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Impulse and
Momentum

9.1 Momentum and Impulse

9.2 Solving Impulse and Momentum Problems

1. Rank in order, from largest to smallest, the momenta (p,); to (p,)s.
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2. The position-versus-time graph is shown for a 500 g object. Draw the corresponding momentum-
versus-time graph. Supply an appropriate scale on the vertical axis.

x (m) p, (kg m/s)
10 q- b
5 2 —'_—_f
0-f T T T T T ——1($) 0 T ! T T T 1 ()
0 4 5 6

3. The momentum-versus-time graph is shown for a 500 g object. Draw the corresponding acceleration-

versus-time graph. Supply an appropriate scale on the vertical axis.
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9-2 cHAPTER 9 - Impulse and Momentum

4. A 2 kg object is moving to the right with a speed of 1 m/s when it experiences an impulse due to the
force shown in the graph. What is the object’s speed and direction after the impulse?
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5. A 2 kg object is moving to the left with a Speed of 1 m/s when it experiences an impulse due to the
force shown in the graph. What is the object’s speed and direction after the impulse?
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6. A 2 kg object has the velocity graph shown. v, (m/s)
. N B = L 2]
a. What is the object’s initial momentum? 7% — '9\({:& S
™ H
b. What is the object’s final momentum? ’P, = TKas 5 ©)
. : : B ™ 1/2 3 4 5
¢. What impulse does the object experience? .3&' %5 ,,,,,,,, _id
d. Draw the graph showing the force on the object. ~2
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Impulse and Momentum - CHAPTER 9 9-3

7. A carnival game requires you to knock over a wood post by throwing a ball
at it. You’re offered a very bouncy rubber ball and a very sticky clay ball of
equal mass. Assume that you can throw them with equal speed and equal
accuracy. You only get one throw.

a. Which ball will you choose? Why?

COhoosethe bouncy Fubber ball. Btco.u.st ‘W\Q, cukber ball
bounces bock,, & e,xper\e.v\c,es & eu er c N Q [ waw\tv\*um
e clony Ksod\ o Hn ‘(‘e. sV «t
imparts dagcecdes mpu\-stov\ msk N\c\ 1S wte ikely s kneck ik overs
b. Let’s think about the situation more carefully. Both balls have the same initial momentum p;, just
before hitting the post. The clay ball sticks, the rubber ball bounces off with essentially no loss of
speed. In terms of p;,,what is the final momentum of each ball?

Clay ball: ppy= QO Rubber ball pg, = _P? X

Hint: Momentum has a sign. Did you take the sign into account?
c. What is the change in the momentum of each ball?

Clay ball: Ap, = ’?&;x Rubber ball Ap, = ‘Q-ZP_}K

d. Which ball experiences a larger impulse during the collision? Explain.

The lbouney Cusloe ba\\ e ‘Pev lNCeS o arender inpulse
osconloe gzex\ Feomits afeoder clnonge in vt
e. From Newton’s third law, the impulse that the ball exerts on the post is equal in magnitude, although

opposite in direction, to the impulse that the post exerts on the ball. Which ball exerts the larger
impulse on the post?

The ruldoer boul exarts alarger impulse becouse of
e grecher impulse on [ s

f. Don’t change your answer to part a, but are you still happy with that answer? If not, how would you
change your answer? Why?

Sl hoppy ,wWe hepe.

8. A falling rubber ball bounces on the floor.
a. Use the language of force, acceleration, and action/reaction to describe what happens.

The, ot exﬂ“'\-s o-Force ow\‘(\t-?\cex‘ &nd‘“ﬂﬁ_ ¥\oo‘4‘ exerts
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b. Use the language of impulse and momentum to descnbe what happens
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9. A small, light ball S and a large, heavy ball L move toward each other, collide, and bounce apart.

a. Compare the force that S exerts on L to the force that L exerts on S. That is, is Fg o1, larger, smaller,
or equal to Fy o 57 Explain.

FSN\L: FL_“-\g \ Thege Hno ‘PQV'C_{S oCe. O\Y\Qﬁ"\ on-{ Q_O\Q,Jﬁgv\
POC\P,QOW\&\ ana oPpbs'\ﬂ \0\.' Newtons Hhivd law.

b. Compare the time interval during which S experiences a force to the time interval during which L
experiences a force. Are they equal, or is one longer than the other?

Tre e indevyals gee. alse eoth\,

c. Sketch a graph showing a plausible Fg o1 as a function of time and another graph showing a
plausible Fy ., g as a function of time. Be sure think about the sign of each force.
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d. Compare the impulse delivered to S to the impulse delivered to L. Explain.

The Focces oe equad ond ae exevted ovex e Somne

fime intervod. Thexe fore e impulses afe equad,

ot oppesite. ‘M divecHon:

e. Compare the momentum change of S to the momentum change of L.

The momexnrun chonges o equal iv mm:sn'v‘c uwde but

Oppshe Indirechon To¢each.

by

-

f. Compare the velocity change of S to the velocity change of L.

The Velsat c\nomcées Oe Net equal. Sexpermences o
MmN cs(’e_oé:iv ch e, beccm&i’ﬁ

OSS 15 Mudn smaelled

g. What is the change in the sum of the momenta of the two balls? Is it positive, negative, or zero?

Thexe 1S N Anoweg. inthe St of Hhe tnorne o, of e,
o balls becausgs theivr c\nom%es ae equod anc

OPposite.
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Impulse and Momentum - CHAPTER 9 9-5

Exercises 10—12: Draw a momentum bar chart to show the momenta and impulse for the situation
described.

10. A compressed spring shoots a ball to the right. The ball was initially fl P v L= p
at rest. - . /
AloF¥ne. Final ementumn o

Corees From e impulse /// %
Pf‘O\f'\dtdb\ﬁ’v\tsP("ms " /

11. A rubber ball is tossed straight up and bounces off the ceiling. 4 p, + U = py
Consider only the collision with the ceiling. TTTo o oo S

For oo peciectly elostic
Collision with Hhe ceiling, 177
Pne chonae in morventu N -
istwice the Rnad momentom. é/ )

Theimpulse is pravided by N 77
he ceiling

12. A clay ball is tossed straight up and sticks to the ceiling. Consideronly | p, + J =
the collision with the ceiling. Tt W i

The ceiling provides on
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oppesite To the mitial S/ B
MOyeTu om
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9.3 Conservation of Momentum

13. A golf club continues forward after hitting the golf ball. Is momentum conserved in the collision?
Explain, making sure you are careful to identify the “system.”

AbHhe momend of collision 1+ moy ioe feasdnalole, 44 NS
Hre mamenium of just trre cluwb ona ball as canserry -e,\é, i
Susk e Sore and abter-Hne collision itwounld e DeCeSIa
o includePne %O\S e~ ond even-the cowtn 0S paxt of W
Hhe system,

14. As you release a ball, it falls—gaining speed and momentum. Is momentum conserved?
a. Answer this question from the perspective of choosing the ball alone as the system.

%‘W\e_mome,\(\*um ok +V\Q Ba\\ 19 Y\O“\' COY\SQP\Jtd -T‘/\t
%\Nei%\f\“v is o unbelanced Savce From on o%e,vc\‘
oxtexol o +\/\e£\l stewm.

b. Answer this question from the perspective of choosing ball +earth as the system.

T4 Pne eoBnisinduded, then momentium |
congevved . Whnile Fhe ballig 3‘2\:\“\1\(\ C\Q\N\(\No&%
ot HNe COCNIS Qi ng R equal maanrtude
ok pwiard waresstun (Rut it danit Be mecsXced,
due e tne eodins MOSS.,)

15. Two particles collide, one of which was initially moving and the other initially at rest.

a. Is it possible for both particles to be at rest after the collision? Give an example in which this
happens, or explain why it can’t happen.

Bobn pocticles (onnst loe 04 (oSt immediodely ASrey-
Pre ColliSion. Iﬁ—%ﬁ\x weve ot o fest e some.
marevtuan weuld Nosre 1o be lost Yo acPnivd o\osec)f
Haodt is pourk o e Systewm.

b. Is it possible for one particle to be at rest after the collision? Give an example in which this happens,
or explain why it can’t happen.

6 the mosges afeqw\aﬁd%e collision elastic e
MOVING POCT e wall Stop ownad qive, all of s MDmJey\hLm
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9.4 Inelastic Collisions

9.5 Explosions

Exercises 16—18: Prepare a pictorial representation for these problems, but do not solve them.

* Draw pictures of “before” and “after.”
* Define symbols relevant to the problem.
* List known information, and identify the desired unknown.

16. A 50 kg archer, standing on frictionless ice, shoots a 100 g arrow at a speed of 100 m/s. What is the
recoil speed of the archer?

Befoce. Aftev
Niy) =0 6 P>
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Nt&)& My fro q At eow
(&
— X ;
0 0

Find (Vg,) avrchey

17. The parking brake on a 2000 kg Cadillac has failed, and it is rolling slowly, at 1 mph, toward a group
of small innocent children. As you see the situation, you realize there is just time for you to drive your
1000 kg Volkswagen head-on into the Cadillac and thus to save the children. With what speed should
you impact the Cadillac to bring it to a halt?

:Be. foce . \,u\) \ MPh
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18. Dan is gliding on his skateboard at 4 m/s. He suddenly jumps backward off the skateboard, kicking the
skateboard forward at 8 m/s. How fast is Dan going as his feet hit the ground? Dan’s mass is 50 kg and
the skateboard’s mass is 5 kg.

My= 50 kq
>’ ‘5K3 (\]\7.\ k\!UO IJYM

° We) 2 S5 Find W),
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9.6 Momentum in Two Dimensions

19. An object initially at rest explodes into three fragments. The p, (kg m/s)
momentum vectors of two of the fragments are shown. Draw the e
momentum vector p, of the third fragment. P )
5,
P, (kg m/s)
2 2
B,
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20. An object initially at rest explodes into three fragments. The p, (kg ms)
momentum vectors of two of the fragments are shown. Draw the gy
momentum vector p; of the third fragment. Lo /
5 N /A
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21. A 500 g ball traveling to the right at 8.0 m/s collides with and p, (kg ms)
bounces off another ball. The figure shows the momentum ;
vector p; of the first ball after the collision. Draw the
momentum vector p, of the second ball.

; — p, (kg mf)
2 2
........................................... gl
L \P,
22. A 500 g ball traveling to the right at 4.0 m/s collides with and p, (kg mis)
bounces off another ball. The figure shows the momentum : ;
vector p; of the first ball after the collision. Draw the 4 ey -~ ’
momentum vector p, of the second ball. Ly
- p, (kg mfs)
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