
Physics 110 Formula Sheet 

 

Vectors       Momentum & Force 

𝑣 = √𝑣𝑥
2 + 𝑣𝑦

2        �⃗� = 𝑚�⃗� → 𝑝𝑥 = 𝑚𝑣𝑥;  𝑝𝑦 = 𝑚𝑣𝑦 

𝜙 = tan−1 (
𝑣𝑦

𝑣𝑥
)  ∆�⃗� = �⃗�∆𝑡 → �⃗�𝑓 = �⃗�𝑖 + �⃗�∆𝑡   

 �⃗� =
𝑑𝑝

𝑑𝑡
= 𝑚�⃗� → 𝐹𝑥 = 𝑚𝑎𝑥; 𝐹𝑦 = 𝑚𝑎𝑦 

     𝐹𝑓𝑟 = 𝜇𝐹𝑁 

Motion Definitions     𝐹𝑤 = 𝑚𝑔 

Displacement:  ∆𝑥 = 𝑥𝑓 − 𝑥𝑖     𝑠𝑡𝑟𝑒𝑠𝑠 = 𝐸 × 𝑠𝑡𝑟𝑎𝑖𝑛 →
𝐹

𝐴
= 𝐸

∆𝑙

𝑙
→ 𝐹𝑠 = −𝑘𝑥  

Average velocity:  𝑣𝑎𝑣𝑔 =
∆𝑥

∆𝑡
    𝐹𝐺 = 𝐺

𝑀1𝑀2

𝑟2  

Average acceleration:  𝑎𝑎𝑣𝑔 =
∆𝑣

∆𝑡
   𝐹𝑐 = 𝑚𝑎𝑐 = 𝑚

𝑣2

𝑅
 

 

Equations of Motion     Work & Energy 

displacement:  {
𝑥𝑓 = 𝑥𝑖 + 𝑣𝑖𝑥𝑡 +

1

2
𝑎𝑥𝑡2

𝑦𝑓 = 𝑦𝑖 + 𝑣𝑖𝑦𝑡 +
1

2
𝑎𝑦𝑡2

  {
𝑊𝑇 = ∫ �⃗� ∙ 𝑑𝑟 = 𝐹∆𝑟 cos 𝜃 = ∆𝐾𝑇

𝑊𝑅 = ∫ 𝜏 ∙ 𝑑𝜃 = 𝜏∆𝜃 = ∆𝐾𝑅

 

velocity:  {
𝑣𝑓𝑥 = 𝑣𝑖𝑥 + 𝑎𝑥𝑡

𝑣𝑓𝑦 = 𝑣𝑖𝑦 + 𝑎𝑦𝑡    𝑊𝑛𝑒𝑡 = 𝑊𝑇 + 𝑊𝑅 = ∆𝐾𝑇 + ∆𝐾𝑅 = −∆𝑈  

time-independent: {
𝑣𝑓𝑥

2 = 𝑣𝑖𝑥
2 + 2𝑎𝑥∆𝑥

𝑣𝑓𝑦
2 = 𝑣𝑖𝑦

2 + 2𝑎𝑦∆𝑦
  𝐾𝑇 = 1

2
𝑚𝑣2 

       𝐾𝑅 = 1

2
𝐼𝜔2 

Rotational Motion Definitions    𝑈𝑔 = 𝑚𝑔𝑦 

Angular displacement:  ∆𝑠 = 𝑅∆𝜃   𝑈𝑠 = 1

2
𝑘𝑥2 

Angular velocity:  𝜔 =
∆𝜃

∆𝑡
→ 𝑣 = 𝑅𝜔   ∆𝐸 = ∆𝐸𝑅 + ∆𝐸𝑇 

Angular acceleration:  𝛼 =
∆𝜔

∆𝑡
→ {

𝑎𝑡 = 𝑟𝛼

𝑎𝑐 = 𝑟𝜔2  ∆𝐸 = ∆𝐾𝑅 + ∆𝐾𝑇 + ∆𝑈𝑔 + ∆𝑈𝑠 = {
0 

𝑊𝑓𝑟
 

 

Rotational Equations of Motion   Rotational Momentum & Force 

𝜃𝑓 = 𝜃𝑖 + 𝜔𝑖𝑡 + 1

2
𝛼𝑡2     𝜏 = 𝑟 × �⃗�;  𝜏 = 𝑟⊥𝐹 = 𝑟𝐹⊥ = 𝑟𝐹 sin 𝜃 

𝜔𝑓 = 𝜔𝑖 + 𝛼𝑡      𝜏 =
∆𝐿

∆𝑡
= 𝐼𝛼 

𝜔𝑓
2 = 𝜔𝑖

2 + 2𝛼∆𝜃     𝐿 = 𝐼𝜔 

       ∆�⃗⃗� = 𝜏∆𝑡 → �⃗⃗�𝑓 = �⃗⃗�𝑖 + 𝜏∆𝑡 

Fluids  

𝜌 =
𝑚

𝑉
          𝑃 =

𝐹

𝐴
     Sound 

𝑃𝑦 = 𝑃𝑎𝑖𝑟 + 𝜌𝑔𝑦     𝑣𝑠 = 𝑓𝜆 = (331 + 0.6𝑇)𝑚

𝑠
 

𝐹𝐵 = 𝜌𝑔𝑉      𝛽 = 10 log
𝐼

𝐼𝑜
 

𝜌1𝐴1𝑣1 = 𝜌2𝐴2𝑣2;   compressible   𝑓𝑛 = 𝑛𝑓1 = 𝑛
𝑣

2𝐿
; 𝑛 = 1,2,3, …   open pipes 

𝐴1𝑣1 = 𝐴2𝑣2;    incompressible   𝑓𝑛 = 𝑛𝑓1 = 𝑛
𝑣

4𝐿
; 𝑛 = 1,3,5, …   closed pipes 

𝑃1 +
1

2
𝜌𝑣1

2 + 𝜌𝑔𝑦1 = 𝑃2 +
1

2
𝜌𝑣2

2 + 𝜌𝑔𝑦2 

 



 
Waves        Simple Harmonic Motion 

𝑣 = 𝑓𝜆 = √
𝐹𝑇

𝜇
       𝜔 = 2𝜋𝑓 =

2𝜋

𝑇
 

𝑓𝑛 = 𝑛𝑓1 = 𝑛
𝑣

2𝐿
;  𝑛 = 1,2,3, …     𝑇𝑠 = 2𝜋√

𝑚

𝑘
;      𝜔 = √

𝑘

𝑚
 

𝐼 = 2𝜋2𝑓2𝜌𝑣𝐴2      𝑇𝑝 = 2𝜋√
𝑙

𝑔
;      𝜔 = √

𝑔

𝑙
    

 

Common Metric Units      Equations of Motion for SHM  

𝑛𝑎𝑛𝑜 (𝑛) =  10−9        𝑐𝑒𝑛𝑡𝑖 (𝑐) = 10−2    𝑥(𝑡) = {
𝑥𝑚𝑎𝑥 sin (

2𝜋

𝑇
𝑡)

𝑥𝑚𝑎𝑥 cos (
2𝜋

𝑇
𝑡)

 

𝑚𝑖𝑐𝑟𝑜 (𝜇) =  10−6       𝑘𝑖𝑙𝑜 (𝑘) = 103 

𝑚𝑖𝑙𝑙𝑖 (𝑚) =  10−3      𝑚𝑒𝑔𝑎 (𝑀) =  106   𝑣(𝑡) = {
𝑣𝑚𝑎𝑥 cos (

2𝜋

𝑇
𝑡)

−𝑣𝑚𝑎𝑥 sin (
2𝜋

𝑇
𝑡)

 

Geometry/Algebra  

Circles:  𝐴 = 𝜋𝑟2 𝐶 = 2𝜋𝑟 = 𝜋𝐷   𝑎(𝑡) = {
−𝑎𝑚𝑎𝑥 sin (

2𝜋

𝑇
𝑡)

−𝑎𝑚𝑎𝑥 cos (
2𝜋

𝑇
𝑡)

 

Spheres: 𝐴 = 4𝜋𝑟2 𝑉 =
4

3
𝜋𝑟3   𝑣 = ±𝑣𝑚𝑎𝑥√1 − (

𝑥

𝑥𝑚𝑎𝑥
)

2

  

Triangles:          𝐴 =
1

2
𝑏ℎ     𝑣 = ±𝜔𝑥𝑚𝑎𝑥√1 − (

𝑥

𝑥𝑚𝑎𝑥
)

2

 

Quadratics: 𝑎𝑥2 + 𝑏𝑥 + 𝑐 = 0 → 𝑥 =
−𝑏±√𝑏2−4𝑎𝑐

2𝑎
 


