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PHYS 1021: Chap. 9, Pg 2 
New Topic 
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PHYS 1021: Chap. 9, Pg 3 

Inertia depends on mass 

Easy to start Hard to start 

Momentum depends on mass and velocity 

Easy to stop 
v m 

Easy to stop 
v m 

Hard to stop 
v 

Hard to stop 
m 

momentum  =  mass × velocity 

Momentum is “inertia” of motion “Quantity of motion” 

PHYS 1021: Chap. 9, Pg 4 

  How is force related to momentum? 
  use Newton’s 2nd Law:   force is related to

 the change of momentum 

€ 

ΣF =ma =mΔv
Δt

=
Δp
Δt

=
dp
dt

€ 

ΣF =
dp
dt

⇒  units of momentum are kg*m/s 
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PHYS 1021: Chap. 9, Pg 5 
New Topic 

PHYS 1021: Chap. 9, Pg 6 

F  Δt       =       Δp       =       F  Δt!

Impulse = change in momentum ! 
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PHYS 1021: Chap. 9, Pg 7 

PHYS 1021: Chap. 9, Pg 8 
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PHYS 1021: Chap. 9, Pg 9 

  Why impulse instead of force? 
  Time-dependent force that is difficult to model 
  But well-defined initial and final states  
  Examples: 

» Meteor strikes earth 
»  Bat hits base ball 

PHYS 1021: Chap. 9, Pg 10 

Momentum is the product of a particle’s mass and 
velocity, has units of kg m/s, and is given by 

The impulse upon a particle is defined as 

Impulse has units of N s, but you should be able to 
show that N s are equivalent to kg m/s.  The impulse-
momentum theorem is 
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PHYS 1021: Chap. 9, Pg 11 

F  F  light heavy 

1)  the heavier one  

2)  the lighter one 

3)  both the same 

PHYS 1021: Chap. 9, Pg 12 

F  F  light heavy 

av Δt 
Δp 

F = We know: 
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PHYS 1021: Chap. 9, Pg 13 

p  

p  

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

PHYS 1021: Chap. 9, Pg 14 

We know: 

p  

p  

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

av Δt 
Δp 

F = 
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PHYS 1021: Chap. 9, Pg 15 

  A 2 kg object is moving to the right (+x) with a speed of 1 m/s.  What 
is its speed after applying the impulse pictured below? 

PHYS 1021: Chap. 9, Pg 16 

  A 2 kg object is moving to the left (-x) with a speed of 1 m/s.  What is 
its speed after 1s of applying the impulse pictured below?  After 2 s? 
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PHYS 1021: Chap. 9, Pg 17 

  A clay ball is thrown at the ceiling and sticks there.  Considering only 
the momentum immediately before and after the collision, draw 
momentum – impulse diagram for the collision. 

PHYS 1021: Chap. 9, Pg 18 

  A bouncy ball is thrown at the ceiling and bounces right back.  
Considering only the momentum immediately before and after the 
collision, draw momentum – impulse diagram for the collision.  Does 
the bouncy ball or the clay ball exert more force on the ceiling? 
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PHYS 1021: Chap. 9, Pg 19 

 A 200 g rubber ball is 
released from a height 
of 2.0 m. It falls to the 
floor, bounces, and 
rebounds. The force 
of the floor on the ball 
is shown in the figure. 
How high does the 
ball rebound?  

PHYS 1021: Chap. 9, Pg 20 

  A particle of mass m is at rest at t=0. It is momentum for 
t>0 is given by px=6t2 kgm/s. Find an expression for the 
force as a function of time.  
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PHYS 1021: Chap. 9, Pg 21 

Every group should get a tennis ball and drop it from a height of 1 m.  Determine the impulsive 
force imparted to the ball by the floor.  Try this on carpet and on a hard surface (table top or in 
the hall).  Discuss the difference in the impulsive force between the hard and soft landing cases. 


