
List of Figures

1.1 Location of Lagrangian points in RTBP. . . . . . . . . . . . . . . . . 18

2.1 PSS of island and periodic orbit at the centre of the island for q = 1
and C = 3.018. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

2.2 PSS for q = 0.9 and C = 1. . . . . . . . . . . . . . . . . . . . . . . . . 29

2.3 PSS for q = 0.9 and C = 1.7. . . . . . . . . . . . . . . . . . . . . . . . 29

2.4 Orbit at x = 0.80320 for q = 0.9 and C = 1.7. . . . . . . . . . . . . . 29

2.5 Orbit at x = 0.12690 for q = 0.9 and C = 1.7. . . . . . . . . . . . . . 30

2.6 PSS and orbit lying on the centre of the island at x = 0.11680 for
q = 0.9 and C = 1.8. . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

2.7 PSS, magnified form of one of the islands near x = 0.32 and periodic
orbit lying at x = 0.32490 for q = 0.9 and C = 2.79. . . . . . . . . . 32

2.8 PSS, magnified form of one of the islands near x = 0.33 and periodic
orbit lying at x = 0.33286 for q = 0.9 and C = 2.8. . . . . . . . . . . 33

2.9 Location of Sun centered periodic orbit Vs Jacobi constant C for
q = 0.9. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

2.10 Semi–major axis of Sun centered periodic orbit Vs Jacobi constant C
for q = 0.9. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

2.11 Eccentricity of Sun centered periodic orbit Vs Jacobi constant C for
q = 0.9. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

2.12 PSS, magnified form of one of the islands near x = 0.35 and periodic
orbit lying at x = 0.352983 for C = 2.985 and q = 0.9845. . . . . . . . 36

iv



2.13 PSS, magnified form of one of the islands near x = 0.34 and periodic
orbit lying at x = 0.34490 for C = 2.975 and q = 0.9845. . . . . . . . 37

2.14 PSS, magnified form of one of the islands near x = 0.33 and periodic
orbit lying at x = 0.33060 for C = 2.985 and q = 1. . . . . . . . . . . 38

2.15 PSS, magnified form of one of the islands near x = 0.32 and periodic
orbit lying at x = 0.32335 for C = 2.975 and q = 1. . . . . . . . . . . 39

2.16 Variation in location of Sun centered periodic orbit for q = 0.9845
and q = 1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

2.17 Variation in semi–major axis of Sun centered periodic orbit for q =
0.9845 and q = 1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

2.18 Variation in eccentricity of Sun centered periodic orbit for q = 0.9845
and q = 1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

2.19 PSS of island for C = 2.80 and q = 0.9. . . . . . . . . . . . . . . . . . 41

2.20 PSS of island for C = 2.80 and q = 0.9345. . . . . . . . . . . . . . . . 42

2.21 PSS of island for C = 2.80 and q = 0.9645. . . . . . . . . . . . . . . . 42

2.22 PSS of island for C = 2.80 and q = 1. . . . . . . . . . . . . . . . . . . 42

2.23 PSS of island for C = 2.79 and q = 0.9. . . . . . . . . . . . . . . . . . 43

2.24 PSS of island for C = 2.79 and q = 0.9345. . . . . . . . . . . . . . . . 43

2.25 PSS of island for C = 2.79 and q = 0.9645. . . . . . . . . . . . . . . . 44

2.26 PSS of island for C = 2.79 and q = 1. . . . . . . . . . . . . . . . . . . 44

2.27 PSS of island for C = 2.78 and q = 0.9. . . . . . . . . . . . . . . . . . 44

2.28 PSS of island for C = 2.78 and q = 0.9345 . . . . . . . . . . . . . . . 45

2.29 PSS of island for C = 2.78 and q = 0.9645. . . . . . . . . . . . . . . . 45

2.30 PSS of island for C = 2.78 and q = 1. . . . . . . . . . . . . . . . . . . 46

2.31 Variation in location and diameter of Saturn centered periodic orbit
for q = 1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

2.32 Variation in location and diameter of Saturn centered periodic orbit
for q = 0.9845. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47



2.33 Variation in location and diameter of Saturn centered periodic orbit
for q = 0.9645. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

2.34 Variation in location and diameter of Saturn centered periodic orbit
for q = 0.9345. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48

2.35 Variation in location and diameter of Saturn centered periodic orbit
for q = 0.9. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48

2.36 Variation in location of periodic orbit for variation in q. . . . . . . . 49

2.37 Variation in semi–major axis of Saturn centered periodic orbit for q = 1. 49

2.38 Variation in semi–major axis of Saturn centered periodic orbit for
q = 0.9845. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

2.39 Variation in semi–major axis of Saturn centered periodic orbit for
q = 0.9645. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

2.40 Variation in semi–major axis of Saturn centered periodic orbit for
q = 0.9345. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

2.41 Variation in semi–major axis of Saturn centered periodic orbit for
q = 0.9. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

2.42 Variation in eccentricity of Saturn centered periodic orbit for q = 1. . 52

2.43 Variation in eccentricity of Saturn centered periodic orbit for q = 0.9845. 53

2.44 Variation in eccentricity of Saturn centered periodic orbit for q = 0.9645. 53

2.45 Variation in eccentricity of Saturn centered periodic orbit for q = 0.9345. 54

2.46 Variation in eccentricity of Saturn centered periodic orbit for q = 0.9. 54

3.1 Excluded region for different solar radiation pressure q. . . . . . . . 61

3.2 PSS for C = 3.018, q = 1. . . . . . . . . . . . . . . . . . . . . . . . . 61

3.3 PSS for C = 3.018, q = 1, periodic orbit located at center of the
island at x = 0.987101. . . . . . . . . . . . . . . . . . . . . . . . . . . 62

3.4 Location and diameter of f family periodic orbits. . . . . . . . . . . 67

3.5 Semi–major axis of f family periodic orbits. . . . . . . . . . . . . . . 67

3.6 Eccentricity of f family periodic orbits. . . . . . . . . . . . . . . . . . 68



3.7 Stability of f family periodic orbits for q = 1. . . . . . . . . . . . . . 69

3.8 Stability of f family periodic orbits for q = 0.9845. . . . . . . . . . . 69

3.9 Stability of f family periodic orbits for q = 0.9645. . . . . . . . . . . 70

3.10 Stability of f family periodic orbits for q = 0.9345. . . . . . . . . . . 70

3.11 PSS of island for C = 2.991 and q = 1. . . . . . . . . . . . . . . . . . 71

3.12 First separatrix for C = 2.9928 and q = 1. . . . . . . . . . . . . . . . 71

3.13 PSS of island for C = 2.995 and q = 1. . . . . . . . . . . . . . . . . . 72

3.14 Second separatrix for C = 2.999 and q = 1. . . . . . . . . . . . . . . . 72

3.15 PSS of island for C = 3.0 and q = 1. . . . . . . . . . . . . . . . . . . 72

3.16 PSS of island for C = 2.855 and q = 0.9345. . . . . . . . . . . . . . . 73

3.17 First separatrix for C = 2.86 and q = 0.9345. . . . . . . . . . . . . . 73

3.18 PSS of island for C = 2.865 and q = 0.9345. . . . . . . . . . . . . . . 73

3.19 Second separatrix for C = 2.867 and q = 0.9345. . . . . . . . . . . . 74

3.20 PSS of island for C = 2.869 and q = 0.9345. . . . . . . . . . . . . . . 74

3.21 Location of separatrices for Sun–Saturn system as a function of q. . . 75

3.22 Value of C corresponding to the separatrices in Sun–Saturn system
as a function of q. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76

3.23 Difference between the values of C corresponding to the separatrices
as a function of q. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76

3.24 Distance between the location of two separatrices in Sun–Saturn sys-
tem as a function of q. . . . . . . . . . . . . . . . . . . . . . . . . . . 77

3.25 Location of periodic orbit at first separatrix, semi major axis and
eccentricity of PO. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79

3.26 Location of periodic orbit at second separatrix, semi major axis and
eccentricity of PO. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79

4.1 PSS for A2 = 0.0005 and C = 2.93, for x = [0.8, 1] for Sun–Mars
system. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86



4.2 PSS for A2 = 0.0005 and C = 2.93, for x = [0.8, 1] for Sun–Earth
system. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86

4.3 Periodic orbits around both primaries for Sun–Mars and Sun–Earth
systems when C = 2.93 and A2 = 0.0005. . . . . . . . . . . . . . . . . 87

4.4 Variation in location of single–loop periodic orbit around Sun–Mars
system due to oblateness. . . . . . . . . . . . . . . . . . . . . . . . . 88

4.5 Variation in location of single–loop periodic orbit around Sun–Earth
system due to oblateness. . . . . . . . . . . . . . . . . . . . . . . . . 89

4.6 Variation in location of five–loops periodic orbit around Sun–Mars
system due to oblateness. . . . . . . . . . . . . . . . . . . . . . . . . . 89

4.7 Variation in location of five–loops periodic orbit around Sun–Earth
system due to oblateness. . . . . . . . . . . . . . . . . . . . . . . . . . 90

4.8 Variation in location of periodic orbit of secondary body around Sun
and Mars for C = 2.93 due to number of loops for different A2. . . . . 90

4.9 Variation in location of periodic orbit of secondary body around Sun–
Earth system for C = 2.93 due to number of loops for different A2.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91

4.10 Stability analysis for three–loops orbit for Sun–Earth system when
A2 = 0.0001. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91

4.11 Amplitude for three–loops orbit for Sun–Earth system when A2 =
0.0001. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92

4.12 Enlarge view of PSS for C = 2.94 when A2 = 0.0001. . . . . . . . . . 93

4.13 Enlarge view of PSS of first separatrix for three–loops orbit for C =
2.95 when A2 = 0.0001. . . . . . . . . . . . . . . . . . . . . . . . . . 93

4.14 Orbit at first separatrix corresponding to C = 2.95, A2 = 0.0001 and
x = 0.894. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94

4.15 Enlarge view of PSS for C = 2.955 when A2 = 0.0001. . . . . . . . . 94

4.16 Enlarge view of PSS of second separatrix for three–loops orbit for
C = 2.96, A2 = 0.0001. . . . . . . . . . . . . . . . . . . . . . . . . . 95

4.17 Orbit at second separatrix corresponding to C = 2.96, A2 = 0.0001,
and x = 0.915. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95



5.1 PSS for q = 0.9845 and C = 2.94, for x = [0.8, 1] for Sun–Mars
system. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115

5.2 PSS for q = 0.9845 and C = 2.94, for x = [0.8, 1] for Sun–Earth
system. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115

5.3 Periodic orbits around both primaries for Sun–Mars system when
C = 2.94. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117

5.4 Periodic orbits around both primaries for Sun–Earth system when
C = 2.94. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 118

5.5 Variation in location of single–loop periodic orbit around Sun–Mars
system due to solar radiation pressure. . . . . . . . . . . . . . . . . . 120

5.6 Variation in location of single–loop periodic orbit around Sun–Earth
system due to solar radiation pressure. . . . . . . . . . . . . . . . . . 120

5.7 Variation in location of five–loops periodic orbit around Sun–Mars
system due to solar radiation pressure. . . . . . . . . . . . . . . . . . 121

5.8 Variation in location of five–loops periodic orbit around Sun–Earth
system due to solar radiation pressure. . . . . . . . . . . . . . . . . . 121

5.9 Variation in location of periodic orbit of secondary body around Sun
and Mars for C = 2.93 due to number of loops for different q. . . . . 122

5.10 Variation in location of periodic orbit of secondary body around Sun
and Earth for C = 2.93 due to number of loops for different q. . . . . 122

5.11 Variation in semi–major axis of single–loop periodic orbit around
Sun–Mars system due to solar radiation pressure. . . . . . . . . . . . 123

5.12 Variation in semi–major axis of single–loop periodic orbit around
Sun–Earth system due to solar radiation pressure. . . . . . . . . . . 124

5.13 Variation in semi–major axis of five–loops periodic orbit around Sun–
Mars system due to solar radiation pressure. . . . . . . . . . . . . . . 124

5.14 Variation in semi–major axis of five–loops periodic orbit around Sun–
Earth system due to solar radiation pressure. . . . . . . . . . . . . . 125

5.15 Variation in semi–major axis of periodic orbit of secondary body
around Sun and Mars for C = 2.93 due to number of loops for differ-
ent q. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125



5.16 Variation in semi–major axis of periodic orbit of secondary body
around Sun and Earth for C = 2.93 due to number of loops for
different q. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126

5.17 Variation in eccentricity of single–loop periodic orbit around Sun–
Mars system due to solar radiation pressure. . . . . . . . . . . . . . 126

5.18 Variation in eccentricity of single–loop periodic orbit around Sun–
Earth system due to solar radiation pressure. . . . . . . . . . . . . . 127

5.19 Variation in eccentricity of five–loops periodic orbit around Sun–Mars
system due to solar radiation pressure. . . . . . . . . . . . . . . . . . 127

5.20 Variation in eccentricity of five–loops periodic orbit around Sun–
Earth system due to solar radiation pressure. . . . . . . . . . . . . . 128

5.21 Variation in eccentricity of periodic orbit of secondary body around
Sun and Mars for C = 2.93 due to number of loops for different q. . 128

5.22 Variation in eccentricity of periodic orbit of secondary body around
Sun and Earth for C = 2.93 due to number of loops for different q. . 129

5.23 Stability analysis for two–loops orbit for Sun–Earth system when q =
0.9845. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 130

5.24 Amplitude for two–loops orbit for Sun–Earth system when q = 0.9845.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131

5.25 Enlarge view of PSS for C = 2.92 when q = 0.9845. . . . . . . . . . . 131

5.26 Enlarge view of PSS of first separatrix for two–loops orbit for C =
2.93 when q = 0.9845. . . . . . . . . . . . . . . . . . . . . . . . . . . 132

5.27 Orbit at first separatrix corresponding to C = 2.93, q = 0.9845 and
x = 0.938. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 132

5.28 Enlarge view of PSS for C = 2.94 when q = 0.9845. . . . . . . . . . . 133

5.29 Enlarge view of PSS of second separatrix for two–loops orbit for C =
2.95, q = 0.9845. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133

5.30 Orbit at second separatrix corresponding to C = 2.95, q = 0.9845,
and x = 0.98. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133

6.1 Exterior first order resonant single–loop orbit and PSS for C = 2.93
for Sun–Earth system. . . . . . . . . . . . . . . . . . . . . . . . . . . 149



6.2 Exterior first order resonant two–loops orbit and PSS for C = 2.93
for Sun–Earth system. . . . . . . . . . . . . . . . . . . . . . . . . . . 150

6.3 Interior first order resonant two–loops orbit and PSS for C = 2.93 for
Sun–Earth system . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 152

6.4 Variation in three–loops interior first order resonant orbit when q =
0.9845 and A2 = 0.0001 in the Sun–Earth system. . . . . . . . . . . . 154

6.5 Variation in PSS of three–loops orbit due to interior first order reso-
nance when q = 0.9845, A2 = 0.0001 in the Sun–Earth system. . . . . 155

6.6 Variation in location of the first order interior and exterior resonant
periodic orbit for C = 2.93 in perturbed case (q = 0.9845, A2 =
0.0001) and ideal case (q = 1, A2 = 0) for the Sun–Earth system. . . . 157

6.7 Variation in eccentricity of the first order interior and exterior res-
onant periodic orbit for C = 2.93 in perturbed case (q = 0.9845,
A2 = 0.0001) and ideal case (q = 1, A2 = 0) for the Sun–Earth system 158

6.8 Variation in location and eccentricity of first order interior three–loops
orbit when q = 0.9845 and A2 = 0.0001 for Sun–Earth system. . . . . 158

6.9 Variation in location of the first order interior and exterior resonant
periodic orbit for C = 2.93 in perturbed case (q = 0.9845, A2 =
0.0001) and ideal case(q = 1, A2 = 0) in the Sun–Mars system. . . . . 159

6.10 Variation in eccentricity of the first order interior and exterior res-
onant periodic orbit for C = 2.93 in perturbed case (q = 0.9845,
A2 = 0.0001) and ideal case (q = 1, A2 = 0) for the Sun–Mars system. 159

6.11 Variation in location and eccentricity of interior first order three–loops
orbit for q = 0.9845, A2 = 0.0001 and C = 2.93 for the Sun–Mars
system. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 160

6.12 Variation in interior third order resonant seven–loops orbit for q =
0.9845, A2 = 0.0001 and C = 2.93 for Sun – Earth system. . . . . . . 161

6.13 PSS of interior third order resonant seven–loops orbit of Family–I for
q = 0.9845, A2 = 0.0001 and C = 2.93 for Sun–Earth system . . . . . 161

6.14 Family–I interior third order resonant orbits for q = 0.9845, A2 =
0.0001 and C = 2.93 for Sun–Earth system. . . . . . . . . . . . . . . 163

6.15 PSS of interior third order resonant seven loops orbits from Family–II
for q = 0.9845, A2 = 0.0001 and C = 2.93 for Sun–Earth system. . . . 164



6.16 Family–II interior third order resonant orbits for q = 0.9845, A2 =
0.0001 and C = 2.93 for Sun–Earth system . . . . . . . . . . . . . . . 164

6.17 PSS of interior fifth order resonant eleven– loops orbits from Family–
II for q = 0.9845, A2 = 0.0001 and C = 2.93 in the Sun–Earth system.166

6.18 Family-I interior fifth order resonant orbits for q = 0.9845, A2 =
0.0001 and C = 2.93 for Sun–Earth system. . . . . . . . . . . . . . . 167

6.19 Family–II interior fifth order resonant orbits for q = 0.9845, A2 =
0.0001 and C = 2.93 for Sun–Earth system. . . . . . . . . . . . . . . 168

6.20 Variation in location of the interior third and interior fifth order res-
onant periodic orbits for q = 0.9845, A2 = 0.0001 and C = 2.93 for
Sun–Earth system. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 169

6.21 Variation in eccentricity of the interior third and interior fifth order
resonant periodic orbits for q = 0.9845, A2 = 0.0001 and C = 2.93
for Sun–Earth system. . . . . . . . . . . . . . . . . . . . . . . . . . . 169

6.22 Variation in period of the interior third and interior fifth order res-
onant periodic orbits for q = 0.9845, A2 = 0.0001 and C = 2.93 for
Sun–Earth system. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 170

6.23 Variation in location of the interior third and interior fifth order res-
onant periodic orbits for q = 0.9845, A2 = 0.0001 and C = 2.93 for
Sun–Mars system. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 170

6.24 Variation in eccentricity of the interior third and interior fifth order
resonant periodic orbits for q = 0.9845, A2 = 0.0001 and C = 2.93
for Sun–Mars system. . . . . . . . . . . . . . . . . . . . . . . . . . . . 170

6.25 Variation in period of the interior third and interior fifth order res-
onant periodic orbits for q = 0.9845, A2 = 0.0001 and C = 2.93
Sun–Mars system. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 171

7.1 PSS of interior seventh order resonant fifteen–loops orbit when q =
0.9845, A2 = 0.0001 and C = 2.93 for Sun–Earth system. . . . . . . . 180

7.2 Interior seventh order resonant orbits when q = 0.9845, A2 = 0.0001
and C = 2.93 for Sun–Earth system. . . . . . . . . . . . . . . . . . . 181

7.3 PSS of interior ninth order resonant twenty two–loops orbits when
q = 0.9845, A2 = 0.0001 and C = 2.93 for Sun–Earth system. . . . . . 183



7.4 Interior ninth order resonant orbits when q = 0.9845, A2 = 0.0001
and C = 2.93 for Sun–Earth system. . . . . . . . . . . . . . . . . . . 183

7.5 PSS of interior eleventh order resonant twenty three–loops orbits
when q = 0.9845, A2 = 0.0001 and C = 2.93 for Sun–Earth system. . 185

7.6 Interior eleventh order resonant orbits when q = 0.9845, A2 = 0.0001
and C = 2.93 for Sun-Earth system. . . . . . . . . . . . . . . . . . . 186

7.7 Variation in location of the interior seventh, interior ninth and interior
eleventh order resonant periodic orbits when q = 0.9845, A2 = 0.0001
and C = 2.93 for Sun–Earth system. . . . . . . . . . . . . . . . . . . 187

7.8 Variation in eccentricity of the interior seventh, interior ninth and
interior eleventh order resonant periodic orbits when q = 0.9845,
A2 = 0.0001 and C = 2.93 for Sun–Earth system. . . . . . . . . . . . 187

7.9 Variation in period of the interior seventh, interior ninth and interior
eleventh order resonant periodic orbits when q = 0.9845, A2 = 0.0001
and C = 2.93 for Sun–Earth system. . . . . . . . . . . . . . . . . . . 188

7.10 Variation in location of the interior seventh, interior ninth and interior
eleventh order resonant periodic orbits when q = 0.9845, A2 = 0.0001
and C = 2.93 for Sun–Mars system. . . . . . . . . . . . . . . . . . . . 188

7.11 Variation in eccentricity of the interior seventh, interior ninth and
interior eleventh order resonant periodic orbits when q = 0.9845,
A2 = 0.0001 and C = 2.93 for Sun–Mars system. . . . . . . . . . . . . 188

7.12 Variation in period of the interior seventh, interior ninth and interior
eleventh order resonant periodic orbits when q = 0.9845, A2 = 0.0001
and C = 2.93 for Sun–Mars system. . . . . . . . . . . . . . . . . . . . 189




