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Figure 7.1 A )

A truck rolling down g hill has
mare momentum than g rolier
skate with the same speed,
because the truck has more
mass. But if the truck is at rest
and the roller skate moves, then
the skate has more momentum
because only it hag speed,

B Question

Can you think of a case where the roller skate and the truck shown
in Figure 7.1 would have the same momentum?

B Answer

i er skate is
The roller skate and truck can have the same momentum if tI;eAsp;eadnsftit{::ogilreater ©
much greater than the speed of the truck. How much greate'r;’ ;:2,. AR
the truck’s mass is greater than the roller skate's mass. Get ltt. e Si(ate i
backing out of a driveway at 0.01 m/s has the same momentum

10 m/s, Both have momentum = 10 kg m/s.
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Figure 7.2 A

The force of impact on a golf ball
varies throughout the duration of
impact,

Figure 7.3 A

If the change in momentum
occurs over a long time, the force
of impact is smali.

88 Chaprter 7 Momentum

Case 1: Increasing Momentum

To increase the momentun of an object, it makes sense to apply the
greatest force possible for as long as possible. A golfer teeing off and
a baseball player trying for a home run do both of these things when
they swing as hard as possible and follow through with their swing.

The forces invoived in impulses usually vary from instant to
instant. For example, a golf club that strikes a golf ball exerts zero
force on the ball until it comes in contact with it; then the force
increases rapidly as the ball becomes distorted (Figure 7.2). The
force then diminishes as the ball comes up to speed and returns to
its original shape. So when we speak of such impact forces in this
chapter, we mean the average force of impact. (Be careful to distin-
guish between impactand impulse. Impact refers to a force and is
measured in newtons; impulse is iimpact force X time and is mea-
sured in newton-seconds.)

Case 2: Decreasing NMomentum

[f you were in a car that was out of control and had to choaose
between hitting a concrete wall or a haystack, you wouldn't have to
call on vour knowledge of physics to make up your mind, Common
sense tells you to choose the haystack. But knowing the physics
helps vou to understand why hitting a soft object is entirely different
from hitting a hard one. In the case of hitting either the wall or the
haystack and coming to a stop, your momentum is decreased by

the same impulse. The sanie impulse does not mean the same

amount of force or the same amount of time; rather it means the
same productof force and time. By hitting the haystack instead of
the wall, you extend the impact time—the time during which your
momentium is brought to zero. A longer impact time reduces the force
of the impact and decreases the resulting deceleration. For example,
if the time of impact is extended 100 times, the force of impact is
reduced 100 times. Whenever we wish the {orce of impact to be
small, we extend the time of impact.

We know that a padded dashboard in a car is safer than a rigid
metal one and that airbags save lives. We also know that to catch a
fast-moving ball safely with your bare hand, you extend vour hand
forward so there’s plenty of room for it to move backward after
making contact with the ball. When you extend the time of impact,
you reduce the force of impact.
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When jumping from an elevated position down to the ground,
what would happen if you kept your legs straight and stiff? Quch!
Instead, you know to bend your knees when your feet make contact
with the ground. By doing so you extend the time during which your
momentum decreases by 10 to 20 times that of a stiff-legged, abrupt
landing. The resulting force on your bones is reduced by 10 to 20
times. A wrestler thrown to the floor tries to extend his time of impact
with the mat by relaxing his muscles and spreading the impact into a
, series of smaller ones as his foor, knee, hip, ribs, and shoulder succes-
£ o ] sively l}it the mat. Of course, failing on a mat is preferable to falling
non on a solid floor because the mat also increases the impact time.

We know a glass dish is more likely to survive if it is dropped on
a carpet rather than a sidewalk because the carpet has more “give”
than the sidewalk. Ask why a surface with more give makes for a
safer fall and you will get a puzzled response from most people. They
may simply say, “Because it gives more.” However, your question is,
“Whyis a surface with more give safer for the dish?” in this case. a
common exptanation isw't really an explanation at all. A deeper
explanation is needed.

% To bring the dish or its fragments to rest, the carpet or the side-

2rernt
he

walk must provide an impulse, which you know involves two vari-
ables—impact force and impact time. Since impact time is longer on
' the carpet than on the sidewalk, a smaller impact force results. The
}_ shorter impact time on the sidewalk restilts in a greater impact force.

Ft=CHAN6E IN MOMENTUM [t = CHANGE IN FOMENTUM

Figure 7.5 A

In both cases the impulse provided by the boxer's jaw must counteract the
momentum of the punch. {Left) When the boxer moves away from the
punch, he increases the time of impact and reduces the force of impact,
{Right) When the boxer unwisely moves toward the punch, the time of
impact is reduced and the force of impact is increased. Ouch!

< Figure 7.4
if the change in momentum
oceurs over a short time, the
force of impact is large.

¢ . The Best From Conceptual
Fhysics Alivel

Decreasmy Momentum Gver a Short
Tune
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| ~  Bungee Jumping
The impulse-momentum relationship-is put Because the rubbe
to a thrilling test during bungee jurmping. cord stretches fora
Be glad the rubber cord stretches when the fong time, a large time
jumper's fall is brought to a halt, because interval t ensures that
the cord has to apply an impulse equal to a small average force
the jumper’s momentum in order to stop f acts on the jumper.
the jumper—hopefully above ground level. Elastic cords typically

Note how Ft = Almv) applies here. The stretch to about twice
momentum, mv, we wish to change is the the:.r original length
amount gained before the cord begins during the fall.

stretching. Ftis the impulse the cord sup-
plies to reduce the momentum to zero.

The safety net used by circus acrobats is a good example of how to
achieve the impulse needed for a safe landing. The saftey net reduces
the impact force on a fallen acrobat by substantially increasing the
time interval of the impact.

Sometimes a difference in impact time is important even if you
can't notice the give in a surface. For example, a wooden floor and a
conerete floor may both seem rigid, but the wooden floor can have

enaough give to make quite a difference in the forces that these two
surfaces exert.

H Questions

1. When a dish falls, will the impulse be less if it lands on a carpet
than if it lands on a hard floor?

2. If the boxer in Figure 7.5 is able to make the impact time five

times longer by “riding” with the punch, how much will the
force of impact be reduced?

H Answers

. No. The impulse would be the same for either surface because the same momentum

change aceurs for each, It is the force that is less for the impulse on the carpet because
of the greater time of momentum change. If you answered this questien incorrectly,

you probably did rat distinguish between impulse and impact. They saund the same,
but they're not!

Since the time of impact increases five times, the force of impact will be reducsd
five times,

90 Chapter 7 Momentum
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< Figure 7.6
|s the karate chop delivered in a
shart fime or & long tme? if the
hand bounces upon impact, is
the change in momentum
greater? Is the impulse greatar?

< Figure 7.7
The Pelton Wheael. The curved
blades cause water to bounce
and make a U-turn, producing a
large impulse that turns the
wheet.
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Figure 7.8 &k

The momentum before firing is zero. After firing, the net momentum is still
zero because the momentum of the rifie is equal and opposite to the
momentum of the bullet.

#l Questions

1. Newton's second faw states that if no net force is exerted on a
system, no acceleration occurs. Does it follow that no change in
momentum occurs?

2. Newton's third law states that the force a rifie exerts on a bullet
is equal and opposite to the force the bullet exerts on the rifle.
Does it follow that the impulse the rifle exerts ¢n the bullet is
equal and opposite to the impulse the bullet exerts on the rifle?

B Answers

1. Yes, because no acceleration means that no change occurs in velocity or in momentum
{mass X velgeity). Another line of reascning is simply that no net force means there is
no net impulse and thus no change in mementum.

2. Yes, because the rifle acts on the builet and the bullet reacts on the riffe during the
same time interval. Since time is equal and force is equal and opposite for both, the
impulse, Ft, is aiso equal and opposite for both. Impulse s a vector guantity and can
be canceled.
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Figure 7.9 Y

Elastic collisions. {a) A moving
ball strikes a ball at rest. (b) A
head-on collision between two
maving balls. (¢} A cotlision of two
balis moving in the same direc-
tion. In all cases, momentum is
simply transferred or redistributed
without loss or gain.

Before Collision

Skateboards and ‘Momentum

- -Stand.at test on a skateboard and throw a massive objectforward -1
or backward. Notice that you recoil in the opposite direction. The
recoil is understandable because the momentum before the throw
is zero and the net momentum just after the throw is also zero.

Your recoil momentum is equal and
opposite to the momentum of the
thrown object. Observe that momen-
tum is conserved. Now repeat the
throwing motion with the same ob-
ject, but this time don't let go of it.
Do you still recoil? Explain.

Colltsion After Collision

—0

b CE E®)
: ® 0

Figure 7.10 A .
Inelastic collision. The momentum of the freight car on the left is shared with

the freight car on the right.
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Figure 7.11

Conservation of momentum is
nicely demonstrated with the use
of an air track. Many small air
jets provide a nearly frictionless
cushion of air for the gliders to

slide on.

B Questions

Refer to the gliders on the air track in Figure 7.11 to answer the

questions.

1. Suppose both gliders have the same mass. They move toward
each other at the same speed and experience an glastic coili-
sion. Describe the motion after the coftision. '

2. Suppose both gliders have the same mass and stick together
when they collide. The gliders move toward each other at equal
speed. Describe their motion after the collision.

3. Suppose one glider is at rest and is loaded so that it has three
times the mass of the moving glider. Again, the giiders stick
together when they coilide. Describe their motion after the

collision,

B Answers

1

Since the collision is elastic, the giiders reverse directions after colliding and move
away from each other at a speed equal to their initial speed.

Before the collision, the gliders have equal and opposite momenta because their equal
masses are moving in oppesite directions at the same speed. The net momentum of
the two gliders as a system is zero. Since momentum is conserved, their net momen-
turn after sticking together must also be zero. They siam to a dead halt.

Befora collision, the net momentum equals the momentum of the unloaded, maving
glider. After the collision, the net momentum is the same as before, but now the gliders
are stuck together and moving ag a single unit. The mass of the stuck-together gliders
is four times that of the unleaded glider. Thus, the postcoliision velocity of the stuck-
together gliders is one-fourth of the unloaded glider's velocity before collision. This
velocity is in the same diraction as before, since the direction as well as the amount of

momentum is conservad.



Consider a 6-kg fish that swims toward and swallows a 2-kg fish
that is at rest. If the larger fish swims at 1 m/s, what is its veloc-
ity immediately after lunch? Momentum is conserved from the

instant before lunch untl the instant after (in so brief an inter-

val, water resistance does not have time to change the momen-
tum), so we can wiite

net momentunt gee o jiney = N MOMENtUm g junch
(Net MV)yorore = (BT 1MV 100,
6kg)(1 m/s) + (2 kg) (0 m/s) = (6 kg + 2 kg)(Vyp0)
6 kg-m/s = (8 k@) (Vype,)

_ Gkgm/s
Vatter © 8 kg

3
U, ==m/s
after 4

We see that the small fish has no momentum before lunch
because its velocity is zero. Using simple algebra we see that
after lunch the combined mass of the two-fish systemn is 8 kg
and its speed is # m/s in the same direction as the large fish's
direction before lunch.

Suppose the small fish is not at rest but is swimming roward
the large fish at 2 m/s. Now we have opposing directions. If we
consider the direction of the large fish as positive, then the
velocity of the small fish is -2 m/s. We pay atteation to the nega-
tive sign and see that

(DEt my)before = (net mv)aﬁer

(6kg)(1 m/s) + (2kg)(-2 m/s) = (6kg+ 2 kg)(v,5.,)
(6 kg-m/s) + (~4 kg-m/s) = (8 kg) (V)

2 !t;,kf;lls = Vafeer

1
Vatter = Z m/s

The negative momentum of the small fish is very effective in
* slowing the large fish. If the small fish were swimming at -3 m/s,
then both fish would have equal and opposite momenta. Zero
momentum before lunch would equal zero momentum after
lunch, and both fish would come to a halt.
More interestingly, suppose the small fish swims at -4 m/s.

(net mv)before = (net mwafter

(6kg)(1 m/s) + (2 kg)(~4 m/s) = {6 kg + 2 kg) (v,5,)

(6 kg-m/s) + (-8 kg‘mls) =(8 kg)(vaftes)

-2 kgm/s _
8 kg = Vatter

__1
Vatrer = _Z m/s

The minus sign tells us that after lunch the two-fish system moves
in a direction opposite to the large fish's direction before lunch.

Emphasize the negative sign
for the opposite direction.
Stress the vector nature of
momentum.
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-1 Next-Time Question

JOCKO, WHO HAS A MASS OF
60 kg AND STANDS AT REST ON
ICE, CATCHES A 20 kg BALL THAT
IS THROWN TO HIM AT 10 Km/h
HOW FAST DOES JOCKO AND THE
BALL MOVE ACROSS THE ICE
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JOCKO, WHO HAS A MASS OF —Z

60 kg AND STANDS AT REST ON
ICE, CATCHES A 20 kg BALL THAT
tS THROWN TO HIM AT {0 Km/h .
HOW FAST DOES JOCKO AND THE
BALL MOVE ACROSS THE ICE?

- ¢ ANSWER:

THE MOMENTUM BEFORE THE CATCH IS ALL
IN THE BALL, 20 kg x 10 kKM/h'= 200 kg-km/p.
THIS IS ALSO THE MOMENTUM AFTER THE
CATCH, WHERE THE MOVING MASS IS 80 kg---
60 kg FOR JOCKO AND 20 kg FOR THE
CAUGHT BALL. |

80 kg » U = 200 kg-km/h

_ 200 kg-km/n _
- R0 |<9 - 25 KI'TT/h

@1997 '—BN.G. e e R e e

46 Chapter 7 Momentum Addison-Wesley Publishing Company, Inc.
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MOMENTUM OF CAR A + OF CAR B ‘ g\guﬂgm

Figure 7.12 A
Momentum is a vector quantity. The momentum of the wreck is equal to the
vectar sum of the momenta of car A and car B before the collision.

Figure 7.13 A
When the firecracker bursts, the vector sum of the momenta of its fragments

add up to the firecracker’'s momentum just before bursting.

-4 Figure 7.14
Momentum is conserved for the
high-speed elementampparticles,
as shown by the tracks they
leave in a bubble chamber, The
relative mass of thepeaviicies is
determined by, among other
things, the paths they take after
collision.




