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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.

20¢g 20¢ 10 g 10g

o (Px\a>(P%3\:(P">3 - (PXBS >(Px\)q

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.
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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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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?

a. F(N)
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6. A 2 kg object has the velocity graph shown.

a. What is the object’s initial momentum? Px = -&
Px = H kg':s'

b. What is the object’s final momentum?
. . . T = A K o]
c. What impulse does the object experience? <y ~ 4s

d. Draw the graph showing the force on the object.
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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?

C\«oose_ ‘H«Q bouncy Pul)\)er ‘sa“ ‘ Becausc 'H'\Q, rul)l:)u" ‘)a“ Bovmu..&
back it xperiances o vedter cho e momevtum thon the ‘—‘“Y
’ . L -

boll oF the same nitia SP&OL T\«mfom, it w«Pm’\’S 0 qvester
impulse  on the Poﬁ and is more likely 4o knock it over.

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: pg = 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, = fy Rubber ball: Ap, =~ a Pfx
d. Which ball experiences a larger impulse during the collision? Explain.

Tve bowney crubber ball expmyivnces a S\'w\'w iwpulse
Seenn Frown Ots ye.ot\'e.\" c‘ﬁmy' (3% m@mw\"'uﬂ.

XY can be

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 rubber ball exerts o \Qrsq_r '\\Mpu\sq_ l;u,m«stt. oF 'Hn 3\’"0,0:"!.(
'\W\p»\lSe on Y,

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?

St happy | we hope .

8. A falling rubber ball bounces on the floor.
a. Use the language of force, acceleration, and action/reaction to describe what happens.
The ball exevts o fovce ow the floor and the Floor aerts an Q"\\M‘\) bt
opposite, Fore back on Hhe baoll. The balls aceleration is \owr)e, ) -}\nw\?‘\
the floods s negligible bewowse of its hwae wmass. TH is difficut Yo
Cw\a\\llt. e $orceg and e aceleration witheut \(nowiv\ﬂ wove .

b. Use the language of impulse and momentum to describe what happens.

Because of Yhe '.m;,u\se, feom He Floon the rubbey balls romentum
thawaes by mo than  +he Masvx‘\-"uc\a of ik inibiol momentum. The
floor vuceives o tawal iwoulse n the opposite divedion  bat hes
no measurable veled N dwe Ko b lm’se_ MASS .,
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9. A small, light ball S and a large, heavy ball L move toward each other, collide, and bounce apart.

S )r—

a. Compare the force that S exerts on L during the collision to the force that L exerts on S. That is, is
Fg o1 larger, smaller, or equal to F , ¢? Explain.

1‘:5 o \l" tFx. on sk' These Two 'FOfaLs ove Gwn ac,hm‘r'w&lo\r\

pair, equal and oP?os‘nJm \x' Newtows fhird 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?

-n'\o, time '\v\"ft.(\m\s ofe cx\so e_‘\wx\,

c. Sketch a graph showing a plausible Fy ,, | as a function of time and another graph showing a
plausible /1 ., 5 as a function of time. Be sure think about the sign of each force.

F B s

s
‘/\ Q““QLS
b
! “{:@‘a !
&0)‘!\’(:1{‘ \/
d. Compare the impulse delivered to S to the impulse delivered to L. Explain.

T“o' FOT'CLS aAre Qx\uﬂ-\ O\V\J afe Q.XQ;AU’ ovex H\Q Same ""\W\Q. '\V\-\'QX'VQL -n/\u'_{:o(g_l
Hie impu-lSQ.S oxe Q-‘\V“’*\, but op?os'\""(. in divedion.

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

The  wmomentum  chonaes are equel in magnitude but c)pfpos'\‘h n
divetion For cadh,

f. Compare the velocity change of S to the velocity change of L.
The \!0-\00*\’ J\M\SLS ara ot Q;\ua\. S cxpa.r'nu\ce.s o VV\\-\L\/\ 5\’19*“-""
c\mmy, becomse S mass is wuch swaller,
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g. What is the change in the sum of the momenta of the two balls? Is it positive, negative, or zero?
Thare, is wno C\/\AV\SQ_ in the s of Hhe momaenita of the Fwo \m\\s)
because v d«omsas ove Q,(\Wl\ ond Opposi‘\e.
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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

at rest.

Al of Hte Fival womertum  Comes
'Ffow\ 3fNL KW\\)\A\SL P\"ov's &ul ‘a\( +\’\0-

S‘W‘lvxs.

11. A rubber ball is tossed straight up and bounces off the ceiling.
Consider only the collision with the ceiling.

FO\(‘ o Pq,(‘?gc\'\\‘ Q_\O\s"\c c,o\hSlQV\ m\-\«

the cili e dhe. Q, WA MOmenwTuw
is '\W\ce.“:}\«\ final vv\ome,v&um The

l\MP\AlSQ. \S ?\’ovicltd b\[ the &‘lmi

12. A clay ball is tossed straight up and sticks to the ceiling. Consider
only the collision with the ceiling.

The ctilin P\"OV\A&S on \W\P\L\SQ
3 0??05\'\'2. to the witial

e,c\vxm\ awn
momenbumw,
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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.”

At the mowent of collision it Wy be reosonable to consider the movnenhim
of J\"d the C\\*b and bo.ll as C.onsuvw!, Tust Mom oand ofter the l,\
Collls\m, by w“w. be Necessary e ivxL\w{L +he c_\ol&f and uon +he covt

6S PA‘F\. U{ 'Hl\ﬂ. S\]S‘}LW\.

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.

-n\o._ MOW\LV\'\'\AVV\ GF '“'\0_ LQH ‘rS V\O* (OV\SLN!A_ 'T\/\q_ %13\/\"' ]S own MV\&X\QV\L!,J
Force From an wstv'\& odevnal to the system,

b. Answer this question from the perspective of choosing ball + earth as the system.
boll is ocining downward womeviham | the wowvth is gaining - an eque
s t it et b el dwo t
W\o\s\f\‘\'\'u& o‘\: u?w«v‘c\ MQMM\’\AM, (\)u"" \‘* own . WMLASW we To
the Q.or'l'\f{S ™mass. )

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.

Ro‘\'(« ?o\fﬁclu Connet Lv. o(\' rg_s"' i\MW\Q.diOdL\Y Ot{:*t\" ‘H\Q Lo\\‘;s’mv\' T.‘F
Hay  were beth ot rest | then sowe momentum  weuwld have to be lost §o
o thicd objedt Yhat s padt of the systew,

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.

Tf the masses ove qual and the collisign is das‘l'ic., the  moving
po«‘\'iclt will S’)(o? ond aive oll of s womentum o the va'\ws\y
f'o,s‘Hvxf) ?ox""\clt, A aos ““‘”‘?\'- f Haig Oppeass when o b‘\“iﬂﬂj ball
Volls d'\f‘qd'\\[ wto awnether \"QS‘\V\B \)‘;Hioxd bal\.
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16. A tennis ball traveling to the left at speed vg; is hit by a tennis racket moving to the right at speed vg;.
755 Although the racket is swung in a circular arc, its forward motion during the collision with the ball is
so small that we can consider it to be moving in a straight line. Further, we can invoke the impulse
approximation to neglect the steady force of the arm on the racket during the brief duration of its
collision with the ball. Afterward, the ball is returned to the right at speed vg;. What is the racket’s
speed after it hits the ball? The masses of the ball and racket are mp and mg , respectively.

a. Begin by drawing a before-and-after pictorial representation as described in Tactics Box 9.1. You
can assume that the racket continues in the forward direction but at a reduced speed.

Refore After
Ve

—O >
Ve v
L 8{

b. Define the system. That is, what object or objects should be inside the system so that it is an isolated
system whose momentum is conserved?

The vacket and the ball,

c. Write an expression for 7, the total momentum of the system before the collision. Your expression
should be written using the quantities given in the problem statement. Notice, however, that you’re
given speeds, but momentum is defined in terms of velocities. Based on your coordinate system and
the directions of motion, you may need to give a negative momentum to one or more objects.

P = P v P = -
[ rocket ¢ MoV + M Y,
Gy’ ®R) B8 " TR R

d. Now write an expression for 7, the total momentum of the system after the collision.
= m, Vo W o\
Pfx R R{- ¥ 8 3-}

e. If you chose the system correctly, its momentum is conserved. So equate your expressions for the
initial and final total momentum, and then solve for what you want to find.

Mg Vi + Vg )
V, =~ B\ VBT Vg ) _
R - V-R

L

£
Mg
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9.4 Inelastic Collisions

9.5 Explosions

Exercises 17-19: 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.

17. 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?

Refore After
(V)= 0 = 50k —»
‘;‘"}“" per (Vf u\ ovyow = 100 W\/S
m= 00
avvy
(V'lx) =0 i
archer A } X

©
Fiv\cl ‘Vh) archer

18. 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?

B(,gom (V'tx)L: \\MP‘\
- O—(/

x (i),

Fin(l (\Ii“)vw

19. 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=50k

° S (Vix\[}: (Vix)sa & L‘%

MSG: 5 \L3
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9.6 Momentum in Two Dimensions

—— p, (kg m/s)

P, (kg m/s)

p (kg mis)

20. An object initially at rest explodes into three fragments. The p, (kg mh)
momentum vectors of two of the fragments are shown. Draw ?
the momentum vector p; of the third fragment. 32
28
-2 2
B
-2
21. An object initially at rest explodes into three fragments. p, (kg m/s)
The momentum vectors of two of the fragments are shown.
Draw the momentum vector p; of the third fragment. 5
- i
Pa
£
—
-2 2
-2
B,
22. A 500 g ball traveling to the right at 8.0 m/s collides with p, (kg mfs)
and bounces off another ball. The figure shows the
momentum vector p, of the first ball after the collision. 5
Draw the momentum vector p, of the second ball. ’,
-2 2
-
) Pﬁ

23. A 500 g ball traveling to the right at 4.0 m/s collides with
and bounces off another ball. The figure shows the
momentum vector p; of the first ball after the collision.
Draw the momentum vector 7, of the second ball.

p, (kg mfs)

12

P, (kg m/s)
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