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·



                     𝑚2

𝑑2𝑟

𝑑𝑡2
= 𝑚2𝑟 (

𝑑𝜃

𝑑𝑡
)

2

−
𝐺𝑚1𝑚2

𝑟
                                     (1.2)          

θ: 
 

−𝑚2𝑟2
𝑑2𝜃

𝑑𝑡2
= 0                                                       (1.3)

θ

θ  

𝑟(𝜃) =
𝑎(1 − 𝑒2)

1 + 𝑒𝑐𝑜𝑠(𝜃 − 𝜔)
                                                (1.4) 

𝑎3𝑛2 = 𝐺(𝑚1 + 𝑚2)                                                 (1.5)                 



 𝑛 =
2𝜋

𝑃
                                                                (1.6)  





 



 

 



𝑇 =
1

2
𝑚2𝑣⃑2 =  

1

2
𝑚2 [(

𝑑𝑥

𝑑𝑡
)

2

+ (
𝑑𝑦

𝑑𝑡
)

2

]

𝑟 = (𝑥, 𝑦)
𝑥 = 𝑟 cos θ
𝑦 = 𝑟 sin θ

(
𝑑𝑥

𝑑𝑡
)

2

+ (
𝑑𝑦

𝑑𝑡
)

2

= 𝑟2θ̇2 + 𝑟̇2

𝑇 =
1

2
𝑚2(𝑟2θ̇2 + 𝑟̇2)

𝑉 = −
𝐺𝑚1𝑚2

𝑟

𝐿 = 𝑇 − 𝑉 =
1

2
𝑚2(𝑟2θ̇2 + 𝑟̇2) +

𝐺𝑚1𝑚2

𝑟



θ

𝜕𝐿

𝜕𝑞𝑖
−

𝑑

𝑑𝑡
(

𝜕𝐿

𝜕𝑞𝑖̇
) = 0

𝑞1 = 𝑟
𝑞2 = θ

𝑚2𝑟̈ = 𝑚2𝑟θ̇2 −
𝐺𝑚1𝑚2

𝑟2
                                                  (2.1)

θ: 
 

−𝑚2𝑟2θ̈ = 0

𝑚2𝑟2θ̇ = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡𝑒 = 𝐿

𝐿

𝑚2
= 𝑟2θ̇ = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡𝑒                                                    (2.2)

𝑑𝐴

𝑑𝑡
=

1

2
𝑟2

𝑑θ

𝑑𝑡
=

1

2
𝑟2θ̇ =

1

2

𝐿

𝑚2



𝐴 =
1

2

𝐿

𝑚2
𝑡

𝑟̈ = 𝑟θ̇2 −
𝐺𝑚1

𝑟2

𝑟̈ = 𝑟 (
𝐿2

𝑚2
2𝑟4

) −
𝐺𝑚1

𝑟2

𝑟̈ =
𝐿2

𝑚2
2𝑟3

−
𝐺𝑚1

𝑟2

𝑢 =
1

𝑟
                                                                    (2.3)

𝑑2𝑢

𝑑θ2
= −𝑢 +

𝐺𝑚1𝑚2

𝐿2

𝑢′ =
𝑢 − 𝐺𝑚1𝑚2

2

𝐿2

𝑑𝑢′

𝑑θ
= −𝑢′



𝑢′ = 𝐴 cos(θ − ϖ)

ϖ

𝑢 −
𝐺𝑚1𝑚2

2

𝐿2
= 𝐴 cos(θ − ϖ)

𝑟 =
(

𝐿2

𝐺𝑚1𝑚2
2)

1 +
𝐴𝐿2

𝐺𝑚1𝑚2
2 cos(θ − ϖ)

𝑝 = (
𝐿2

𝐺𝑚1𝑚2
2

)

𝑒 =
𝐴𝐿2

𝐺𝑚1𝑚2
2

𝑟(θ) =
𝑝

1 + 𝑒 cos(θ − ϖ)

 𝑒 = 0 𝑝 = 𝑎

 0 < 𝑒 < 1 𝑝 = 𝑎(1 − 𝑒2)

 𝑒 = 1 𝑝 = 2𝑞



 𝑒 > 1 𝑝 = 𝑎(𝑒2 − 1)

𝑟(θ) =
𝑎(1 − 𝑒2)

1 + 𝑒 cos(θ − ϖ)

𝑟(θ) =
𝑝

1 + 𝑒 cos(θ − ϖ)

𝑟
𝑑θ

𝑑𝑡
=

𝐿

𝑚2𝑟
=

𝐺𝑚1𝑚2

𝐿
(1 + 𝑒 cos(θ − ϖ))



|𝑣⃑|2 = (
𝑑𝑟

𝑑𝑡
)

2

+ (𝑟
𝑑θ

𝑑𝑡
)

2

|𝑣⃑|2 = 𝐺𝑚1 (
2

𝑟
−

1

𝑎
)

𝐸 = 𝑇 + 𝑉 =
1

2
𝑚𝑣2 + 𝑉

𝐸 =
1

2
𝑚2 [𝐺𝑚1 (

2

𝑟
−

1

𝑎
)] −

𝐺𝑚1𝑚2

𝑟

𝐸 = −
𝐺𝑚1𝑚2

2𝑎
= 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡𝑒

𝑑𝑢

𝑑θ
= √

2𝑚2

𝐿2
(𝐸 + 𝐺𝑚1𝑚2𝑢) − 𝑢2

𝐿 = √𝑎𝐺𝑚1𝑚2
2(1 − 𝑒2)



𝑎3𝑛2 = 𝐺𝑚1







∆𝐹

𝐹
=

𝑅𝑝
2

𝑅∗
2



𝑏 =
a cos (𝑖)

𝑅∗

𝑇𝑑𝑢𝑟 =
𝑃

𝜋
sin−1(

√(𝑅∗ + 𝑅𝑝)2 − (𝑏𝑅∗)2

𝑎
)
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𝑛𝑀

𝑛𝑇𝑒
= 2.003139

𝑛𝐸

𝑛𝐷
= 1.997431

𝑛𝑇𝑖

𝑛𝐻
= 1.334342



⊕



𝑃𝑐

𝑃𝑏
= 1.3336

𝑃𝑑

𝑃𝑐
= 1.5015

𝑃𝑒

𝑃𝑑
= 1.3339
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https://www.newscientist.com/article/dn20160-two-planets-found-sharing-one-orbit/
https://www.newscientist.com/article/dn20160-two-planets-found-sharing-one-orbit/
https://www.britannica.com/science/chaos-theory
https://www.britannica.com/science/chaos-theory
https://fractalfoundation.org/resources/what-is-chaos-theory/
https://fractalfoundation.org/resources/what-is-chaos-theory/
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