
Linear Angular Linear Angular 

𝐹 = 𝑚𝑎 𝑀 = 𝐼𝛼 = 𝑟 × 𝐹⃗ 𝐿𝐾𝐸 =
1

2
𝑚𝑣2  𝑅𝐾𝐸 =

1

2
𝐼𝜔2  

𝑣 = 𝑢 + 𝑎𝑡 𝜔 = 𝜔0 + 𝛼𝑡 𝑊 = ∫ 𝐹 𝑑𝑠 = Δ𝐿𝐾𝐸  𝑊 = ∫ 𝑀 𝑑𝜃 = Δ𝑅𝐾𝐸  

𝑣2 − 𝑢2 = 2𝑎𝑠 𝜔2 − 𝜔0
2 = 2𝛼𝜃 𝑃 = 𝐹𝑣 𝑃 = 𝑀𝜔 

𝑠 =
1

2
𝑎𝑡2 + 𝑢𝑡  𝜃 =

1

2
𝛼𝑡2 + 𝜔0𝑡  𝑝 = 𝑚𝑣 𝐿 = 𝐼𝜔 

𝑠 =
1

2
(𝑢 + 𝑣)𝑡  𝜃 =

1

2
(𝜔0 + 𝜔)𝑡  𝐽 = Δ𝑝 = ∫ 𝐹 𝑑𝑡  ΔL = ∫ 𝑀 𝑑𝑡  

 

Standard force and motion stuff 

𝐺𝑃𝐸 = 𝑚𝑔ℎ 𝑓𝑚𝑎𝑥 = 𝜇𝑁 𝑎𝑛 =
𝑣2

𝑟
= 𝑟𝜔2  𝑎𝑡 = 𝑟𝛼 

𝐼 = ∑ 𝑚𝑟2 = 𝑚𝜌2  𝐼 = 𝐼𝐶 + 𝑚ℎ2 𝑣 = 𝑟𝜔 ☺ 

 

Deformation stuff 

 Normal Shear 

Stress 𝜎 =
𝐹

𝐴
  𝜏 =

𝐹

𝐴
  

Strain 𝜀 =
Δ𝑙

𝑙
  𝛾 ≈ tan 𝛾 =

𝑑

𝑙
  

Modulus 𝐸 =
𝜎

𝜀
  𝐺 =

𝜏

𝛾
  

  

𝜏𝑥𝑦 = 𝜏𝑦𝑥;  𝜏𝑦𝑧 = 𝜏𝑧𝑦;  𝜏𝑧𝑥 = 𝜏𝑥𝑧 Stiffness: 𝑘 =
𝐹

Δ𝐿
 

Strength: Stress before failure Yield point: 0.002 strain 

Ductility: Deformation before rupture Toughness: Energy absorbed before rupture 

Viscous (Time-dependent): 𝜎 = 𝜂
𝑑𝜀

𝑑𝑡
 

  

Elastic (Instantaneous): 𝜎 = 𝐸𝜀 

  

Maxwell Body: Spring + Dashpot in series 

𝜎(𝑡) = 𝜎0𝑒−
𝑡
𝜏 

  
Voigt Body: Spring + Dashpot in parallel 

𝜀(𝑡) =
𝜎0

𝐸
(1 − 𝑒−

𝐸𝑡
𝜎 ) 

  
Standard linear solid: Spring + Voigt in series 

𝜎(𝑡) = 𝜀0 (𝐸1 + 𝐸2𝑒−
𝑡

𝜏)  

𝜀(𝑡) = 𝜎0 [
1

𝐸1
𝑒

−
𝐸2𝑡

𝜂 +
𝐸1+𝐸2

𝐸1𝐸2
(1 − 𝑒

−
𝐸2𝜏

𝜂 )]  
  

𝜀 =
𝜎0𝑡

𝜂
  𝜏 =

𝜂

𝐸
  Poisson’s Ratio (Force along 𝑥): 𝑣 = −

𝜀𝑦

𝜀𝑥
= −

𝜀𝑧

𝜀𝑥
 

Hooke’s Law: 𝜀𝑥 =
1

𝐸
[𝜎𝑥 − 𝑣(𝜎𝑦 + 𝜎𝑧)]; … 𝐸 = 𝐺(2 + 2𝑣) = 𝐾(3 − 6𝑣) 

 

Mohr’s circle stuff 

𝜎̅ =
1

2
(𝜎𝑥 + 𝜎𝑦) 𝑅 = √(

𝜎𝑥−𝜎𝑦

2
)

2
+ 𝜏𝑥𝑦

2   𝜎𝑚𝑖𝑛/𝑚𝑎𝑥 = 𝜎̅ ± 𝑅 tan 2𝜃𝑝 =
2𝜏𝑥𝑦

𝜎𝑥 − 𝜎𝑦
 

(𝜎𝑥′ − 𝜎̅)2 + 𝜏𝑥′𝑦′
2 = 𝑅2 𝜏𝑥′𝑦′ = −

𝜎𝑥−𝜎𝑦

2
sin 2𝜃 + 𝜏𝑥𝑦 sin 2𝜃  

𝜎𝑥′ =
𝜎𝑥 + 𝜎𝑦

2
+

𝜎𝑥 − 𝜎𝑦

2
cos 2𝜃 + 𝜏𝑥𝑦 sin 2𝜃 = 𝜎𝑥

1 + cos 2𝜃

2
+ 𝜎𝑦

1 − cos 2𝜃

2
+ 𝜏𝑥𝑦 sin 2𝜃 

𝜎𝑦′ =
𝜎𝑥 + 𝜎𝑦

2
−

𝜎𝑥 − 𝜎𝑦

2
cos 2𝜃 − 𝜏𝑥𝑦 sin 2𝜃 = 𝜎𝑥

1 − cos 2𝜃

2
+ 𝜎𝑦

1 + cos 2𝜃

2
− 𝜏𝑥𝑦 sin 2𝜃 

 



Bending stuff 

 

Longitudinal displacement: 𝛿 = −𝑦𝜃 

Longitudinal strain: 𝜀𝑥 =
𝛿

𝐿
= −

𝑦

𝜌
 

Maximum strain: 𝜀𝑚𝑎𝑥 =
𝑐

𝜌
 

Flexure stress: 𝜎𝑥 =
−𝑀𝑦

𝐼
 

Curvature: 
1

𝜌
=

𝜀𝑚𝑎𝑥

𝑐
=

𝑀

𝐸𝐼
 

Flexure rigidity: 𝐸𝐼 

Area (𝐴); Area moment of inertia (𝐽); First moment of area (𝑄) 

 

𝐴 = 𝑏ℎ 

𝐽 =
1

12
𝑏ℎ3  

𝑄 =
1

8
𝑏ℎ2  

𝜎𝑚𝑎𝑥 =
𝑀ℎ

2𝐽
  

𝜏𝑚𝑎𝑥 =
3𝑉

2𝐴
 

 

𝐴 = 𝜋𝑟𝑜
2  

𝐽 =
1

4
𝜋𝑟𝑜

4  

𝑄 =
2

3
𝑟𝑜

3  

𝜎𝑚𝑎𝑥 =
𝑀𝑟𝑜

𝐽
  

𝜏𝑚𝑎𝑥 =
4𝑉

3𝐴
  

 

𝐴 = 𝜋(𝑟𝑜
2 − 𝑟𝑖

2)  

𝐽 =
1

4
𝜋(𝑟𝑜

4 − 𝑟𝑖
4)  

𝑄 =
2

3
(𝑟𝑜

3 − 𝑟𝑖
3)  

𝜎𝑚𝑎𝑥 =
𝑀𝑟𝑜

𝐽
  

𝜏𝑚𝑎𝑥 =
4𝑉

3𝐴
(

𝑟𝑜
2+𝑟𝑜𝑟𝑖+𝑟𝑖

2

𝑟𝑜
2+𝑟𝑖

2 )  

 

Torsion stuff 

Angle of twist: 𝜃 =
𝑀𝐿

𝐺𝐽
 Torsional rigidity: GJ   

𝛾𝑚𝑎𝑥 =
𝑐𝜃

𝐿
  𝛾 =

𝜌

𝑐
𝛾𝑚𝑎𝑥  𝜏𝑚𝑎𝑥 =

𝑀𝑐

𝐽
  𝜏 =

𝜌

𝑐
𝜏𝑚𝑎𝑥 =

𝑀𝜌

𝐽
  

 

Miscellaneous information 

Low strain:  Elastin dominates High strain: Collagen dominates 

Warm-up: Decreases viscosity of synovial fluid; Increases flexibility (Thixotropy) 

Wolff’s law: Tissues would remodel themselves to meet the functional demands 

Stress shielding: Tissues would resorb if they are shielded from normal physiological stress 
  
 

 


