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Mechanics & Dynamics Key Equations 

Forces & Moments as Vectors 

 

The magnitude of a moment about a point 𝑃 

in scalar form: 

|𝑴𝑃| = |𝑭|𝐷 
 

In vector form, this is given as the cross 

product of the position and force vectors: 

𝑴𝑃 = 𝒓 × 𝑭                  |𝑴𝑃| = |𝒓 × 𝑭| 

Moments about a line: 

𝑴𝐿 = (𝒆̂ . 𝒓 × 𝑭) 𝒆̂ 

𝑴𝐿 = (𝒆̂ . 𝑴𝑃) 𝒆̂ 

In both cases, the direction and sign of the 

moments are given by the right-hand rule.

Rectilinear Kinematics of Particles Curvilinear Kinematics of Particles 

The SUVAT equations for constant, linear 

acceleration:

𝑣 = 𝑢 + 𝑎𝑡 

𝑣2 = 𝑢2 + 2𝑎𝑠 

𝑠 = 𝑢𝑡 +
1

2
𝑎𝑡2 

𝑠 = 𝑣𝑡 −
1

2
𝑎𝑡𝑠 

𝑠 =
1

2
(𝑢 + 𝑣)𝑡 

Integral relations: 

 

 

 

 

 

 

Angular velocity & acceleration: 

𝜔 = 𝜃̇ =
𝑑𝜃

𝑑𝑡
 

𝛼 = 𝜃̈ =
𝑑2𝜃

𝑑𝑡
=

𝑑𝜔

𝑑𝑡
 

Unit conversion: 𝑟𝑎𝑑/𝑠 = 𝑅𝑃𝑀 ×
𝜋

30
 

Velocity is tangential: 

𝑣 = 𝑟𝜔               𝒗 = 𝑣 𝒆̂𝒕 = 𝑟𝜔 𝒆̂𝒕 

Acceleration has both components: 

𝑎 = 𝑟𝛼               𝒂 = 𝑎 𝒆̂𝒕 + 𝑣𝜔 𝒆̂𝒏 = 𝑎 𝒆̂𝒕 +
𝑣2

𝑟
 𝒆̂𝒏 
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For Circular motion: 

𝑣 = 𝑅𝜔                    𝒗 = 𝑅𝜔 𝒆̂𝒕 

𝑎 = 𝑅𝛼                    𝒂 = 𝑅𝛼 𝒆̂𝒕 +
𝑣2

𝑅
𝒆̂𝑛  

In Polar Coordinates: 

𝒗 = 𝑟̇ 𝒆̂𝑟 + 𝑟𝜃̇ 𝒆̂𝜽 

𝒂 = (𝑟̈ − 𝑟𝜃̇2) 𝒆̂𝒓 + (𝑟𝜃̈ + 2𝑟̇𝜃̇) 𝒆̂𝜽 

Where 𝒓 = 𝑟𝒆̂𝒓

Kinematics of Rigid Bodies

Velocity of a point 𝑃 on a rigid body: 

𝒗𝑃 = 𝝎 × 𝒓 

Relative motion: 

𝒗𝑨/𝑩 = 𝝎 × 𝒓𝑨/𝑩  

where 𝒂𝑨/𝑩 = 𝒂𝑨 − 𝒂𝑩 

For a sliding contact at point A: 

𝒗𝐴 = 𝒗𝐵 + 𝝎 × 𝒓𝐴/𝐵 + 𝒗𝑟 

Where 𝒗𝑟 is the velocity relative to the slot. 

Acceleration of a point on a rigid body: 

𝒂 = 𝜶 × 𝒓 + 𝝎 × (𝝎 × 𝒓) 

where 𝜶 × 𝒓 is the tangential component and 

𝝎 × (𝝎 × 𝒓) is the normal component. 

For general plane motion, the normal 

component becomes: 

𝒂 = 𝜶 × 𝒓 − 𝜔2𝒓 

Relative motion: 

𝒂𝑨/𝑩 = 𝜶 × 𝒓𝑨/𝑩 − 𝜔2𝒓𝑨/𝑩  
where 𝒂𝑨/𝑩 = 𝒂𝑨 − 𝒂𝑩 

For a sliding contact at point A: 

𝒂𝐴 = 𝒂𝐵 +  𝜶 × 𝒓𝐴/𝐵 − 𝜔2𝒓𝐴/𝐵 + 𝒂𝑟 + 2𝝎 × 𝒗𝑟 

Where 𝒂𝑟 is the acceleration relative to the 
slot.

Friction

𝐹 is the frictional force, 𝑅 the normal reaction 

with the surface: 

𝐹 = 𝜇𝑅  

𝜇𝑠 = tan 𝛼𝑚𝑎𝑥 

𝜇𝑠 is the static coefficient of friction (~20% > 

𝜇𝑘, the kinetic coefficient of friction). 

𝛼𝑚𝑎𝑥 is the friction angle – the maximum 

angle of inclination before the object slips: 
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Screw threads: 

𝑡𝑎𝑛𝜙 =
𝑡

𝜋𝑑𝑚
 

Square Screw Threads: 

𝑃 = (
𝑡𝑎𝑛𝜙 + 𝜇𝑠

1 − 𝜇𝑠𝑡𝑎𝑛𝜙
) × 𝑊 

For v-threads: 

𝑃 = (
𝑡𝑎𝑛𝜙 + 𝜇𝑠 𝑠𝑒𝑐𝛽

1 − 𝜇𝑠 𝑠𝑒𝑐𝛽 𝑡𝑎𝑛𝜙
) × 𝑊 

Belts: 

For square belts: 

𝑇1

𝑇2
= 𝑒𝜇𝑠𝛼  

Where 𝜇𝑠 is the static coefficient of friction, 

and 𝛼 the wrap angle. 

 

For v-shaped belts: 

𝑇1

𝑇2
= 𝑒

𝜇𝑠𝛼
𝑠𝑖𝑛𝛾 

Where 𝛾 is the angle of the v-section. 

Clutches  

For uniform pressure: 

𝐹 = 𝜋𝑝(𝑅1
2 − 𝑅2

2)  

𝑇 =
2

3
𝜇𝐹 (

𝑅1
3 − 𝑅2

3

𝑅1
2 − 𝑅2

2) 

For uniform wear: 

𝑇 = 𝜇𝐹 (
𝑅1 + 𝑅2

2
) 

Inertia 

   

A body rotates with moment of inertia, 𝐼𝐺 about its centre of gravity, 𝐺: 

𝐼𝐺 =
1

12
𝑚(𝑏2 + ℎ2) 𝐼𝐺 =

1

2
𝑚𝑟2 𝐼𝐺 =

1

12
𝑚𝐿2 𝐼𝐺 =

2

5
𝑚𝑟2 

Rectangular Laminar Circular Laminar Uniform Rod Sphere 

A body with radius of gyration 𝑘 has moment of inertia: 𝐼 = 𝑚𝑘2 

Sums of Moments ∑𝑀 = 𝐼𝛼 ∑𝑀𝑃 = − 𝑦̅𝑚(𝑎𝐺)𝑥 + 𝑥̅𝑚(𝑎𝐺)𝑦 + 𝐼𝐺𝛼 

http://www.engineeringnotes.net/


 

EngineeringNotes.net 4 Mechanics Key Equations 

Energy 

   

The total kinetic energy, 𝑇, of a body is the 

sum of linear and rotational energies: 
𝑇 = [

1

2
𝑚𝑣2] + [

1

2
𝐼0𝜔2] 

Impulse & Momentum 

  

Impulse is the change in linear momentum: Angular Impulse: 

∫ ∑𝐹
𝑡2

𝑡1

𝑑𝑡 = 𝑚(𝑣2 − 𝑣1) = Δ𝑝 ∫ ∑𝑀𝐺

𝑡2

𝑡1

𝑑𝑡 = ∫ 𝐹𝑟
𝑡2

𝑡1

𝑑𝑡 = 𝐼𝐺(𝜔2 − 𝜔1) = Δ𝐻𝐺 

Angular Momentum at a point 𝑃 relative to 𝐺:   
𝐻𝑃 = 𝐼𝐺𝜔 + 𝑚𝑣𝑥(𝑦𝐺 − 𝑦𝑃) − 𝑚𝑣𝑦(𝑥𝐺 − 𝑥𝑃)   
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