


 

 

1,48 × 10−10𝑁,

 

 

𝑀𝑇 = 5,975 × 10
24 𝑘𝑔

 



 

𝑀𝑆 = 1,987 10
30𝑘𝑔 ;  𝑀𝑇 = 5,975 10

24𝑘𝑔 ;  𝑀𝐿 = 7,35 10
22𝑘𝑔;

𝑟𝑆𝑇 = 1,495 10
11 𝑚  ; 𝑟𝑇𝐿 = 3,844 10

8 𝑚

 

4,9 109 𝑘𝑚 𝑀𝑈 =

14,6 𝑀𝑇 𝑀𝑁 = 17,3 𝑀𝑇 ,

𝑀𝑇 = 5,975 10
24𝑘𝑔

 

𝑅 𝜌,

𝑅

𝜌 𝐺.

 

𝑔𝑉 = 0,88 𝑔𝑇

 

𝑅𝑇 .



 

9,1 × 10−31 𝑘𝑔 1,7 × 10−27 𝑘𝑔.

5,3 × 10−11 𝑚, 

(𝐹𝐸) 8,2 × 10−8 𝑁.

(𝐹𝐺). 𝐹𝐸 𝐹𝐺 .

 

𝑟 = 𝑅𝑇 , 𝑔0 =
𝐺𝑀𝑇

𝑅𝑇
2 𝑔𝑇 =

𝐺𝑀𝑇

𝑟2
𝑔0

𝑔𝑇

𝑟. 

 

3,7 𝑚/𝑠2

6,8 × 106 𝑚,

𝑀𝑇 =  5,975 × 10
24

 

𝜏

𝜌

(𝑚₀) 𝑧₀

𝑧

𝑚₀

𝑧₀ ≫  𝜏



 

𝜏 𝜌

(𝑚₀)

𝑧₀ 𝑧

𝑚₀

𝑧₀ ≫  𝜏

𝐹𝑧 𝑅 ≫ 𝑧0

 

6,0 × 103

 

12,1 × 103 5,2 × 103
𝑘𝑔

𝑚3
.

 

𝑀𝐿

𝑀𝑇
= 0,01230

𝑅𝐿

𝑅𝑇
= 0,2731, 

(𝐹𝑝𝐿) (𝐹𝑝𝑇)



 

𝑔0 𝑔𝑇(𝑟)

𝑔𝑇(𝑟) = 𝑔0 (
𝑅𝑇
𝑟
)
2

 𝑝𝑜𝑢𝑟 𝑟 ≥ 𝑅𝑇

 

 

• 𝑀𝑇 = 5,975 × 10
24 𝑘𝑔

• 𝑀𝐿 = 7,35 × 10
22 𝑘𝑔

• 𝑟𝑇𝐿 = 3,844 × 10
8𝑚

 

𝑀𝑀 = 0,108 𝑀𝑇 𝑅𝑀 = 0,534 𝑅𝑇
𝑔0 = 9,8 𝑚/𝑠

2

 

2,50 𝑘𝑔, 5,00 𝑘𝑔  6,00 𝑘𝑔

10,0 𝑐𝑚 20,0 𝑐𝑚



 

3 × 1017 𝑘𝑔/𝑚3

• 1,987 × 1030 𝑘𝑔.

 

𝑚1 𝑚2
𝑚3

𝑟𝐴 𝑟𝐵 𝑟𝐶

 

 

𝑚

𝑀 𝑅

 

𝑣 = √2𝐺𝑀 (
1

𝑅
−
1

𝑟
)

𝑎 = 𝑣𝑑𝑣/𝑑𝑟 𝑔(𝑟) =
𝐺𝑀

𝑟2

 



 

𝑀 𝑅 𝑚

𝑟₀.

𝑟 𝑟 = 𝑟0, 𝑣 = 0

𝑔₀ 𝑔0 =
𝐺𝑀𝑇

𝑅𝑇
2 ,

𝑚 𝑣 = √2 𝑅𝑇𝑔0 𝑟₀

𝑣𝑑𝑡 = 𝑑𝑟 𝑣𝑑𝑣
𝑑𝑟

𝑟2

 

𝐿 𝑚 𝑥

𝑥₀.

𝑀

𝑥₀ ≫  𝐿

𝑑𝑚

 

𝑔𝑇

• 𝑀𝑇 = 5,975 × 10
24 𝑘𝑔

• 𝑅𝑇 = 6,371 23 × 10
6 𝑚

• 𝐺 = 6,672 59 × 10−11 𝑁
𝑚2

𝑘𝑔2



 

𝑂 𝑅 𝑚

𝑦𝑧 𝑀₀ 𝑂𝑥 𝑥₀.

𝑀₀

𝑥₀ ≫  𝑅

𝑑𝑚

 

 

𝑀 𝑅

𝑟 <  𝑅

 

𝑀 𝑅 𝑅/2

 

2,0 𝑘𝑔 1,0 𝑚

10 𝑔 0,25 𝑚

 



𝜌 =  10¹⁷ 𝑘𝑔/𝑚³.

 

ℎ 700 𝑘𝑚

𝑅 ≫  ℎ

 

𝑀 𝑅

𝑔ₚ ℎ

𝑔𝑝 =
𝐺𝑀

𝑅2
(1 +

ℎ

𝑅
)
−2

(𝑎 + 𝑥)𝑛 = 𝑎𝑛 + 𝑛 𝑎𝑛−1𝑥 +
1

2
𝑛(𝑛 − 1)𝑎𝑛−2 𝑥2 +⋯

𝑥2 < 𝑎2 𝑎 = 1 𝑥 =
ℎ

𝑅
 𝑛 = −2 ℎ ≪ 𝑅

 

𝑔𝑝 =
𝐺𝑀

𝑅2
(1 −

2ℎ

𝑅
)

𝐺𝑀/𝑅² 𝑔ₚ (ℎ =  0)

 10 000 𝑚



𝑔0 =
𝐺𝑀𝑇

𝑅𝑇
2

• 𝑀𝑇 = 5,975 × 10
24 𝑘𝑔

• 𝑅𝑇 = 6,371 23 × 10
6 𝑚

• 𝐺 = 6,672 59 × 10−11 𝑁
𝑚2

𝑘𝑔2

• Masse de la Lune: 7,35 × 1022 𝑘𝑔

• 𝑅𝐿 = 1,74 × 10
6 𝑚

 

       

𝜌 𝜏

𝜏 =  𝐾𝑟 𝐾

 

₀

𝐹𝑥 = 2𝜋𝐾𝜌𝑀𝐺 𝑥0 (ln
𝑅 + √𝑅2 + 𝑥0

2

𝑥0
 −

𝑅

√𝑅2 + 𝑥0
2
)

𝑑𝑚

𝐿 𝑀 𝑑𝑚

𝜃

 



 

𝑀 𝐿 𝑦

𝑚0
𝑥 𝑥₀.

𝜆ₘ

𝐿

 

• 𝑟𝑇𝑆 = 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑇𝑒𝑟𝑟𝑒 − 𝑆𝑜𝑙𝑒𝑖𝑙 = 1,495 × 10
11𝑚

• 𝑇 = 𝑡𝑒𝑚𝑝𝑠 𝑑𝑒 𝑟é𝑣𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑑𝑒 𝑙𝑎 𝑇𝑒𝑟𝑟𝑒 𝑎𝑢𝑡𝑜𝑢𝑟 𝑑𝑢 𝑆𝑜𝑙𝑒𝑖𝑙 = 365,25 𝑗𝑜𝑢𝑟𝑠

 

𝑚𝐿 = 7,35 × 10
22𝑘𝑔 

 

14,7 × 103𝑘𝑔

𝑚𝐿 = 7,35 × 10
22𝑘𝑔

1,74 × 106 𝑚



 

𝑇 = 3,15 × 10−7 (𝑟𝑇)
3
2

𝑀𝑇 = 5,975 × 10
24𝑘𝑔

 

𝑀𝑇 = 5,975 × 10
24𝑘𝑔

 

𝑣1 𝑣2.

 

𝑚𝐿 = 7,35 × 10
22𝑘𝑔

𝑟𝑇𝐿 = 3,844 × 10
8𝑚



 

 

𝑚𝑆 = 1,987 × 10
30𝑘𝑔

𝑟𝑇𝑆 = 1,495 × 10
11𝑚

 

 

= 1,495 × 1011 𝑚.

 



𝑀

𝐶

𝐶/𝑀

 

𝑚1
𝑚2

𝑂

𝑟1 𝑟2
𝑇

𝐹𝐶1 𝐹𝐶2

𝑟1
𝑟2
=
𝑚2
𝑚1

𝐹𝐺 = 𝐹𝐶1 𝐹𝐺 = 𝐹𝐶2 

(𝑟1 + 𝑟2)
3

𝑇2
=
𝐺(𝑚1 +𝑚2)

4 𝜋2

 

5,0 × 1012 𝑘𝑔



 

2,2 × 106

5 × 109 

 

𝑀 

𝑅

 

𝑅𝐽

 

20,0 𝑈𝐴 (𝑜𝑢 2,99 ×  10¹² 𝑚



 

• 𝑟𝑇𝐿 = 3,844 × 10
8𝑚

 

𝑚 𝑦 𝑑

𝑃 𝑥 𝑥

𝑔 =
2 𝐺 𝑚 𝑥

(𝑥2 + 𝑑2)
3
2

 

𝑃 𝑒𝑠𝑡 𝑟 = (𝑥2 + 𝑑2)
1

2

 



 



 

𝑀𝑇 𝐹 =
𝐺𝑀𝑇 𝑚

𝑟
.

𝑚 ⟶ 2𝑚

𝑟 ⟶ 2𝑟

𝐹′ 𝐹′ =
𝐺𝑀𝑇(2𝑚)

(2 𝑟)2
=
2𝐺𝑀𝑇 𝑚

4 𝑟2
=
1

2
 
𝐺𝑀𝑇 𝑚

𝑟2
=
1

2
𝐹

 

𝐹 =
𝐺𝑀𝐶𝑚𝑏

𝑟2
𝑀𝐶 , 𝑚𝑏 ,

𝑟,

𝑚𝑏 = 𝐹
𝑟2

𝐺 𝑀𝐶
= 1,48 × 10−10 ×

(0,3)2

(6,67×10−11 ⋅ 20)
= 0,010 𝑘𝑔 = 10 𝑔 

 

𝐹 =
𝐺𝑀𝑠𝑀𝑠

𝑟2
𝑀𝑠, 𝑟,

𝐹 =
𝐺𝑀𝑠𝑀𝑠
𝑟2

=
𝐺(𝑀𝑠)

2

𝑟2
⇒ 𝑀𝑠

2 =
𝐹 ⋅ 𝑟2

𝐺
=
(1,00 ⋅ (1,00)2)

6,67 ⋅ 10−11
=

1

6,67 ⋅ 10−11

= 14 992 503 748 𝑘𝑔2

 𝑀𝑠 = √14 992 503 748 𝑘𝑔2  = 1,22 10
5 𝑘𝑔



 

𝐹 =
𝐺𝑀𝑇𝑚

𝑟2
𝑀𝑇 , 𝑟,

 𝐹 =
𝐺𝑀𝑇𝑚

𝑟2
 ⇒ 𝑟 = √

𝐺 𝑀𝑇 𝑚 

𝐹
= √

6,67 10−11⋅ 5,975 1024⋅1  

1
≈ 2,0 × 107𝑚

20 000 000 − 6 360 000 = 13 640 000 𝑚 ≈ 13640 𝑘𝑚

 

𝑔 𝑔 =
𝐺𝑀𝑇

𝑟𝑇
2

𝑟𝑇
1

2
𝑟𝑇 𝑔′ 𝑔′ =

𝐺𝑀𝑇

(
1

2
 𝑟𝑇)

2 = 4 
𝐺𝑀𝑇

𝑟𝑇
2 = 4𝑔.

 

𝐹𝑇𝐿 = 𝐺
𝑀𝑇⋅𝑀𝐿

𝑟𝑇𝐿
2

𝐹𝑆𝐿 = 𝐺
𝑀𝑆⋅𝑀𝐿

𝑟𝑆𝐿
2

𝐹𝑇𝐿
𝐹𝑆𝐿

=

𝐺
𝑀𝑇 ⋅ 𝑀𝐿
𝑟𝑇𝐿
2

𝐺
𝑀𝑆 ⋅ 𝑀𝐿
𝑟𝑆𝐿
2

=

𝑀𝑇
𝑟𝑇𝐿
2

𝑀𝑆
𝑟𝑆𝐿
2

=
𝑀𝑇

𝑟𝑇𝐿
2 ⋅
𝑟𝑆𝐿
2

𝑀𝑆
=
5,975 1024 × (1,495 1011)2

(3,844 108)2 ⋅  1,987 1030
≈ 0,5

108 à 1011



 

𝐹𝑈𝑁 = 𝐺
𝑀𝑈 ⋅ 𝑀𝑁

𝑟𝑈𝑁
2 = 6,67 10−11

(14,6 × 5,975 1024) ⋅ (17,3 × 5,975 1024)

(4,9 1012𝑚)2
 

= 𝟐, 𝟓 𝟏𝟎𝟏𝟔𝑵                                                

 

➔ 𝜌 =
𝑀

𝑉
 ⇒ 𝑀 = 𝜌 ⋅ 𝑉

𝑉 =
4

3
𝜋𝑅3 ➔ 𝑀 = 𝜌

4

3
𝜋𝑅3

𝑟 = 2𝑅.

𝐹 = 𝐺.
𝑀𝑀

𝑟2
= 𝐺

(𝜌
4
3𝜋𝑅

3)
2

(2𝑅)2
= 𝐺𝜌2

16

9

𝜋2𝑅6

4 𝑅2
=
𝟒

𝟗
𝑮 𝝆𝟐𝝅𝟐𝑹𝟒

 

𝑣 = 𝑣0 + 𝑎𝑡       (1)

𝑥 = 𝑣0𝑡 +
𝑎𝑡2

2

𝑥0 = 0

𝑡 =
𝑣−𝑣0

𝑎

𝑥 =
𝑣0(𝑣−𝑣0)

𝑎
+
1

2
𝑎 (

𝑣−𝑣0

𝑎
)
2

𝒙 =
𝑣0𝑣 − 𝑣0

2

𝑎
+
1

2 𝑎 
 (𝑣2 − 2𝑣𝑣0 + 𝑣0

2) =
2𝑣0𝑣 − 2𝑣0

2 + 𝑣2 − 2𝑣𝑣0 + 𝑣0
2

2𝑎
 

    =
𝒗𝟐 − 𝒗𝟎

𝟐

𝟐𝒂

𝑧

𝑎 = −𝑔 𝑔



𝑥 =
𝑣2−𝑣0

2

−2𝑔
𝑥 = ℎ,

ℎ = −
𝑣0
2

−2𝑔
=
𝑣0
2

2𝑔

ℎ𝑉 =
𝑣0
2

2 𝑔𝑉
ℎ𝑇 =

𝑣0
2

2 𝑔𝑇

ℎ𝑉

ℎ𝑇
=

𝑣0
2

2 𝑔𝑉

𝑣0
2

2 𝑔𝑇
.
=
𝑔𝑇

𝑔𝑉
  

ℎ𝑉 =
𝑔𝑇

𝑔𝑉
⋅ ℎ𝑇 =

𝑔𝑉=0,88 𝑔𝑇
 

𝑔𝑇

0,88 𝑔𝑇 
 ℎ𝑇 =

ℎ𝑇

0,88
=

1

0,88
≈ 1,11 𝑚

 

𝑟 = 𝑅𝑇 + 4𝑅𝑇 = 5𝑅𝑇 .

𝑚

𝐹 = 𝐺 
𝑚 𝑚𝑇
(5 𝑅𝑇)2

=
1

25
 𝐺 
𝑚 𝑚𝑇

𝑅𝑇
2 =

1

25
 𝐹𝑔

1

25

 

8,2 × 10−8𝑁) 
𝐹𝐸

𝐹𝐺
𝐹𝐺 = 𝐺

𝑚𝑒−⋅𝑚𝑝

𝑟2
.

𝐹𝐸
𝐹𝐺
= 

8,2 ⋅ 10−8 

6,67 × 10−11 ⋅ 9,1 × 10−31  ⋅ 1,7 × 10−27

(5,3 × 10−11)2

= 2, 2 × 1039

 

𝑟 ≥ 𝑅𝑇 , 𝑔𝑇 =
𝐺𝑀𝑇

𝑟2
 .



𝑟 = 𝑅𝑇 , 𝑔𝑇 =
𝐺𝑀𝑇

𝑅𝑇
2

𝑔0 =
𝐺𝑀𝑇

𝑅𝑇
2

 

𝑟 𝑔 =
𝐺𝑀

𝑟2
𝑔𝑀 =

𝐺𝑀𝑀

𝑟2

𝑀𝑀 =
𝑔𝑀⋅𝑟

2

𝐺
=
3,7⋅(3,4×106)

2

6,67×10−11
= 𝟔, 𝟒 × 𝟏𝟎𝟐𝟑 𝒌𝒈

𝑀𝑀

𝑀𝑇
=

6,4×1023

5,975×1024
= 0,11 

 

𝑭⃗⃗⃗ =
𝐺𝑀𝑚0

𝑟2
 𝒓⃗⃗

𝑚0

(𝑥, 𝑦) 𝑑𝑥 ⋅ 𝑑𝑦 

𝜌 =
𝑀

𝑉
𝑑𝑚 = 𝜌 𝑑𝑉 = 𝜌 ⋅ 𝜏 ⋅ 𝑑𝑥 ⋅ 𝑑𝑦

𝑚0 (𝑥, 𝑦) √ 𝑥2 + 𝑦2 + 𝑧0
2

𝑑𝐹

𝑑𝑭⃗⃗⃗ =
𝐺 𝑑𝑚 ⋅ 𝑚0

𝑥2 + 𝑦2 + 𝑧0
2 𝒓⃗⃗ =

𝐺 𝜌 ⋅ 𝜏 ⋅ 𝑑𝑥 ⋅ 𝑑𝑦 ⋅ 𝑚0

𝑥2 + 𝑦2 + 𝑧0
2  𝒓⃗⃗

𝑑𝑚, 

𝑑𝑚 (0,0)

𝒙 𝒚

𝒛 𝑑𝐹𝑧 = 𝑑𝐹 ⋅ 𝑐𝑜𝑠𝜃



𝑑𝐹𝑧 = 𝑑𝐹 ⋅ 𝑐𝑜𝑠𝜃 = 𝑑𝐹 ⋅ (
𝑧0
𝑟
) =

𝐺 𝜌 ⋅ 𝜏 ⋅ 𝑑𝑥 ⋅ 𝑑𝑦 ⋅ 𝑚0

𝑥2 + 𝑦2 + 𝑧0
2 ⋅ (

𝑧0

√ 𝑥2 + 𝑦2 + 𝑧0
2
)

𝐹 = 𝐹𝑧 = 𝐺 𝜌 ⋅ 𝜏 ⋅ 𝑚0 ⋅ 𝑧0∬
𝑑𝑥 ⋅ 𝑑𝑦

(𝑥2 + 𝑦2 + 𝑧0
2)
3
2  

 

𝐹 = 𝐺 𝜌 ⋅ 𝜏 ⋅ 𝑚0 ⋅ 𝑧0∬
𝑑𝑥 ⋅ 𝑑𝑦

(𝑥2 + 𝑦2 + 𝑧0
2)
3
2  

𝑑𝑥 ⋅ 𝑑𝑦, 𝑑𝑟 ⋅ 𝑟 𝑑𝜃

𝑚0 √ 𝑥2 + 𝑦2 + 𝑧0
2

𝑟2 + 𝑧0
2. 𝑟′ 𝑚0

𝑑𝑚 (0,0) 𝑑𝑚.

𝑟 0 𝑅 𝜃 0 2𝜋

𝐹 = 𝐺 𝜌 ⋅ 𝜏 ⋅ 𝑚0 ⋅ 𝑧0∬
𝑑𝑥 ⋅ 𝑑𝑦

(𝑥2 + 𝑦2 + 𝑧0
2)
3
2  
= 𝐺 𝜌 ⋅ 𝜏 ⋅ 𝑚0 ⋅ 𝑧0∫ ∫

𝑟 ⋅ 𝑑𝑟 ⋅ 𝑑𝜃

(𝑟2 + 𝑧0
2)
3
2  

𝑅

0

2𝜋

0

 

= 𝐺 𝜌 ⋅ 𝜏 ⋅ 𝑚0 ⋅ 𝑧0∫ 𝑑𝜃  ∫
𝑟 ⋅ 𝑑𝑟

(𝑟2 + 𝑧0
2)
3
2 

𝑅

0

= 𝐺 𝜌 ⋅ 𝜏 ⋅ 𝑚0 ⋅ 𝑧0 ⋅ 2𝜋 ∫
𝑟 ⋅ 𝑑𝑟

(𝑟2 + 𝑧0
2)
3
2 

𝑅

0

 

2𝜋

0

𝑢 = 𝑟2 + 𝑧0
2  ⇒ 𝑑𝑢 = 𝑑(𝑟2) = 2𝑟 ⋅ 𝑑𝑟 ⇒ 𝑟 ⋅ 𝑑𝑟 =

𝑑𝑢

2
𝑟 = 0 ⇒ 𝑢 = 𝑧0

2 𝑟 = 𝑅 ⇒ 𝑢 = 𝑅2 + 𝑧0
2 

𝑧0
2 𝑅2 + 𝑧0

2.



∫
𝑟 ⋅ 𝑑𝑟

(𝑟2 + 𝑧0
2)
3
2 

𝑅

0

= ∫
𝑑𝑢

2 (𝑢)
3
2 
=
1

2
⋅ −2 [𝑢−

1
2]
𝑧0
2

𝑅2+𝑧0
2

= − [
1

√𝑅2 + 𝑧0
2
−
1

𝑧0
]

𝑅2+𝑧0
2

𝑧0
2

= [
1

𝑧0
−

1

√𝑅2 + 𝑧0
2
]

𝑭 = 𝐺 𝜌 ⋅ 𝜏 ⋅ 𝑚0 ⋅ 𝑧0 ⋅ 2𝜋 ∫
𝑟 ⋅ 𝑑𝑟

(𝑟2 + 𝑧0
2)
3
2 

𝑅

0

= 𝑮 𝝆 ⋅ 𝝉 ⋅ 𝒎𝟎 ⋅ 𝒛𝟎 ⋅ 𝟐𝝅 

(

 
𝟏

𝒛𝟎
−

𝟏

√𝑹𝟐 + 𝒛𝟎
𝟐

)

 

𝑅 ≫ 𝑧0,
1

√𝑅2+𝑧0
2
≈
1

𝑅
(
1

𝑧0
−

1

√𝑅2+𝑧0
2
) ≈

1

𝑧0

𝑹 ≫ 𝒛𝟎,
 

𝑭 ≈ 𝐺 𝜌 ⋅ 𝜏 ⋅ 𝑚0 ⋅ 𝑧0 ⋅ 2𝜋 (
1

𝑧0
) = 𝑮 𝝆 ⋅ 𝝉 ⋅ 𝒎𝟎 ⋅ 𝟐𝝅 

 

𝐹 = 𝐺
𝑀𝑚𝑀𝑎

𝑟2

𝐹 = 𝐺
𝑀𝑚𝑀𝑎

𝑟2
= 6,67 × 10−11

6000⋅70

(10)2
= 2,8 × 10−7 𝑁

𝐹 = 𝑚 ⋅ 𝑎,

𝑎𝑎 =
𝐹𝑎
𝑚𝑎

=
2,8 × 10−7

70
≈ 4,0 × 10−9 𝑚/𝑠2 

𝐹 = 𝐺
𝑀𝑚𝑀𝑎

𝑟2
𝑀𝑎  𝑀𝑚

𝑎𝐴𝑝𝑜𝑙𝑙𝑜 =
𝐹𝐴𝑝𝑜𝑙𝑙

𝑚𝐴𝑝𝑜𝑙𝑙𝑜
=
2,8 × 10−7

6000
≈ 4,7 × 10−11 𝑚/𝑠2 



 

𝜌 =
𝑀

𝑉
 ⇒ 𝑀 = 𝜌𝑉 

𝑉 =
4

3
𝜋𝑹3.

𝜌𝑉 = 5,2 × 10
3 𝑘𝑔

𝑚3
𝑉𝑉 =

4

3
 𝜋 (

𝟏𝟐,𝟏 ×𝟏𝟎𝟔

𝟐
𝑚)

3

𝑀𝑉 = 𝜌𝑉𝑉𝑉 = 5,2 × 10
3 ⋅  

4

3
 𝜋 (

𝟏𝟐,𝟏 ×𝟏𝟎𝟔

𝟐
)
3

≈ 4,82 × 1024 𝑘𝑔

𝑔𝑉 =
𝐺𝑀𝑉

𝑅𝑉
2 = 6,67 × 10−11 ⋅

4,82 × 1024

(
12,1 × 106

2
)
2 ≈ 8,79 𝑚/𝑠

2

𝑥 =
𝑔𝑡2

2

𝑥 =
𝑔𝑡2

2
= 8,79 ⋅

(1)2

2
≈ 4,4 𝑚

 

𝐹𝐿 =
𝐺𝑀𝐿𝑀𝐴

(𝑅𝐿)2

𝐹𝑇 =
𝐺𝑀𝑇𝑀𝐴

(𝑅𝑇)2

𝐹𝐿
𝐹𝑇
=

𝐺𝑀𝐿𝑀𝐴
(𝑅𝐿)2

𝐺𝑀𝑇𝑀𝐴
(𝑅𝑇)2

=
𝑀𝐿
(𝑅𝐿)2

⋅
(𝑅𝑇)

2

𝑀𝑇
=
𝑀𝐿
𝑀𝑇
⋅ (
𝑅𝑇
𝑅𝐿
)
2

= 0,01230 ⋅ (
1

0,2731
)
⬚

2

≈ 0,1649

 

𝑔0

𝑔0 =
𝐺𝑀𝑇
(𝑅𝑇)2

 

𝑟 ≥ 𝑅𝑇



𝑔𝑇(𝑟) =
𝐺𝑀𝑇
(𝑟)2

 

𝑔𝑇(𝑟)

𝑔0
=
(
𝐺𝑀𝑇
(𝑟)2

 )

𝐺𝑀𝑇

(𝑅𝑇)
2

= (
𝑅𝑇

𝑟
)
2

𝑔𝑇(𝑟) = 𝑔0  (
𝑅𝑇

𝑟
)
2

 

 

• 𝑟𝑇𝐿 = 

• 𝑟 = 

𝑟𝑇𝐿 − 𝑟

𝐹𝐿𝑉 =
𝐺(𝑀𝐿𝑀𝑉)

(𝑟𝑇𝐿 − 𝑟)2

𝐹𝑇𝑉 =
𝐺(𝑀𝑇𝑀𝑉)

𝑟2

𝐹𝐿𝑉 = 𝐹𝑇𝑉,

𝐺(𝑀𝐿𝑀𝑉)

(𝑟𝑇𝐿 − 𝑟)2
=
𝐺(𝑀𝑇𝑀𝑉)

𝑟2
 ⇔

𝑀𝐿
(𝑟𝑇𝐿 − 𝑟)2

=
𝑀𝑇
𝑟2
⇔

𝑟

𝑟𝑇𝐿 − 𝑟
=
√𝑀𝑇

√𝑀𝐿
 

⇔ 𝑟√𝑀𝐿 = 𝑟𝑇𝐿 √𝑀𝑇 − 𝑟√𝑀𝑇  ⇔ 𝑟 =
𝑟𝑇𝐿 √𝑀𝑇

√𝑀𝐿 + √𝑀𝑇

⇒ 𝑟 =
3,844 × 108 √5,975 × 1024

√7,35 × 1022 + √5,975 × 1024
≈ 3,46 × 108 𝑚

 

𝐹𝑀 = 𝐺
𝑀𝑀

𝑅𝑀
2



𝑀𝑀 = 0,108 𝑀𝑇 𝑅𝑀 = 0,534 𝑅𝑇

𝐹𝑀 = 𝐺
𝑀𝑀

𝑅𝑀
2 = 𝐺

0,108 𝑀𝑇
(0,534 𝑅𝑇)2

= 𝐺
0,108 𝑀𝑇
(0,534)2 ⋅ 𝑅𝑇

2 =
0,108 

(0,534)2
⋅ 𝑔0 ≈ 0,379 𝑔0

 

𝑀1

𝑋

𝑀1

• 𝑀1 𝑀2 𝐹 = − 𝐺
(𝑀1𝑀2)

𝑟12
2

𝑀1

• 𝑀1 𝑀3 𝐹 =  𝐺
(𝑀1𝑀3)

𝑟13
2

𝑀1 

𝐹𝑡𝑜𝑡𝑎𝑙𝑒 𝑀1 = 𝐺𝑀1  (
𝑀3

𝑟13
2 −

𝑀2

𝑟12
2 ) = 6,67 × 10

−11 ⋅ 2,5 ⋅ (
6

0,22
−
5

0,12
) ≈ −5,84 × 10−8 𝑁.

𝑀2 𝑀3 𝑀1
𝑀2. 𝑀1 𝑀1 𝑀2

 

𝜌 =  3 × 1017 𝑘𝑔/𝑚3 

𝜌 =
𝑀

𝑉
=

𝑀

4
3𝜋𝑅

3
=
3

4

𝑀

𝜋𝑅3
   ⇒ 𝑅 = √

3 𝑀

4 𝜋 𝜌

3

= √
3 (1,987 × 1030)

4 𝜋 (3 × 1017)

3

≈ 1,165 × 104 𝑚

𝑔𝑛 =
𝐺𝑀𝑛

𝑟𝑛
2 ,

𝑔𝑛 =
𝐺𝑀𝑛
𝑟𝑛2

= 6,67 × 10−11 ⋅
1,987 × 1030

(1,164 × 104)2
= 9,764 × 1011 𝑚/𝑠2



 

• 𝑟𝐴, 𝑀3

𝐹𝐴 =
𝐺𝑀3

𝑟𝐴
2

𝑀1 𝑀2
• 𝑟𝐵, 𝑀2   𝑀3

𝐹𝐵 =
𝐺(𝑀2 +  𝑀3) 

𝑟𝐵
2

𝑟𝐵 

𝑀1

• 𝑟𝐶 , 𝑀1,  𝑀2   𝑀3

𝐹𝐵 =
𝐺(𝑀1 +𝑀2 +  𝑀3) 

𝑟𝑐2

 

 𝐹 = −
𝐺𝑀𝑚

𝑟2
𝐹 = 𝑚𝑎 = 𝑚

𝑑𝑣

𝑑𝑡
= 𝑚

𝑑𝑣

𝑑𝑟
⋅
𝑑𝑟

𝑑𝑡
= 𝑚𝑣

𝑑𝑣

𝑑𝑟

−
𝐺𝑀𝑚

𝑟2
= 𝑚𝑣

𝑑𝑣

𝑑𝑟
 ⇔  −

𝐺𝑀

𝑟2
= 𝑣

𝑑𝑣

𝑑𝑟

−
𝐺𝑀

𝑟2
𝑑𝑟 = 𝑣 𝑑𝑣

𝑣 𝑟 = 𝑅 𝑣𝑓 𝑟

∫ 𝑣 𝑑𝑣 =  ∫−
𝐺𝑀

𝑟2
𝑑𝑟 ⇔

1

2
 (𝑣𝑓

2 − 𝑣2) = −𝐺𝑀 [−
1

𝑟
]
𝑅

𝑟

= 𝐺𝑀(
1

𝑟
−
1

𝑅
)

𝑟

𝑅

  

𝑣𝑓

𝑣

𝑟, 𝑟

𝑣𝑓



−
1

2
𝑣2 = 𝐺𝑀(

1

𝑟
−
1

𝑅
)   ⇔ 𝒗 = √ 𝟐 𝑮𝑴 (

𝟏

𝑹
−
𝟏

𝒓
)

 

𝑟 = ∞. 𝑟 = ∞ 
1

𝑟
= 0

𝒗 = √ 
𝟐 𝑮𝑴

𝑹
 

 

 𝐹 = −
𝐺𝑀𝑚

𝑟2
𝐹 = 𝑚𝑎 = 𝑚

𝑑𝑣

𝑑𝑡
= 𝑚

𝑑𝑣

𝑑𝑟
⋅
𝑑𝑟

𝑑𝑡
= 𝑚𝑣

𝑑𝑣

𝑑𝑟

−
𝐺𝑀𝑚

𝑟2
= 𝑚𝑣

𝑑𝑣

𝑑𝑟
 ⇔  −

𝐺𝑀

𝑟2
= 𝑣

𝑑𝑣

𝑑𝑟

−
𝐺𝑀

𝑟2
𝑑𝑟 = 𝑣 𝑑𝑣

𝑣0 = 0 𝑟 = 𝑟0 𝑣 𝑟

∫𝑣 𝑑𝑣 =  ∫−
𝐺𝑀

𝑟2
𝑑𝑟 ⇔

1

2
 𝑣2 = −𝐺𝑀 [−

1

𝑟
]
𝑟0

𝑟

= 𝐺𝑀 (
1

𝑟
−
1

𝑟0
)

𝑟

𝑟0

  

𝑣

0

⇒ 𝒗(𝒓) = √𝟐𝑮𝑴(
𝟏

𝒓
−
𝟏

𝒓𝟎
)

 𝑟0
1

𝑟0
 𝑣(𝑅𝑇) = √

2𝐺𝑀

𝑅𝑇

𝑔0 =
𝐺𝑀

𝑅𝑇
2  ⇒ 𝐺𝑀 = 𝑔0𝑅𝑇

2

𝒗(𝑹𝑻) = √
2𝐺𝑀

𝑅𝑇
= √

2𝑔0𝑅𝑇
2

𝑅𝑇
= √𝟐𝒈𝟎𝑹𝑻

 



𝐹 = −
𝐺𝑀𝑚

𝑟2

𝑑𝐹 𝑑𝑥

𝑑𝐹 = 𝐺
𝑀 𝑑𝑚

𝑥2

𝜌 =
𝑚

𝐿
𝜌 =

𝑑𝑚

𝑑𝑥
 ⇒ 𝑑𝑚 = 𝜌 𝑑𝑥 =

𝑚

𝐿
𝑑𝑥

𝑑𝐹 = 𝐺
𝑀 𝑑𝑚

𝑥2
= 𝐺

𝑀 𝑚 𝑑𝑥

𝐿 𝑥2

𝑥0 𝑥0 + 𝐿 :

𝑭 = ∫𝑑𝐹 = ∫ 𝐺
𝑀 𝑚 𝑑𝑥

𝐿 𝑥2
=
𝐺𝑀𝑚

𝐿
 

𝑥0+𝐿

𝑥0

 ∫
 𝑑𝑥

 𝑥2
 

𝑥0+𝐿

𝑥0

=
𝐺𝑀𝑚

𝐿
 [−
1

𝑥
]
𝑥0

𝑥0+𝐿

=
𝐺𝑀𝑚

𝐿
(
1

𝑥0
−

1

𝑥0 + 𝐿
)

=
𝑮𝑴𝒎

𝒙𝟎 (𝒙𝟎 + 𝑳)

• 

𝑭 =
𝑮𝑴𝒎

(𝒙𝟎 +
𝑳
𝟐)
𝟐

• 𝑥0 ≫ 𝐿,
 

𝑭 =
𝑮𝑴𝒎

𝒙𝟎𝟐

𝑚 𝑥0.

 

𝑔

𝑔𝑇 =
𝐺𝑀𝑇

𝑅𝑇
2 𝑔 𝑔𝑇(𝑟) =

𝐺𝑀𝑇

𝑟2

𝑔 𝑟 = 𝑅𝑇 + ℎ ℎ

𝑔𝑇(𝑟) =
𝐺𝑀𝑇
𝑟2

 ⇒
𝑑

𝑑𝑟
𝑔𝑇(𝑟) =

𝑑

𝑑𝑟
 (
𝐺𝑀𝑇
𝑟2
 ) = −2

𝐺𝑀𝑇
𝑟3
 

𝑟 = 𝑅𝑇



𝑑

𝑑𝑟
𝑔𝑇(𝑟) = −2

𝐺𝑀𝑇

𝑅𝑇
3 = −

6,672 59 × 10−11 ⋅  5,975 × 1024 

(6,371 23 × 106 )3
= −3,08 × 10−6  (

𝑚

𝑠2
) /𝑚  

 

𝑑𝑚 :

𝑑𝐹 = 𝐺
𝑀𝑑𝑚

𝑟2
= 𝐺

𝑀 𝑑𝑚

𝑅2 + 𝑥0
2

𝑑𝑚

𝑦 𝑧

𝑥.

𝑑𝐹𝑥 = 𝑑𝐹 cos(𝜃) = 𝑑𝐹 (
𝑥0
𝑟
) = 𝐺

𝑀 𝑑𝑚

𝑅2 + 𝑥0
2  (
𝑥0
𝑟
) = 𝐺

𝑀 𝑑𝑚

𝑅2 + 𝑥0
2  (

𝑥0

√𝑅2 + 𝑥0
2 
)

= 𝐺
𝑀 𝑑𝑚 𝑥0

(𝑅2 + 𝑥0
2)
3
2

⇒ 𝑭 = ∫𝑑𝐹𝑥 = ∫𝐺
𝑀 𝑑𝑚 𝑥0

(𝑅2 + 𝑥0
2)
3
2

=  𝐺
𝑀 𝑥0

(𝑅2 + 𝑥0
2)
3
2

 ∫𝑑𝑚 = 𝑮
𝑴 𝒎 𝒙𝟎

(𝑹𝟐 + 𝒙𝟎
𝟐)
𝟑
𝟐

 

𝑭 = 𝐺
𝑀 𝑚 𝑥0

(𝑥0
2)
3
2

= 𝐺
𝑀 𝑚 𝑥0

𝑥0
3 = 𝐺

𝑀 𝑚 

𝑥0
2

𝑥0 ≫ 𝑅,

𝐹 = 𝐺
𝑀 𝑚 𝑥0

(𝑅2 + 𝑥0
2)
3
2

≈
𝑥0≫𝑅

𝐺
𝑀 𝑚 𝑥0

(𝑥0
2)
3
2

= 𝐺
𝑀 𝑚 𝑥0

𝑥0
3 = 𝐺

𝑀 𝑚 

𝑥0
2  



𝑟 ≈ 𝑥0 𝑅 ≈  0

 

 

𝒎

𝑚

𝐹𝑚 =
𝐺𝑀′𝑚

𝑟2

𝜌 =
𝑀

𝑉
=

𝑀
4

3
𝜋𝑅3

=
𝑀′

4

3
𝜋𝑟3
 ⇒

𝑀

𝑅3
=
𝑀′

𝑟3
 ⇒ 𝑀′ = 𝑀(

𝑟

𝑅
)
3

𝑭𝒎 =
𝐺𝑀′𝑚

𝑟2
=
𝐺𝑚 

𝑟2
𝑀(
𝑟

𝑅
)
3

=
𝐺𝑚 𝑀 𝑟3 

𝑟2 𝑅3
=
𝑮𝒎 𝑴 𝒓 

 𝑹𝟑
 

 

𝐹 (𝑟 =
𝑅

2
) =

𝐺𝑚 𝑀 (
𝑅
2) 

 𝑅3
=
𝐺𝑀𝑚

2𝑅2

𝑔 (
𝑅

2
) =

𝐹(
𝑅

2
)

𝑚
=
𝐺𝑀

2 𝑟2

 

𝐹𝐺𝐻
𝐹𝐺𝐵

𝑋 𝑌, (𝑭𝐺𝐻)𝑦 (𝑭𝐺𝐻)𝑦



(𝑭𝐺𝐻)𝑥 = 𝐹𝐺𝐻 𝑐𝑜𝑠𝜃 = −
𝐺𝑀𝑚

𝑟2
cos 𝜃 = −

𝐺𝑀𝑚

𝑟1
2+𝑟2

2 cos 𝜃 = − 
𝐺𝑀𝑚

𝑟1
2+𝑟2

2

𝑟1

√𝑟1
2+𝑟2

2

(𝑭𝐺𝐵)𝑥 = − 
𝐺𝑀𝑚

𝑟1
2+𝑟2

2

𝑟1

√𝑟1
2+𝑟2

2

𝑚

𝐹𝑔 = −2 
𝐺𝑀𝑚 𝑟1

(𝑟1
2 + 𝑟2

2)
3
2

⇒ 𝐹𝑔 = −2 
𝐺𝑀𝑚 𝑟1

(𝑟1
2 + 𝑟2

2)
3
2

= −2 ⋅
6,67 × 10−11  ⋅ 2 ⋅ 10 × 10−3 ⋅ 0,25

√(0,252 + 0,502)3
= −3,8 × 10−12 𝑁

 

𝑔𝑛 =
𝐺𝑀𝑛
𝑅2

𝜌 =
𝑀

𝑉
 ⇒ 𝑀 = 𝜌 𝑉 = 𝜌

4

3
𝜋𝑅3. 

𝑔𝑛 =
𝐺𝑀𝑛

𝑅2
=
𝐺𝜌
4

3
𝜋𝑅3

𝑅2
=
4

3
𝜋𝐺 𝜌 𝑅

𝐹𝑐 = 𝑚𝑎 = 𝑚
𝑣2

𝑅

𝑣2

𝑅
.

⇒
𝑣2

𝑅
=
4

3
𝜋𝐺 𝜌 𝑅

𝑣 =
𝑥

𝑡
=
2𝜋𝑅

𝜏
. 

𝑣2

𝑅
=
4

3
𝜋𝐺 𝜌 𝑅 ⇔

(
2𝜋𝑅
𝜏 )

2

𝑅
=
4

3
𝜋𝐺 𝜌 𝑅 ⇔

4 𝜋2𝑅2

𝑅 𝜏2
=
4

3
𝜋𝐺 𝜌 𝑅 ⇔

 𝜋

 𝜏2
=
𝐺 𝜌

3
  

⇒ 𝝉 = √
𝟑𝝅

𝑮𝝆
 



𝜏 = √
3𝜋

𝐺𝜌
= √

3𝜋

6,67×10−11⋅1017
= 1 × 10−3 𝑠 = 1𝑚𝑠

1017 𝑘𝑔/𝑚3

 

𝑚 𝐹𝑔 = 𝑚𝑔𝑇

𝑔𝑇(ℎ) =
𝐺𝑀𝑇

(𝑅𝑇+ℎ)2
𝑔0 =

𝐺𝑀𝑇

(𝑅𝑇)2
 

𝐹𝑔 = 𝑚𝑔𝑇 =
𝐺𝑀𝑇𝑚

(𝑅𝑇 + ℎ)2
=

𝐺𝑀𝑇𝑚

(𝑅𝑇(1 +
ℎ
𝑅𝑇
))
2 =

𝐺𝑀𝑇𝑚

𝑅𝑇
2 (1 +

ℎ
𝑅𝑇
)
2 =

𝑔0𝑚

(1 +
ℎ
𝑅𝑇
)
2

𝐹𝑔

𝑚
=

𝑔0

(1 +
ℎ
𝑅𝑇
)
2 =

9,81

(1 +
ℎ

(6370000
)
2  𝑚/𝑠

2

ℎ ≪ 𝑅𝑇 , ℎ/𝑅𝑇

1

(1 +
ℎ
𝑅𝑇
)
2

ℎ

𝑅𝑇
= 𝑥.

1

(1+𝑥)2

𝑓(𝑥)

𝒇(𝒙) = 𝒇(𝟎) + 𝒇′𝟎) 𝒙 (+
𝑓′′(0)

2
𝑥2 +⋯)

• 𝑓(𝑥) = (1 + 𝑥)−2  ⇒ 𝑓(0) = 1
• 𝑓′(𝑥) = −2(1 + 𝑥)−3  ⇒ 𝑓′(0) = −2

𝑓(𝑥) ≈ 1 − 2𝑥
ℎ

𝑅𝑇
= 𝑥,

1

(1+𝑥)2
≈ 1 − 2

ℎ

𝑅𝑇



𝐹𝑔

𝑚
=

𝑔0

(1+
ℎ

𝑅𝑇
)
2 ≈
𝒉≪𝑹𝑻

 𝒈𝟎 (𝟏 − 𝟐
𝒉

𝑹𝑻
)

 

 𝑔𝑇(ℎ) =
𝐺𝑀𝑇

(𝑅𝑇+ℎ)2
𝑔0 =

𝐺𝑀𝑇

(𝑅𝑇)2
 

𝑔𝑇 =
𝐺𝑀𝑇

(𝑅𝑇 + ℎ)2
=

𝐺𝑀𝑇

(𝑅𝑇(1 +
ℎ
𝑅𝑇
))
2 =

𝐺𝑀𝑇

𝑅𝑇
2 (1 +

ℎ
𝑅𝑇
)
2 =

𝐺𝑀𝑇

𝑅𝑇
2 (1 +

ℎ

𝑅𝑇
)
−2

(𝑎 + 𝑥)𝑛 = 𝑎𝑛 + 𝑛 𝑎𝑛−1𝑥 +
1

2
𝑛(𝑛 − 1)𝑎𝑛−2 𝑥2 +⋯

𝑥2 < 𝑎2 𝑎 = 1 𝑥 =
ℎ

𝑅
 𝑛 = −2

𝑔𝑇 =
𝐺𝑀𝑇

𝑅𝑇
2 (1 +

ℎ

𝑅𝑇
)
−2

=
𝐺𝑀𝑇

𝑅𝑇
2 [1 −

2(1)ℎ

𝑅
+
1

2
(−2)(−3)(1) (

ℎ

𝑅𝑇
)
2

+⋯] 

≈ 
𝐺𝑀𝑇

𝑅𝑇
2 [1 −

2ℎ

𝑅
+⋯ ] 

ℎ = 0, 𝑔𝑇 =
𝐺𝑀𝑇

𝑅𝑇
2 = 𝑔0

 

𝑔0 =
𝐺𝑀𝑇

𝑅𝑇
2 𝑔𝑇 =

𝐺𝑀𝑇

(𝑅𝑡+ℎ)2
=
6,67×10−11⋅5,975×1024

(6,37123×106+10000)2
= 9,791 𝑚/𝑠2

𝑔𝑇 ≈ 
𝐺𝑀𝑇

𝑅𝑇
2 [1 −

2ℎ

𝑅
+⋯ ] =

6,67 × 10−11 ⋅ 5,975 × 1024

(6,37123 × 106)2
[1 −

20000

6,37123 × 106
+⋯]          

= 9,513 𝑚/𝑠2

3%

 



𝑔𝑙 ≈ 
𝐺𝑀𝑙

𝑅𝑙
2 [1 −

2ℎ

𝑅𝑙
+⋯] =

6,67 × 10−11 ⋅  7,35 × 1022

(1,74 × 106)2
[1 −

2 ⋅ 100

1,74 × 106
]

= 1,61906 𝑚/𝑠2         

𝑔𝑙 =
𝐺𝑀𝑙

𝑅𝑙
2 =

6,67 × 10−11 ⋅ 7,35 × 1022

(1,74 × 106)2
= 1,61925 𝑚/𝑠2

1,61925−1,61906 

1,61925
≈ 0,01%  

 

𝑟 𝑟 + 𝑑𝑟.

𝑑𝑟. 

𝐾𝑟 2𝜋𝑟 .

𝑑𝑉 = 2𝜋𝑟 ⋅ 𝐾𝑟 ⋅ 𝑑𝑟 = 2 𝜋𝐾 𝑟2 𝑑𝑟

𝜌 = 𝑀/𝑉 𝑑𝑚

𝑑𝑚 = 𝜌 𝑑𝑉 = 𝜌 2 𝜋𝐾 𝑟2 𝑑𝑟

𝑭⃗⃗⃗ 𝑋

𝑑𝐹𝑥 = 𝑑𝐹 cos 𝜃 = 𝑑𝐹
𝑥0

(𝑥0
2 + 𝑟2)

1
2

  =
𝐺𝑀 𝑑𝑚

𝑥0
2 + 𝑟2

 
𝑥0

(𝑥0
2 + 𝑟2)

1
2

=
𝐺𝑀 𝑥0 (𝜌 2 𝜋𝐾 𝑟

2 𝑑𝑟)

( 𝑥0
2 + 𝑟2)

3
2

⇒ 𝐹 = ∫𝑑𝐹𝑥 = ∫
𝐺𝑀 𝑥0 𝜌 2 𝜋𝐾 𝑟

2 𝑑𝑟

( 𝑥0
2 + 𝑟2)

3
2

= 2 𝐺𝑀 𝑥0 𝜌 𝜋𝐾

𝑅

0

 ∫
 𝑟2 𝑑𝑟

( 𝑥0
2 + 𝑟2)

3
2

𝑅

0

∫
 𝑟2 𝑑𝑟

( 𝑥0
2+𝑟2)

3
2

𝑅

0

       

𝑟

𝑥0
= 𝑡𝑎𝑛(𝜃)  ⇒

𝑟 = 𝑥0 𝑡𝑎𝑛(𝜃)  ⇒ 𝑑𝑟 = 𝑥0  
(𝑠𝑖𝑛𝜃𝑐𝑜𝑠𝜃 + 𝑠𝑖𝑛𝜃𝑠𝑖𝑛𝜃)

𝑐𝑜𝑠2 𝜃
 𝑑𝜃 = 𝑥0

1

𝑐𝑜𝑠2 𝜃
𝑑𝜃 = 𝑥0 𝑠𝑒𝑐

2 𝑑𝜃

𝜃



∫
 𝑟2 𝑑𝑟

( 𝑥0
2 + 𝑟2)

3
2

𝑅

0

= ∫
𝑥0
2 𝑡𝑎𝑛2(𝜃) 𝑥0 𝑠𝑒𝑐

2 𝑑𝜃

( 𝑥0
2 + 𝑥0

2 𝑡𝑎𝑛2(𝜃))
3
2

𝑅

0

𝑥0
2 + 𝑥0

2 𝑡𝑎𝑛2 𝜃 = 𝑥0
2 (1 +

𝑠𝑖𝑛2 𝜃

𝑐𝑜𝑠2 𝜃
) = 𝑥0

2 (
1

𝑐𝑜𝑠2 𝜃
) = 𝑥0

2 𝑠𝑒𝑐2 𝜃 

⇒  ∫
𝑥0
2 𝑡𝑎𝑛2(𝜃) 𝑥0 𝑠𝑒𝑐

2 𝑑𝜃

( 𝑥0
2 + 𝑥0

2 𝑡𝑎𝑛2(𝜃))
3
2

𝑅

0

= ∫
𝑥0
2 𝑡𝑎𝑛2(𝜃) 𝑥0 𝑠𝑒𝑐

2𝜃 𝑑𝜃

( 𝑥0
2 𝑠𝑒𝑐2 𝜃)

3
2

𝑅

0

= ∫
𝑥0
3 𝑡𝑎𝑛2(𝜃) 𝑠𝑒𝑐2𝜃 𝑑𝜃

𝑥0
3 𝑠𝑒𝑐3 𝜃

= ∫
𝑡𝑎𝑛2(𝜃) 𝑑𝜃

𝑠𝑒𝑐 𝜃
=

𝑅

0

𝑅

0

∫
𝑠𝑖𝑛2(𝜃) cos 𝜃 𝑑𝜃

𝑐𝑜𝑠2 𝜃

𝑅

0

= ∫
𝑠𝑖𝑛2(𝜃)𝑑𝜃

𝑐𝑜𝑠 𝜃
=

𝑅

0

∫
1 − 𝑐𝑜𝑠2(𝜃)𝑑𝜃

𝑐𝑜𝑠 𝜃
= ∫

1

𝑐𝑜𝑠 𝜃
𝑑𝜃 − ∫ 𝑐𝑜𝑠 𝜃 𝑑𝜃

𝑅

0

𝑅

0

𝑅

0

∫
1

𝑐𝑜𝑠 𝜃
𝑑𝜃

𝑅

0

= ∫ sec 𝜃 𝑑𝜃

𝑅

0

= ∫ sec 𝜃 

𝑅

0

(sec 𝜃 + tan 𝜃) 

(sec 𝜃 + tan 𝜃) 
 𝑑𝜃

𝑑

𝑑𝜃
(sec 𝜃 + tan𝜃) = sec 𝜃 𝑡𝑎𝑛𝜃 + sec2 𝜃 = sec 𝜃 (tan𝜃 + sec 𝜃)

∫
𝑑𝑢

𝑢
= ln|𝑢| 𝑢 = sec 𝜃 + tan 𝜃 

∫
1

𝑐𝑜𝑠 𝜃
𝑑𝜃

𝑅

0

= ln|sec 𝜃 + tan𝜃 |

∫
1

𝑐𝑜𝑠 𝜃
𝑑𝜃 − ∫ 𝑐𝑜𝑠 𝜃 𝑑𝜃

𝑅

0

𝑅

0

= [ln|sec 𝜃 + tan𝜃 |]0
𝑅 − [sin 𝜃]0

𝑅

sec 𝜃 =
1

cos 𝜃
=
√𝑥0

2 + 𝑟2

𝑥0
    ;  tan 𝜃 =

𝑟

𝑥0
    ; sin 𝜃 =

𝑟

√𝑥0
2 + 𝑟2

[ln |
√𝑥0

2 + 𝑟2

𝑥0
    +

𝑟

𝑥0
|]

0

𝑅

− [
𝑟

√𝑥0
2 + 𝑟2

]

0

𝑅

= ln |
√𝑥0

2 + 𝑅2

𝑥0
    +

𝑅

𝑥0
| − (ln(1) − 0) − (

𝑅

√𝑥0
2 + 𝑅2

)  



=   ln |
𝑅 + √𝑥0

2 + 𝑅2

𝑥0
 | −

𝑅

√𝑥0
2 + 𝑅2

𝑅+ √𝑥0
2+𝑅2

𝑥0

∫
 𝑟2 𝑑𝑟

( 𝑥0
2 + 𝑟2)

3
2

𝑅

0

= ln |
𝑅 + √𝑥0

2 + 𝑅2

𝑥0
 | −

𝑅

√𝑥0
2 + 𝑅2

 

𝑭 = 2 𝐺𝑀 𝑥0 𝜌 𝜋𝐾 ∫
 𝑟2 𝑑𝑟

( 𝑥0
2 + 𝑟2)

3
2

𝑅

0

=  2 𝐺𝑀 𝑥0 𝜌 𝜋𝐾 (ln (
𝑅 + √𝑥0

2 + 𝑅2

𝑥0
) −

𝑅

√𝑥0
2 + 𝑅2

)  

[𝐺] =
𝑁 𝑚2

𝑘𝑔2
[𝑀] = 𝑘𝑔 [𝑥0] = 𝑚 [𝜌] =

𝑘𝑔

𝑚3
[𝐾] = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡𝑒

⇒ [𝐹] =
𝑁 𝑚2

𝑘𝑔2
⋅ 𝑘𝑔 ⋅ 𝑚 ⋅

𝑘𝑔

𝑚3
=  𝑁

 

 

𝐹 = −
𝐺𝑀𝑚0

𝑟2

𝑑𝐹

𝑑𝑦

𝑑𝐹 = 𝐺
𝑚0 𝑑𝑀

𝑟2

𝑟2 = 𝑥0
2 + 𝑦2

𝜆 =
𝑀

𝐿
𝜆 =

𝑑𝑀

𝑑𝑦
 ⇒ 𝑑𝑀 = 𝜆 𝑑𝑦 =

𝑀

𝐿
𝑑𝑦

𝑑𝐹 = 𝐺
𝑚0 𝑑𝑀

𝑟2
= 𝐺

𝑚0𝑀 𝑑𝑦

𝐿 (𝑥0
2 + 𝑦2)

−𝐿/2 +𝐿/2.

𝑑𝑚

𝑂), 𝑦

𝑥.



𝑑𝐹𝑥 = 𝑑𝐹 cos(𝜃) = 𝑑𝐹 (
𝑥0
𝑟
) = 𝐺

𝑚0𝑀 𝑑𝑦

𝐿 (𝑥0
2 + 𝑦2)

 (
𝑥0
𝑟
) = 𝐺

𝑚0𝑀 𝑑𝑦

𝐿 (𝑥0
2 + 𝑦2)

 (
𝑥0

√𝑥0
2 + 𝑦2 

)

= 𝐺
𝑚0𝑀 𝑥0 𝑑𝑦 

𝐿 (𝑥0
2 + 𝑦2)

3
2

𝑭 = ∫𝑑𝐹 =  ∫ 𝐺
𝑚0𝑀 𝑥0 𝑑𝑦 

𝐿 (𝑥0
2 + 𝑦2)

3
2

=
𝐺𝑚0𝑀𝑥0

𝐿
∫

 𝑑𝑦 

(𝑥0
2 + 𝑦2)

3
2

 

𝐿/2

−𝐿/2

 

𝐿/2

−𝐿/2

∫
 𝑑𝑦 

(𝑥0
2+𝑦2)

3
2

 
𝐿/2

−𝐿/2

𝒚 = 𝒙𝟎 𝒕𝒂𝒏𝜽 = 𝑥0
𝑠𝑖𝑛𝜃

𝑐𝑜𝑠𝜃
⇒ 𝑑𝑦 = 𝑥0

𝑐𝑜𝑠𝜃𝑐𝑜𝑠𝜃 + 𝑠𝑖𝑛𝜃𝑠𝑖𝑛𝜃

cos2 𝜃 
𝑑𝜃 = 𝑥0

1

cos2 𝜃   
= 𝑥0 sec

2 𝜃  𝑑𝜃

⇒  ∫
 𝑑𝑦 

(𝑥0
2 + 𝑦2)

3
2

=∫
𝑥0 𝑠𝑒𝑐

2 𝜃  𝑑𝜃 

(𝑥0
2 + 𝑥0

2 tan2 𝜃)
3
2

= ∫
𝑥0 𝑠𝑒𝑐

2 𝜃  𝑑𝜃 

𝑥0
3 (1 + tan2 𝜃)

3
2

= ∫
𝑠𝑒𝑐2 𝜃  𝑑𝜃 

𝑥0
2  (

1
cos2 𝜃 

)

3
2

= ∫
𝑠𝑒𝑐2 𝜃  𝑑𝜃 

𝑥0
2 (𝑠𝑒𝑐2 𝜃)

3
2

=
1

𝑥0
2∫
𝑠𝑒𝑐2 𝜃  𝑑𝜃 

𝑠𝑒𝑐3 𝜃
=
1

𝑥0
2∫

1 𝑑𝜃 

𝑠𝑒𝑐 𝜃

=
1

𝑥0
2∫𝑐𝑜𝑠𝜃 𝑑𝜃 =

1

𝑥0
2  𝑠𝑖𝑛𝜃 

𝑟 𝑠𝑖𝑛𝜃 = 𝑦 ⇒ 𝑠𝑖𝑛𝜃 =
𝑦

𝑟
=

𝑦

 (𝑥0
2+𝑦2)

1
2

⇒ ∫
 𝑑𝑦 

(𝑥0
2 + 𝑦2)

3
2

=

𝐿/2

−𝐿/2

1

𝑥0
2  [

𝑦

 (𝑥0
2 + 𝑦2)

1
2

]

−
𝐿
2

𝐿
2

=
1

𝑥0
2

(

 
 𝐿

 (𝑥0
2 + (

𝐿
2)
2

)

1
2

)

 
 
=

𝐿

𝑥0
2 √𝑥0

2 + (
𝐿
2)
2

𝐺𝑚0𝑀𝑥0

𝐿
 

𝑭 =
𝐺𝑚0𝑀𝑥0

𝐿
⋅

𝐿

𝑥0
2 √𝑥0

2 + (
𝐿
2)
2
=

𝑮𝒎𝟎𝑴

𝒙𝟎 √𝒙𝟎
𝟐 + (

𝑳
𝟐)
𝟐
 

 𝜆 =
𝑀

𝐿
 ⇒ 𝑀 = 𝜆 𝐿

⇒ 𝑭 =
𝐺𝑚0𝑀

𝑥0 √𝑥0
2 + (

𝐿
2)
2
=

𝐺𝑚0𝜆𝐿

𝑥0 √𝑥0
2 + (

𝐿
2)
2

𝐿



lim
𝐿→∞

𝐿

√𝑥0
2 + (

𝐿
2)
2
= lim
𝐿→∞

𝐿

√(
𝐿
2)
2
= lim
𝐿→∞

𝐿

𝐿
2

= 2

𝑳 ⟶ ∞

𝑭 =
𝟐 𝑮𝒎𝟎𝝀

𝒙𝟎 

 

𝐹𝑔 = 𝐺
𝑀𝑆𝑀𝑇

𝑟𝑇𝑆
2

𝐹𝑐 = 𝑚𝑇 ⋅
𝑣2

𝑟𝑇𝑆
.

𝐺
𝑀𝑆𝑀𝑇

𝑟𝑇𝑆
2 = 𝑀𝑇 ⋅

𝑣2

𝑟𝑇𝑆
 ⇒ 𝑀𝑆 = 𝑟𝑇𝑆 ⋅

𝑣2

𝐺

𝑣 =
𝑥

𝑡
𝑥, 2𝜋𝑟𝑇𝑆 𝑡 =

𝜏 = 365,25 𝑗𝑜𝑢𝑟𝑠 = 365,25 ∗ 24 ∗ 3600 𝑠

𝑣 =
𝑥

𝑡
=
2𝜋𝑟𝑇𝑆

𝜏
 ⇒ 𝑣2 =

4 𝜋2𝑟𝑇𝑆
2

𝜏2

 

𝑴𝑺 = 𝑟𝑇𝑆 ⋅
𝑣2

𝐺 𝜏2
=
4 𝜋2𝑟𝑇𝑆

3

𝜏2 ⋅ 𝐺
=

4 𝜋2 (1,495 × 1011)3

(365,25 ∗ 24 ∗ 3600)2 ⋅ 6,67 × 10−11
= 𝟐, 𝟎𝟎 × 𝟏𝟎𝟑𝟎𝒌𝒈

 

𝐹𝑔 = 𝐺
𝑀𝑙𝑀𝑠

𝑟2

 𝐹𝑐 = 𝑚𝑠 ⋅
𝑣2

𝑟2
.



𝐺
𝑀𝑙𝑀𝑠

𝑟𝑙𝑠
2 = 𝑀𝑠 ⋅

𝑣2

𝑟𝑙𝑠
 ⇒ 𝑣2 =

𝐺𝑀𝑙
𝑟𝑙𝑠
 ⇒ 𝑣 = √

𝐺𝑀𝑙
𝑟𝑙𝑠

𝑟𝑙𝑠 = (1738 + 62) 𝑘𝑚 = 1800 × 10
3𝑚

⇒  𝑣 = √
𝐺𝑀𝑙
𝑟𝑙𝑠

= 𝑣 = √
6,67 × 10−11  ⋅   7,35 × 1022 

1800 × 103
= 1650 𝑚/𝑠

 

 

𝐹𝑔 = 𝐺
𝑀𝑙𝑀𝑠

𝑟𝑙𝑠
2

𝐹𝑐 = 𝑀𝑠 ⋅
𝑣2

𝑟𝑙𝑠
.

𝐺
𝑀𝑙𝑀𝑠

𝑟𝑙𝑠
2 = 𝑀𝑠 ⋅

𝑣2

𝑟𝑙𝑠
 ⇒ 𝐺

𝑀𝑙
𝑟𝑙𝑠
= 𝑣2

𝑣 =
𝑥

𝑡
𝑥, 2𝜋𝑟𝑙𝑠 𝜏,

𝑣 =
𝑥

𝑡
=
2𝜋𝑟𝑙𝑠

𝜏
 ⇒ 𝑣2 =

4 𝜋2𝑟𝑙𝑠
2

𝜏2

𝐺
𝑀𝑙

𝑟𝑙𝑠
= 𝑣2  ⇔  𝐺

𝑀𝑙

𝑟𝑙𝑠
=
4 𝜋2𝑟𝑙𝑠

2

𝜏2
 ⇒ 𝜏2 =

4 𝜋2𝑟𝑙𝑠
3

𝐺 𝑀𝑙
 ⇒ 𝜏 = 2 𝜋 √

𝑟𝑙𝑠
3

𝐺 𝑀𝑙
  

𝑟𝑙𝑠 = 1,740 × 10
6 + 60 × 103 = 1,8 × 106 𝑚

⇒  𝜏 = 2 𝜋 √
𝑟𝑙𝑠
3

𝐺 𝑀𝑙
= 𝜏 = 2 𝜋 √

(1,8×106 )3

 6,67×10−11⋅ 7,35×1022
=  6,85 × 103𝑠 ≈ 1,9 ℎ𝑒𝑢𝑟𝑒

 

𝐹𝑔 = 𝐺
𝑀𝑇𝑀𝑠

𝑟𝑇
2

𝐹𝑐 = 𝑀𝑠 ⋅
𝑣2

𝑟𝑇
.



𝐺
𝑀𝑇𝑀𝑠

𝑟𝑇
2 = 𝑀𝑠 ⋅

𝑣2

𝑟𝑇
 ⇒ 𝐺

𝑀𝑇
𝑟𝑇
= 𝑣2

𝑣 =
𝑥

𝑡
𝑥, 2𝜋𝑟𝑇 𝜏,

𝑣 =
𝑥

𝑡
=
2𝜋𝑟𝑇

𝜏
 ⇒ 𝑣2 =

4 𝜋2𝑟𝑇
2

𝜏2

𝐺
𝑀𝑇

𝑟𝑇
= 𝑣2  ⇔  𝐺

𝑀𝑇

𝑟𝑇
=
4 𝜋2𝑟𝑇

2

𝜏2
 ⇒ 𝜏2 =

4 𝜋2𝑟𝑇
3

𝐺 𝑀𝑇
 ⇒ 𝝉 = 2 𝜋 √

𝑟𝑇
3

𝐺 𝑀𝑇
= 2

𝜋

𝐺 𝑀𝑇
 √𝑟𝑇

3  

=
 2 𝜋

√6,67 × 10−11  ⋅  5,975 × 1024 
√𝑟𝑇

3 = 𝟑, 𝟏𝟓 × 𝟏𝟎−𝟕 √𝒓𝑻
𝟑  𝒔𝒆𝒄𝒐𝒏𝒅𝒆𝒔

 

𝐹𝑔 = 𝐺
𝑀𝑇𝑀𝑠

𝑟𝑇
2

𝐹𝑐 = 𝑀𝑠 ⋅
𝑣2

𝑟𝑇
.

𝐺
𝑀𝑇𝑀𝑠

𝑟𝑇
2 = 𝑀𝑠 ⋅

𝑣2

𝑟𝑇
 ⇒ 𝐺

𝑀𝑇
𝑟𝑇
= 𝑣2

𝑣 =
𝑥

𝑡
𝑥, 2𝜋𝑟𝑇 𝜏,

𝑣 =
𝑥

𝑡
=
2𝜋𝑟𝑇

𝜏
 ⇒ 𝑣2 =

4 𝜋2𝑟𝑇
2

𝜏2

𝐺
𝑀𝑇

𝑟𝑇
= 𝑣2  ⇔  𝐺

𝑀𝑇

𝑟𝑇
=
4 𝜋2𝑟𝑇

2

𝜏2
 ⇒ 𝜏2 =

4 𝜋2𝑟𝑇
3

𝐺 𝑀𝑇
 ⇒

𝝉 = 2 𝜋 √
𝑟𝑇
3

𝐺 𝑀𝑇
= 2

𝜋

𝐺 𝑀𝑇
 √𝑟𝑇

3  =
 2 𝜋

√6,67 × 10−11  ⋅  5,975 × 1024 
√𝑟𝑇

3

= 𝟑, 𝟏𝟓 × 𝟏𝟎−𝟕 √𝒓𝑻
𝟑  𝒔𝒆𝒄𝒐𝒏𝒅𝒆𝒔

𝑟𝑇 = 6950 × 10
3 𝑚 𝜏 = 3,15 × 10−7 √(6950 × 103)3 = 5,77 × 103 𝑠.



 

 𝐹𝑔 = 𝐺
𝑀𝑇𝑀𝑠

𝑟𝑇
2

𝐹𝑐 = 𝑀𝑠 ⋅
𝑣2

𝑟𝑇
.

𝐺
𝑀𝑇𝑀𝑠

𝑟𝑇
2 = 𝑀𝑠 ⋅

𝑣2

𝑟𝑇
 ⇒ 𝐺

𝑀𝑇
𝑟𝑇
= 𝑣2

𝑣 =
𝑥

𝑡
𝑥, 2𝜋𝑟𝑇 𝜏,

𝑣 =
𝑥

𝑡
=
2𝜋𝑟𝑇

𝜏
 ⇒ 𝑣2 =

4 𝜋2𝑟𝑇
2

𝜏2

𝐺
𝑀𝑇

𝑟𝑇
= 𝑣2  ⇔  𝐺

𝑀𝑇

𝑟𝑇
=
4 𝜋2𝑟𝑇

2

𝜏2
 ⇒ 𝜏2 =

4 𝜋2𝑟𝑇
3

𝐺 𝑀𝑇
 ⇒

𝝉 = 2 𝜋 √
𝑟𝑇
3

𝐺 𝑀𝑇
= 2

𝜋

𝐺 𝑀𝑇
 √𝑟𝑇

3 

Τ(r) ∝  𝑟
3

2

𝑟1, Τ1 ∝  𝑟1

3

2 𝑟2 = 2 𝑟1 Τ2 ∝ 𝑟2

3

2 = (2𝑟1)
3

2

𝑇2
𝑇1
=
(2𝑟1)

3
2

𝑟1

3
2

= (
2𝑟1
𝑟1
)

3
2
= 2

3
2 = √8 ≈ 2,8

⇒ 𝑇2 ≈ 2,8 𝑇1
 𝑣 =

𝑥

𝑡
=
2𝜋

𝜏

𝑣1 =
2𝜋𝑟1

𝜏1
𝑣2 =

2𝜋𝑟2

𝜏2
𝑟2 = 2𝑟1 𝑇2 ≈ 2,8 𝑇1

➔ 𝑣2 =
4𝜋𝑟1

2,8 𝜏1

𝑣2
𝑣1
=

4𝜋𝑟1
2,8 𝜏1
2𝜋𝑟1
𝜏1

=
2

2,8
= 0,71  ⇒ 𝑣2 = 0,71 𝑣1

 



𝑔

𝑔𝑙 =
𝐺𝑀𝑙
𝑟2

𝑟 

𝑔𝑙 =
𝐺𝑀𝑙
𝑟2

= 6,67 × 10−11 ⋅
7,35 × 1022

(3,844 × 108)2
= 3,32 × 10−5 𝑚/𝑠2

 

𝑔

𝑔𝑠 =
𝐺𝑀𝑠
𝑟2

𝑟 

𝑔𝑠 =
𝐺𝑀𝑠
𝑟2

= 6,67 × 10−11 ⋅
1

(1)2
= 6,67 × 10−11 𝑚/𝑠2

 

𝑔

𝑔𝑆 =
𝐺𝑀𝑆
𝑟2

𝑟 

𝑔𝑆 =
𝐺𝑀𝑆
𝑟2

= 6,67 × 10−11 ⋅
1,987 × 1030

(1,495 × 1011)2
= 5,93 × 10−3 𝑚/𝑠2

 

𝑇2

𝑎3
= 𝐶 (𝐶𝑠𝑡𝑒)

𝑇 𝑎



𝑇2

𝑎3
=
1 (𝑎𝑛𝑛é𝑒)

1 (𝑈𝐴)
= 1

𝑇𝐽
2

𝑎𝐽
3 = 1 ⇔ 𝑇𝑗 = √𝑎𝐽

3 = √(5,2028)3 ≈ 11,868  .

 

𝑇2

𝑎3
= 𝐶 (𝐶𝑠𝑡𝑒)

𝑎

𝑇2

𝑎3
=
1 (𝑎𝑛𝑛é𝑒)

1 (𝑈𝐴)
= 1

 1 𝑈𝐴 = 1,495 × 1011 𝑚 , 597.9 × 109 𝑚 = 3,999 𝑈𝐴.

𝑇𝑠
2 = 1 ⋅ (3,999)3   ⇒   𝑻𝒔 = √ (3,999)3 = 𝟕, 𝟗𝟗𝟖 𝒂𝒏𝒏é𝒆𝒔. 

 

𝑚 

𝑀 𝐹𝑔 = 𝐺
𝑀𝑚

𝑟2

𝐹𝑐 =
𝑚𝑣2

𝑟
.

𝐺
𝑀𝑚

𝑟2
=
𝑚𝑣2

𝑟
 ⇔ 𝑣2 =

𝐺𝑀

𝑟
 

𝑣 =
𝑥

𝑡
=

1 𝑡𝑜𝑢𝑟 2𝜋𝑟

𝜏
 ⇒ 𝑣2 = 4

𝜋2𝑟2

𝜏2



𝑣2,
𝐺𝑀

𝑟
= 4

𝜋2𝑟2

𝜏2
 ⇔

𝜏2

𝑟3
=
4 𝜋2

𝐺𝑀
 ⇔

𝑟3

𝜏2
=

𝐺𝑀

4 𝜋2
  

𝑟3

𝜏2
= 𝐶 (𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡𝑒).

𝐶 =
𝐺𝑀

4 𝜋2
 ⇒

𝐶

𝑀
=

𝐺

4 𝜋2
= 

 

 𝑚1 .

𝐹1 =
𝐺𝑚1𝑚2
(𝑟1 + 𝑟2)2

𝑚1 𝑂: 𝐹𝑐1 =
𝑚1𝑣1

2

𝑟1
=
𝑚1

𝑟1
(
2𝜋𝑟1

𝑇1
)
2

=
4𝜋2𝑚1𝑟1

𝑇1
2

𝑚2 .

𝐹2 =
𝐺𝑚1𝑚2
(𝑟1 + 𝑟2)2

𝑚2 𝑂: 𝐹𝑐2 =
𝑚2𝑣2

2

𝑟2
=
𝑚2

𝑟2
(
2𝜋𝑟2

𝑇2
)
2

=
4𝜋2𝑚2𝑟2

𝑇2
2

𝐹1 = 𝐹2 𝐹1 = 𝐹𝐶1 𝐹2 = 𝐹𝐶2 𝐹𝐶1 = 𝐹𝐶2

⇒ 
4𝜋2𝑚1𝑟1

𝑇1
2 =

4𝜋2𝑚2𝑟2

𝑇2
2   

𝑇1=𝑇2
⇔   𝑚1𝑟1 = 𝑚2𝑟2  ⇔

𝑟1
𝑟2
=
𝑚2
𝑚1

 𝐹1 = 𝐹𝑐1
𝐺𝑚1𝑚2

(𝑟1+𝑟2)2
=
4𝜋2𝑚1𝑟1

𝑇1
2  ⇔  

𝐺𝑚2

(𝑟1+𝑟2)2
=
4𝜋2𝑟1

𝑇1
2

𝐹2 = 𝐹𝑐2
𝐺𝑚1𝑚2

(𝑟1+𝑟2)2
=
4𝜋2𝑚2𝑟2

𝑇2
2  ⇔  

𝐺𝑚1

(𝑟1+𝑟2)2
=
4𝜋2𝑟2

𝑇2
2

𝐺𝑚2
(𝑟1 + 𝑟2)2

+
𝐺𝑚1

(𝑟1 + 𝑟2)2
=
4𝜋2𝑟1

𝑇1
2 +

4𝜋2𝑟2

𝑇2
2

𝑇1=𝑇2=𝑇
⇔      

𝐺𝑚2
(𝑟1 + 𝑟2)2

+
𝐺𝑚1

(𝑟1 + 𝑟2)2
=
4𝜋2𝑟1
𝑇2

+
4𝜋2𝑟2
𝑇2

 

⇔ 
𝐺(𝑚1 +𝑚2)

(𝑟1 + 𝑟2)2
=
4𝜋2(𝑟1 + 𝑟2)

𝑇2

⇔
(𝒓𝟏 + 𝒓𝟐)

𝟑

𝑻𝟐
=
𝑮(𝒎𝟏 +𝒎𝟐)

𝟒 𝝅𝟐



 

< 𝑟𝑖 > =  
(1,97 + 0,186)

2
 𝑈𝐴 = 1,078 𝑈𝐴

𝑇2

𝑎3
= 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡𝑒.

𝑇2

𝑎3
= 1

𝑇 = 1 𝒂𝒏 𝑎 = 1 𝑼𝑨
𝑇2

𝑎3
= 1

𝑎 = 1,08 𝑈𝐴 ⇒ 𝑎3 = 1,2527
𝑇2

𝑎3
= 1 ⇒ 𝑇 = √( 𝑎)3 = √1,2527 ≈ 1,12 𝑎𝑛𝑛é𝑒𝑠.

 

𝑀31 𝑚

𝐹𝑔𝑟𝑎𝑣𝑖𝑡𝑎𝑡𝑖𝑜𝑛 = 𝐹𝑐𝑒𝑛𝑟𝑖𝑝è𝑡𝑒  ⇔
𝐺𝑀31𝑚

𝑟2
=
𝑚𝑣2

𝑟
 ⇔  

𝐺𝑀31

𝑟
= 𝑣2  ⇒ 𝑀31 =

𝑟 𝑣2

𝐺

𝑟 = 5 × 109 UA = 5 × 109 ⋅ 1,495 × 1011 𝑚

  𝑀31 =
𝑟 𝑣2

𝐺
=
(5×109⋅1,495×1011) ⋅(2×105)

2

6,67×10−11
= 4,5 × 1041 𝑘𝑔

 

𝑀 𝑅



𝑑𝑚

𝑔 = 𝐺
𝑑𝑚

𝑅2
𝑑𝑚

𝑑𝑚

𝑑𝑚′ 𝑑𝑔′

𝑔⃗

 

𝑇𝐽 𝑟 = 5,578 𝑅𝑗

𝜌𝐽 𝜌𝐽 =
𝑀𝐽

𝑉𝐽
=

𝑀𝐽
4

3
 𝜋𝑅𝐽

3

𝑇 = 1,7699 ⋅ 24 ⋅ 3600 𝑠 = 152919,36 𝑠

𝑇 𝑟
𝑇2

𝑟3
= 𝒞

𝒞 ?

𝐹𝑔 = 𝐹𝑐  ⇔
𝐺𝑀𝑚

𝑟2
=
𝑚𝑣2

𝑟
 ⇔

𝐺𝑀

𝑟2
=
𝑣2

𝑟
 ⇔ 𝑣2 =

𝐺𝑀

𝑟
 

𝑣 =
𝑐𝑖𝑟𝑐𝑜𝑛𝑓é𝑟𝑒𝑛𝑐𝑒

𝑝é𝑟𝑖𝑜𝑑𝑒
=
2 𝜋𝑟

𝑇
. 𝑣2 =

𝐺𝑀

𝑟
=
4 𝜋2 𝑟2

𝑇2
 

𝑇2 =
4 𝜋2 𝑟3

𝐺𝑀
 𝑀 𝑀 =

4 𝜋2 𝑟3

𝐺𝑇2

𝜌 =
𝑀

4

3
 𝜋𝑅3

𝑟 = 𝑅𝐽

𝜌 =
𝑀

4
3  𝜋𝑅

3
=

4 𝜋2 𝑟3

𝐺𝑇2

4
3  𝜋𝑅

3
=

4 𝜋2 (5,578 𝑅)3

𝐺𝑇2

4
3  𝜋𝑅

3
=

4 𝜋2 (5,578 𝑅)3

𝐺𝑇2

4
3  𝜋𝑅

3

=
4 𝜋2 (5,578 𝑅)3

𝐺𝑇2
⋅
3

4 𝜋 𝑅3
=
3 𝜋 ⋅ (5,578)3

𝐺 𝑇2
=

3 𝜋 ⋅ (5,578)3

6,67 × 10−11 (152919)2

= 1048 
𝑘𝑔

𝑚3



 

𝑚𝐴 𝑚𝐵,

𝑂 𝑟𝐴,  𝑂 𝑟𝐵,

𝑂.

 𝑚𝐴 .

𝐹𝐴 =
𝐺𝑚𝐴𝑚𝐵
(𝑟𝐴 + 𝑟𝐵)2

𝑚𝐴 𝑂: 𝐹𝑐𝐴 =
𝑚𝐴𝑣𝐴

2

𝑟𝐴
=
𝑚𝐴

𝑟𝐴
(
2𝜋𝑟𝐴

𝑇𝐴
)
2

=
4𝜋2𝑚𝐴𝑟𝐴

𝑇𝐴
2

𝑚𝐵 .

𝐹𝐵 =
𝐺𝑚𝐴𝑚𝐵
(𝑟𝐴 + 𝑟𝐵)2

𝑚𝐵 𝑂: 𝐹𝑐𝐵 =
𝑚𝐵𝑣𝐵

2

𝑟𝐵
=
𝑚𝐵

𝑟𝐵
(
2𝜋𝑟𝐵

𝑇𝐵
)
2

=
4𝜋2𝑚𝐵𝑟𝐵

𝑇𝐵
2

𝐹𝐴 = 𝐹𝐵 𝐹𝐴 = 𝐹𝐶𝐴 𝐹𝐵 = 𝐹𝐶𝐵 𝐹𝐶𝐴 = 𝐹𝐶𝐵

⇒ 
4𝜋2𝑚𝐴𝑟𝐴

𝑇𝐴
2 =

4𝜋2𝑚𝐵𝑟𝐵

𝑇𝐵
2   

𝑇𝐴=𝑇𝐵
⇔    𝑚𝐴𝑟𝐴 = 𝑚𝐵𝑟𝐵  ⇔

𝒓𝑨
𝒓𝑩
=
𝒎𝑩

𝒎𝑨

𝑟𝐵 = 2 𝑟𝐴
𝑟𝐴

2 𝑟𝐴
=
𝑚𝐵

𝑚𝐴
 ⇒ 𝑚𝐵 = 2 𝑚𝐴

 𝐹𝐴 = 𝐹𝑐𝐴
𝐺𝑚𝐴𝑚𝐵

(𝑟𝐴+𝑟𝐵)2
=
4𝜋2𝑚𝐴𝑟𝐴

𝑇𝐴
2  ⇔  

𝐺𝑚𝐵

(𝑟𝐴+𝑟𝐵)2
=
4𝜋2𝑟𝐴

𝑇𝐴
2

𝐹𝐵 = 𝐹𝐶𝐵
𝐺𝑚𝐴𝑚𝐵

(𝑟𝐴+𝑟𝐵)2
=
4𝜋2𝑚𝐵𝑟𝐵

𝑇𝐵
2  ⇔  

𝐺𝑚𝐴

(𝑟𝐴+𝑟𝐵)2
=
4𝜋2𝑟𝐵

𝑇𝐵
2

𝐺𝑚𝐵
(𝑟𝐴 + 𝑟𝐵)2

+
𝐺𝑚𝐴

(𝑟𝐴 + 𝑟𝐵)2
=
4𝜋2𝑟𝐴

𝑇𝐴
2 +

4𝜋2𝑟𝐵

𝑇𝐵
2

𝑇𝐴=𝑇𝐵=𝑇
⇔       

𝐺𝑚𝐵
(𝑟𝐴 + 𝑟𝐵)2

+
𝐺𝑚𝐴

(𝑟𝐴 + 𝑟𝐵)2
=
4𝜋2𝑟𝐴
𝑇2

+
4𝜋2𝑟𝐵
𝑇2

 

⇔ 
𝐺 (𝑚𝐴 +𝑚𝐵)

(𝑟𝐴 + 𝑟𝐵)
2
=
4𝜋2(𝑟𝐴 + 𝑟𝐵)

𝑇2

⇔
(𝒓𝑨 + 𝒓𝑩)

𝟑

𝑻𝟐
=
𝑮(𝒎𝑨 +𝒎𝑩)

𝟒 𝝅𝟐



𝑚𝐴 +𝑚𝐵 =
4 𝜋2 (𝑟𝐴+𝑟𝐵)

3

𝐺 𝑇2
=

4 𝜋2 (2,99×1012)
3

6,67×10−11⋅ (50⋅365⋅24⋅3600)2
= 6,34 × 1030 𝑘𝑔

𝑚𝐵 = 2 𝑚𝐴  ⇒ 3 𝑚𝐴 = 6,34 × 10
34 𝑘𝑔 ⇒ 𝑚𝐴 = 2,1 × 10

30 𝑘𝑔

𝑚𝐵 = 2 𝑚𝐴 = 4,2 × 10
30𝑘𝑔

 

𝐹𝑔 = 𝐺
𝑀𝑇𝑀𝑠

𝑟𝑠
2

𝐹𝑐 = 𝑀𝑠 ⋅
𝑣2

𝑟𝑠
.

𝐺
𝑀𝑇𝑀𝑠
𝑟𝑠2

= 𝑀𝑠 ⋅
𝑣2

𝑟𝑠
 ⇒ 𝐺

𝑀𝑇
𝑟𝑠
= 𝑣2

𝑣 =
𝑥

𝑡
𝑥, 2𝜋𝑟𝑡𝑙 𝜏,

𝑣 =
𝑥

𝑡
=
2𝜋𝑟𝑇

𝜏
 ⇒ 𝑣2 =

4 𝜋2𝑟𝑠
2

𝜏2
⇒ 𝑣 =

2𝜋𝑟𝑠

𝜏
=
2𝜋𝑟𝑡𝑙

𝜏 2 
=
𝜋𝑟𝑡𝑙

𝜏 
 

𝐺
𝑀𝑇

𝑟𝑠
= 𝑣2  ⇔  𝐺

𝑀𝑇

𝑟𝑠
=
4 𝜋2𝑟𝑠

2

𝜏2
 ⇒ 𝜏2 =

4 𝜋2𝑟𝑠
3

𝐺 𝑀𝑇
 ⇒ 𝝉 = 2 𝜋 √

𝑟𝑠
3

𝐺 𝑀𝑇
= 2

𝜋

𝐺 𝑀𝑇
 √𝑟𝑠

3  

=
 2 𝜋

√6,67 × 10−11  ⋅  5,975 × 1024 
√(
𝑟𝑡𝑙
2
)
3

= 3,15 × 10−7 √(
3,844 × 108

2
)

3

  𝑠𝑒𝑐𝑜𝑛𝑑𝑒𝑠 

= 839334 𝑠 = 9,71 𝑗𝑜𝑢𝑟𝑠

𝑣 =
𝜋𝑟𝑡𝑙

𝜏 
𝑣 =

𝜋  3,844×108

839334 
= 1438 𝑚/𝑠



 

𝑂, 𝑔 𝑌

𝑌

𝑋,

𝑔𝑚 =
𝐺𝑚

𝑟2
.

𝑔 =  2 𝑔𝑚 cos 𝜃

𝑔 =  2 𝑔𝑚 cos 𝜃 = 2 
𝐺𝑚

𝑟2
⋅
𝑥

𝑟
=
2 𝐺 𝑚 𝑥

𝑟3
=

2 𝐺 𝑚 𝑥

(𝑥2 + 𝑑2)
3
2


