 40,

i=(e(um)) o )
L _AE - AP’
5R’

where AE is the equatorial radius, AP is the polar radius and R is the distance between the two
primaries (Sharma and Subba Rao, 1976).
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where a is the particle radius, & is the density, and k is the solar radiation pressure efficiency factor
(Sharma, 1987).

qg=1-56x k

Mean Motion

Mean motion is the angular speed required for a body to complete one orbit, assuming constant speed in
a circular orbit and varies for the elliptic orbit. The mean motion of the primaries is obtained from the
mean distance by averaging the distance between the primaries (r) as

1 2z
— | rdM
27 90
M =FE —esinkl

Differentiating M with respect to E,
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dM = (1-ccosE)dE
The distance between the primaries in terms of eccentric Anomaly (E) is r = a(l - ecosE‘) .

The integration is done as:

QL [’Ma(l_eCOSE)(l_eCOSE)dEZQLLQ”@(ZL—GCOSE)Z iE
4 v
:% 02”(1—eCOSE)2 dE :%(@2 +2)ﬂ:a(1+§}

Now by balancing the gravitational and centrifugal forces, we get

2
(1—;1);{1 +%A2} = ng#(1_y)[1+%J
Rearranging, we get

NI N
¢’ 2
14+ —
2

The mean motion obtained is a function of eccentricity and oblateness. This expression for mean motion
n is different than obtained earlier by other investigator.

3 Computation of Lagrangian Points L,, L,, L,

The influence of the effect of radiation pressure and oblateness of the primaries causing the shift in the
distances of the Lagrangian points L,, L,, L; is studied for some of the Sun and its planetary systems.
Considerable difference is found when the larger primary is considered as a source of radiation and
smaller primary as an oblate spheroid.

The collinear points are obtained from € =0,y =0 as

N L o Y )

E+— =0. (5)
2 3 3 5
n n 7; 2,
Case (i) L, location:
y
I
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Figure 1. Location of L, in the x-y plane

Substituting = 4 —¢&, r, = u—o—¢ in Eq. (5) and simplifying, we get
AR .
TP P P P P P
Substituting in the above equation, we get
F(p) =2n'p" - p° (2;4 - 6)712 -p (4,u - 6)712 -p (—Zq,u +2q + 2;1)
-p' (2y—2)n2 —4p* - p’ (2+3A2)y—6yAZp—3A2y =0
Since F(0)=-34,u <0, F(J):(—Sn2 +2¢—-94, - 6),u +18n* —2¢ > 0, according to Descarte's sign rule,

&+

a single sign change represents that there is only one positive root for all0< g <1/2. pcan be
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obtained by finding the roots of the equation using Newton Raphson method and the abscissa of
Lagrangian point L, is calculated from z=pu-1-p.

Case (ii) L, location:

« e >

o [0)
(1-1,0) L (10)

Figure 2. Location of L, in the x-y plane

Substituting 7, =u—-¢&,1, =1-pu+¢& in Eq.(5) and taking 7, =pr=1+pe=u-1+p in the
equation and simplifying, we get

G(p)=2n"p" +n’p® (2u—6)+ p* (6 — 4u)+n’p* (20 - 2)

+4p° u+ p (—Zq,u —2u+ Qq) +p (—BAZ,u - 2;1) +6Aup—3A,u=0
Since G(0)=-34,u<0, G(1)= (4712 —2q - 4),u —6n” +2¢ +6 > 0 according to Descartes' sign rule, a
single sign change represents that there is only one positive root for all0 < £ <1/2. p can be obtained

by finding the roots of the equation using the Newton Raphson method and the abscissa of Lagrangian
point L, is calculated fromz = -1+ p.

Case (iii) L; location:

12
54 I q
X

(u,0)

=]

(u-1,0) =

Figure 3. Location of L, in the x-y plane

Substituting . =& -, =1-pu+¢ in Eq.(5) and taking r, = p,7, =1+ p,& = + p in the equation
and simplifying, we get

H(p)=2n"p" +n’p (2u+8)+n’p’ (8 +12)

+p (2q,u —2u —2q+12un* + 8n2) + p (8q,u —du—8q+8un’ + 2712)

+p (12qy —3Au—2u —12q+2n2,u)+p(8q,u —8¢)+2qu—2¢ =0
Since H(0)=2qu—-2q <0, H(]):(i%On2 +32¢ - 34, - 8)/1 +34n° —32¢ > 0 , according to Descartes' sign

rule, a single sign change represents that there is only one positive root. Since this root is near +1 it is
advantageous to introduce p=1+7 (page 138, Szebehely) which gives

H(1+n) =2 +n° (20’ + 220" )+ 5 (200" 1 + 10207

" (2q4 + 820" 1t = 201 — 2 + 2580 ) + 1’ (16qu +1760°u — 124 — 16g + 384#)

+n’ (48q,u +208n° 1 — 3A 1 — 26,41 — 48¢ + 336n2) +n (64qﬂ +128n - 64,1 — 2441 — 64g + 16On2)
+32qu +32n° p — 3Au—8u+ 32n —32¢ =0

p can be obtained by finding the roots of the above equation using Newton-Raphson method and the
abscissa of Lagrangian point L, is calculated from z=pu+ p.
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Table 1. Parameters of Sun and its planet systems

S.No Systems R(km) e n A,

1 Sun-Earth 149600000  0.01671022  3.0025E-06 2.43372E-12
2 Sun-Mars 227943824 0.09339410 3.22605E-07 5.21371E-13
3 Sun-Jupiter 778340821 0.04838624  0.000953356  2.1183E-10
4 Sun-Saturn 1426666422 0.05386179  0.000285635 6.65024E-11
5 Sun-Uranus 2870658186  0.04725744  4.36411E-05 7.18673E-13

Table 2. Shifts in the positions of L; with and without radiation

L
, — — — Shift
S.No With radiation ~Without radiation .
(in km)

(4=0.9999) (a=1)
1 -1.010037897 -1.010032997 -733.039
2 -1.005290777 -1.004762577 -120399.92
3 -1.068959344 -1.004762577 -109901.72
4 -1.046232964 -1.046064464 -240393.29
5 *-1.024685758 -1.024564958 -346775.50

It is inferred that with the inclusion of radiation pressure, L, moves away from the larger primary.

Table 3. Shifts in the positions of L, with and without radiation

L,

Shift
S.No With radiation ~Without radiation . !
(in km)
(q:0.9999) (q:1)
1 -0.990031597 -0.990027697 -583.439
2 -0.995675377 -0.995251877 -96534.20
3 -0.932476443 -932377943 -76666.57
4 -0.954886565 -0.954753964 -189175.9
5 -0.975850258 -0.975745058 -301993.2

It is inferred that with the inclusion of radiation pressure, L, moves away from the larger primary.

Table 4. Shifts in the positions of L, with and without radiation

Ly »
- — - — Shift
S.No  With radiation Without radiation .
(in km)
(q=0.9999) (q=1)
1 1.00001440 1.00000120 1974.719
2 1.00014184 1.00000012 323292.72
3 1.00075385 1.00039725 277556.33
4 1.00056893 1.00011903 641857.22
5 1.00031329 1.00001811 847300.31

It is inferred that with the inclusion of radiation pressure, L, moves away from the larger primary.
Due to larger distances between the primaries, it is seen that the difference between the locations of L,
L,, L, with and without radiation pressure is also large. The value of ¢ is kept same (0.9999) in all the
computations above. Eccentricity also plays a role in the shifts.

4  Stability of Triangular Points

We have Q =0, Q,] = 0. Therefore, the gradients of the potential are given by
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ey 3 3 9 =0,
n n T T
( ) (6)
1 L-u)q 3
nl+— _—3_%_ 2 =0
n T T 27’;

o4
1 nQ
Similarly, for r,
3A
R N7
n’ 7"; 2r;

When the primary is considered as a point mass,
_ . -2/3
r,=n

Considering the oblateness effect,

Using binomial expansion,

2 A
6 2 3 (7)
2

r:1+e—

: 6

Then the triangular points are obtained as,
_,le A
#7573 0 ®)
2 9 3

If the radiation and oblateness terms are eliminated € =A,=0 and eccentricity e=0, then the system

reduces to CR3BP and the location of the triangular equilibrium points are given as ¢ = %(Q,u - 1) and

V3

==,
7 2
Stability of Triangular Points

The variational equations of motion [10] are
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1

u" =20 = —(—uQ — Q) )
1+ecosf “ i )

W= ——— (-, -0 )

l+ecosf “ n
The characteristic equation is given as

4 2 2

A+ (4 -Q - QW)A + (QESQW —(ng) j =0 (10)

Eliminating the higher order terms and restricting terms to ¢% €, A4,, we get

/14+(1+62—25—3A2),12+277”( —p)=0 (11)

The stability theorem [7] states that if the condition g <e<1 is satisfied by e of the orbits of the

attracting masses, then the solution (11) is unstable. Hence the proof is provided by taking e =A4,=0,
putting it into Eq. (11), the roots are found out to be

+\/_1—e‘2 i( ((1+e2)2 —27;1(1—#)}

A==

Taking the inequality,

The eccentricity does not satisfy the above inequality. Hence, it does not hold when e <e<1 contain

real roots or complex roots. For both the cases there must definitely be negative real parts of roots. This
will yield that the Lagrangian solutions in Eq. (11) are stable.
By considering 4* =A in Eq. (11),
‘ 2Tu
AN +(1+e =26 =34 JA+—(1-u)=0
( 2 ) 4 ( H )

The critical mass can be obtained from the relation, which is found to be

1 69 2 4e 64,

U= + - - .
2 18 360 3J69 369

When e =4, =0 the above mass factor becomes that of the classical elliptic case as [1]

1 69 2

=——-—+ +... (13)

H,
R TIAN

The classical elliptical case has the critical mass parameter at x = 0.0385...
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Figure 4. Critical mass vs. Eccentricity
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In Fig.(4) six curves have been plotted taking eccentricity e (0 to 0.5), and by considering different
values of p(0 to 0.05). The blue curves indicate the classical ER3BP where the singularity is at
1,=0.0385... and this is one of two singularities drawn by [1]. As seen in Fig.(4), the singularity moves
towards the left, when the oblateness and radiation pressure of the primaries increase. Indeed, it affects
the stability of the triangular points. It is observed that when bodies are oblate and radiating, the
stability decreases.

5 Transition Curve

Using the analytical method of Bennet(1965), the following relation is determined

u u' 0 0 1 0
e o TR V0 T I (14
= = pij,e)=
u' v' wgg mm] 0 2
v v ¢QW ¢Qm] -2 0
1
where ¢ = ——
1+ ecosf
Writing it in matrix notation,
X' =pX (15)
Utilizing the Floquet's theory for the periodic coefficients, the form of the solution is
X, =y (16)

where y, is the periodic of period T. By discarding the subscript and differentiating the Eq. (16) with
respect to f and substituting it in Eq. (15), we get
v =(p-12)y (17)
Expanding y,4 and the matrix p into
y=1" +ye+yPe? 4 .
A=A +Ae+ e+ .. (18)
p(f,e) = p(U) + p(l)e + p(2)62 +...

where
p(m) = (—cosf)m cm =123
and
0 0 1 0 0 0O 0O
0 0 0 1 0 0 0O
p(o) C =
Q. Qm 0 2 Q. Qm] 0 0
Q Q -2 0 Q Q 0 0
ne nn ne nm

Substituting Eq. (18) into Eq. (16), we bring on
y by yPe? 4.

= {[(p” + p(l)e + p(z)e2 + ) - ](/10 +Ae+ e + )] (y(“) + y(l)e + y(Q)e2 +..0} 19)
The particular solution is given by
ai”‘“
+1 a("wk) -
y= 2, =012 (20)
k=-n a/3
A
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If the Zeroth-order solution is assumed to have a constant vector then the non-homogenous terms have
frequencies < n/ 27 for the n™-order equation.

Equating Eq. (19) according to the coefficient of e and its powers and substituting Eq. (20) in it, we get
() (00) _
R

(1/1[] - p(o) ) M) = g 00

([(/10 + Z) - p(o))a(lﬂ) = —%ca(o‘o) (21)

(]/10 —p ) 220 _ﬂla(w) + (%c 1A, J 20 _ %c (a(1,+1) N CL(1_71))

Since the solution for the elements of o) % 0 , we have from the first of Eqs. (21)
det 12, - ) =0
The characteristic equation is given as

Aa(i-Q, -0 )2 +(Q‘Q —(Qﬂ)QJ:O

e nn &l

For the classical CR3BP, the relation can be rewritten as
, , 27
A+ A +I,u(1—,u) =0

Taking the determinant of the coefficients on the left of the second of Eq. (21) be zero by the non-
homogenous terms on the right replacing any column of it, then

det (12, ="+ 24" = 0

As the determinant cannot be zero, we conclude that A = 0.

(1+1) (1-1)

From the third and fourth equations of (24), values of a and a can be calibrated and it is

substituted in the last Eq. (21) to yield
0)\ (20 1 . -1 . i 00 1 ’
(I/?,O—p())a( ):Zc”:]</10+z)_p0:| +|:[(/10_Z)_p0] }Ca( )+(§C_112jaou (22)

In the above equation, considering the real part of any one of the complex conjugate terms on the first
part of the equation on the left, we arrive with

(4-2)i =L 1 -5 T e o Bera ]

The solution of this system is given by
A=A+ 1262 (23)

When this relation is mathematically executed, A4, is of the form:

(Q* —4R-16) 47 + A Fy + A F, + AT,

1 =—
4(Q —4Q-4R) 2} + 32R

2

where
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A, =[(Q+4)Z(Q-4)—4QR}1§-R(Q+4)—4R2
A =84 R[22] - (Q+4)]

A :—15}2[@2 —4R—16]
N:/I[f[zLQZ+8Q+4—16R]—4R+(Q+1)
F :l/N[/l(f(Q+1)+(Q+1)+2R]

F==2, ) N[22 +(Q+3)]

B =-1/N[64 -(Q+1)]
Q=-(1-2,9,)
R=0Q.0 -0

The transition curve is generated by equating the values of periodic solutions to the expression of
characteristic exponents. In the range of interest 0 < g <1, the periodic solution produces

2

A=+

N | =

By making A" = 4, Eq. (23) becomes
_i = (4, +4¢) (25)

Eq. (25) generates the transition curve which separates the stable region from the unstable region as
shown in Fig. (7) and Fig. (8), where the spacecraft will be stable in the region inside the curve until
the singularity g =0.0385... while the area outside the curve is unstable. The transition curve as
shown in Fig. (6) deviates from the numerical results as the eccentricity increases and the radiation of
the larger primary affect the stability of the triangular points. The stability decreases when the
radiation pressure increases.
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Figure 5. Transition curve when €=A,=0

0.6
\
05 \\
\
\
\.
0.4 \
y\
p.d
@© 0.3 \\ /
A
02 N g
\\\ //
\ oz /
g, | = cas
N\ |
N // l

0
001 0015 0.02 0025 0.03 0035 004 0045 005
it

Figure 6. Transition curve when €=0.0004, A,=0.0002
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Figure 7. Transition curve when €=0.0006, A,=0.0004
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Figure 8. Transition curve when €=0.0008, A,=0.0006

6 Tadpole Orbits

The motion around the triangular libration points are characterized by stable oscillations known as
tadpole orbits. They constitute two kinds of orbits: a short-period epicyclical oscillation which is
associated with the orbital period of the second primary and a long-period librational motion around an
equilibrium point. In this paper, the study focuses on periodic solutions in the vicinity of these
triangular libration points, specifically tadpole orbits for Sun-Jupiter system. The perturbational effects
due to the radiation pressure of Sun and the oblateness of the Saturn are also studied. We obtain the
Tadpole orbits by solving the variational equations of motion with the help of the analytical method.
Periodic orbits around libration points

For the triangular points, the characteristic equation is given by

(3 ’) zullz%
1-e —€

Eigen values for the above equation are obtained as

S e R R
1 2

A+l 4-

,u(l—,u):O (26)

2 1-¢* 2 —e

The generic solution is given as
z (f) = a,cos (vlf) +a,sin(v, f) + a,cos(v,f) + a,sin(v,f)
y(f) = pcos(v,f) + p,sin (vlf) + ficos(v,f)+ B,sin(8,f)

Solving the system of variational equations to get the amplitudes «,a,,a,,a, and B,B,, B, B, ,

(28)

respectively. The initial conditions for the closer motion around L, are given by 1z, =y, =107,

z, =y, =107, Then
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2 4 2
B = (Qﬁn Bl 2)V1 + 0, — 20, B —— v + (Qf:n * 2955)‘/1 9.9,
' 400000v; +100000€2° ’ 400000v;" +10000092" v,
&n &n
: 4 2
ﬂ - _ (Qﬁn B 2)‘/22 + Q&Q&] B 2955 ,5 __ (2‘/? + (Qéll + QQéf)V? + Qﬁégrm)
’ 400000v; +100000€2° : 400000 +100000Q° v,
an [/
2 4 9
- _ (an + 2) it QWTIQf’I + ZQrm o = 2V1 + (QQrm B erz ) Yi T Qﬁ«fg«fﬂ
' 400000, +100000Q° ’ 400000v +100000Q2° v,
én &n
2 3
- (@, +2)vi+0 0 +0, L (20,-9,)-0.0,
’ 400000v; +100000€2’ ' 400000 +100000Q° v,
n én

The solution for the frequencies is given by

2

27u(1- u

Vm:—/l?:l(zx—LJi (4- 5 ]- ( : ) (29)
' 2 1-¢* 1-¢* L-e

The above frequencies are obtained using the power series. The motion is periodic with periods
t = 27r/ v, and t = 27r/v2 .The short non-dimensional period of oscillation is ¢,=6.32 and the long-

dimensional period of oscillation is ¢,=76.032. The orbital period of Jupiter is P=11.86 years. The
dimensional periods can be found as T\= P/v,=11.932 years and T,= P,/v,=143.54 years [10]. The
tadpole orbit is provided by the combination of long- and short- period motions around L, from Eq. (29)
for the Sun-Jupiter system for 30 revolutions. The two periods are also shown in Fig. (10). The loops are
essentially due to the eccentricity of Jupiter.

Bx‘\D'SI

y(adim)

25 2 -15 -1 05 0 05 1 15 2 25
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Figure 9. Tadpole orbit around L, for Sun-Jupiter system
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Figure 10. f € |:0, 4072':| with x-y axes for combined long and short period motion in the Sun-Jupiter system
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Figure 11. f € |:O7 407[] with x-axis for short and long period motions in the Sun-Jupiter system
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Figure 12. f € [O, 407[] with y-axes for short and long period motions in the Sun-Jupiter system

Motion around L,/L; in the case of radiating and oblate primaries
When the perturbations of the primaries are considered, the potential function is

1 1| (1-u)q uA,
925(82""72)4‘; —rl +§+§ (30>

Differentiating the above equation, we get
2

Q. :1+i2 _(1_f)q+3(1—ﬂ)({(8—ﬂ) _4_3#(8—{1+1)2 _3;,/}2 +15,UA2(5:,U+1)2
" g n r 21, 21) 2
Q :1+L[_(1—,u)q + 3(1_/?)(1772 A, 3;1372 _3,111512 . 15;1142772} 31)
A R N

&1 2
n

Q 21{3(1—;1)(6—#)(]+3y(8—ry+1)+15yA2(gjﬂ+1)J
n T 27

Frequencies corresponding to the characteristic equation with the above values are

Vie = -4 = %|:(4 a Q&f h Qrm ) + \/(4 h Q&fQ'm )2 h 4(Q§§QW B Qé‘zil ):| (32)

Considering Sun-Saturn system where p=0.000285635 and e=0.05386179, when €=A,=0, the periods
are $,=6.303 and t,=148.4565 from Eq. (29). The orbital period of Saturn is P=29.45 years. Hence the
dimensional periods are 7,=29.4519 years and T,=657.50 years. Tadpole orbit developed about the L,

AdAp Copyright © 2018 Isaac Scientific Publishing
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point in this system for 30 revolutions is shown in Fig. (14). With the effect of radiation pressure, the
non-dimensional periods are #=6.343 and #,=142.456 from Eq. (32). The dimensional periods can be
calculated as T,=29.387 years and 7,=634.66 years. The orbit with the influence of radiation for 60

revolutions is shown in Fig. (15).
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Figure 13. Motion around L, for Sun-Saturn system when €=A,=0.
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Figure 14. Motion around L, for Sun-Saturn system for 30 revolutions
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Figure 15. Motion around L, for Sun-Saturn system for 60 revolutions
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Figure 16. f € |:0, 607r:| with x-y axes for combined long and short periodic orbits in the case of Sun-Saturn

system with and without radiation.
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Figure 17. f € [O, 6072':' with x and y axes for long periodic orbits in the case of Sun-Saturn system with and

without radiation.
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Figure 18. f € |:O, 607[] with x-axes for short periodic orbit in the case of Sun-Saturn system with and without
radiation.
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Figure 19. f € [O, 6072'] with y-axes for short periodic orbits in the case of Sun-Saturn system with and without
radiation.

7 Results and Conclusion

The mean motion 'n’is derived by averaging the distance ‘r’ between the primaries over a revolution in
terms of the mean anomaly in the photogravitational elliptic restricted three-body problem when the
smaller primary is an oblate spheroid with its equatorial plane coincident with the plane of motion. The
value of n is different from the mean motion derived using the true anomaly for averaging the distance
‘r’ in the literature. The locations of L;, L,, L; and their stability are studied. Significant effect is found
on the locations of these points. The points L, L,, L; move away from the larger primary with the
inclusion of radiation pressure. The critical value of mass parameter p. is obtained. It decreases with
the increase in radiation pressure and oblateness. This critical value is used to determine the size of the
region of stability. The curves separate the stable region from the unstable region. The stability of the
triangular points decreases with the increase in radiation pressure and oblateness. The zone of stability
shrinks when the radiation pressure increases. The tadpole orbits for Sun-Jupiter system with
distinguished long- and short- periodic orbits for 30 revolutions are plotted. The periods of the short-
long periodic orbits show a change from the relative circular problem for the same model. While the
short-period does not show much deviation, it indicates significant influence of the Jupiter's eccentricity
in the librational motion of tadpole orbit. The epicyclic oscillation of the tadpole orbit still does not
deviate much because of the very low value of oblateness coefficient 'A,".
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