
PHY 303K Master Equation Sheet 
Understanding the meaning of these equations and 
learning to successfully apply them to solve physics 

problems is a major learning goal of this course. They 
can empower you to understand physics in your 

everyday life, prepare you for physics contexts found 
in your career, and deepen appreciation of the world 

around us. 
 

Geometry, Kinematics, and Statics 
Units and Constants 
SI Mass: 𝑘𝑔 SI Distance: 𝑚   SI Time: 𝑠 
1 𝑘𝑖𝑙𝑜 (𝑘) = 103   1 𝑐𝑒𝑛𝑡𝑖 (𝑐) = 10−2  
1 𝑚𝑖𝑙𝑙𝑖(𝑚) = 10−3 1 𝑛𝑎𝑛𝑜 (𝑛) = 10−9  
1 𝑎𝑛𝑔𝑠𝑡𝑟𝑜𝑚 (Å) = 10−10 𝑚 

𝑔 ≈ 9.81
𝑚

𝑠2
 

𝜌 =
𝑚

𝑉
   𝑠 =

𝑑

𝑡
   𝑚̇ =

𝑚

𝑡
 

 
Geometry 

𝑐2 = 𝑎2 + 𝑏2 − 2𝑎𝑏 cos 𝜃 𝐴 =
1

2
𝑙ℎ 

𝐴 = (𝛼 + 𝛽 + 𝛾 − 𝜋)𝑅2 
sin 𝜃 =

𝑜

ℎ
  cos 𝜃 =

𝑎

ℎ
 tan 𝜃 =

𝑜

𝑎
 

sin 𝜃2 + cos 𝜃2 = 1  
𝐶 = 2 𝜋𝑟 𝐴 = 𝜋𝑟2 
𝐴 = 4 𝜋𝑟2 𝑉 =

4

3
𝜋𝑟3 

−𝑏±√𝑏2−4𝑎𝑐

2𝑎
 𝑦 = 𝑎𝑥2 + 𝑏𝑥 + 𝑐 

𝑥2

𝑎2 +
𝑦2

𝑏2 = 1  

 
Calculus 
𝑑

𝑑𝑥
 𝑥𝑛 = 𝑛 𝑥𝑛−1  

𝑑

𝑑𝑥
sin 𝑥 = cos 𝑥  𝑑

𝑑𝑥
cos 𝑥 = − sin 𝑥  

 
 
Vectors and Coordinates 
𝐴 = (𝑥, 𝑦, 𝑧)  𝐴 + 𝐵⃗⃗ = (𝑥𝐴 + 𝑥𝐵, 𝑦𝐴 + 𝑦𝐵, 𝑧𝐴 + 𝑧𝐵) 

𝐴 = |𝐴| = √𝑥2 + 𝑦2 + 𝑧2 

𝐴 ⋅ 𝐵⃗⃗ = 𝐴𝐵 cos Δ𝜃 
𝑥 × 𝑦 = 𝑧 𝑦 × 𝑧 = 𝑥 𝑧 × 𝑥 = 𝑦 
|𝐴 × 𝐵⃗⃗| = 𝐴𝐵 sin Δ𝜃 
𝑥 = 𝑟 cos 𝜃 𝑦 = 𝑟 sin 𝜃 
 
Motion in 1, 2, and 3D 

𝑥̇𝑎𝑣𝑔 =
Δ𝑥

Δ𝑡
 𝑣(𝑡) = 𝑥̇(t) 𝑎(𝑡) = 𝑣̇(𝑡) = 𝑥̈(𝑡) 

𝑥(𝑡) = 𝑥0 + 𝑣0𝑡 +
1

2
𝑎𝑡2 𝑎𝑔 = −𝑔 

𝜃(𝑡) = 𝜃0 + 𝜔𝑡 +
1

2
𝛼𝑡^2 

𝑣𝑓
2 = 𝑣𝑖

2 + 2𝑎Δ𝑥 
𝜔𝑓

2 = 𝜔𝑖
2 + 2𝛼Δ𝜃 

Δ𝐴

Δ𝑡
= 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡        𝑇

2

𝑟3 = 𝜂𝐾𝑒𝑝𝑙𝑒𝑟 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

𝑟(𝑡) = (𝑥(𝑡), 𝑦(𝑡), 𝑧(𝑡)) 𝑎𝑐 =
𝑣2

𝑟
 

 
Statics, Friction, and Linear Elasticity 

𝑥⃗𝑐𝑜𝑚 =
1

𝑚
∫ 𝜌𝑥⃗𝑑𝑥 𝜎𝑠𝑡𝑟𝑒𝑠𝑠 = 𝐹/𝐴 

𝑥⃗𝑐𝑜𝑚 =
1

𝑚𝑡𝑜𝑡𝑎𝑙
∑ 𝑚𝑖𝑥⃗𝑖 

∑𝐹⃗ = 0  ∑𝜏 = 0 
𝜏 = 𝑟 × 𝐹⃗ 𝐹𝑊 = 𝑚𝑔 𝐹𝐵 = 𝜌𝑔𝑉 
𝐹𝑠𝑡𝑎𝑡𝑖𝑐 ≤ 𝜇𝑠𝑁  𝐹 = −𝑘Δ𝑋 

𝑌 =
𝐹/𝐴

Δ𝐿/𝐿
 𝐵 =

Δ𝑃

Δ𝑉/𝑉
 𝑆 =

𝐹/𝐴

Δ𝑥/𝑙
 

 
 

Newton’s Laws, Linear and Angular Dynamics 

1. 𝑣̇𝑓𝑟𝑒𝑒 = 0   2.  𝐹 =
𝑑

𝑑𝑡
(𝑚𝑣)           3. 𝐹𝑎𝑐𝑡 = −𝐹𝑟𝑒𝑎𝑐𝑡  

𝐹𝑘𝑖𝑛𝑒𝑡𝑖𝑐 = 𝜇𝑘𝑁 

𝐼 = ∑𝑚𝑖𝑅𝑖
2 = ∫ 𝜌𝑅2𝑑𝑉  𝜏 =

𝑑

𝑑𝑡
(𝐼𝜔) 

𝐼|| = 𝑚𝑥2 + 𝐼𝑐𝑜𝑚 𝐼𝑑𝑖𝑠𝑘 =
1

2
𝑚𝑅2 

𝐼𝑟𝑜𝑑 =
1

12
𝑚𝐿2 𝐼𝐵𝑎𝑙𝑙 =

2

5
𝑚𝑅2 𝐼𝑠𝑝ℎ𝑒𝑟𝑒 =

2

3
𝑚𝑅2 

 
 
Terrestrial and Celestial Mechanics 
 
Work and Energy 

𝑊 = 𝐹⃗ ⋅ 𝑟 𝐾𝐸 =
1

2
𝑚𝑣2  Δ𝐾𝐸 = 𝑊𝑜𝑛 = −𝑊𝑏𝑦 

𝐸𝑚𝑒𝑐ℎ = 𝐾𝐸 + 𝑈 Δ𝑈 = 𝑊𝑜𝑛 = −𝑊𝑏𝑦 

Σ𝐸 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡  𝑈 =
1

2
𝑘𝑥2 𝑈 = 𝑚𝑔ℎ 

𝐾𝐸𝑟𝑜𝑡 =
1

2
𝐼𝜔2 Δ𝐾𝐸𝑟𝑜𝑡 = 𝜏Δ𝜃  𝑃 =

𝑑𝐸

𝑑𝑡
 

 
Momentum and Collisions 
𝑝 = 𝑚𝑣⃗ Σ 𝑝 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 
Δ𝑣 = 𝑢 ln

𝑚0

𝑚
 𝑚0 = 𝑚 + 𝑚𝑓𝑢𝑒𝑙  

Δ𝑝 = 𝐽 = 𝐹Δ𝑡 
𝐿 = 𝐼𝜔 
 
Gravitation 

𝐹⃗𝑔 = 𝑔⃗𝑚 = −
𝐺𝑀𝑚

𝑟2 𝑟̂  𝑈 = −
𝐺𝑀𝑚

𝑟
 

𝐸𝑒𝑠𝑐𝑎𝑝𝑒 = 0 𝐸𝑜𝑟𝑏𝑖𝑡 = −
1

2

𝐺𝑀𝑚

𝑟
 𝐸𝑠𝑢𝑟𝑓 = −

𝐺𝑀𝑚

𝑅
 

𝜂𝐾𝑒𝑝𝑙𝑒𝑟 = 4
𝜋2

𝐺𝑀
     𝐺 ≈ 6.67430 × 10−11𝑁𝑚2/𝑘𝑔2 



 
Oscillations, Waves, and Sound 
 
Simple Harmonic Oscillations 

𝜔𝑠ℎ𝑜 = √𝑘/𝑚    𝜔𝑝𝑒𝑛𝑑 = √𝑔/𝑙 𝜔 = 2𝜋𝑓 =
2𝜋

𝑇
 

𝑥(𝑡) = 𝐴 cos(𝜔𝑡 + 𝜙) 
𝑥(𝑡) = 𝐴 cos(𝜔𝑡) + 𝐵 sin (𝜔𝑡) 
 
Waves 

𝑓𝜆 = 𝑐 =
𝜔

𝑘
 𝑘 =

2𝜋

𝜆
 

𝑓(𝑥, 𝑡) = 𝐴 cos (𝑘𝑥 − 𝜔𝑡 + 𝜙) 

𝑓(𝑥, 𝑡) =
1

2
(𝑓(𝑥 − 𝑣𝑡, 0) + 𝑓(𝑥 + 𝑣𝑡, 0)) 

𝜆𝑓𝑖𝑥𝑒𝑑 =
2𝐿

𝑛
 𝑛 = 1,2,3 … 

𝑐𝑆𝑡𝑟𝑖𝑛𝑔 = √𝑇/𝜇  𝜇 = 𝑚/𝐿 
 
Sound 

𝐼 =
P

A
  

𝑑𝐵 = 10 log10(
𝐼

𝐼0
)  𝐼0 = 10−12 𝑊

𝑚2 

𝑐𝑎𝑖𝑟 ≈ 343 𝑚/𝑠 
𝑐 = √𝛾𝑃/𝜌 = √𝛾𝑘𝑇/𝑚 𝑃𝑉 = 𝑛𝑘𝑇 

𝑓0 =
𝑣 ± 𝑣0

𝑣 ± 𝑣𝑠
𝑓𝑠 

(For the source, +𝑣𝑠 means away from the observer) 
(For the observer, +𝑣0 means towards the source) 
 
 


