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Chapter 9 Impulse and Momentum  

Chapter Goal: To understand and apply the new concepts of 
impulse and momentum. 
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Momentum 

 The product of a particle’s mass and velocity is called 
the momentum of the particle: 

 Momentum is a vector, with units of kg m/s. 
 A particle’s momentum vector can be decomposed into    

x- and y-components. 
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Collisions 

 A collision is a short-
duration interaction 
between two objects. 

 The collision between 
a tennis ball and a 
racket is quick, but it 
is not instantaneous. 

 Notice that the right side of the ball is flattened. 

 It takes time to compress the ball, and more time 
for the ball to re-expand as it leaves the racket. 
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Atomic Model of a Collision 
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Impulse During a Collision 

 A large force exerted  
for a small interval of  
time is called an 
impulsive force. 

 The figure shows  
a particle with  
initial velocity     . 

 The particle experiences 
an impulsive force of  
short duration ∆t. 

 The particle leaves  
with final velocity     . 
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Impulse 
 Newton’s second law may be formulated in terms of 

momentum rather than acceleration: 

 Rearranging, and integrating over time, we have: 

 We define the right-hand side to be the impulse. 

 Impulse has units of N s, which are equivalent to kg m/s. 
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Impulse 

 Figure (a) portrays the 
impulse graphically. 

 Figure (b) shows that the 
average force Favg is the 
height of a rectangle that 
has the same impulse as 
the real force curve. 

 The impulse exerted 
during the collision is: 
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The Impulse-Momentum Theorem 

 A particle experiences an impulsive force in the 
x-direction. 

 The impulse delivered to the particle is equal to 
the change in the particle’s momentum. 
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The Impulse-Momentum Theorem 

 A rubber ball bounces off  
a wall. 

 The ball is initially traveling 
toward the right, so vix and  
pix are positive. 

 After the bounce, vfx and pfx  
are negative. 

 The force on the ball is toward 
the left, so Fx is negative. 

 In this example, the impulse,  
or area under the force curve, 
has a negative value. 
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Momentum Bar Charts 

 Impulse Jx transfers momentum to an object. 
 If an object has an initial momentum of 2 kg m/s, a  

+1 kg m/s impulse exerted on the object increases its 
momentum to 3 kg m/s. 

 pfx = pix + Jx 

 We can represent this 
“momentum accounting” with 
a momentum bar chart. 

 The figure shows how one 1 
unit of impulse adds to 2 units 
of initial momentum to give 3 
units of final momentum. 
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Momentum Bar Charts 

 A rubber ball is initially moving to the right with  
pix = +2 kg m/s. 

 It collides with a wall which  
delivers an impulse of  
Jx = −4 N s. 

 The figure shows the 
momentum bar chart 
to help analyze this 
collision. 

 The final momentum 
is pfx = −2 kg m/s. 

Slide 9-36 



© 2013 Pearson Education, Inc. 

Tactics: Drawing a Before-and-After Pictorial 
Representation 
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Tactics: Drawing a Before-and-After Pictorial 
Representation 
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Example 9.1 Hitting a Baseball 
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Conservation of Momentum 

 Two objects collide, as shown. 
 Neglect all outside forces on the objects. 
 Due to the fact that the only  

forces on the objects are equal  
and opposite, the sum of their  
momenta is: 

 This is a conservation law! 
 The sum of the momenta 

before and after the collision 
are equal: 
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A train car moves to the right 
with initial speed vi. It collides 
with a stationary train car of 
equal mass. After the collision 
the two cars are stuck 
together. What is the train 
cars’ final velocity? 

Conservation of Momentum: Quick Example 

 According to conservation of momentum, before and after 
the collision: 

m1 (vfx)1 + m2 (vfx)2 = m1 (vix)1 + m2 (vix)2 

 The mass cancels, and we find that the final velocity 
is vf = ½ vi. 

mvf + mvf = 2mvf = mvi + 0 
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Momentum of a System 

 Consider a system of  
N interacting particles. 

 The figure shows a  
simple case where N = 3.  

 The system has a  
total momentum: 

 Applying Newton’s second law for each individual particle, 
we find the rate of change of the total momentum of the 
system is: 
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Momentum of a System 

 The interaction forces come in 
action/reaction pairs, with 

                            . 
 Consequently, the sum of all 

the interaction forces is zero. 
 Therefore: 

 The rate of change of the total momentum of the 
system is equal to the net force applied to the system. 

 This result justifies our particle model: Internal forces 
between atoms in an object do not affect the motion of  
the object as a whole.  
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Law of Conservation of Momentum 

 An isolated system is a system 
for which the net external force 
is zero: 

 Or, written mathematically: 

 For an isolated system: 
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Problem-Solving Strategy: Conservation 
of Momentum 
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Problem-Solving Strategy: Conservation 
of Momentum 
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Example 9.4 Rolling Away 
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Conservation of Momentum Depends on the 
Choice of System 

 A rubber ball is dropped, 
and falls toward earth. 

 Define the ball as  
the System. 

 The gravitational force  
of the earth is an  
external force. 

 The momentum of the 
system is not conserved. 

Slide 9-67 



© 2013 Pearson Education, Inc. 

Conservation of Momentum Depends on the 
Choice of System 

 A rubber ball is dropped, 
and falls toward earth. 

 Define the ball + earth  
as the System. 

 The gravitational forces  
are interactions within  
the system. 

 This is an isolated system, 
so the total momentum  
                       is conserved. 
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Inelastic Collisions 

 A collision in which the two 
objects stick together and 
move with a common final 
velocity is called a perfectly 
inelastic collision. 

 Examples of inelastic collisions: 
• A piece of clay hits the floor. 
• A bullet strikes a block of wood  

and embeds itself in the block. 
• Railroad cars coupling together upon impact. 
• A dart hitting a dart board.  
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Example 9.5 An Inelastic Glider Collision 
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Explosions 

 An explosion is the 
opposite of a collision. 

 The particles first  
have a brief, intense 
interaction, then  
they move apart  
from each other. 

 The explosive forces are internal forces. 

 If the system is isolated, its total momentum during 
the explosion will be conserved. 
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Example 9.7 Recoil 
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Rocket or Jet Propulsion 

 The figure shows a rocket  
with a parcel of fuel on board. 

 If we choose rocket + gases  
to be the system, the burning  
and expulsion are both  
internal forces. 

 The exhaust gases gain  
backward momentum as  
they are shot out the back. 

 The total momentum of the  
system remains zero. 

 Therefore, the rocket gains forward momentum. 
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Momentum in Two Dimensions 

 Momentum is conserved only if each component of      
is conserved: 

 The total momentum     
is a vector sum of the 
momenta 
of the individual particles. 
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Chapter 9 Summary Slides 

Slide 9-89 



© 2013 Pearson Education, Inc. 

General Principles 
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Important Concepts 
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