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Lecture 16 outline!
• Announcements
• Linear momentum
- Linear momentum
- Force & impulse
- Conservation of linear momentum
- Collisions



Announcements
• Homework
- Homework #8: due today 11:59PM on Nov. 1
- Bonus: No homework due today

• Exams not yet graded
- I’ll grade them & post as soon as I can
- Best guess: 1 week from today

• Reading: For Thursday: continue chapter 6
• Office hours: 10AM-11AM, 4PM-5PM today



Today
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6.1 Linear Momentum
Definition of linear momentum:

The linear momentum of an object is the product of its 
mass and velocity.

Note that momentum is a vector—it has both a 
magnitude and a direction. 

SI unit of momentum: kg • m/s. This unit has no 
special name.



6.1 Linear Momentum
For a system of objects, the total momentum is 
the vector sum of each.



6.1 Linear Momentum
For a system of objects, the total momentum is 
the vector sum of each.



 A system of particles is 
known to have a total 
kinetic energy of zero.  
What can you say about 
the total momentum of 
the system?

a)  momentum of the system is positive

b)  momentum of the system is negative
c)  momentum of the system is zero
d)  you cannot say anything about the 

momentum of the system

Question 6.2a Momentum and KE I

Clicker question #68

A B
C D

A B
C D

A B
C D

A B
C D



 A system of particles is known to 
have a total momentum of zero.  
Does it necessarily follow that the 
total kinetic energy of the system is 
also zero?

 a)  yes

 b)  no

Question 6.2b Momentum and KE II

Clicker question #69

A B
C D

A B
C D



 Two objects are known to have the 
same momentum.  Do these two 
objects necessarily have the same 
kinetic energy?

 a)  yes

 b)  no

Question 6.2c   Momentum and KE III

Clicker question #70

A B
C D

A B
C D



6.1 Linear Momentum
The change in momentum is the difference 
between the momentum vectors.



6.1 Linear Momentum
The change in momentum is the difference 
between the momentum vectors.



6.1 Linear Momentum
If an object’s momentum changes, a force must 
have acted on it, because it accelerated.

The net force is equal to the rate of change 
of the momentum.

© 2010 Pearson Education, Inc.



 A net force of 200 N acts on a 100-kg 
boulder, and a force of the same 
magnitude acts on a 130-g pebble.  
How does the rate of change of the 
boulder’s momentum compare to  the 
rate of change of the pebble’s 
momentum?

 a)  greater than

 b)  less than
 c)  equal to 

Question 6.3a Momentum and Force

Clicker question #71

A B
C D

A B
C D

A B
C D



6.2 Impulse
Impulse is the change in momentum:

Typically, the force 
varies during the 
collision.

© 2010 Pearson Education, Inc.

Impulse = area 
under force vs. 
time curve



6.2 Impulse

Actual contact times may be very short.

© 2010 Pearson Education, Inc.



6.2 Impulse
When a moving object stops, its impulse depends 
only on its change in momentum. This can be 
accomplished by a large force acting for a short 
time, or a smaller force acting for a longer time.

© 2010 Pearson Education, Inc.



6.2 Impulse

We understand this instinctively—we bend our 
knees when landing a jump; a “soft” catch 
(moving hands) is less painful than a “hard” 
one (fixed hands).

This is how airbags work—they slow down 
collisions considerably—and why cars are built 
with crumple zones.

Video: crash test
http://www.youtube.com/watch?v=d7iYZPp2zYY&feature=related

© 2010 Pearson Education, Inc.



Question 6.5a   Two Boxes I

a) the heavier one 

b) the lighter one

c) both the same

 Two boxes, one heavier than the 
other, are initially at rest on a 
horizontal frictionless surface.  
The same constant force F acts on 
each one for exactly 1 second.  
Which box has more momentum 
after the force acts ?

Clicker question #72

A B
C D

A B
C D

A B
C D



 In the previous question, 

which box has the larger 

velocity after the force acts?  

 a)  the heavier one

 b)  the lighter one

 c)  both the same

Question 6.5b   Two Boxes II

Clicker question #73

A B
C D

A B
C D

A B
C D



Question 6.9a   Going Bowling I

p 

p 

a)  the bowling ball 

b)  same time for both

c)  the Ping-Pong ball

d)  impossible to say

 A bowling ball and a Ping-Pong ball are 
rolling toward you with the same 
momentum.  If you exert the same force 
to stop each one, which takes a longer 
time to bring to rest?

Clicker question #74

A B
C D

A B
C D

A B
C D

A B
C D



 A small beanbag and a bouncy 
rubber ball are dropped from the 
same height above the floor.  They 
both have the same mass.  Which 
one will impart the greater impulse 
to the floor when it hits?  

 a)  the beanbag

 b)  the rubber ball
 c)  both the same

Question 6.7   Impulse

Clicker question #75

A B
C D

A B
C D

A B
C D



Conservation of momentum
• Demonstrations
- Rocket redux

http://www.youtube.com/watch?v=ta6q6-52a3c

- Gun recoil
http://www.youtube.com/watch?v=_O-Wedt3N4U

- Colliding black holes & gravitational waves
http://spiegel.cs.rit.edu/~hpb/CCRG/
kick_sphere_radiation_and_zoom_bh_movement.mp4



Class participation
• 0. Name
• 1. Do you like today’s slides better, worse, or 

about the same as previous lecture slides?
• 2. On the exam, what concept or problem do 

you feel the happiest about?
• 3. On the exam, what concept or problem do 

you feel the least happy about?


