C 1 .A space station consists of three modules arranged in an equilateral triangle,
connected by struts of length L & negligible mass. Two modules have mass m, the
other 2m. Find the center of mass.

(@ (0, 0.53L), (b) (0, 0.33L), (c) (0, 0.43L), (d) (0, 0.23L)
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C 2. A supersonic aircraft wing is an isosceles triangle of length L, width w, and

negligible thickness. It has mass M, distributed uniformly [see Figure]. Where’s its
center of mass?
(@ (0, L/3), (b) (L/3,0), (c) (2L/3,0), (d) (0,0)
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C 3. Abullet of mass m strikes and embeds into a wooden block of mass M [see Figure].
The block rises a height of h above its initial position. Find a relation of the bullet’s
original velocity v and the height h.

M M +m M +m M
(&—-2gh, (0) = —/gh, (= —+/2gh, () /o
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b 4. A Styrofoam chest at rest on frictionlessice is loaded with sand to give it a mass of
6.4 kg. A 160-g puck strikes & gets embedded in the chest, which moves off at 1.2
m/s. What is the pucks speed?
(@) 59 m/s, (b) 49 m/s, (c) 39 m/s, (d) 29 m/s
- BERATE T BEavkE > grawFRTDFEET 64kge -
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5. A firefighter directs a stream of water to break the window of a burning building.
The hose delivers water at arate of 45 kg/s, hitting the window horizontally at 32
m/s. What horizontal force does the water exert on the window?

(a) 1400 N, (b) 1300 N, (c) 1200 N, (d) 1100 N
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6. A 140-kg satellite collides at an dltitude, where g = 8.7 m/s. The collision lasts 120
ms. Find the satellite's impulse.

(8 156 N-s, (b) 146 NS, (c) 136 NS, (d) 126 N - s

140-kg s 4 3 s RFET) - BB > vihd 4 L B 5 8T REFFEL
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7. A150-g baseball is thrown at 60 km/h. It explodes into two piecesin flight, with a
38-g piece counting straight ahead at 85 km/h. How much energy do the two pieces
gain in the explosion?

(@151, (b)1.41J,(c)1.31J,(d)1.21J

- . 150-g ek 12 60 kmih e B AAE D > HiFP v A Ay > HeY - 8
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8. A thick wireis bent into a semicircle. Which of the pointsisthe CM?
@A, (0B, (c) C,
- iR ARG A LA e PR BEE T D

9. Jess (mass 53 kg) & Nick (mass 72 kg) sit in a26-kg kayak at rest on  frictionless
water. Jesstoss a 17-kg pack, giving it ahorizontal speed of 3.1 m/srelative to the
water. What’s the kayak’s speed while the pack isin the air & after Nick catchesit?

(@) —0.55 m/s, (b) 0.45 m/s, (c) —0.35m/s, (d) 0.25 m/s

#a (F853kg) frin (F8 72kg) & t- i t@ BEarkt > 26kg
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d 10. Two skaters toss a basketball back & forth on frictionless ice.
Which of the following does not change:
(d) momentum of individual skater,
(b) momentum of basketball,
(c) momentum of the system consisting of one skater & the basketball,
(d) momentum of the system consisting of both skaters & the basketball
WL ke A E Rk b e - BRI APHAR e T G PR JE A € TR
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d 11. Which of the following qualifies as an inelastic collision
(a) abasketball rebounds off the backboard,
(b) two magnets approach, their north poles facing; they repel,
(c) atennisrackets against balls,
(d) atruck crushed a parked car & the two dlide off together
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d 12. A 4.8x10°kg elephant, is standing near one end of a 15x10°-kg railcar, which is at
rest on africtionless horizontal track. The elephant walks 19 m toward the other
end of the car. How far does the car move?

(@ 5.6 m, (b) -5.6 m/s, (c) 4.6 m, (d) —-4.6 m
- FF 4.8x10%kg eh+ g2k h— §w 15x10°kg ok B fach- s o LB e % -
TR BRI 0 X R B ¥ - B4 19m o B i d f iR ?

a 13. A croquet ball strikes a stationary one of equal mass. The collisionis elastic & the
incident ball goes off 30° to itsoriginal direction. In what direction does the other
ball move?

(a) east of north at 60, (b) west of north at 60°, (c) east of north at 30", (d) west of
north at 30°

- BRIk P ¥V - Biov FEApR L fesk o R A B A P o SR
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a 14. Moderator slows neutrons to induce fission. A common moderator is heavy water
(D20). Find the fraction of aneutron’s kinetic energy that’s transferred to an
initially stationary D in a head-on elastic collision.

(a) 89%, (b) 69%, (c) 49%, (d) 29%
B R FRT RUEEPAH Y S 3 1L K(D0) 0 K- ¥
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a 15.A13.1-kg squid fires aburst of water, giving it average acceleration 19.6 m/s” over

100-ms. Assuming the squid starts from rest, Find itsfinal speed.
(@ 1.96 m/s, (b) 1.86 m/s, (c) 1.76 m/s, (d) 1.66 m/s
— & 131kgte g I - L E R AL T4 B § 196 /s 5iE 100 mse i
W AKKRLB 4 LU B BE R o

C 16. A smal car has a head-on collision with alarge truck. Which of the following
statements concerning the magnitude of the average force due to the collisionis
correct?

(@) Thetruck experiences the greater average force.

(b) The small car experiences the greater average force.

(c) The small car and the truck experience the same average force.

(d) It isimpossible to tell since the masses are not given.
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a 17. An 8.0-g bullet is shot into a 4.0-kg block, at rest on africtionless horizontal
surface (see the figure). The bullet remains lodged in the block. The block moves
into an ideal massless spring and compresses it by 8.7 cm. The spring constant of
the spring is 2400 N/m. What isthe initial velocity of the bullet?

(a) 1100 m/s. (b) 1200 m/s. (c) 900 m/s. (d) 1300 m/s.

#— BBOR th3 bt » — BAOD TenAMAE L i BTG+ (LE)-
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d 18. A 60-kg skater at rest on frictionless ice, tosses 12-kg snowball with velocity
V=53.0l +14.0] m/s, where the x- and y-axes are in the horizontal plane. Find the
skater’s subsequent velocity.

(@ Vv=10.6/ +2.8] m/s. (b) V=-10.6 +2.8.0] m/s. (c) V=106l —2.8] m/s. (d)
V=-10.6/ -2.8] m/s.

o hg EgEduk 060 o T RERE 0 X foy fhESTRT G odE R
V=530 +14.0] m/s 1 12 2 T ehZ ok o RFkF i FE R -

C 19. A firecracker breaks up into several pieces, one of which has amass of 200 g and

flies off along the x-axis with a speed of 82.0 m/s. A second piece has a mass of
300 g and flies off along the y-axis with a speed of 45.0 m/s. What are the
magnitude and direction of the total momentum of these two pieces?

(a) 361 kg'm/s at 56.3° from the x-axis.

(b) 93.5 kg'm/s at 28.8° from the x-axis.

(c) 21.2 kg'm/s at 39.5° from the x-axis.

(d) 361 kg'm/s at 0.983° from the x-axis.

RALHLBE-BP - HFE L 200 % ip x$hiig & G 820ms{i7e &

(b) &t x #h 28.8°:193.5kgm /s °
(©) & x # 39.5°121.2kgm/s e
(d) 3 x #% 0.983°:7361kgm/s °

a 20.A stationary 1.67-kg object is struck by a stick. The object experiences a horizontal
force given by F = at [ bt?, where t is the time in milliseconds from the instant the
stick first contacts the object. If a = 1500 N/ms and b = 20 N/(ms)?, what is the
speed of the object just after it comes away from the stick at t = 2.74 ms?

(@ 3.3m/s. (b) 22 m/s. (c) 3.7 m/s. (d) 25 m/s

- BAEL 16T S TR - RS R SR KT 4 Fzat [ bt?s
He t A PRy 8am(E4) 4% a=1500N/ (ms)> b=20
N/(ms)>» . t=274msts > HRREB Hisag B 155 2



b 21. During acollision with awall, the velocity of a 0.200-kg ball changes from 20.0
m/s toward the wall to 12.0 m/s away from the wall. If the time the ball wasin
contact with the wall was 60.0 ms, what was the magnitude of the average force
applied to the ball?

(& 40.0 N. (b) 107 N. (c) 16.7 N. (d) 26.7 N
hE G RER g P A 0 0.200 o 7 sk eaE B E_20.0 K [F AR RER T G AL B RS
12,0 K /F) o 4o % R B2 G Y o B £_60.0 £ 4> ¥ 4 PlIR T 354 s )
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d 22.Inthefigure, determine the character of the collision. The masses of the blocks,
and the velocities before and after are given, and no other unbalanced forces act
on these blocks. The callision is

() perfectly elastic.

(b) completely inelastic.

(c) characterized by an increase in kinetic energy.

(d) not possible because momentum is not conserved.
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2.1 m/s 0.6 m/s 1.5 m/s 1.5 m/s
B - i e
O kg 3 ke O kg 3 ke
Before After

b 23. Two ice skaters push off against one another starting from a stationary position.
The 45.0-kg skater acquires a speed of 0.375 m/s. What speed does the 60.0-kg
skater acquire? Assume that any other unbalanced forces during the collision are
negligible.

(a) 0.500 m/s. (b) 0.281 m/s. (c) 0.375 m/s. (d) 0.750 m/s

A AES f iz B Ap T B o 45.0 = 7 ik R 0.375 K /F) e
@R oo 16002 THAESREFSER - B ARG ERA LT
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b 24. A 2.00-kg object traveling east at 20.0 m/s collides with a 3.00-kg object traveling



west at 10.0 m/s. After the collision, the 2.00-kg object has avelocity 5.00 m/sto the
west. How much kinetic energy was lost during the collision?

(& 175 J. (b) 458 J. (c) 516 J. (d) 91.7 J.

12 20.0 F [Fy g Boe K45 802,00 2 7 48 02 100 K F) i R e @ 45 # ob
300 > T4 R4 dE - mAEE 200 7 WaE R 5 5.00 K /e Hd o A
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C 25.A5.00-kg ball is hanging from along wire, when it is struck by a 1.50-kg stone
traveling horizontally to theright at 12.0 m/s. The stone rebounds to the left with a
speed of 8.50 m/s, and the ball swings to a maximum height h aboveits origina
level. Find the value of h.

(@) 0.0563 m. (b) 1.10 m. (c) 1.93 m. (d) 2.20 m.
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Figure 9.2 shows a spuce station g of three modul d
I equiliteral triangle, connected by | nn'uu oF length £ ond of Mﬂlh
gible inuss, Two rmodules hove muass we, the other 20, Find the center
of muss.

hel eas

W=
v
FIGURE 3.2 Our shistich of the space station.

INTERPRET We're ufter the center of mass of the sysem consdatlng of
the three modulés,

DEVELOP Figure 92 Is owr drawing. We'll wse Equation 9.2,
P = T onBlM, 10 find the center-of-mitks conrdinates t uid v,
A sensible coondinate system has the origin ut the module sith miss
2 anul the y-axis downward, a4 shown | Flg. 9.2

EVALUATE Laheling the modules from left o right. wo see 1
W= =L i =L 3 = Leos 3P = LV 5 =p=th
oo &y = =g = ;!.. w= 1 = LVUL Writing explivitly the v and
wsompongnts of Equation 9.2 for this case gives

mgy 4o, i =5
o dm : dnr
S mp sy 2myo | _\f
Fa A w2 Sl

Alttipugh there are thiee "pmh;!m here, < \.llllim of coondinate
system lefi only two nonzera terms in the numerator. hoth ssspeisted
with e e muss . The more miassive todule 56l In the prob-
T, thisughs Ly masi 2m contribites w make the wial muss W in the

denaminitaor equal o i driiitiial]

A wtrpersomic airirbl Wit I asdeles tridngle OF length L, widih w,
snd negligihle thickngi 10 b mess A disteibuted wmformly over e
witg, Where's its certier o s

INTERPRET Here the smintter v distributed conpimousdy, su we need 1o

symmeny, The s-companen of Equinion 9.4 w o, = | fw b}
Developrng o plen lor dewling with an integral Hie thin requirés sima
e jebit; wie' 1 Fixt doo this wisek snd Thiet stimmniiiioe (he ganerl sepi
mvolved.

Dy gmﬂ i 1 Finid i sppreopriale mass eleaens e o werms o mL

miegeate 1o fod the centel of mass, We Jdéntify an axis of 4y ¥
thrivigh tha Wlag. WHich we designate the soaxiv. By symmetry, thie
wenter of mm bes along iy b so v, = O and we'll peed o eil-
culite nny &

pEVELOP Figure 44 shows the wina: Fguation 9.4 applien. and we

e iy the s-oompatent becais i seoompinemt [« evident fram

4 Here"s i typheul miiva
elismuents T scality ite
wilehifs o b bndinisetbmatly

—

T hurL:h: A .l[“‘\
" lJ ks ldnich
bt du-m\h o s position,

FIGUME 3,4 Cur sleerch pf the supersanic avcralt wing.

3.
ExawpLess | The BallisticPendulum |

The hallistic pendulim meudices the speeds of fut-meving ebjects
[k ballets: It conslats of 0 wooden block of muss 8 suspended from
yertical brings (Fig %150 A bullet 6F mass i strikes nnd embeds i1
sell iri the hlock. and the block swings upwaid thrugh o vertical dis-
tince b Find an expresshon for the ballel's speed.

FGUIES. 5 A bollsric
pendlim Example 39,

INTERPRET literpreting thin example ix a bit more involved, We actu-
il bive twio weparati: events: the hullet seriking thie Hlock and the sib-
sequent tise of the block, We can Interpret the first event s o
one-dimensional twrally inelastic collision. 24 in Example 9.7, Mo-
mienti s conservied during this event b, because the eollixion is in-
clustie, energy ks ot Then the hlock rises, und now a net externul
fompe—from string tensjon and gravity—acts to change the momen-
i, Bt grovity in conservative, and the string tension dis no wirk.
s e migehunicil etierry o conservedl.

DEVELOP Figite .15 in var drawing, Cir plun s to seperaté the twio
s oo e prvsbbenm o s b combine thes results 10 ged our fined -
st First v the melustic eotlivion: here momentum is conserved, so

infini o irerval oy As shiwn o Fig 9.4, bere it's
cablest i uze a verticnl stelp of willth &y Eocl such sudp bas o/ diffise-
e height f, depending on ite position . 1 we choose @ coorinibe
Spstent with otfgie 80 e whag apex, e, i yon Chn e o e
Nygure. the heighi grows linearly from 0 st 5 = (iam v = L So
Bo= LY a. Now the sieip s infinlusinul ]y nook s the sliping
edpes don't puiter and s gren bs that of o very thin rectangic-
namely. iy = Dl dd THE ey miss die 1 et the gam Aue-
ten of the total wing ridss M o itk roh I of e ol wing e :li'I.,
that i

dm WWLEY AN e

L twks I
s il o DLy il _

In the infogral we wolght cach mass elerment dm by its diitanee 1
[riomm thie origin Sod tren shon—i s ingene—over all mags ¢le-
vty S, o Bguaition 9.4, we hove

"2y 2"
Ty = ;’. | MJU.I{ . d.:] . Ijl 3 el
AN WY, CONRIAS cin cime Al sbele e dppegenl. We e the liniis
O 4y caver all the s elements i the wing, Now wi're Gaglly
bealdy wilind ¢

[

Exuation 9.1 | applies. Inone dimension, that reads s = (= M)V,
where v ig the imitial bullet speed apd Vo the speed of the block
with embedded bullet just sifter the colllsion. Solving gives
Vo= nnf{n b M) Now the block swings tpward Momerturm isn't
cimrservedl, bl mechimical emergy b Setting the goro of potentlil en-
ergy i the Mlock™ mitial position, we have T = 0 uni—uming fhe sit-
i just ufter the collision wy the mittalstate— Ky = (m = MV
A the peak of it swing the block is mamentarily af res, so & = (1
But 15 visen o heaght f, s it polentinl energy 18 U = (m = M jgh.
Conservution of mechinical enedey readi Ky + Uy = &+ U—in this
cane S 4 MOV = (im b Mg,

EVALUATE Nit we've ol twa equations describing the mnmnsni
thie probilem. Using sir expression for V from
tion i the enengy-conservation equation, we get

1 e )3 = i

Etm.-h M r
Solving for the tulles ypeed ¥ then gives onr bnswer:

m+ MY
o= (v

ASSESS Make sense? Yes: The smoller the bullet mass m, the higher
veloelty it mist have o carmy & glven momentim; that's rellecied by
the fuctor i alone in the detormnator. The Righee the else . obui-
uly, the greater the bullet speed. But the speed suales ot as fitell

hutus Vi That's Decause Kinesie energy—which wrned i powen-
liud energy of the nse—depends on velocity syuamd, L]




The hockey captain, a physics major, decides to measure the puck’s
speed. He loads a small Styrofoam chest with sand. giving 4 total
mass of 6.4 kg, He places it at rest on frictionless ice. The 160-g puck
strikes the chest and embeds itself in the Styrofoam. The chest moves
off at 1.2 mfs, Whint was the puck’s speed?

INTERPRET This is « totally inelastic collision. We identify the sys-
em as consisiing m"puui and chest. Initally, all the system’s mo-

Py fo otk ey aliae tha R KT

WEMTm is ||| e ].II.,M\. dLEn e R.UHI‘JIUlI L8 III (il I.\llillrllld.llulr

puck + chest, n this case of a single nonzero velocity before colli-
sion and a single velocity after, momentum conservation requires that
both motions be in the same direction. Therefore, we have 4 one-
dimensional problem.

DEVELOP Figure Y.13 is a sketch of the situation before and after the

iy Wik 4 s malnatin anllis s 11 ___ tha gat
LUIIID]UII VALl il I.UI.I]IIT Illblﬂﬂllb (5 III.G]UU. l-o\.lullllull Zol i 8

ment of momentum conservation—tells it all, In our unt»dlmenhsuuul
situation. this equation becomes i, = {mF + m v, where the sub-
seripts pand ¢ stand for puck and chest, respectively,

5.

dP dm
dt dt

6.

Before collision the puck
has all the momentun,
'.__I 3
L p

!

« T
8= |

After collision, the

-3
puck + chest hasthe [~ P \ F?G‘{HIES‘.TI Our

Example 9.7.
EVALUATE Here we wnl the initial puck velocity, so we solve for v
[U I6kg + 64 kg)( l’mfa)

(m, + m,J.

13 e
W = = = 47 iy
f
i, (.16 kg
neceee Aol ) Vane Thes all o It s o
RAIEID MARE SEHACT TE5 i puu 's mvass §s small, so it needs &
much higher snead to o arry the same momentum as the much more

Iny r
THUw I Timithd AP

massive chest. Varations on this technique are often used to determine
speeds that would be difficult to measure directly. ]

=(45kg/s)(32m/s)=1400 N

J = FAt = (140kg)(8.7m/ s%)(0.12s— 0) = 146N - s

7.
MVi =MV, ¢ +MEVg ¢

(0.15kg)(60x 1000m/ 3600s)i" = (0.038kg)(85x 1000m/ 36008)i + (0.112kg)V, ;

. =—(14.31m/s)i
AK=K; O K;

- %(0.038kg)(85 %1000m/ 3600)° + %(0.112kg)(14.31m/ 57 - %(0.15kg)(60 «1000M/36005)?

~1.21]



CONCEPTUAL EXAMPLE 9.1  Conservation of Momentum: Kayaking

Jess (muss 53 kg) and Nick (mass 72 kg) sitin a 26-ke kayak at rest on
Trictionless water. Jess tosses Nick o 17-kg puck, giving it horizontal
speed 3.1 mfs relative to the water. What's the kayak's speed after Nick
catches the pack? Why can you answer without doing any caleulations?

EVALUATE Figure 9.9 shows the kayak before Jess tosses the pack
and dgain after Nick catches it The water is frictionless, so there's
no niet external foree on the system, which comprises Jess, Nick, the
kayak, and the pack. Since there's no net external foree, the sys-
tem's momentum is conserved. Everything is initially at rest, so that
momentum is zero. Therefore, it's also zera after Nick catches the
pack. At that point Jess. Nick, pack, and kayuk are all ut rest with
respect to each other.

Initially wll momenta are zero, . .

~itnd they're zero ugain afler Nick his cuught the pack.

el

A T

FIGURE 9.9 Qur sketch for Canceptual Example 9.1,

sl e 2
plz(mJ +mN+m<)V1+mpr: p0=0

12.

EXAMPLE9.4 CM Motion: CircusTrain

S, a4 et edephont, stonds pear one end of o 1544 raileor of rest on

ASSESS We didn't need any caleulations here because the powerful
conservation-of-momentum principle relates the initial and final
states, without our having to know whit huppens in between.

MAKING THE CONNECTION What's the kayak’s speed while the
pack is in the air?

EVALUATE Momentum conservation still applies, and the system’s fo-
tal momenmim is still zert, Now it consists of the pack’s momentum
¥, and the momentum (my + sy + my )V, of Jess, Nick, and
Kayak. with common velocity v, (Fig. 9.10). Sum these momenta,
set the sum 1o zero, and solve. using the given guantities, to get
¥ = —0.35m/s. Here we've dropped vectar signs: the minus:sign
then shows that the Kayak's velocity is opposite the pack’s. Since

kayak and passengers are much more massive than the pack. it makes

sense that their speed is lower,

-
,,--@

s While the pack Is in e air,
Pkt%* -P;i moments still sum 1o zero.

FIGURE910 Our sketch for Making the Connection 9.1,

G-y —_035m/s
1~ p— '
m, +my +m

tiwr-chject form we used in Eaomple W0 5 o (o 0 ms WAL

w Fraainplens bapzontal tack {Heve £ o fpone, ormekrie fon, egques|
L P00 e, s Jonbo walks 19 i wwartd the other énd OF the cat, How
T b, Hue cir e

INTERPRET We're saked hout s car’s mation, bt wi can imespie
this pitohleds an being fundamentally dbout the center df mass. We
idetttiry The resimt vystem oy comprising Jumbo amd (e can Becanse
Uritne" o fveh extirmil force setiig o the svstens [ts cenbet of miss
[SEUI A L

DEVELOP Fipure 0,Ra showes/the mitind siluaiion, The symmerric aar hus
Fad O it s conter [here whe ciire aily-shia the scontpodenl ) Lets
Lok as camrrdinate sysfem with o < (0t this genint—ahut st e dirfal
Foaion o thee wau™s centen: After the car moven, its center will he some
whivee alse! Fyiative 9.2 npplies—hise b the sdmpher one-dimesinnal

[

i

FIGORE 0.0 Jimbo walke byl the ceprter of masy doesrt mpye.

13.

wheete et the sabmaird s 3 and w For Hambo and the cir respseatively,
o) i A B e tona) mnes, We bave a befibefofide simativn in which
the CW pesinion can't change, w0 we'll arite teo versions of this enpres.
sion. befiwe and afley Jumbo™s wulk, We'l| then ved theny exual o viute
smarthemuricall tu G M sl doean) move

W chpsr e cnsplinaies w that v = Dowhere ydeugnates the
frrtrnl spone. sevomr tnitial expression s, = mg L Al Jumbo's
walk. vl Hral expression is &y, = Logxg 4 e UM, with £ o
final. We don’t kaow enher coordinnte here, bul we do know that
Jurwbowaths 1ol resprort ni the ear. The elepham s fmal posi
thon 16 therefore 19 nv o the right of 25 adjusted By the car's dis-
placemen Thersime fumibue ends wgran gy = g+ Fmed v, You
Hrigh ik e teed womivus S hechuse thi car moses to the teft
Thut's trae, It she sagrof a,, with ke careof that. Trust algebra! 5o
' fpnl expreadion ik

M L

ey + g il 19m =+ 5, b wna,

EVALURTE Fi W EaReate ar plan, eyuaring e o s pressim
for Ahe anchiniging position of the centcr of misa. The il s W
cutteehs, sl wene delt with mey, = bl oy & 19+ 0} * e,
W atent given . Burabie s o b on Bar sides of this eguamieny
st B enniete, Teaving 0= 19 m 4 Wy ) 4o, . We salve Tor the
Utk town ) b et

19 rrp g (1 mif4.81)

- fay ] (4K = 151
Fhe mifuk slgn beie indjeites & digplocement fo the left, oy we gnkic
patesd (Fip. FARMY. Beciuvis the nilsbes sppdin only in caticd we didi't
oeed o coment Lo kifogroms.

x - =4 hm

ASSESS The opr's 4 f-m displocement s quite 1 bt ess than Jumbho's
(el b 19— 40 o 104 1 velative o thie ground b Thar imakes
st Do Jumbe iy constderutily fess massive (han 1the o,

L]
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Pt ;,':‘F é{é{ FJE' Vy =V + Vo
&)
~ L BT, 2 2 2
! fERTE v = Vg
I ;*\B Vi = V12f +2Vy; - Vyy +V§f
A~ =\
) e reme s N e PN e
— W o JO0" Vi =VE, + 2,V €oS(6 +30°) + V5,
E1 2V;;V,; cos(6+30°)=0
™
. 0+30°=90° — 6=60°
14.
v - (M —m,) v, +2myy, _myyH(Mmm)vy
rnl+ rnz 2f rnl+ rnz 2i
m—m, 1 2 2
Vir = Vi ==V, Vor = m Vi =5V

4Amm,

m+m, "

_ A(lu)(2u)

3

:§:89%

C(mem)

15.

A 13 1-kg squid fires a burst of water, giving it average acceleration
2.0¢ (190 m/sz) over i 100-ms time interval. (a) Find the associuted
impulse: (b) Assuming the squid starts from rest, what are its momen-
tum change and final speed?

ORGANIZE AND PLAN Given the squid’s mass and acceleration. we can
use Newton's law to find the force; multiplying by Ar gives the
impulse. By the impolse-momentum theorem, that's the momentum
change, Momentum is mass times velocity, which we ¢an use to find
the speed.

Tuke the v-direction to be that of the squid's motion (Figure 6.12),
so the x-components of scceleration, veloeity, and impulse are posi-
tive. The impulse is

J.= F, At = ma At

J. = (13.1kg)(19.6m/ s*)(0.01s) = 25.7kg -

_p,_257kg-m/s’

; =1.96m/s
m 13.1kg

= (M), =

(1u+2u)*

9

b—x

a, =196 m/s

e ] acoclernies by jernng waker
PPOSHD Ky 1S ihirection of monon

FIGURE6.12 The squid accelerates.

Then by the impulse-momentum theorem
Jo=Ap.=py

becatse the initial momentum whs zero, Finally. p, = mu,, which
allows you to solve for o, which, in this one-dimensional situation, is
the speed.

m/s

_ (m+M)v,

m
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kXZ
m+M

T %(m+M)\7f2:%kx2 = v, =

=1067m/s~1100m/s

L, _(m+M) [ ¢ 4008kg \/(2400N/m)(0.087m)2
! m Vm+M  0.008kg 4,008

18.

INTERPRET The object of interest is the skater. We want to find her velocity after she tosses a snowball in a
certain direction.

DevELor  On frictionless ice, momentum would be conserved in the process. Since the initial momentum of the
skater-snowball system is zero, their final total momentum must also be zero:

0 =my, +m,1,

where subscripts | and 2 refer to the snowball and skater, respectively.

EvALUATE By momentum conservation, the final velocity of the skater is

my 12kg_, - s : 5
=——L3 =———(53.0i +14.0j m/s) =—10.61 — 2.8 m/'s
i, 60 kg'
Assiss  As expected. the skater moves in the opposite direction of the snowball. This is a consequence of

momentum conservation.

19.

B, = mV, = (0.2kg)(82.0m/ s)i = (16.4kg - m/ s)i
P, = mV,= (0.3kg)(45.0m/s) ] = (13.5kg - m/s) |
Pow = DL+ P, = (16.4kg-m/ )i +(13.5kg-m/s) |

| Poa | = [16.4)2 + (135)7 = 21.2

| =[P | - cOSO
0= cos‘1(16—'4) =395°
21.24

20.

F(t)dt
J=mav=m(v, -0)= [F)dt = Vi L

) at® bt [ (1500N /ms)(2.74ms)> (20N /ms®)(2.74ms)’
Vf:J'(at—bt dt |5 "3 _ > 3
m m 1,67kg
t=0
=3289 mims ~ 3.3 M/s
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21.

J=mAV =m(V, —V)=F_At

E_ mV; —¥) _ (0.2kg)[(12m/ s)i — (~20m/s)i]
v At 0.06s

=107N

_ _ (45kg)(-0.375m/ s)i

Vg=—myV,/m; = =0.281m/s
MV, = —MgV = Wa T 60kg
24.
(1) #E T E MV, + MgV, =MV, ¢ + MYy

(2kg)(20m/ s)i + (3kg)(—10m/ s)i = (2kg)(=5m/ s)i' + (3kg)V

= Vg, =(6.7M/9)1
(2 AK=K; D K;

= %[(Zkg)(—Sm/ S)? + (3kg)(6.7m/ s)*] - %[(Zkg)(ZOm/ S)? + (3kg)(-10m/ s)?]

=[1457.7J~ 1458 J
25.
(1) &8 MV, + MgV =MV, ¢ + MV

(5kg)(Om/ )i + (1.5kg)(12.0m/ s)i = (5kg)V,, ; + (1.5kg)(~8.5m/ S)i

= V,,=(6.15m/s)1

(2) f}ﬁﬁ“'ﬁ Ui+ K= Us+ Ky, Ui=0, Kizémﬁ\vﬁyf , Uf=mAgh, Ks=0

1
:EmAVi,f =m,gh
%(5kg)(6.15m/ s)® = (5kg)(9.8m/s*)h

= h=1.93m

pS Fla % 8-10-11-16+ 2 24T 5 BLAKE » #7103t § 3 5 AT -
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