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PHGN 100 Equation Sheet

Useful Constants 

𝑔 = 9.81
m

s2
, 𝐺 = 6.67 × 10−11 N⋅m2

kg
  

Vector Principles 

𝑉⃗ = 𝑉𝑥𝑖̂ + 𝑉𝑦𝑗̂ + 𝑉𝑧𝑘̂  

𝑉 = √𝑉𝑥
2 + 𝑉𝑦

2 + 𝑉𝑧
2  

Kinematics 

𝑟 cm =
1

𝑚tot
∑ 𝑚𝑗𝑟 𝑗𝑗   

𝑟 (𝑡) = 𝑟 (𝑡i) + ∫ 𝑣 (𝑡′)d𝑡′𝑡

𝑡i
  

𝑣 (𝑡) =
d𝑟 (𝑡)

d𝑡
= 𝑣 (𝑡i) + ∫ 𝑎 (𝑡′)d𝑡′𝑡

𝑡i
  

𝑎 (𝑡) =
d𝑣⃗ (𝑡)

d𝑡
  

𝑣 av |𝑡i
𝑡f =

1

𝑡f−𝑡i
∫ 𝑣 (𝑡)d𝑡

𝑡f
𝑡i

=
𝑟 (𝑡f)−𝑟 (𝑡i)

𝑡f−𝑡i
  

𝑎 av |𝑡i
𝑡f =

1

𝑡f−𝑡i
∫ 𝑎 (𝑡)d𝑡

𝑡f
𝑡i

=
𝑣⃗ (𝑡f)−𝑣⃗ (𝑡i)

𝑡f−𝑡i
  

Translational Dynamics 

∑𝐹 𝑗b = 𝑚b𝑎 b,cm

𝑗

 

𝐹 ab = −𝐹 ba 

Weight force: 𝑊Eb = 𝑚b𝑔 

Friction: 𝑓s,ab ≤ µs𝑁ab;  𝑓k,ab = µk𝑁ab  

Ideal Spring: 𝐹sp ab,𝑥(𝑡) = −𝑘[𝑥(𝑡) − 𝑥0] 

Circular Motion Kinematics 

𝑠(𝑡) = Arc Length 

𝜃(𝑡) ≡
𝑠(𝑡)

𝑅
= 𝜃(𝑡i) + ∫ 𝜔(𝑡′)d𝑡′𝑡

𝑡i
   

𝜔(𝑡) ≡
d𝜃(𝑡)

d𝑡
= 𝜔(𝑡i) + ∫ 𝛼(𝑡′)d𝑡′𝑡

𝑡i
  

𝛼(𝑡) ≡  
d𝜔(𝑡)

d𝑡
=

d2𝜃(𝑡)

d𝑡2
   

 

𝑎c(𝑡) =
𝑣t(𝑡)

2

𝑅
= 𝜔(𝑡)2𝑅 

𝑣t(𝑡) ≡
d𝑠(𝑡)

d𝑡
= 𝜔(𝑡)𝑅  

𝑎t(𝑡) ≡
d𝑣t(𝑡)

d𝑡
= 𝛼(𝑡)𝑅 

Simple Harmonic Motion 

Position: 𝑥(𝑡) = 𝐴 sin(𝜔𝑡 + 𝛿) + 𝑥eq 

Relationship between 𝑎𝑥(𝑡) and 𝑥(𝑡): 

𝑎𝑥(𝑡) =  −𝜔2[𝑥(𝑡) − 𝑥eq] 

Mass-Spring System: 𝜔 = √
𝑘

𝑚
 

Frequency, Angular Frequency, Period: 

𝑓 =
1

𝑇
; 𝜔 = 2𝜋𝑓 

Rotational Dynamics 

∑𝜏 𝑗b = 𝐼b𝛼 b
𝑗

 

Torque: 𝜏 ab = 𝑟 × 𝐹 ab 

𝜏ab = 𝑟⊥𝐹ab = 𝑟 𝐹ab⊥ = 𝑟 𝐹ab sin 𝜃  

Rolling without Slipping: 

𝑥cm = 𝑅𝜃; 𝑣cm = 𝑅𝜔; 𝑎cm = 𝑅𝛼  

Moments of Inertia 

Point Mass: 𝐼 = 𝑚𝑟2  

Cylindrical Shell/Hoop: 𝐼cm = 𝑚𝑅2  

Thin Rod: 𝐼cm =
1

12
𝑚𝐿2;  𝐼end =

1

3
𝑚𝐿2  

Solid Disk/Cylinder 𝐼cm =
1

2
𝑚𝑅2  

Solid Sphere: 𝐼cm =
2

5
𝑚𝑅2  

Hollow Sphere: 𝐼cm =
2

3
𝑚𝑅2 
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Work and Energy 

𝑊tot = ∆𝐸sys 

Work: 𝑊𝐹 𝑎𝑏
= ∫ 𝐹 ab ∙ 𝑑𝑠 

𝑠 b,f

𝑠 b,i
 

𝑑𝑠 = 𝑑𝑥𝑖̂ + 𝑑𝑦𝑗̂ + 𝑑𝑧𝑘̂  

𝑊𝜏⃗ ab
= ∫ 𝜏abd𝜃

𝜃b,f

𝜃b,i
  

Kinetic Energies: 

𝐾T =
1

2
𝑚𝑣cm

2 ;  𝐾R =
1

2
𝐼𝜔cm

2  

Thermal Energy: ∆𝐸therm,ab = 𝑓k,ab𝑠ab 

Change in PE: Δ𝑈𝐹 ab
≡ −∫ 𝐹 ab  ∙ d𝑠  

𝑠 b,f

𝑠 b,i
 

Earth’s Gravitational PE: 

∆𝑈𝐺 = −
𝐺𝑚E𝑚b

𝑟b,f

+
𝐺𝑚E𝑚b

𝑟b,i

 

Near Earth: ∆𝑈𝑔 = 𝑚𝑏𝑔(𝑦b,f − 𝑦b,i) 

Ideal Spring PE: 

∆𝑈sp =
1

2
𝑘(𝑥b,f − 𝑥0)

2
−

1

2
𝑘(𝑥b,i − 𝑥0)

2
 

Impulse and Momenta 

∑𝐼 𝐹 ab
= ∆𝑝 b

𝑗

 

∑𝐼 𝜏⃗ ab
= ∆𝐿⃗ b

𝑗

 

Linear Momentum: 𝑝 ≡ 𝑚𝑣 cm 

Angular Momentum: 𝐿⃗ T ≡ 𝑟 × 𝑝 ; 𝐿⃗ R = 𝐼𝜔⃗⃗  

Impulse: 𝐼 𝐹 ab
≡ ∫ 𝐹 ab

𝑡f
𝑡i

d𝑡; 𝐼 𝜏⃗ ab
≡ ∫ 𝜏 ab

𝑡f
𝑡i

d𝑡;  

Average Force and Linear Momentum: 

∑𝐹 𝑗b,av =
∆𝑝 𝑏
∆𝑡

𝑗

 

 

Average Torque and Angular Momentum:  

∑𝜏 𝑗b,av =
∆𝐿⃗ 𝑏
∆𝑡

𝑗

 

Kinetic Energies and Momenta:             

𝐾T =
𝑝2

2𝑚
;  𝐾R =

𝐿2

2𝐼
 

Elastic collisions, 2 objects, 1D: 

𝑣2f,𝑥 − 𝑣1f,𝑥 = 𝑣1i,𝑥 − 𝑣2i,𝑥 

Potential Energy Functions 

Force from PE: 

𝐹 ab = −∇⃗⃗ 𝑈𝐹 ab
; in 1D 𝐹ab = −

d𝑈𝐹 ab

d𝑥
 

Inertial Calculus 

𝑚tot = ∫d𝑚; 𝐼tot = ∫d𝐼  

𝑟 cm =
1

𝑚tot
∫ 𝑟 𝑑𝑚d𝑚  

d𝑚 = 𝜌d𝑉 (3D); d𝑚 = 𝜎dA (2D); d𝑚 = 𝜆dℓ 

(1D)  

Advanced Gravitation 

𝐹 G,𝑗b = −∑
𝐺𝑚𝑗𝑚b

𝑟𝑗b
2 𝑟̂𝑗b𝑗 = −∑

𝐺𝑚𝑗𝑚b

𝑟𝑗b
3 𝑟 𝑗b𝑗   

 𝑔 (𝑟 b) = −∑
𝐺𝑚𝑗

𝑟𝑗b
2 𝑟̂𝑗b

𝑗

= −∑
𝐺𝑚𝑗

𝑟𝑗b
3 𝑟 𝑗b

𝑗

 


