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                  University Physics 226N/231N 
                  Old Dominion University 

 
Momentum, Impulse, Elastic Collisions 

Dr. Todd Satogata (ODU/Jefferson Lab) 
satogata@jlab.org 

http://www.toddsatogata.net/2016-ODU 
 

Monday, October 17, 2016 
Reminder: The Second Midterm will be Weds Oct 19 2016 

(Yes, still open book, open computer, etc.) 
Happy Birthday to Eminem, Felicity Jones, Evil Knievel, 

Rita Hayworth, Mike Judge, and Randall Munroe (CNU physics, of xkcd fame)! 
Happy National Pasta Day and National Mulligan Day! 

 

 
 

Please set your cell phones to “vibrate” or “silent” mode. Thanks! 
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What We Have Covered So Far 
§  Physical quantities and vectors 
§  Kinematics in one and two dimensions 
§  Centripetal acceleration 
§  Newton’s laws 

§  First law 
§  Second Law 
§  Third Law 
§  Application of Newton’s Laws 

§  Work and Energy 
§  Friction: 
§  Conservation of energy 
§  Potential energy and potentials 

§  Momentum and Impulse 
§  Definitions 
§  Conservation of momentum 
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Second Midterm “Cheat Sheet” 

§  Force of friction:                               opposing direction of motion  

§  Newton’s second law:                      vector equation 

§  Work done by force over a distance: 

§  Gravitational potential energy: 
§  Kinetic energy: 
§  Spring stored energy: 
§  Energy lost to friction: 
§  Conservation of energy: total energy of a closed system is conserved 

§  Momentum: 
§  Conservation of momentum: total momentum of a closed system is 

conserved 
§  Collisions: 

§  Elastic collisions: conserve energy and momentum 
§  Inelastic collisions: conserve momentum but not (calculable) energy 

•  Examples: explosions, deformations, things that stick to each other 

Ff = µsn or µkn
Static       kinetic 

~Fnet = m~a

W =

~

F ·�~x = F �x cos ✓

Eg = mgh

Ek =
1

2
mv2

Es =
1

2
k�x
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Ef = µkn�x

~p = m~v
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Conservation of Momentum Example 5 

§  An 8.0-g bullet is shot into a 4.0-kg block, at rest on a 
frictionless horizontal surface. The bullet remains lodged in 
the block. The block moves into an ideal massless spring 
and compresses it by 8.7 cm. The spring constant of the 
spring is 2400 N/m. 
§  What is the initial velocity of the bullet? 
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How to Solve Those Equations 
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Conservation of Momentum and Relativity 

§  Momentum is conserved regardless of your frame of 
reference 
§  Remember that momentum is defined as 
§  Velocity depends on how you and the object are moving 

relative to each other 

§  As long as you do not change your velocity between “before” 
and “after”, conservation of momentum still works 
§  You are adding or subtracting the total mass of the system 

times your extra velocity to both “before” and “after” total 
momenta 

§  This observation has deep and subtle connections to 
Einstein’s theory of special relativity 

~p = m~v


