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Impulse and momentum Work and energy 

𝐩𝐩��⃑ ∶= 𝑚𝑚𝐯𝐯�⃑  𝐾𝐾 ∶=
1
2
𝑚𝑚𝑣𝑣2 

d𝐉𝐉F ∶= 𝐅⃑𝐅d𝑡𝑡               � d𝐉𝐉F

𝑡𝑡=𝑡𝑡𝑓𝑓
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= Δ𝐉𝐉F 
d𝑊𝑊F ∶= 𝐅⃑𝐅 ⋅ d𝓵𝓵�⃑  
d𝑊𝑊𝐹𝐹 ∶= 𝐹𝐹∥dℓ 
d𝑊𝑊𝐹𝐹 ∶= (𝐹𝐹 cos𝜃𝜃)dℓ 

� d𝑊𝑊F
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= Δ𝑊𝑊F 
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[𝑊𝑊] = J 

 

𝐩𝐩��⃑ 𝑖𝑖 + �Δ𝐉𝐉F
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Δ𝐉𝐉Σ𝐅⃑𝐅

= 𝐩𝐩��⃑ 𝑓𝑓 

𝐾𝐾𝑖𝑖 + �∆𝑊𝑊F
F

= 𝐾𝐾𝑓𝑓 

If system has no internal degrees of freedom, ∑ ∆𝑊𝑊FF = Δ𝑊𝑊Σ𝐅⃑𝐅. 

𝐅⃑𝐅 =
d𝐉𝐉F
d𝑡𝑡

=
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 𝑃𝑃F ∶=
d𝑊𝑊F

d𝑡𝑡
 𝑃𝑃F = 𝐅⃑𝐅 ⋅ 𝐯𝐯�⃑  

𝑃𝑃F = (𝐹𝐹 cos𝜃𝜃)𝑣𝑣 [𝑃𝑃] =
J
s

= W 
 

 

−Δ𝑈𝑈F,1…𝑁𝑁 ∶= Δ𝑊𝑊F,2→1 + Δ𝑊𝑊F,1→2 +⋯+ Δ𝑊𝑊F,𝑁𝑁−1→𝑁𝑁 

𝐹𝐹𝑥𝑥 = −
d𝑈𝑈F
d𝑥𝑥

 
 

Δ𝑈𝑈G = 𝑚𝑚𝑚𝑚Δℎ Δ𝑈𝑈S =
1
2
𝑘𝑘(∆𝑥𝑥)2 

 

Σ𝐩𝐩��⃑ 𝑖𝑖 + � ∆𝐉𝐉F
EXT→SYS
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Δ𝐉𝐉Σ𝐅⃑𝐅,EXT→SYS

= Σ𝐩𝐩��⃑ 𝑓𝑓 Σ𝐾𝐾𝑖𝑖 + Σ𝑈𝑈G,𝑖𝑖 + Σ𝑈𝑈S,𝑖𝑖�������������
𝑀𝑀𝑀𝑀SYS,𝑖𝑖

+ Σ∆𝑊𝑊OUF = Σ𝐾𝐾𝑓𝑓 + Σ𝑈𝑈G,𝑓𝑓 + Σ𝑈𝑈S,𝑓𝑓�������������
𝑀𝑀𝑀𝑀SYS,𝑓𝑓

+ ΣΔ𝑈𝑈INT 

 


