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Quick Review: the Center of Mass

(1) Center of mass of a symmetric object always lies on an 
axis of symmetry.

(2) Center of mass of an object does NOT need to be on the 
object. 
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Quick Review: �
Newton’s 2nd Law for a System of Particles

net dpF
dt

=
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+ ...+ d pn
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- Linear Momentum
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Δ P
→

= 0 - Conservation of Linear Momentum



Impulse & Collisions
An isolated event in which two or more bodies exert relatively 

strong forces on each other for a relatively short time. 

We study two types:

  1) Inelastic (KE lost to Etherm)

  2) Elastic (total KE=const)
   [interaction through conservative forces]

However in both we assume 
closed and isolated systems



Impulse 
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d p R =
 
F L→R (t)dt

d p R
 
p i

 
p f

∫ =
 
F L→R (t)dt

ti

t f

∫

Impulse
Change in Momentum is equal to 
Impulse acting on it

      Collision

PR,before

      What changes 
momentum of 

each?

PR,after

Impulse-momentum theorem
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J ≡

 
F net (t)dt

ti

t f

∫
 p f −
 p i = Δ

 p =
 
J Vector!  Must satisfy for each direction!



Collision and Impulse 
When a collision occurs, forces act. 
They can be:

•  Internal Forces – objects acting on each other
•  External forces – an external force exerted on the objects

Object 1

€ 

Fext,1 + F 12( )Δt = p1 f − p1i
external

force
internal

force
change in
momentum

€ 

Fext,2 + F 21( )Δt = p2 f − p2i
external

force
internal

force
change in
momentum

Object 2

€ 

External Forces+ Internal Forces( )Δt = Pf − Pi

€ 

F 12 = −F 21
But internal 
forces always 
cancel

so

€ 

External Forces( )Δt = Pf − Pi

€ 

Pf = PiIf the external 
forces are zero

Momentum is conserved

=J1

=J2



  

Collision and Impulse :
We have seen in the previous discussion that the momentum of an object can
change if there is a nonzero external force acting on the object.  Such forces 
exist during the collision of two objects.  These forces act for a brief time 
interval, they are large, and they are responsible for the changes in the linear
momentum of the colliding objects. 

   

Consider the collision of a baseball with a baseball bat.
The collision starts at time ti  when the ball touches the bat
and ends at t f  when the two objects separate. 

The ball is acted upon by a force  

F(t) during the collision.

The magnitude F(t) of the force is plotted versus t  in fig. a.
The force is nonzero only for the time interval ti < t < t f .

F(t) = dp

dt
.  Here  p is the linear momentum of the ball, 

dp =

F(t)dt → dp =


F(t) dt

ti

t f

∫
ti

t f

∫



   

dp =

F(t) dt

ti

t f

∫
ti

t f

∫      dp = p f −
ti

t f

∫
pi = Δ

p  = change in momentum


F(t) dt

ti

t f

∫   is known as the impulse  

J  of the collision.


J =


F(t) dt

ti

t f

∫    The magnitude of 

J  is equal to the area

under the F  versus t  plot of fig. a → Δ
p =

J .

An approximation is to use  
J = FaveΔt,  where  Δt = t f − ti .

Geometrically this means that the area under the
 F  versus t  plot (fig. a) is equal to the area under the
Faveversus t  plot (fig. b).
 

 p JΔ =

aveJ F t= Δ
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The National Transportation Safety Board is testing the crash-worthiness 
of a new car. The 2300 kg vehicle, moving at 15 m/s, is allowed to 
collide with a bridge abutment, which stops it in 0.56 s. What is the 
magnitude of the average force that acts on the car during the impact?

National Highway Traffic Safety Administration:�

http://www.nhtsa.dot.gov/�



It is well known that bullets and other 
missiles fired at Superman simply 
bounce off his chest. Suppose that a 
gangster sprays Superman's chest with 
10 g bullets at the rate of 100 bullets/
min, the speed of each bullet being 700 
m/s. Suppose too that the bullets 
rebound straight back with no change 
in speed. What is the magnitude of the 
average force on Superman's chest 
from the stream of bullets? 



A ball with a mass of 150 g strikes the floor with a speed of 5.2 m/s and rebounds with 
only 50% of its initial KE.
a)   What is the speed of the ball immediately after rebounding?

b)   What is the magnitude of the impulse on the ball from the floor?

c)   If the ball was in contact with the floor for 7.6 ms, what was the magnitude of the 
average force on the ball from the floor during this time interval?

Example: Baseball Hitting the Floor

€ 

KE f = (50%)KEi

1
2 mvf

2 =
1
2 mvi

2

2
vf = 1

2 vi
2 = 1

2 vi           = 1
2 (5.2m /s) ≅ 3.7m /s

If the positive direction is up then the initial 
velocity is negative and the final velocity is 
positive…  the impulse is directed UP and is 
positive.
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J =
 
p f −
 
p i

= F Δt
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J =  p f −
 
p i

= m( v f −
 
v i)

€ 

F Δt = J
F = J

Δt
=

1.33 ⋅ Ns  ˆ x 
0.0076 ⋅ s

=175 ⋅ N  ˆ x 

€ 

= m 3.7m
s − (−5.2 m

s)( ) = (0.15kg)(8.9m
s)

=1.33 ⋅ kg ⋅m /s =1.33 ⋅ N ⋅ s 



Concept questions
Checkpoint 1:  A paratrooper whose chute fails to open lands in snow; he is hurt slightly.  
Had he landed on bare ground, the stopping time would have been 10 times shorter and the 
collision lethal.  Does the presence of the snow increase, decrease, or leave unchanged the 
values of (a) the paratrooper’s change in momentum, (b) the impulse stopping the 
paratrooper, and (c ) the force stopping the paratrooper?

Checkpoint 2:  The figure shows an overhead view of a ball bouncing from a vertical wall 
without any change in speed.  Consider the change          in the ball’s linear 
momentum.

a)  Is           positive, negative or zero?
b)  Is           positive, negative, or zero?
c)  What is the direction of
d)  What direction is the Impulse? 
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Checkpoint 1:  A paratrooper whose chute fails to open lands in snow; he is hurt slightly.  
Had he landed on bare ground, the stopping time would have been 10 times shorter and the 
collision lethal.  Does the presence of the snow increase, decrease, or leave unchanged the 
values of (a) the paratrooper’s change in momentum, (b) the impulse stopping the 
paratrooper, and (c ) the force stopping the paratrooper?



Suppose you are on a cart, initially at rest on a track with no friction. You 
throw balls at a partition that is rigidly mounted to the cart. If the balls 
bounce straight back as shown in the figure, will the cart be put into 
motion? 

1.   Yes. The cart moves left. 
2.  Yes. The cart moves right. 
3.   No. The cart does not move. 
4.   Sometimes; it depends on the velocity of the ball and mass of the cart. 

Question

 



Problem #20: �
The figure shows the path of a cue ball of mass m as it 
bounces from a rail of a pool table.  The ball’s initial 
speed is v0 and the angle from the normal is θ1.  The 
bounce reverses the y component of the ball’s 
velocity but does not alter the x component. �
What are (a) the angle θ2 and change in the 
momentum in vector notation.
The x component of velocity is conserved
vi sinθ1 = vi sinθ2   so
pxi = mvi sinθ1 = pxf = mvi sinθ2   so θ2 = θ1

The y component of velocity changes sign but not magnitude
vyf cosθ1 = −vyi cosθ1   so
pyf = mvi cosθ1  

The change in momentum Δp is
Δpx = 0
Δpy = −mvi cosθ2 − mvi cosθ1

Δpy = −2mvi cosθ1

 
Δp
 

= −2mvi cosθ1 ĵ


