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Last time

• conservation of momentum

• relation to Newton’s third law

• the rocket equation

• applying the rocket equation

• conservation of momentum in isolated systems



Overview

• nonisolated systems

• impulse

• average force

• introduce collisions

• elastic collisions in 1-D



Conservation of Linear Momentum

In the last lecture we considered isolated systems, ie. systems with
no external forces, total linear momentum is conserved.
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Example 9.1   The Archer 

Let us consider the situation proposed at the beginning of Section 9.1. A 60-kg archer 
stands at rest on frictionless ice and fires a 0.030-kg arrow horizontally at 85 m/s (Fig. 
9.2). With what velocity does the archer move across the ice after firing the arrow?

Conceptualize  You may have conceptualized this problem already when it was 
introduced at the beginning of Section 9.1. Imagine the arrow being fired one way 
and the archer recoiling in the opposite direction.

Categorize  As discussed in Section 9.1, we cannot solve this problem with models 
based on motion, force, or energy. Nonetheless, we can solve this problem very eas-
ily with an approach involving momentum.
 Let us take the system to consist of the archer (including the bow) and the arrow. 
The system is not isolated because the gravitational force and the normal force from 
the ice act on the system. These forces, however, are vertical and perpendicular to 
the motion of the system. There are no external forces in the horizontal direction, 
and we can apply the isolated system (momentum) model in terms of momentum com-
ponents in this direction.

Analyze  The total horizontal momentum of the system before the arrow is fired is zero because nothing in the sys-
tem is moving. Therefore, the total horizontal momentum of the system after the arrow is fired must also be zero. We 
choose the direction of firing of the arrow as the positive x direction. Identifying the archer as particle 1 and the arrow 
as particle 2, we have m1 5 60 kg, m2 5 0.030 kg, and vS2f 5 85 î m/s.

AM

S O L U T I O N

Figure 9.2  (Example 9.1) An 
archer fires an arrow horizontally 
to the right. Because he is standing 
on frictionless ice, he will begin to 
slide to the left across the ice.

Using the isolated system (momentum) model, 
begin with Equation 9.5:

DpS 5 0    S    pSf  2 pSi 5 0    S    pSf  5 pSi    S    m1 vS1f 1 m2 vS2f 5 0

Solve this equation for vS1f  and substitute 
numerical values:

vS1f 5 2
m 2

m1
 vS2f 5 2a0.030 kg

60 kg
b 185 î m/s 2 5 20.042 î m/s

Analysis Model   Isolated System (Momentum)
Imagine you have identified a system to be analyzed and have defined a 
system boundary. If there are no external forces on the system, the system 
is isolated. In that case, the total momentum of the system, which is the 
vector sum of the momenta of all members of the system, is conserved: 

 DpStot 5 0 (9.5)

Examples: 

each other (Chapter 21)

Momentum

System
boundary

If no external forces act on the 
system, the total momentum of 
the system is constant.

continued

Finalize  The negative sign for vS1f  indicates that the archer is moving to the left in Figure 9.2 after the arrow is fired, in 
the direction opposite the direction of motion of the arrow, in accordance with Newton’s third law. Because the archer 

1Figures from Serway & Jewett.



Nonisolated Systems
What happens when the system is not isolated: when external
forces act?

The momentum of the system will change.

#»

F ext =
d #»p sys

dt
What will the change be?

∆ #»p =

∫
#»

Fnet dt

This change in momentum is called the impulse:

#»

I = ∆ #»p =

∫
#»

Fnet dt

where
#»

Fnet is the net external force
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Nonisolated Systems
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continued

the ball and bat during the collision. When we use this approximation, it is impor-
tant to remember that pSi and pSf  represent the momenta immediately before and 
after the collision, respectively. Therefore, in any situation in which it is proper to 
use the impulse approximation, the particle moves very little during the collision.

Q uick Quiz 9.3  Two objects are at rest on a frictionless surface. Object 1 has a 
greater mass than object 2. (i) When a constant force is applied to object 1, it 
accelerates through a distance d in a straight line. The force is removed from 
object 1 and is applied to object 2. At the moment when object 2 has accelerated 
through the same distance d, which statements are true? (a) p1 , p2 (b) p1 5 p2 
(c) p1 . p2 (d) K1 , K2 (e) K1 5 K2 (f) K1 . K2 (ii) When a force is applied to 
object 1, it accelerates for a time interval Dt. The force is removed from object 1  
and is applied to object 2. From the same list of choices, which statements are 
true after object 2 has accelerated for the same time interval Dt?

Q uick Quiz 9.4  Rank an automobile dashboard, seat belt, and air bag, each used 
alone in separate collisions from the same speed, in terms of (a) the impulse and 
(b) the average force each delivers to a front-seat passenger, from greatest to least.

Analysis Model   Nonisolated System (Momentum)

Imagine you have identified a system to be analyzed and have defined a system 
boundary. If external forces are applied on the system, the system is nonisolated. 
In that case, the change in the total momentum of the system is equal to the 
impulse on the system, a statement known as the impulse–momentum theorem: 

 DpS 5 I
S

 (9.13)

Examples: 

(Chapter 34)

Momentum

System
boundary

Impulse

The change in the total 
momentum of the system 
is equal to the total 
impulse on the system.

Example 9.3   How Good Are the Bumpers? 

In a particular crash test, a car of mass 1 500 kg col-
lides with a wall as shown in Figure 9.4. The initial 
and final velocities of the car are vSi 5 215.0 î m/s 
and vSf 5 2.60 î m/s, respectively. If the collision lasts 
0.150 s, find the impulse caused by the collision and 
the average net force exerted on the car.

Conceptualize  The collision time is short, so we can 
imagine the car being brought to rest very rapidly 
and then moving back in the opposite direction with 
a reduced speed.

Categorize  Let us assume the net force exerted on 
the car by the wall and friction from the ground is 
large compared with other forces on the car (such as 

AM
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+2.60 m/s

–15.0 m/s
Before

After

a b

Figure 9.4  (Example 9.3) (a) This car’s momentum changes as a 
result of its collision with the wall. (b) In a crash test, much of the 
car’s initial kinetic energy is transformed into energy associated 
with the damage to the car.
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Connection to Energy case

214 Chapter 8 Conservation of Energy

are familiar with work, we can simplify the appearance of equations by letting the 
simple symbol W represent the external work Wext on a system. For internal work, we 
will always use Wint to differentiate it from W.) The other four members of our list 
do not have established symbols, so we will call them TMW (mechanical waves), TMT 
(matter transfer), TET (electrical transmission), and TER (electromagnetic radiation).
 The full expansion of Equation 8.1 is

 DK 1 DU 1 DEint 5 W 1 Q 1 TMW 1 TMT 1 TET 1 TER (8.2)

which is the primary mathematical representation of the energy version of the anal-
ysis model of the nonisolated system. (We will see other versions of the nonisolated 
system model, involving linear momentum and angular momentum, in later chap-
ters.) In most cases, Equation 8.2 reduces to a much simpler one because some of 
the terms are zero for the specific situation. If, for a given system, all terms on the 
right side of the conservation of energy equation are zero, the system is an isolated 
system, which we study in the next section.
 The conservation of energy equation is no more complicated in theory than the 
process of balancing your checking account statement. If your account is the sys-
tem, the change in the account balance for a given month is the sum of all the 
transfers: deposits, withdrawals, fees, interest, and checks written. You may find it 
useful to think of energy as the currency of nature!
 Suppose a force is applied to a nonisolated system and the point of application 
of the force moves through a displacement. Then suppose the only effect on the 
system is to change its speed. In this case, the only transfer mechanism is work (so 
that the right side of Eq. 8.2 reduces to just W) and the only kind of energy in the 
system that changes is the kinetic energy (so that the left side of Eq. 8.2 reduces to 
just DK). Equation 8.2 then becomes

DK 5 W

which is the work–kinetic energy theorem. This theorem is a special case of the 
more general principle of conservation of energy. We shall see several more special 
cases in future chapters.

Q uick Quiz 8.1  By what transfer mechanisms does energy enter and leave (a) your 
television set? (b) Your gasoline-powered lawn mower? (c) Your hand-cranked 
pencil sharpener?

Q uick Quiz 8.2  Consider a block sliding over a horizontal surface with friction. 
Ignore any sound the sliding might make. (i) If the system is the block, this sys-
tem is (a) isolated (b) nonisolated (c) impossible to determine (ii) If the system 
is the surface, describe the system from the same set of choices. (iii) If the system 
is the block and the surface, describe the system from the same set of choices.

Analysis Model   Nonisolated System (Energy)
Imagine you have identified a system to be analyzed 
and have defined a system boundary.  Energy can 
exist in the system in three forms: kinetic, potential, 
and internal. The total of that energy can be changed 
when energy crosses the system boundary by any of six 
transfer methods shown in the diagram here. The total 
change in the energy in the system is equal to the total 
amount of energy that has crossed the system bound-
ary. The mathematical statement of that concept is 
expressed in the conservation of energy equation:

 DEsystem 5 o T (8.1)

Work Heat Mechanical
waves

Matter
transfer

Electrical
transmission

Electromagnetic
radiation

Kinetic energy
Potential energy
Internal energy

System
boundary

The change in the total 
amount of energy in 
the system is equal to 
the total amount of 
energy that crosses the 
boundary of the system.

Energy transfers cross the
boundary

W =
∫ #»

F · d #»r
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continued

the ball and bat during the collision. When we use this approximation, it is impor-
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impulse on the system, a statement known as the impulse–momentum theorem: 
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Examples: 

(Chapter 34)
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System
boundary

Impulse

The change in the total 
momentum of the system 
is equal to the total 
impulse on the system.

Example 9.3   How Good Are the Bumpers? 

In a particular crash test, a car of mass 1 500 kg col-
lides with a wall as shown in Figure 9.4. The initial 
and final velocities of the car are vSi 5 215.0 î m/s 
and vSf 5 2.60 î m/s, respectively. If the collision lasts 
0.150 s, find the impulse caused by the collision and 
the average net force exerted on the car.

Conceptualize  The collision time is short, so we can 
imagine the car being brought to rest very rapidly 
and then moving back in the opposite direction with 
a reduced speed.

Categorize  Let us assume the net force exerted on 
the car by the wall and friction from the ground is 
large compared with other forces on the car (such as 
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Figure 9.4  (Example 9.3) (a) This car’s momentum changes as a 
result of its collision with the wall. (b) In a crash test, much of the 
car’s initial kinetic energy is transformed into energy associated 
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Impulse crosses the boundary
#»

I =
∫ #»

F dt = ∆ #»p



Impulse
Since impulse is simply the change in momentum, it has the same
units as momentum, kg m s−1.

For a force applied over a time interval ∆t = tf − ti :

#»

I =

∫ tf
ti

#»

Fnet dt
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2Here we are integrating force with respect to time. Compare this strategy with our efforts in Chapter 7, where we 
integrated force with respect to position to find the work done by the force.

will show explicitly in Section 9.7: the momentum of a system changes if a net force 
from the environment acts on the system. This may sound similar to our discus-
sion of energy in Chapter 8: the energy of a system changes if energy crosses the 
boundary of the system to or from the environment. In this section, we consider a 
nonisolated system. For energy considerations, a system is nonisolated if energy trans-
fers across the boundary of the system by any of the means listed in Section 8.1. For 
momentum considerations, a system is nonisolated if a net force acts on the system 
for a time interval. In this case, we can imagine momentum being transferred to 
the system from the environment by means of the net force. Knowing the change in 
momentum caused by a force is useful in solving some types of problems. To build 
a better understanding of this important concept, let us assume a net force g F

S
 

acts on a particle and this force may vary with time. According to Newton’s second 
law, in the form expressed in Equation 9.3, g F

S
5 d pS/dt, we can write

 d pS 5 a F
S

 dt (9.7)

We can integrate2 this expression to find the change in the momentum of a par-
ticle when the force acts over some time interval. If the momentum of the particle 
changes from pSi at time ti to pSf  at time tf , integrating Equation 9.7 gives

 DpS 5 pSf 2 pSi 5 3
tf

ti
a F

S
 dt (9.8)

To evaluate the integral, we need to know how the net force varies with time. The 
quantity on the right side of this equation is a vector called the impulse of the net 
force g F

S
 acting on a particle over the time interval Dt 5 tf 2 ti:

  I
S

; 3
tf

ti

 a F
S

 dt (9.9)

From its definition, we see that impulse  I
S

 is a vector quantity having a magni-
tude equal to the area under the force–time curve as described in Figure 9.3a. It is 
assumed the force varies in time in the general manner shown in the figure and is 
nonzero in the time interval Dt 5 tf 2 ti . The direction of the impulse vector is the 
same as the direction of the change in momentum. Impulse has the dimensions of 
momentum, that is, ML/T. Impulse is not a property of a particle; rather, it is a mea-
sure of the degree to which an external force changes the particle’s momentum.
 Because the net force imparting an impulse to a particle can generally vary in 
time, it is convenient to define a time-averaged net force:

 1 a F
S 2 avg ;

1
Dt

 3
tf

ti
a  F

S
 dt (9.10)

�W Impulse of a force

t i

F

t f
t

!

a

The impulse imparted to the 
particle by the force is the 
area under the curve.

t i t f

F

t

F )avg

!

(!

b

The time-averaged net force 
gives the same impulse to a 
particle as does the time-
varying force in (a).

Figure 9.3   (a) A net force act-
ing on a particle may vary in time. 
(b) The value of the constant 
force (o F  )avg (horizontal dashed 
line) is chosen so that the area 
(o F  )avg Dt of the rectangle is the 
same as the area under the curve 
in (a).



Impulse

Since impulse is simply the change in momentum, it has the same
units as momentum, kg m s−1.

For a force applied over a time interval ∆t = tf − ti :

#»

I =

∫ tf
ti

#»

Fnet dt

We can also relate the impulse to the average net force applied on
this time interval.

#»

I =
#»

Fnet,avg∆t

the definition of the average value of a function:

#»

Fnet,avg =
1

∆t

∫ tf
ti

#»

Fnet dt



Impulse

#»

Fnet,avg =
1

∆t

∫ tf
ti

#»

Fnet dt
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Fnet dt =
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I =
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Fnet,avg∆t



Example 9.3

In a particular crash test, a car of mass
1500 kg collides with a wall. The initial
and final velocities of the car are:

#»v i = −15.0 î m/s
and #»v f = 2.60 î m/s.

If the collision lasts 0.150 s, find the
impulse caused by the collision and the
average net force exerted on the car.
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continued

the ball and bat during the collision. When we use this approximation, it is impor-
tant to remember that pSi and pSf  represent the momenta immediately before and 
after the collision, respectively. Therefore, in any situation in which it is proper to 
use the impulse approximation, the particle moves very little during the collision.

Q uick Quiz 9.3  Two objects are at rest on a frictionless surface. Object 1 has a 
greater mass than object 2. (i) When a constant force is applied to object 1, it 
accelerates through a distance d in a straight line. The force is removed from 
object 1 and is applied to object 2. At the moment when object 2 has accelerated 
through the same distance d, which statements are true? (a) p1 , p2 (b) p1 5 p2 
(c) p1 . p2 (d) K1 , K2 (e) K1 5 K2 (f) K1 . K2 (ii) When a force is applied to 
object 1, it accelerates for a time interval Dt. The force is removed from object 1  
and is applied to object 2. From the same list of choices, which statements are 
true after object 2 has accelerated for the same time interval Dt?

Q uick Quiz 9.4  Rank an automobile dashboard, seat belt, and air bag, each used 
alone in separate collisions from the same speed, in terms of (a) the impulse and 
(b) the average force each delivers to a front-seat passenger, from greatest to least.

Analysis Model   Nonisolated System (Momentum)

Imagine you have identified a system to be analyzed and have defined a system 
boundary. If external forces are applied on the system, the system is nonisolated. 
In that case, the change in the total momentum of the system is equal to the 
impulse on the system, a statement known as the impulse–momentum theorem: 

 DpS 5 I
S

 (9.13)

Examples: 

(Chapter 34)

Momentum

System
boundary

Impulse

The change in the total 
momentum of the system 
is equal to the total 
impulse on the system.

Example 9.3   How Good Are the Bumpers? 

In a particular crash test, a car of mass 1 500 kg col-
lides with a wall as shown in Figure 9.4. The initial 
and final velocities of the car are vSi 5 215.0 î m/s 
and vSf 5 2.60 î m/s, respectively. If the collision lasts 
0.150 s, find the impulse caused by the collision and 
the average net force exerted on the car.

Conceptualize  The collision time is short, so we can 
imagine the car being brought to rest very rapidly 
and then moving back in the opposite direction with 
a reduced speed.

Categorize  Let us assume the net force exerted on 
the car by the wall and friction from the ground is 
large compared with other forces on the car (such as 
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Figure 9.4  (Example 9.3) (a) This car’s momentum changes as a 
result of its collision with the wall. (b) In a crash test, much of the 
car’s initial kinetic energy is transformed into energy associated 
with the damage to the car.

Hy
un

da
i M

ot
or

s/
HO

/L
an

do
v

1Serway & Jewett, page 255.



Example 9.3

Impulse?

#»

I = ∆ #»p

= m( #»v f −
#»v f )

= (1500 kg)(2.60 − (−15.0) m/s) î

= 2.64× 104 î kg m/s

Average net force?

#»

Fnet,avg =

#»

I

∆t

=
2.46× 104 î kg m/s

0.150 s

= 1.76× 105 î N
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Question

284 Chapter 9 Linear Momentum and Collisions

(c) what is the acceleration of the car? Express the accel-
eration as a multiple of the acceleration due to gravity.

 18. A tennis player receives a shot with the ball (0.060 0 kg)  
traveling horizontally at 20.0 m/s and returns the shot 
with the ball traveling horizontally at 40.0 m/s in the 
opposite direction. (a) What is the impulse delivered 
to the ball by the tennis racket? (b) Some work is done 
on the system of the ball and some energy appears in 
the ball as an increase in internal energy during the 
collision between the ball and the racket. What is the 
sum W 2 DE int for the ball?

 19. The magnitude of the net 
force exerted in the x direc-
tion on a 2.50-kg particle 
varies in time as shown in 
Figure P9.19. Find (a) the 
impulse of the force over 
the 5.00-s time interval, 
(b) the final velocity the 
particle attains if it is origi-
nally at rest, (c) its final 
velocity if its original veloc-
ity is 22.00 î m/s, and (d) the average force exerted on 
the particle for the time interval between 0 and 5.00 s.

 20. Review. A force platform is a tool used to analyze the per-
formance of athletes by measuring the vertical force 
the athlete exerts on the ground as a function of time. 
Starting from rest, a 65.0-kg athlete jumps down onto 
the platform from a height of 0.600 m. While she is in 
contact with the platform during the time interval 0 , 
t , 0.800 s, the force she exerts on it is described by the 
function

F 5 9 200t 2 11 500t2

  where F is in newtons and t is in seconds. (a) What im-
pulse did the athlete receive from the platform? (b) With  
what speed did she reach the platform? (c) With what 
speed did she leave it? (d) To what height did she jump 
upon leaving the platform?

 21. Water falls without splashing at a rate of 0.250 L/s from 
a height of 2.60 m into a 0.750-kg bucket on a scale. If 
the bucket is originally empty, what does the scale read 
in newtons 3.00 s after water starts to accumulate in it?

Section 9.4 Collisions in One Dimension
 22. A 1 200-kg car traveling initially at vCi 5 25.0 m/s in an 

easterly direction crashes into the back of a 9 000-kg 
truck moving in the same direction at vTi 5 20.0 m/s 
(Fig. P9.22). The velocity of the car immediately after 
the collision is vCf 5 18.0 m/s to the east. (a) What is 
the velocity of the truck immediately after the colli-
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in the spring or in the cord? (d) Explain your answer 
to part (c). (e) Is the momentum of the system con-
served in the bursting-apart process? Explain how that 
is possible considering (f) there are large forces acting 
and (g) there is no motion beforehand and plenty of 
motion afterward?

Section 9.3 Analysis Model: Nonisolated System 
(Momentum)
 12. A man claims that he can hold onto a 12.0-kg child in a 

head-on collision as long as he has his seat belt on. 
Consider this man in a collision in which he is in one 
of two identical cars each traveling toward the other at 
60.0 mi/h relative to the ground. The car in which he 
rides is brought to rest in 0.10 s. (a) Find the magni-
tude of the average force needed to hold onto the 
child. (b) Based on your result to part (a), is the man’s 
claim valid? (c) What does the answer to this problem 
say about laws requiring the use of proper safety 
devices such as seat belts and special toddler seats?

 13. An estimated force–
time curve for a baseball 
struck by a bat is shown 
in Figure P9.13. From 
this curve, determine 
(a) the magnitude of the 
impulse delivered to the 
ball and (b) the average 
force exerted on the ball.

 14. Review. After a 0.300-kg rubber ball is dropped from 
a height of 1.75 m, it bounces off a concrete floor and 
rebounds to a height of 1.50 m. (a) Determine the 
magnitude and direction of the impulse delivered to 
the ball by the floor. (b) Estimate the time the ball is 
in contact with the floor and use this estimate to calcu-
late the average force the floor exerts on the ball.

 15. A glider of mass m is free to slide along a horizontal 
air track. It is pushed against a launcher at one end 
of the track. Model the launcher as a light spring of 
force constant k compressed by a distance x. The glider 
is released from rest. (a) Show that the glider attains a 
speed of v 5 x(k/m)1/2. (b) Show that the magnitude 
of the impulse imparted to the glider is given by the 
expression I 5 x(km)1/2. (c) Is more work done on a cart 
with a large or a small mass?

 16. In a slow-pitch softball game, a 0.200-kg softball crosses 
the plate at 15.0 m/s at an angle of 45.0° below the hor-
izontal. The batter hits the ball toward center field, giv-
ing it a velocity of 40.0 m/s at 30.0° above the horizontal.  
(a) Determine the impulse delivered to the ball. (b) If  
the force on the ball increases linearly for 4.00 ms, 
holds constant for 20.0 ms, and then decreases linearly 
to zero in another 4.00 ms, what is the maximum force 
on the ball? 

 17. The front 1.20 m of a 1 400-kg car is designed as a 
“crumple zone” that collapses to absorb the shock of a 
collision. If a car traveling 25.0 m/s stops uniformly in 
1.20 m, (a) how long does the collision last, (b) what 
is the magnitude of the average force on the car, and  
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Question

(a) Average force to hold child:

Fnet,avg =
|
#»

I |

∆t

=
m|vf − vi |

∆t

=
(12)(60 mi / h)(1609 m/mi)

(0.10 s)(3600 s/h)

= 3.2× 103 N

(b) man’s claim?
It seems unlikely that he will be able to exert 3200 N of force on
the child.

(c) Secure your toddler with a child safety seat!



Question

(a) Average force to hold child:

Fnet,avg =
|
#»

I |

∆t

=
m|vf − vi |

∆t

=
(12)(60 mi / h)(1609 m/mi)

(0.10 s)(3600 s/h)

= 3.2× 103 N

(b) man’s claim?
It seems unlikely that he will be able to exert 3200 N of force on
the child.

(c) Secure your toddler with a child safety seat!



Question

(a) Average force to hold child:

Fnet,avg =
|
#»

I |

∆t

=
m|vf − vi |

∆t

=
(12)(60 mi / h)(1609 m/mi)

(0.10 s)(3600 s/h)

= 3.2× 103 N

(b) man’s claim?
It seems unlikely that he will be able to exert 3200 N of force on
the child.

(c) Secure your toddler with a child safety seat!



Question

(a) Average force to hold child:

Fnet,avg =
|
#»

I |

∆t

=
m|vf − vi |

∆t

=
(12)(60 mi / h)(1609 m/mi)

(0.10 s)(3600 s/h)

= 3.2× 103 N

(b) man’s claim?

It seems unlikely that he will be able to exert 3200 N of force on
the child.

(c) Secure your toddler with a child safety seat!



Question

(a) Average force to hold child:

Fnet,avg =
|
#»

I |

∆t

=
m|vf − vi |

∆t

=
(12)(60 mi / h)(1609 m/mi)

(0.10 s)(3600 s/h)

= 3.2× 103 N

(b) man’s claim?
It seems unlikely that he will be able to exert 3200 N of force on
the child.

(c) Secure your toddler with a child safety seat!



Question

(a) Average force to hold child:

Fnet,avg =
|
#»

I |

∆t

=
m|vf − vi |

∆t

=
(12)(60 mi / h)(1609 m/mi)

(0.10 s)(3600 s/h)

= 3.2× 103 N

(b) man’s claim?
It seems unlikely that he will be able to exert 3200 N of force on
the child.

(c) Secure your toddler with a child safety seat!



Collisions

A major application of momentum conservation is studying
collisions.

This is not just useful for mechanics but also for statistical
mechanics, subatomic physics, etc.

For our purposes, there are two main kinds of collision:

• elastic

• inelastic



Types of Collision

Elastic collisions are collisions in which kinetic energy is conserved.

• Ki = Kf

• truly elastic collisions do not occur at macroscopic scales

• many collisions are close to elastic, so we can model them as
elastic

Inelastic collisions do not conserve kinetic energy.

• energy is lost as sound, heat, or in deformations

• all macroscopic collisions are somewhat inelastic

• when the colliding objects stick together afterwards the
collision is perfectly inelastic
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Collisions

If two objects collide and there are no external forces, then the
only forces each object experiences are internal forces.

Internal forces obey Newton’s third law ⇒ Momentum is
conserved.

This is true for both elastic and inelastic collisions. (So long as
there is no external net force.)
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Summary

• nonisolated systems

• impulse

• average force

• introducing collisions

• elastic collisions in 1-D

Test Monday.

(Uncollected) Homework Serway & Jewett,

• Read along in Chapter 9.

• Ch 9, onward from page 284. Probs: 13, 15, 17, 19


