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Introduction

To determine the motion of the asteroid Hecuba [Popoff K.,1912] we derive the pertur-
bation function following [Smart W.,1953]. This paper is the continuation of our paper
”On the Movement of the Asteroid 108 Hecuba” [Borisov B., Shkodrov V.,2006]. There
we show the application that computes the main part of the perturbation function
in the restricted three-body problem up to the eighth order concerning the Laplace’s
coefficients [Smart W.,1953] and up to the fourth order concerning the eccentricities
and the inclination. Using the generalized binomial transform [Borisov B., Shkodrov
V., 2007] we express here the main part of the perturbation function, that includes all
terms concerning the Laplace’s coefficients. Other expression of perturbation function
is represented in [Leverrier U.,1855,1856], [Tisserand F.,1889].

1 Symbols

R – the main part of the perturbation function in the restricted three-body problem
up to fourth order concerning the eccentricities and the inclination.
R1 is a determined by the following relation:

R =
γm1

a1

R1 (1)

where γ is the gravitational constant, m1 and a1 are the mass and the semi-major axis
of Jupiter.
e – the eccentricity of Hecuba.
e1 – the eccentricity of Jupiter.
j is a quantity that depends on the inclination i between two orbits by the relation:

j = 2 sin i/2 (2)
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M – the mean anomaly of Hecuba.
M1 – the mean anomaly of Jupiter.
ϕ – the difference between the mean longitudes of Hecuba and Jupiter.
ω – the argument of pericenter of Hecuba.
ak

n (d0, d1, d2, ..., dr) is determined by the following relation:

ak
n (d0, d1, d2, ..., dr) = bn (d0, d1, d2, ..., dr) αk

dkB
1/2

|n|

dαk
, n = 0,±1,±2,±3, ...

k = 0, 1, 2, 3, 4 (3)

where B
1/2

n (α) is the Laplace’s coefficients [Smart W.,1953] of the ratio of the Hecuba’s
and the Jupiter’s semi-major axes α and bn (d0, d1, d2, ..., dr) is the nth term in the gen-
eralized binomial transform [Borisov B., Shkodrov V., 2007] of r-tuple d0, d1, d2, ..., dr

[Weisstein E.,1995]:
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n

(

1
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,

1

12

)

+ a4

n

(

1

96

)]

cos (3M + M1 + nϕ) +

+ e3e1

[

a0

n

(
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24
,
41

4
, 4

)

− a1

n

(

3

16
,
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48
, 2, 1

)

+ a2

n

(

3

32
,

1

32

)

+

+ a3

n

(

1

48
,

1

24
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− a4

n

(

1

96

)]

cos (3M − M1 + nϕ) −

− e2j2

[

a0

n

(

0,
21

32
,
45

16
,
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32
,
3

2

)

− a1

n

(

3

8
,

9

32
,−

7

16
,−

3

8

)

− a2

n

(

9

16
,
29

64
,

3

32

)

−

− a3
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(

3

16
,

1

16

)

− a4

n

(

1

64

)]

cos (2ω + nϕ) +

+ ej2

[

a0

n

(

0,
3

4
,
3

2
,
3

4

)
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n

(

5

8
,
1

8
,−

1

8

)

− a2

n

(

1

2
,
1

8

)

−

− a3

n

(

1

16

)]

cos (M + 2ω + nϕ) −
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{

a0

n

(

0,
1

4
,
1

4

)

− a1

n

(

1

4

)

− a2

n

(

1

8

)

− e2

[

a0

n

(

0,
9

4
,
15

2
,
33

4
, 3

)

−

− a1

n

(

7

8
,
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8
,
5

8

)

− a2

n

(

1

16
,
11

16
,

5

16

)

+ a3

n

(

1

4

)

+ a4

n

(

1

32

)]

−

− e2

1

[

a0

n

(

0,
1

4
,
5

2
,
21

4
, 3

)

− a1

n

(

−
1

8
,
3

8
,
5

8

)

− a2

n

(

−
7

16
,

3
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,

5
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)

+ a3

n

(

1

4

)

+

+ a4

n

(

1
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)]
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[
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n

(

0,
1

8
,

7

16
,

9

16
,
1

4

)

− a1

n

(

1

48
,

5
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,

1

12

)

−
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n

(

−
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96
,

5

96
,

1

24

)

+ a3

n

(

1

12

)

+ a4

n

(

1

96

)]}

cos (2M + 2ω + nϕ) −

− ej2

[

a0

n

(

0,
3

4
,
3

2
,
3

4

)

− a1

n

(

3

8
,
3

8
,
1

8

)

− a2

n

(

0,
1

8

)

+

+ a3

n

(

1

16

)]

cos (3M + 2ω + nϕ) −

− e2j2

[
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n

(

0,
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,
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,
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,
3

2

)

− a1

n

(

1

2
,
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,
17

16
,
3

8

)

− a2

n

(

−
1

8
,

7
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,

3

32

)

+

+ a3

n

(

1

16
,

1

16

)

− a4

n

(

1

64

)]

cos (4M + 2ω + nϕ) −
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− ee1j

2

[
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3

8
,
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4
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8
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7
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(

0,
9
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,
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1
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(

1
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+ e1j
2

[
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n

(

0,
1

8
,
7

8
,
3

4

)
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n

(

−
1

4
,
3

8
,
1

8

)
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n

(

5
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,−

1
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)
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(

1

6

)]
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2
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(
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(

5
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1
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−
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(

1
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1
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1
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5
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,

9
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3

8

)
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n

(
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23
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,

3
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)
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n

(

3
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,−

1
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)
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(

1
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(

1
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)]
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2

[
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3
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,
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)
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n

(

−
3
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3
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,
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3

4

)
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(
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,
1
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3

16

)

+
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(

−
1

8
,
1

8

)
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n

(

1
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)]

cos (3M + M1 + 2ω + nϕ) −
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2

[
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n

(
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9

8
,
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4
,
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)
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n

(

3

8
,
3

4
,
3

8

)
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(

3
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,
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)
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(

1

8
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+
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(

1
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cos (3M − M1 + 2ω + nϕ) +
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[
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n

(

0,
1
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,

3
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,

3
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,

1
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)
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n

(

1
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,

1

24
,

1
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)

−
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n
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1
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1
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)

+ a3

n

(

1
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+ a4
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(

1
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)]

cos (4M + 4ω + nϕ) (5)

Conclusion

This result is the generalization concerning the difference between the mean longitudes.
The generalization concerning the mean anomalies can be derived if the series contain
more terms. Also it is interesting to obtain the relations between the r-tuples in the
result.
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