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𝑑𝐴

𝑑𝑡
=

𝐿

2𝑚

𝑎3

𝑇2
=
𝐺𝑀

4𝜋2



𝐸 = 𝐸𝑘1 + 𝑈1 = 𝐸𝑘2 + 𝑈2

𝐸𝑘 =
1

2
𝑚𝑣2, 𝑈 = −

𝐺𝑀𝑚

𝑟

𝑳 = 𝒓𝟏 × 𝒑𝟏 = 𝒓𝟐 × 𝒑𝟐



𝐸 =
1

2
𝑚 ሶ𝑟2 + 𝑟2 ሶ𝜃2 −

𝐺𝑀𝑚

𝑟
, 𝐿 = 𝑚𝑟2 ሶ𝜃

𝜌 = 1/𝑟 ሶ𝜃 = 𝐿𝜌2/𝑚

𝜃 = න ሶ𝜃𝑑𝑡 = න
𝐿𝜌2

𝑚

𝑑𝑡

𝑑𝜌
𝑑𝜌 = −න

𝐿

𝑚 ሶ𝑟
𝑑𝜌 , ሶ𝑟 = −

1

𝜌2
𝑑𝜌

𝑑𝑡

ሶ𝑟 =
2𝐸

𝑚
+ 2𝐺𝑀𝜌 −

𝐿2

𝑚2
𝜌2 =

𝐿

𝑚

𝑒2

𝑟0
2 − 𝜌 −

1

𝑟0

2
1
2

, 𝑟0 =
𝐿2

𝐺𝑀𝑚2
, 𝑒2 = 1 +

2𝐸𝑟0
𝐺𝑀𝑚



ሶ𝑟

𝜃 = −න
𝐿

𝑚 ሶ𝑟
𝑑𝜌 = −න

𝑑𝜌

𝑒
𝑟0

2

− 𝜌 −
1
𝑟0

2

= cos−1
𝜌𝑟0 − 1

𝑒

cos 𝜃 =
𝜌𝑟0 − 1

𝑒

𝑟 =
𝑟0

1 + 𝑒 cos 𝜃



𝑒

• 𝑒 = 0

• 0 < 𝑒 < 1

• 𝑒 = 1

• 𝑒 > 1

𝑒

𝑒 < 1

𝑒 > 1



K2

𝑑𝐴 =
1

2
𝒓 × ሶ𝒓𝑑𝑡 ⇒

𝑑𝐴

𝑑𝑡
=
1

2
𝒓 × ሶ𝒓 =

𝐿

2𝑚

K3 𝜋𝑎𝑏

𝑇 =
𝐴

ሶ𝐴
=

𝜋𝑎𝑏

𝐿/2𝑚
=
𝑚

𝐿
2𝜋𝑎2 1 − 𝑒2

𝑇2 =
𝑚2

𝐿2
4𝜋2𝑎4 1 − 𝑒2

𝑎 1 − 𝑒2

b

ac

r



𝑟0

𝑟 =
𝑟0

1 + 𝑒 cos 𝜃

𝑎 =
𝑟 𝜃=0 +𝑟 𝜃=𝜋

2
⇒ 𝑎 = 𝑟0 1 − 𝑒2 −1

𝑇2 =
𝑚2

𝐿2
4𝜋2𝑎4 1 − 𝑒2 =

𝑚2

𝐿2
4𝜋2𝑎3𝑟0 =

𝑚2

𝐿2
4𝜋2𝑎3

𝐿2

𝐺𝑀𝑚2

𝑎3

𝑇2
=
𝐺𝑀

4𝜋2

K3 



𝑓 =
𝑀2

3 sin3 𝑖

𝑀1 +𝑀2
2
=
𝑃orb𝐾1

3

2𝜋𝐺
,

𝐾1 = 𝑣1 sin 𝑖 (obs)

𝑖

ො𝑛
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𝑎 = 𝑟0 1 − 𝑒2 −1, 𝑟0 =
𝐿2

𝐺𝑀𝑚2
, 𝑒2 = 1 +

2𝐸𝑟0
𝐺𝑀𝑚

⇒ 𝐸 = −
𝐺𝑀𝑚

2𝑎
=
1

2
𝑚𝑣2 −

𝐺𝑀𝑚

𝑟

𝑣2 = 𝐺𝑀
2

𝑟
−
1

𝑎

Δ𝑣1 =
𝐺𝑀

𝑟1

2𝑟2
𝑟1 + 𝑟2

− 1

Δ𝑣2 =
𝐺𝑀

𝑟2
1 −

2𝑟1
𝑟1 + 𝑟2
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dΩ

d𝑡
= −

3

2
𝐽2

𝑅E
𝑎 1 − 𝑒2

2
𝐺𝑀E

𝑎3
cos 𝑖
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ො𝑝
Ԧ𝑣

𝜃Ԧ𝑟

Ԧ𝑎Rad = 𝑎E
𝑟E
2

𝑟2
cos 𝜃 ො𝑝
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