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The momentum principle: 
 
    d

p =

Fnet dt  

 

 

    

p = mv

1− v2

c2

 

 
    

pnew = pold +

FnetΔt  

 

 

    

rnew = rold +
1

1+ p
mc

⎛
⎝⎜

⎞
⎠⎟

2

p
m

⎛
⎝⎜

⎞
⎠⎟
Δt  

 
Equations of motion in 1D for constant acceleration 
and low velocities (v << c): 
 

 
  
x t( ) = x0 + v0t +

1
2

at2  

 

 
  
v t( ) = dx t( )

dt
= v0 + at  

 

 
  
a t( ) = dv t( )

dt
= a = constant  

 
Requirement for uniform circular motion: 
 

 
  
Fr =

mv2

r
 

 
Rotational motion: 
 
  d = θr  
 

 
 
v = ωr ω = dθ

dt
 

 

 
 
a = αr α = dω

dt
 

 
Gravitational force: 
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F = mg    (close to the surface of the Earth)  

 

Electrostatic force: 
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Harmonic motion: 
 
  F = −kx  
 

 
  
x t( ) = xmax cos ωt + φ( )   where  ω = k
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Damped harmonic motion: 
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Driven harmonic motion: 
 

 
  
x t( ) = F0

ω0
2 −ω 2 cos ωt + φ( )  

 
Stress and strain: 
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Friction forces: 
 
  fs ≤ µs N  
 
  fk = µk N  
 
Drag force (air): 
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