
Phys 221  Equations Page 

 

Quadratic formula:  2 21
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constant acceleration: 
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circular motion: 𝒂𝑵 =
𝒗𝟐

𝒓
    (pointing inward)    𝑎𝑇 = 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑐ℎ𝑎𝑛𝑔𝑒 𝑜𝑓 𝑠𝑝𝑒𝑒𝑑 

 

center of mass:    𝒙𝒄𝒎 =
∑ 𝐦𝐢𝐱𝐢
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momentum: 
 
p mv     (and p  is conserved in the absence of external forces) 

                        𝐼𝑚𝑝𝑢𝑙𝑠𝑒 =  ∫ 𝐹⃑ 𝑑𝑡           𝑁𝑒𝑡 𝑖𝑚𝑝𝑢𝑙𝑠𝑒 = ∫ Σ𝐹⃑⃑⃑⃑⃑⃑  𝑑𝑡 = ∆𝑝⃑ 

 

force:  2
nd

 law: 
dp

F or F ma
dt

     (if mass is constant)   

3
rd

 law: AB BAF F   

 

work: work cosF x F x       (if force is constant)      or  work F dx      

kinetic energy: 21

2
K mv  

Net Work and Kinetic Energy:        F x K       (if force is constant) 

or :   2 21 1
Work done by the net force  
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Gravity and potential energy: 
 
F mg  (pointing down)    and   𝑈𝑔𝑟𝑎𝑣 = 𝑚𝑔ℎ + 𝐶  

 Far from Earth:   𝐹 =  
𝐺𝑀𝑚

𝑟2         𝑈𝑔𝑟𝑎𝑣 = −
𝐺𝑀𝑚

𝑟
+ 𝐶      

Springs and elastic potential energy:     C) (   
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                      where x is measured from equilibrium. 

 

Conservative forces:    𝐹𝑈,𝑥 = −
𝑑𝑈

𝑑𝑥
                     𝑈(𝑥) = − ∫ 𝐹⃑ ∙ 𝑑𝑥⃑⃑⃑⃑⃑                         

 

kinetic friction:  K Kf N ,  (opposing the direction of motion) 

static friction:          S Sf N  ,  (opposing the direction of other forces) 

Work done by kinetic friction:   KWork f x       (usually “lost” as waste heat) 

 

Elastic collisions:  (measurements in the center of mass frame are marked with a * ) 

𝑣⃑𝑎,𝑖
∗ = 𝑣⃑𝑎,𝑖 − 𝑣⃑𝐶𝑀        and        𝑣⃑𝑎,𝑓 = 𝑣⃑𝐶𝑀 − 𝑣⃑𝑎,𝑖

∗  


