
Standard force and motion  Spring stuff  

𝑣2 − 𝑢2 = 2𝑎𝑠 𝑣 = 𝑢 + 𝑎𝑡  𝐹 = 𝑘𝑥 

𝑠 =
1

2
𝑎𝑡2 + 𝑢𝑡 𝑠 =

(𝑢 + 𝑣)𝑡

2
  𝑊 = ∫𝐹 𝑑𝑥 = ∫𝑘𝑥 𝑑𝑥 =

1

2
𝑘(𝑥𝑓

2 − 𝑥𝑖
2) 

𝐹 =
𝑑𝑝

𝑑𝑡
= 𝑚

𝑑𝑣

𝑑𝑡
= 𝑚𝑎 

𝑓𝑚𝑎𝑥 = 𝜇𝐹𝑁   

𝐹𝑑𝑟𝑎𝑔 =
1

2
𝐶𝜌𝐴𝑣2 

𝐽 = ∆𝑝 = 𝑚 ∙ ∆𝑣⃗

= ∫ 𝐹⃗ 𝑑𝑡 
 

Power and energy 

 

𝑊 = 𝐹⃗ ∙ 𝑠 = |𝐹⃗||𝑠| cos𝜃 = ∫𝐹 𝑑𝑠  𝑊 = ∆𝐾𝐸 = −∆𝑈 𝐹 = −
𝑑

𝑑𝑥
𝑈 

𝑟𝐶𝑜𝑀 =
1

𝑀
∑𝑟𝑚 =

1

𝑀
∫𝑟 𝑑𝑚  

𝑃 =
𝑑

𝑑𝑡
𝑊 

=
𝑑

𝑑𝑡
(𝐹𝑥 cos 𝜃) = 𝐹𝑣 cos𝜃 = 𝐹⃗ ∙ 𝑣⃗ 

     

Rotation stuff   Fluidics Density - 𝜌 

𝜔2 −𝜔0
2 = 2𝛼𝜃 𝜔 = 𝜔0 + 𝛼𝑡  𝜌 =

𝑚

𝑉
 𝑝 =

𝐹

𝐴
 

𝜃 =
1

2
𝛼𝑡2 +𝜔0𝑡 𝜃 =

(𝜔0 +𝜔)𝑡

2
  𝑝 = 𝑝𝑎𝑡𝑚𝑜𝑠𝑝ℎ𝑒𝑟𝑒/𝑒𝑥𝑡𝑒𝑟𝑛𝑎𝑙 + 𝜌𝑔ℎ 

Linear quantity = Angular quantity × Radius  𝐹𝑏𝑢𝑜𝑦𝑎𝑛𝑡 = 𝑊𝑒𝑖𝑔ℎ𝑡𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑑 = 𝜌𝑉𝑔 

𝑣⃗ = 𝜔⃗⃗⃗ × 𝑟   Bernoulli’s:   𝑝 +
1

2
𝜌𝑣2 + 𝜌𝑔ℎ = const. 

𝑎𝑟𝑎𝑑𝑖𝑎𝑙 = 𝛼⃗ × 𝑟 𝑎𝑐𝑒𝑛𝑡𝑟𝑖𝑝𝑒𝑡𝑎𝑙 = 𝜔⃗⃗⃗ × 𝑣⃗  Pipe continuity:   𝐴𝑣 = const. 

𝑎⃗ = 𝛼⃗ × 𝑟 + 𝜔⃗⃗⃗ × 𝑣⃗ = 𝑎𝑟𝑎𝑑𝑖𝑎𝑙 + 𝑎𝑐𝑒𝑛𝑡𝑟𝑖𝑝𝑒𝑡𝑎𝑙    

𝐹𝑐𝑒𝑛𝑡𝑟𝑖𝑝𝑒𝑡𝑎𝑙 = 𝑚
𝑣2

𝑟
= 𝑚𝑟𝜔2  

Harmonic motion Torsion - 𝜅 

𝐼 =∑𝑚𝑟2 = ∫𝑟2 𝑑𝑚  𝑥(𝑡) = 𝐴 cos(𝜔𝑡 + 𝜙) 𝑎(𝑡) = −𝜔2𝑥(𝑡) 

𝐾𝐸 =
1

2
𝐼𝜔2 =

1

2
𝜔2∫𝑟2 𝑑𝑚  𝜔 = 2𝜋𝑓 𝑇 = 2𝜋√

𝑚

𝑘
 

Shifting centre of rotation:   𝐼 = 𝐼0 +𝑀ℎ
2  𝑈(𝑡) =

1

2
𝑘𝐴2 cos2(𝜔𝑡 + 𝜙) 

Angular momentum: 

𝐿⃗⃗ = 𝐼𝜔 = 𝑟 × 𝑝 = 𝑟 ×𝑚𝑣⃗ 
 𝐾𝐸(𝑡) =

1

2
𝑘𝐴2 sin2(𝜔𝑡 + 𝜙) 

𝜏 = 𝑟 × 𝐹⃗ = 𝑟𝐹 sin𝜃 = 𝐼𝛼 =
𝑑𝐿

𝑑𝑡
  𝐸𝑡𝑜𝑡𝑎𝑙 = 𝑈(𝑡) + 𝐾𝐸(𝑡) =

1

2
𝑘𝐴2 

𝑃 = 𝜏𝜔 𝑊 =
1

2
𝐼(𝜔2 −𝜔0

2)  
Angular oscillator (Rotating stuff): 

   𝜏 = 𝐼𝛼 = −𝜅𝜃 𝑇 = 2𝜋√𝐼/𝜅 

Pure rolling:   Simple pendulum: Linear density - 𝜇 

𝑣 = 𝑅𝜔 𝐾𝐸 =
1

2
𝐼𝜔2  𝜏 = 𝐿𝑚𝑔 sin 𝜃 𝛼 = −

𝑚𝑔𝐿

𝐼
𝜃 

Rolling + Sliding: 

  𝜔 = √
𝑚𝑔𝐿

𝐼
  𝑇 = 2𝜋√

𝐼

𝑚𝑔𝐿
 

𝐾𝐸 =
1

2
𝐼𝜔2 +

1

2
𝑀𝑣2 =

1

2
(𝐼 +𝑀𝑅2)𝜔2  𝑣𝑤𝑎𝑣𝑒 = 𝑓𝜆 =

𝜔

𝑘
= √

𝑇

𝜇
 

Small A: 

𝑇 = 2𝜋√
𝐿

𝑔
 



 

Mathematics fundamentals  

Dot product 𝑎⃗ ∙ 𝑏⃗⃗ = |𝑎⃗||𝑏⃗⃗| cos 𝜃 = 𝑖𝑎𝑖𝑏 + 𝑗𝑎𝑗𝑏 + 𝑘𝑎𝑘𝑏 

Cross product 𝑎⃗ × 𝑏⃗⃗ = 𝑛̂ |𝑎⃗||𝑏⃗⃗| sin𝜃 = |
𝑖̂ 𝑗̂ 𝑘̂
𝑖𝑎 𝑗𝑎 𝑘𝑎
𝑖𝑏 𝑗𝑏 𝑘𝑏

| 

Vector projection 𝑎⃗
𝑝𝑟𝑜𝑗.
→   𝑏⃗⃗ = (𝑎⃗ ∙ 𝑏̂) 𝑏̂ 

 

 


