
Unless otherwise noted, the content of this course material is licensed 
under a Creative Commons BY 3.0 License.  
http://creativecommons.org/licenses/by/3.0/ 

Copyright © 2009, August E. Evrard. 

You assume all responsibility for use and potential liability associated with any use of the material. Material contains copyrighted content, 
used in accordance with U.S. law. Copyright holders of content included in this material should contact open.michigan@umich.edu with 
any questions, corrections, or clarifications regarding the use of content.  The Regents of the University of Michigan do not license the 
use of third party content posted to this site unless such a license is specifically granted in connection with particular content. Users of 
content are responsible for their compliance with applicable law. Mention of specific products in this material solely represents the opinion 
of the speaker and does not represent an endorsement by the University of Michigan. For more information about how to cite these 
materials visit http://open.umich.edu/education/about/terms-of-use 

Any medical information in this material is intended to inform and educate and is not a tool for self-diagnosis or a replacement for medical 
evaluation, advice, diagnosis or treatment by a healthcare professional. You should speak to your physician or make an appointment to 
be seen if you have questions or concerns about this information or your medical condition. Viewer discretion is advised: Material may 
contain medical images that may be disturbing to some viewers. 



Physics 140 – Fall 2007 
lecture #12: 11 Oct 

Ch 8 topics:

•   momentum

•   impulse

•   collisions in one 
dimension


Source: NASA/JPL-CalTech 



An object’s linear momentum (denoted p) 

is a vector quantity equal to the product of 

its mass and velocity 



 
 
 



The total linear momentum (denoted P) of a system of two 
objects is the vector sum of the pair’s individual values


For a system of N objects (or particles), simply extend the 
vector sum
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P =  m1v1 + m2v2  =  p1 + p2


p  =  m v 


Momentum
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When a force F acts abruptly for a short time Δt on an object (e.g., a 
baseball struck by a swung bat), we define the impulse, J, of the 
encounter as  


J  =  FΔt

(When F is not constant, the impulse is the integral                    )


The effect of an impulsive encounter is to change the object’s 
momentum by the impulse


    Δp  =  FΔt  =  J

   pfinal – pinitial = J
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J = Fdt∫

Impulsive Encounters
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Bat-Ball Collisions

From R. Adair, The Physics of Baseball
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http://www.hiviz.com/GALLERY/eckerson/impacts/amoz02.html


http://www.hiviz.com/PROJECTS/inertia/punch.htm

Source: Loren M. Winters 

Source: Amoz Eckerson 



http://courses.ncssm.edu/hsi/pacsci/student_photos.html


Source: Eric Deren and Sean McGrew 



In a collision of two objects, the impulsive encounter changes the 
momentum of both members.  But the pair of impulses (AonB and 
BonA) form a Newton’s third law pair, hence


This leads to the key concept of momentum conservation in collisions.


the impulse experienced by one is equal in magnitude and 

opposite in direction to the impulse experienced by the other.  


Colliding bodies: Conservation of linear momentum


When no net force acts on a pair of colliding bodies, then 

the total momentum of the pair is conserved 


 Pf  =  Pi 

  (m1 v1 + m2 v2)f  =  (m1 v1 + m2 v2)i




A head-on collision of equal mass objects, one initially at rest.




Suppose a tennis ball initially moving horizontally with velocity vi is 
struck by a second ball that ends up exactly reversing the first ball’s 
direction (v1f = –v1i).  Which of the following statement about the 
encounter is true?


1)   The momentum of the two-ball system is constant and the 
second ball does zero work on the first.


2)   The momentum of the two-ball system is constant and the 
second ball does non-zero work on the first.


3)   The momentum of the two-ball system is not constant and 
the second ball does zero work on the first.


4)   The momentum of the two-ball system is not constant and 
the second ball does non-zero work on the first. 




                                                        You are in a boat resting on a  
                                                         lake on a perfectly calm day.  
                                                        You fall asleep and lose your  
                                                         oars overboard.  Spying two  
                                                         large but unequal size rocks  
                                                         lying in your boat (for  
                                                         ballast? for hitting carp?), you 
                                                         get the brilliant idea of 
throwing the rocks from the boat away from shore so that your 
boat will recoil and drift into port.  If you throw the rocks with 
some fixed velocity vrel (relative to you), what scheme will end up 
giving you and your boat the fastest trip back to shore?   

1.  throw both rocks simultaneously. 
2.  throw the lighter, then the heavier. 
3.  throw the heavier, then the lighter.  
4.  it doesn’t matter how you throw them.
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