
1/11 
 

 

 

•

•

•



2/11 
 

 

 

𝑥 𝑦

𝑢⃗ 𝑥 𝑢⃗ 𝑦 𝑢⃗ 𝑥 , 𝑢⃗ 𝑦

𝑥 𝑦

• 𝑥  𝑢⃗ 𝑥

• 𝑦  𝑢⃗ 𝑦

𝑂𝑀⃗⃗⃗⃗ ⃗⃗ = 𝑥 ∙ 𝑢⃗ 𝑥 + 𝑦 ∙ 𝑢⃗ 𝑦 = (
𝑥
𝑦)

 

𝑥 𝑦

• 𝑟

• 𝜃 𝑂𝑀⃗⃗⃗⃗ ⃗⃗  𝑢⃗ 𝑥

𝑢⃗ 𝑟, 𝑢⃗ 𝜃)

• 𝑢⃗ 𝑟 𝑂𝑀⃗⃗⃗⃗ ⃗⃗ 𝑢𝑟⃗⃗⃗⃗ =  
𝑂𝑀⃗⃗⃗⃗⃗⃗  ⃗

‖𝑂𝑀⃗⃗⃗⃗⃗⃗  ⃗‖

• 𝑢⃗ 𝜃 𝑢⃗ 𝑟
𝜋

𝑢⃗ 𝑟, 𝑢⃗ 𝜃)

𝑂𝑀⃗⃗ ⃗⃗ ⃗⃗  = 𝑟 ∙ 𝑢⃗ 𝑟 = (
𝑟
0
)

O 
x 

y 

M 

𝑢⃗ 𝑥  

𝑢⃗ 𝑦 

O 

M 

𝑟 

𝑢⃗ 𝑟  𝑢⃗ 𝜃  

x 

y 

𝜃 
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𝑢⃗ 𝑟 = cos 𝜃 ∙ 𝑢⃗ 𝑥 + sin𝜃 ∙ 𝑢⃗ 𝑦 

𝑢⃗ 𝜃 = −sin 𝜃 ∙ 𝑢⃗ 𝑥 + cos 𝜃 ∙ 𝑢⃗ 𝑦

 

 

 

𝑣 (𝑡) =  
𝑑𝑂𝑀⃗⃗ ⃗⃗ ⃗⃗ 

𝑑𝑡

∙

𝑎 (𝑡) =  
𝑑𝑣 

𝑑𝑡

∙

 

𝑑𝑂𝑀⃗⃗⃗⃗ ⃗⃗ 

𝑑𝑂𝑀⃗⃗ ⃗⃗ ⃗⃗ = 𝑑𝑥 ∙ 𝑢⃗ 𝑥 + 𝑑𝑦 ∙  𝑢⃗ 𝑦

𝑣 (𝑡) =  
𝑑𝑂𝑀⃗⃗ ⃗⃗ ⃗⃗ 

𝑑𝑡
=  

𝑑𝑥 ∙ 𝑢⃗ 𝑥 + 𝑑𝑦 ∙ 𝑢⃗ 𝑦

𝑑𝑡
=  

𝑑𝑥

𝑑𝑡
𝑢⃗ 𝑥 + 

𝑑𝑦

𝑑𝑡
 𝑢⃗ 𝑦

= 𝑥̇ 𝑢⃗ 𝑥 + 𝑦̇ 𝑢⃗ 𝑦 = (
𝑥̇
𝑦̇
)

𝑎 (𝑡) =  
𝑑𝑣 

𝑑𝑡
=

𝑑𝑥̇ ∙ 𝑢⃗ 𝑥 + 𝑑𝑦̇ ∙ 𝑢⃗ 𝑦

𝑑𝑡
=  

𝑑𝑥̇

𝑑𝑡
 𝑢⃗ 𝑥 + 

𝑑𝑦̇

𝑑𝑡
 𝑢⃗ 𝑦 = 𝑥̈ 𝑢⃗ 𝑥 + 𝑦̈ 𝑢⃗ 𝑦 = (

𝑥̈
𝑦̈
) 

x 

y 

M 

𝑢⃗ 𝑥  

𝑢⃗ 𝑦 

M’ 

𝑑𝑂𝑀⃗⃗⃗⃗ ⃗⃗ ⃗⃗  ⃗ 
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𝑣 ∙ 𝑎 𝑎 𝑣 

𝑣 𝑎 

• 𝑣 ∙ 𝑎 > 0

• 𝑣 ∙ 𝑎 = 0

𝑎 ≠ 0⃗ )

• 𝑣 ∙ 𝑎 < 0

 

𝑟 𝜃 𝜃

𝑑𝜃

𝑢⃗ 𝑟 𝑢⃗ 𝜃

𝑢⃗ 𝑟 𝑢⃗ 𝜃

𝜃

𝑑𝑢⃗ 𝑟
𝑑𝜃

= −sin 𝜃 ∙ 𝑢⃗ 𝑥 + cos 𝜃 ∙ 𝑢⃗ 𝑦 = 𝑢⃗ 𝜃 

𝑑𝑢⃗ 𝜃
𝑑𝜃

= −cos 𝜃 ∙ 𝑢⃗ 𝑥 − sin𝜃 ∙ 𝑢⃗ 𝑦  =  − 𝑢⃗ 𝑟

𝑑𝑢⃗ 𝑟
𝑑𝑡

=  
𝑑𝑢⃗ 𝑟
𝑑𝜃

∙
𝑑𝜃

𝑑𝑡
=  𝜃 ̇ 𝑢⃗ 𝜃

𝑑𝑢⃗ 𝜃
𝑑𝑡

=  
𝑑𝑢⃗ 𝜃
𝑑𝜃

∙
𝑑𝜃

𝑑𝑡
=  −𝜃̇ 𝑢⃗ 𝑟

𝑣 (𝑡) =  
𝑑𝑂𝑀⃗⃗ ⃗⃗ ⃗⃗ 

𝑑𝑡
=  

𝑑(𝑟 ∙ 𝑢⃗ 𝑟
𝑑𝑡

=  
𝑑𝑟

𝑑𝑡
∙ 𝑢⃗ 𝑟 +  𝑟 ∙

𝑑 𝑢⃗ 𝑟
𝑑𝑡

𝑟̇ 𝑢⃗ 𝑟 + 𝑟𝜃̇ 𝑢⃗ 𝜃 

and 

𝑎 (𝑡) =
𝑑𝑣 

𝑑𝑡
=  

𝑑(𝑟̇ 𝑢⃗ 𝑟 + 𝑟𝜃 ̇ 𝑢⃗ 𝜃)

𝑑𝑡
=  

𝑑𝑟̇

𝑑𝑡
𝑢⃗ 𝑟 + 𝑟̇

𝑑𝑢⃗ 𝑟
𝑑𝑡

+
𝑑𝑟

𝑑𝑡
 𝜃̇𝑢⃗ 𝜃 + 𝑟

𝑑𝜃̇

𝑑𝑡
𝑢⃗ 𝜃 + 𝑟𝜃̇

𝑑𝑢⃗ 𝜃
𝑑𝑡

= 𝑟̈ 𝑢⃗ 𝑟 + 𝑟̇𝜃 ̇ 𝑢⃗ 𝜃 + 𝑟̇𝜃 ̇ 𝑢⃗ 𝜃 + 𝑟𝜃̈ 𝑢⃗ 𝜃 + 𝑟𝜃̇(−𝜃̇ 𝑢⃗ 𝑟)

= (𝑟̈ − 𝑟𝜃̇2) 𝑢⃗ 𝑟 + (2𝑟̇𝜃̇ + 𝑟𝜃̈) 𝑢⃗ 𝜃 
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In a Galilean reference frame, a body remains in the same state of motion if no force is acting on it

• 

• 

𝐹 

∙ ∙

 𝑝 = 𝑚𝑣 ∙ ∙
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In a Galilean reference frame, the derivative of a body’s momentum with respect to time is equal to the 

sum of all forces acting on it. 

 ∑𝐹i
⃗⃗  

i

= 
𝑑𝑝 

𝑑𝑡
= 𝑚𝑎 

 

If a body M1 exerts a force 𝐹 1→2 on body M2, then M2 exerts on M1 a force 𝐹 2→1 = − 𝐹 1→2. 

 

 

𝐹 

• 

• 

• 

 

𝐹 1→2 = 𝐺 
𝑚1𝑚2

𝑑²
 𝑢⃗ 2→1 

• 𝐺 𝐺 ∙10 ∙m ∙kg
• 𝑚 𝑚
• 𝑑
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𝑊⃗⃗⃗ = 𝑚𝑔  

𝑔 𝑔 ∙s

𝑚

 

𝐹 1→2 𝑘
𝑞 𝑞

𝑑
𝑢⃗ 1→2

𝑘 𝑘 ∙10 ∙m ∙C

 

𝑅⃗ 

 

𝑣 

𝑓 

𝑓 =  −𝛼𝑣  

𝛼

𝑢⃗ 1→2 

𝑓  
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f.  

 

𝑦

 

 

 

 

 

 
 

 

 

 

 

 

 

• 

• 

• 

∑𝐹i
⃗⃗  

i

= 
𝑑𝑝 

𝑑𝑡
= 𝑚𝑎 

𝑊⃗⃗⃗ =  𝑚𝑎  ⇒ −𝑊 =  𝑚𝑎 ⇒ −𝑚𝑔 =  𝑚𝑎 ⇒  −𝑔 =  𝑎

𝑣(𝑡) = ∫𝑎(𝑡) 𝑑𝑡 =  ∫−𝑔 𝑑𝑡 =  −𝑔𝑡 + 𝑐1 

𝑐

𝑦(𝑡) = ∫𝑣(𝑡) 𝑑𝑡 =  ∫−𝑔𝑡 𝑑𝑡 =  −
𝑔𝑡²

2
+ 𝑐2 

 𝑦(0) = 5 𝑐

𝑦(𝑡) = −
𝑔𝑡²

2
+ 5

 𝑦(𝑇) = 0

𝑦(𝑇) =  −
𝑔𝑇²

2
+ 5 = 0  ⇒ 𝑇 =  √

10

𝑔
 =  √

10

9,81
 ≈ 1 s 

 𝑣(𝑡)

𝑡 = 1 s

𝑣(𝑇) 𝑔𝑇 m s  

𝑊⃗⃗⃗  

𝑢𝑥⃗⃗ ⃗⃗  

𝑢𝑦⃗⃗ ⃗⃗  
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𝑓 

𝑓⊥⃗⃗  ⃗

𝑓∥⃗⃗⃗  

𝑓∥⃗⃗⃗    

 

 

 

 

 

 
 

• 𝑓 ∙ 𝑑𝑙⃗⃗  ⃗ > 0 𝑊 > 0

• 𝑓 ∙ 𝑑𝑙⃗⃗  ⃗ = 0

𝑊 = 0

• 𝑓 ∙ 𝑑𝑙⃗⃗  ⃗ 0 𝑊 0

𝑊𝐴→𝐵 =  𝑓 ∙ 𝐴𝐵⃗⃗⃗⃗  ⃗

J = 1N ∙ m

𝑊𝐴→𝐵 =  ∫ 𝑓 ∙ 𝑑𝑙⃗⃗  ⃗
𝑚

𝒞

𝑑𝑙⃗⃗  ⃗

𝑓⊥⃗⃗  ⃗ 

𝑓∥⃗⃗⃗   

𝑓𝑘⃗⃗  ⃗ 
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𝑚 𝑣

𝐸𝑘 𝑚𝑣² 

𝑊𝑖

∑𝑊𝑖

𝑖

= ∆𝐸𝑘 =
1

2
𝑚𝑣𝐵

2 −
1

2
𝑚𝑣𝐴

2 

∑𝑃𝑖

𝑖

=
𝑑𝐸𝑘

𝑑𝑡

𝑚 𝐻

∑𝑊𝑖

𝑖

=
1

2
𝑚𝑣𝐵

2 −
1

2
𝑚𝑣𝐴

2 = 
1

2
𝑚𝑣𝐵

2 𝑚𝑔𝐻 

𝑣 = √(2𝑔𝐻) 

𝑓 W = 1J/s

𝑃 =
𝑑𝑊

𝑑𝑡
=  𝑓 ∙

𝑑𝑙⃗⃗  ⃗

𝑑𝑡
=  𝑓 ∙ 𝑣 

𝑣 
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𝐸𝑝

𝑊 = −∆𝐸𝑝

𝐸𝑝

𝑚 ℎ

𝐸𝑝 = 𝑚𝑔ℎ

𝐸𝑝 = 0

 

𝐸𝑀 = 𝐸𝑘 + 𝐸𝑝 = 𝑐𝑜𝑛𝑠𝑡.

 

• 

∑𝑊𝑖

𝑖

= ∆𝐸𝑘 =
1

2
𝑚𝑣𝐵

2 −
1

2
𝑚𝑣𝐴

2

• 

𝐸𝑀 = 𝐸𝑘 + 𝐸𝑝 = 𝑐𝑜𝑛𝑠𝑡.


