9.1 Impulse

1. The position-versus-time graph is shown for a 500 g object. Draw the corresponding
momentum-versus-time graph. Include an appropriate vertical scale.
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2. The momentum-versus-time graph is shown for a 500 g object. Draw the corresponding
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acceleration-versus-time graph. Include an appropriate vertical scale.
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3. 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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9-2 cHAPTER 9 - 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?

a. FN) b. F(v
2- 24
0.5s
0 1 1(s) 0 £(8)
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Ix=-2N - OSM/S"lN ‘S=Mpy Jx=a- QN IS -Ya. - 3N'I1S=Q
ANGz BPxfn = ~IN- 5&k =-0.5"%s Ny = Q
Vix=Vig + AN, = 22 -0, "'ls— ¢ Vex = [P tothe rian®
5. A carnival game requires‘you to knock over a wood post by throwing a o

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?

(noosedne bouncy rubber ball- Recouse Phe Pubb¢W badl bOW\CQS
bock, it e_xger\em O ayeocke ™ CONQL i mgmor\-%- om*H% clay
bl od-Hne Someinik % - Thererdre ,\ impo Qgea .
impulse.on+he post omo\ soismore likely +o kmcK ipover

b. Let s think about the situation more carefully. Both balls have the same initial momentum

iy just before hitting the post. The clay ball sticks, the rubber ball bounces off with
essentially no loss of speed. What is the final momentum of each ball?

Clay ball: pg, = O Rubber ball: pg,= 7~ '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, = P X Rubber ball: Ap, = —3 P{ X
d. Which ball experiences a larger 1mpulse during the collision? Explain.
The bouncy rm\o\oer ool experiences Q%FQOA'U‘ p wlse &S can
beSeen Srom 1S qfeoder \no«\%Q i yRoment um

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 vubloar ball exerks a large impulse because of4he

| %f&o&ex* Mpulse on . :

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?

<H \(\OLP\:)\{,WQ\(\OPQ.
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9.2 Momentum and the Impulse-Momentum Theorem

9.3 Solving Impulse and Momentum Problems

6. For each of the following situations, use both words and pictures to
» Describe what happens in the language of force, acceleration, and action/reaction.
« Describe what happens in the language of impulse and momentum.

a. A moving blob of clay hits a stationary bowling ball.

- Force description: Thg-‘:m’(ﬁ exected on eoch are equd and 0ppiSite
oy G Bax\t g Ockion -Cepchion pades ;ﬂ«gd@@dwgeg Opﬁg o™
; Q‘@"QQ’V‘\'.\G” ; use oF ks sadler oS T ¢
- dafficudt foqaan ‘t‘r\l e paceleodion ana Taovree.
Faanc b eobooud e inkevackion,

e WHNOUE Know W
- Momentum description:TheC\Os anal bow hn bq\\ QXC{“\‘ UJ)J O»Y'\d
Opposiie IMpulxs on eacn odmex ancl \«\3&\/&1\2& av\eekispposﬁ—e
hanges N MomMenturM The clay lolob loses mbst of s Forward
MARETUM. The bow g kol | gains +Hie tnamentum lost oy Pne.
Clay badl, Hou Niney move Rudn W\ore‘S\owl\{ due +o \L\y/\g

larde MoSs o Hhe loow!ing koo

b. A falling rubber ball bounces off the floor. L

© Force description: The. bad | exets aforce on Hae Floor onel-me
Cloor exerisen equal, but opposite Force bockonthe ool The
all's kecelexadion s \gg;e,,%/\ou W the Lloor's 1S T\e(z\ iqable
becouse oF itS huge Mass. T} is difFicult toonalyz @\Q
forces ancl-FneocceBrodian without Kinowina mare alosutHng interoehon.

Momentum description: 2 couse of-Hne im ulse, Fromhe
Hhe vuboeroall's momendum chm ePs\aj WOve %o\nﬁ-'hog,w’
moanitude of its iniHol mometu. The' Sleov receives
on epual impulse intne oppasite ditection b ud os no
meosurabie velocity due o its la\r%e MOSS.

~ o

c. Two equal masses are pushed apart by a compressed spring between them.

~ Force description: s Hhe iﬁﬁ\l\’ Q)Lp&ho\S , i+ exexts O\C\(\Oxﬂ’\‘(\
Hne Lorce pn\he. O WOSS. The W\%ses OCce\eyrate aguald b
‘d«Uk?/ o Pnis QM’C& , but Hie occelerod N Camnot e gt \/
determined without He Hme averwhich Hne. SPfihSpus\ncs

Momentum description:
| T,OLM\ o oppesite IMPLIRES are %wm by Hne s
‘ 'PPDU L S0y S
Jr\npév 2o (eSS Vas o @Lumkj ot ()PPQ;{)’ e W\fm ;lr Q n
S herwonds. TRTERTAT
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7. 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 o 1, larger,
smaller, or equal to Fy o, s? Explain.

FSO‘(:L Q‘L — TheSe, +wWo g()'(“CZQS are. 0N O\C:'h onN-yveackion
N ) . , 7 A} .
P’ equad aed dppssite loy Nawvdons Hhicd 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?

The +ime intervals gae also @(/uq\a

c. Sketch a graph showing a plausible Fyg o, as a function of time and another graph showing
a plausible Fp o, s as a function of time. Be sure think about the sign of each force.

Sonl. LonS

d. Compare the impulse delivered to S to the impulse delivered to L.

The Forces are equald and ase extended over the Some
Hime intervold - Tiecefoce,y the impudses Gre 2quady bud
oppsite in difecon,

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

The vormentuem dnonaes 0Xe guad i non (b LRy boudt
oppesitein difedhon {5 each. '

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

The vedacity dntwrogs Ree OoF wal. S X PeeCes (i,
o CS*CG:&@P c,\r\ci,\:\%e_ becouse ifs Woss 15 onoCh senollet

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

There 1S NoThonge inthe Suen of $he wior ‘
| e TR nento of 4he
+ W bad L) R b@w ANAEE ‘l’lﬂ,i\ r C\r'\ﬁi %QS (e eczua( GJ\CL OP Pﬁd_e
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Exercises 8—11: 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.

8. 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?

Before _ After
(\/ix) =0 mo«&m"SOKS »—>
(\[ ™ Zrihgv‘ moémw | o0 3 (\/:LQN”;M IOD'%\'
—— +—
o X 0 X

F—W\d (\{:?x)(xfc\f\e‘(‘

9. 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 side-on into the Cadillac and thus save the children.
With what speed should you impact the Cadillac to bring it to a halt?

Befoce NLQC {mp\q le)vw
(oS (o)
| O

o O 0O

After

Find (Vo

v @) O O 0O
10. 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 $ mass 1s 50 kg and the skateboard’s mass is 5 kg.

Mp= 50\«3 BePore,
Vi) 2 Vin) = 42
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11.While riding bumper cars at the fair, Bob’s car collides directly with the back of Joe’s car
while both cars are moving to the right. Before the collision, Joe’s car was traveling at 1.8 m/s
and Bob’s at 2.0 m/s. The combined mass of Joe and his car is only 80 kg, and the combined
mass of Bob and his car is 100 kg. Immediately after the collision, Joe’s car moves right at
2.0 m/s. How fast and in which direction does Bob’s car move?

B ej%:r& A—F*\*er-

Vi -gq.om v =LE% 2201
- x
W\ = {O()i m 2 YOWq ) V
b v e Find Frob

12. Identical blocks A and B are pushed to the right continuously by identical constant forces from
the start to the finish shown below. At the starting line, block A is initially moving to the right,
but block B is stationary. Which block undergoes a larger change in its momentum? Explain.

B\C’i‘d’( B. The momentunn | T Finih
C)’\ﬂvxi& is cansed Ab\\[ the
T pulsive force actng ove s
finne . %Qco\wgg block Xos

(nThall, moo \J\vxﬁ do thhe LQ
QV\J& e S\ZZN"(,C, 'F-okc,{’} @V\\ “%\vm 3"(’&;‘\' Yo *P\VHSL\

Haa¥ Pm\ca cets o o LOY\Q&_T" Hme o~ O,




Momentum - CHAPTER 9 9-7

9.4 Conservation of Momentum

13. As you release a ball, it falls—gaining speed and momentum. [s momentum conserved?
a. Answer this question from the perspective of choosing the ball alone as the system.
Themomentum of the ball isnot conserved. The

wei éwt (s on wnbolonced Force from on ogent
external 4o the system.

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

T§ +he earth isincl uded, Hhen momentum is canserved.
While the ball is;\?\& niv\cl downwourd, momentum  the
fs\o;mg\x mmuo f‘l‘wﬂ gﬂmﬂ-ude dis’} Lpwordl J

j , (bud it contt be weogured dule 4o ¥ !
Byl ox\c\cnmp\exi\{-\{). to Hheearthn's

14. Is it possible for momentum to be conserved if the system is NOT isolated? Explain.

f\les ~omé ol T He SYs'\‘cm 1s subject *°+°~;ff

| SLn e
;¢¥#arwal "S‘?&r‘ca/ tHren momentianm w(;t/‘\l \e;%rnﬁ\ torces
CDV\SQI‘\,‘gCSu I% the Jector swm oF e

s 2ero ( e n the \sl\e.sr MOW\LA’t’mM V‘;i“ be C&/lsel‘\/d.

15. Consider the interaction of two objects along a line. Show that the following three equations
are equivalent if the system is isolated and the objects remain intact:

(D (e — P = —(Pr = P2
Q) @)+ )2 = P+ o2

AV2 AV1

(;) Fiona = sz = —Fron1 = —mth
’Tl/\e,'\:(r?s't‘ +’wo ore é&kv\t\}‘&\%f\*’ \DY simple algebra’

(W) oecomes (Rp), - (@), = @), "‘(P‘)z) o
' N o~ CON b
(2 @f)"@% =) #®), . The T eqeion can &

) m -M /\\/{\)L,.‘ V“Np‘)‘& mg.) !
P*Q..u\fnﬁe.r\ "Wo w4 FASVEC \fP ’\]‘L $0 ._-2——%3’-’"‘2—”—*" "‘T

X ‘ LoLs
My lhplyng eads sde by Bt and- wsiag =MV yi1®

@9),. -, = ~(%), * Ry, of
() (7o =)o = —& P,
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9.5 Inelastic Collisions

16. For each of the following graphs a—e:

« Indicate whether the graph could represent an inelastic collision between two objects A
(solid line) and B (dashed line) at time ¢, and whether momentum could be conserved in
each case. (Note that graph a shows position-versus-time and the remaining graphs show

velocity-versus-time.)

« What can you infer about the relative masses of A and B for those cases in which

momentum is conserved?

Yes, melashe

MowmentTum 15
conserved @ the
MASS RS are \.OLC"\“\'\CA\'

t

\es, \nelashie
; ({/\om,v\-mm cold e

conserved 1F wass B

1S greateriina~ ywnss A

_________

No . V\,O+ \V\Q\O\S-hc,

(Rt momentum i
s lee (,ovxser\f\%()

YCS‘ ' "’\é\as‘h‘{, (‘l’t‘ea‘\‘ﬁé& as
fetersed MmTTime —on 2xplonie ,\)

; Moo mentum CO‘-L\.A e COI‘\.SO‘Vd A
? ™ wass ® s Cll"ta:\“r"\"‘f\ﬁn WAASSTY,

No. Zt appears that the
objects shidetogetner after &,
bt they have both changed
Prom w»o\f‘.'\§ Rorrord 4o m~oUINg

\QwWS . The total woMﬁhm
Q,\Nowu'he-d $\Z§f\s‘, (Tmfoss»ble,>
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9.6 Momentum and Collisions in Two Dimensions

17. An object initially at rest explodes into three fragments. », kg mh)
The momentum vectors of two of the fragments are shown.
Draw the momentum vector p; of the third fragment. . \ 2
; »- p, (kgmp)
2
.
| ?3 Y2l
18. An object initially at rest explodes into three fragments. », (kg m/s)
The momentum vectors of two of the fragments are shown. ol
Draw the momentum vector p; of the third fragment. | SRy S
| . A
—3 _ p (kgmh)
-2
B\
19. A 500 g ball traveling to the right at 4.0 m/s collides with p, (kg mfs)
and bounces off another ball. The figure shows the o |
momentum vector p, of the first ball after the collision. 2/
Draw the momentum vector p, of the second ball. ‘ &
— : - 2, (kgmh)
-2 ! ‘ 2 :
-2 ?a
20. A 500 g ball traveling to the right at 4.0 m/s collides with B, (kg mk)
and bounces off another ball. The figure shows the : P
momentum vector p; of the first ball after the collision. o2l
Draw the momentum vector p, of the second ball. : Py
p, kg mks)
~2 2
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21. Consider a ball thrown at an angle against a wall with velocity vectors before Vo
and after the collision as shown at right from above.

a. Redraw the velocity vectors below to determine the change in velocity of the ball due to the
collision and draw an arrow below to indicate that change.

- % > -5‘/ G‘\N*r
AV= \rouP\er“ belore. EZ ‘ g N\
D\

b. Draw an arrow below to indicate the direction of the impulse on the ball by the wall.

= (1o verheal componest)
I(«JA\\ Qv\_\Oﬁ\\

¢. Draw an arrow below to indicate the relative magnitude and direction of the impulse by the
ball on the wall.

—_— (V\o Ueff\'c«\ CO""?"”“""*)

3‘3&\\ o~ ._.Ja\\

d. Repeat part a for the figure shown at right. (The velocity vectors are the
same magnitude as in part a.)

-3
>
-

AV

e. Draw an arrow below to indicate the direction of the impulse on the ball by the wall.
& (\/\ov \'{-ovx‘\v\\ 0"\\’7’\>

f. Draw an arrow below to indicate the relative magnitude and direction of the impulse by the
ball on the wall.

— C\/\or Srovitel m\y>
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9.7 Angular Momentum
22. A hoop of mass m and radius # is set spinning at angular speed @ about its P
center axis as shown from above.

a. What would be its angular speed if its mass is suddenly doubled
without changing its radius? Explain.

,%/v‘ L:I’oo)']:rzmrz“ so L'=2T

oW
Becawse Lzl = 2T W, 0= 7.

b. What would be its angular speed if its radius is suddenly halved without changing its mass?
Explain.

' z
"fb\) L =Tw, = wrr so L= M(%)f%
g ;;w' = W=q9w
L=L ¢$o Tw Z

c. What would be its angular speed if a force F is exerted at the outside surface of the cylinder
directly toward the axis of rotation for a time A¢? Explain.

; (A) (P,)e.cou«se ’H/\-L‘Cﬁm a.cts ‘H\/‘Uuﬁl’\ T axis
o+ cotmtion, T exerts no forque and so does

not chanae e O\,AOAU\\.G»T“ momeéntunma ol Ow\ﬁwlc..r*

CJG)QQ(L (,I’. s c.ovxs“hm‘l')
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