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Exam 3: Equation Summary 

Momentum: 
rr r r 

t total =p = mv , F ∆ = ∆  p r , Fext 
dp r total 

ave dt 
t t f = r r 

Impulse: I ≡ F( )t dt  = ∆  p r∫ 
t =0 
r r rrTorque: τr S = rS  ,P  ×F = sin θ = r F = rF ⊥P τr S rS  ,P  FP ⊥ 

Static Equilibrium:
r r r 

τS 
r r r 

Ftotal = F +F2 + ... = 0 
r 

; r total = τS ,1 + τS ,2 + ... = 0 .1 
r 

r total = 
dLSRotational dynamics: τS dt 

rAngular Velocity: ω = ( θd dt  ) k̂ 
r 2 2 ˆAngular Acceleration: α = (d θ dt  )k 

rFixed Axis Rotation: τr S = IS α

τ S
total = ISα = I dω 

S dt 
( )2Moment of Inertia: IS = dm r⊥∫ 

body 
r rAngular Momentum: LS = rS  m  ×mv r ,, 

r r r 
= m sin  θ = r  p  = rp  vLS rS  ,m  ⊥ ⊥ 

Angular Impulse: 
r r r 

J 
r 

S = ∫t
t 

0 

f τr S dt = ∆  LS = LS  f  −LS ,0  ,  

Rotation and Translation: 
r r r 
LS

total orbital spin = LS +L ,cm  
r

orbital r total LS = r r S  cm  ×p ,, 
r 
L spin r 

cm = Icmωspin 
r r

orbit spin rorbit = 
dLS , τr spin dLcm=τS cmdt dt 

1 



Rotational Energy: K = 
1 I ω 2 

cm cm cm2 
r r dθRotational Power: Prot ≡

dWrot = τ ω =τ ω τ  S ⋅ = 
dt S S dt 

r r r / v r /One Dimensional Kinematics: v = d dt  , a r = d dt  

t t  t t′= ′= 

v t  )dt  ( )  − x0 = ∫ v (t′)dt  ′( )  − vx,0 = ∫ a (t′ ′  x tx x x


t′=0 t′=0


Constant Acceleration: 

x(t) = x0 + vx,0 (t − t ) + 1
2 

ax (t − t0 )2 v t( )  = vx,0 + a (t − t )0 x x 0 

( )  = y0 + vy ,0 (t − t ) + 1
2 

ay (t − t0 )2 v ty t  0 y ( )  = vy ,0 + ay (t − t0 ) 

where x0 , vx,0 , y0 , vy ,0     are the initial position and velocities components  at t t0= 

Newton’s Second Law: Force, Mass, Acceleration 

r r r r
total F total total F total F ≡ ma r F = F +F2 = ma  Fy = ma  = ma  1 x x y z z 

r r 
Newton’s Third Law: F1,2 = −F2,1 

Force Laws: 
r

1Universal Law of Gravity: F1,2 = −G m m2 r̂1,2  , attractive 
r 2 
1,2 

r 
Gravity near surface of earth: Fgrav = m g r , towards earthgrav 

r r r 
NContact force: Fcontact = + f , depends on applied forces 

Static Friction: 0 ≤ f ≤ f = µ N direction depends on applied forcess s,max s 

Kinetic Friction: fk = µ N opposes motionk 

Hooke’s Law: F k= ∆x , restoring 

Kinematics Circular Motion: arc length: s R= θ ; angular velocity: ω θd dt  = 

tangential velocity: v R= ω ; angular acceleration: α = ωd dt  =d 2θ dt  2 ; tangential 
acceleration aθ = Rα . 
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2πR 2π 1 ωPeriod: T = 
v 

=
ω

; frequency: f = 
T 
= 

2π
, 

2 2v 4π R2 2 2Radial Acceleration: a = R ω ; = ; a = 4π R  f  ; a =ar r r r T 2R 

r i N= 
total Center of Mass: Rcm =∑mir r i / m → ∫ dm  r r / mtotal ; 

i=1 body 

r i N= r / mtotal Velocity of Center of Mass: Vcm =∑mi vi → ∫ dm  v r / mtotal 

i=1 body 

r r rrTorque: τr S = rS  ,P  ×F = sin θ = r F = rF ⊥P τr S rS  ,P  FP ⊥ 

r r r r 
τS 

r rStatic Equilibrium: Ftotal = F +F2 + ... = 0 ; r total = τS ,1 + τS ,2 + ... = 0 
r 

.1 

1 2KKinetic Energy: K = 
1 mv  2 ; ∆ =  mvf −

1 mv  0
2 

2 2 2 

rf r W total ⋅drWork: W = ∫r 
F r  ; Work- Kinetic Energy: = ∆K 

0 
r 

Power: P = ⋅  
rF v  = dK  dt  

B r 
Potential Energy: ∆ = −  W = −∫Fc ⋅dr rU conservative


A


Potential Energy Functions with Zero Points: 

Constant Gravity: U y  (( ) = mgy  with U y  = 0) = 0 .0 

1Inverse Square Gravity: U gravity (r) = −Gm m2 with U gravity (r = ∞) = 0 .0r 

Hooke’s Law:Uspring ( )  =  1 kx2 with Uspring (x = 0) = 0 .x 
2

total total )Work- Mechanical Energy: W = ∆  + ∆U = ∆Emech = (K f +U total ) (K +U0nc K f − 0 
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Problem 1d) (5 points) Angular Momentum and Rotational Energy  

A figure skater stands on one spot on the ice (assumed frictionless) and spins around with 
her arms extended. When she pulls in her arms, she reduces her moment of inertia about 
the spin axis passing through her center of mass and her angular speed increases so that 
her angular momentum is conserved. Compared to her initial rotational kinetic energy, 
her rotational kinetic energy after she has pulled in her arms must be  

1. the same.  
2. larger because she's rotating faster.  
3. smaller because her moment of inertia is smaller. 

Explain your reasoning. 

Problem 1e) (5 points) Rolling without slipping 

A bicycle tire rolls without slipping across the ground (moving to the left in the figure 
below). Describe the direction and magnitude of the velocity at each of the four points 
shown in the figure as seen from an observer at rest on the ground. 
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