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- w51 @ In Fig. 10-38, block 1 has mass
m, = 460 g, block 2 has mass m, = 500 g
and the pulley, which is mounted on'a
horizontal axle with negligible friction,
has radius R = 5.00 cm. When released
from rest, block 2 falls 75.0 cm in 5.00 s
without the cord slipping on the pulley.
(a) What is the magnitude of the acceler-
ation of the blocks? What are (b) ten-

1 - . Fig. 10-38 »11 InFig 11-34 tant hor-
sion T, and (c) tension T;? (d) What s proplems 51 and 83, izontal Iflor:ge E (;fa riz;;iifldeofo
. 2pp

the magnitude of the pulley’s angular ac-
celeration? (¢) What is its rotational inertia?

N is applied to a wheel of mass 10

«66 A uniform spherical shell of mass M = 4.5 kg and radius
R = 8.5 cm can rotate about a vertical axis on frictionless bearings

kg and radius 0.30 m. The wheel
rolls smoothly on the horizontal
surface, and the acceleration of its
center of mass has magnitude
0.60 m/s%. (a) In unit-vector nota-
tion, what is the frictional force on

Fig. 11-34 Problem 11.

(Fig. 10-44). A massless cord passes around the equator of the shell,
over a pulley of rotational inertia I = 3.0 X 1072 kg - m? and radius
r = 5.0 cm, and is attached to a small object of mass m = 0.60 kg.
There is no friction on the pulley’s axle; the cord does not slip on
the pulley. What is the speed of the object when it has fallen 82 cm
after being released from rest? Use energy considerations.

Fig. 10-44 Problem 66.

7 : In Fig. 11-31, a solid

cylinder of radius 10cm and

‘_ mass 12 kg starts from rest and
rolls without slipping a distance
L = 6.0 m down a roof that is in-
‘clined at the angle 6= 30°.
(a) What is the angular speed of
the cylinder about its center as it

_ leaves the roof? (b) The roof’s
edge is at height H = 5.0 m. How
far horizontally from the roof’s
-edge does the cylinder hit the
level ground?

Fig. 11-30 Problem 6.

Problem 7.

Fig. 11-31

i

the wheel? (b) What is the rotational inertia of the wheel about the
rotation axis through its center of mass?

«12 @ In Fig. 11-35, a solid brass ball of mass 0.280 g will roll
moothly along a loop-the-loop track when released from rest

tong the straight section. The cir-
:ular loop has radius R = 14.0 cm,
ind the ball has radius r < R. (a)
#hat is k if the ball is on the verge
»f leaving the track when it
-eaches the top of the loop? If the
sall is released at height h =

6.00R, what are the (b) magnitude
ind (c) direction of the horizontal
‘orce component acting on the
»all at point Q?

Fig. 11-35 Problem 12.

wi5 C¥F A bowler throwsa bowling ball of radius R = 11.c~m
along a lane. The ball (Fig. 11-38) slides on the lane with initial
speed Veomp = 8.5 m/s and initial angular speed wy = 0. The coeffi-
cient of kinetic friction between the ball and the lane is 0.21. The

kinetic frictional force fi acting on
' the ball causes a linear acceleration
of the ball while producing a
torque that causes an angular ac-
! celeration of the ball. When speed
veow has decreased enough and an-

Fig. 11-38 Problem 15.

; gular syeed o has increased enough, the ball stops sliding and then
. rolls smoothly. (a) What then iS Vom in terms of w? During the slid-
ing, what are the ball’s (b) linear acceleration and (c) angular ac-
celeration? (d) How long does the ball slide? (¢) How far does the
ball slide? (f) What is the linear speed of the ball when smooth

rolling begins?




e EE Y

«22 A particle moves through an xyz coordinate system while
a force acts on the particle. When the particle has the position
vector 7 =(2.00 m)i — (3.00 m)j + (2.00 m)k, the force is given by
F=F4i + (100N)] — (6.00 N)k and the corresponding torque
about the origin is 7 = (4.00 N-m)i +(2.00 N-m)j — (1.00N- m)k.
Determine F,. :

*27 8M At one instant, force F= 4.0} N acts on a 0.25 kg object
glat has position vector 7 = (201 - 2.0k) m and velocity vector
V= (=5.01 + 5.0k) m/s. About the origin and in unit-vector nota-
tion, what are (a) the object’s angular momentum and (b) the
torque acting on the object? ‘

«45 BN WWW: A man stands on a platform that is rotating
(without friction) with an angular speed of 1.2 rev/s; his arms are
outstretched and he holds a brick in each hand. The rotational iner-
tia of the system consisting of the man, bricks, and platform about
the central vertical axis of the platform is 6.0 kg m?2. If by moving
the bricks the man decreases the rotational inertia of the system to
2.0 kg - m?, what are (a) the resulting angular speed of the platform
and (b) the ratio of the new kinetic energy of the system to the
original kinetic energy? (c) What source provided the added

Kinetic energy?

'?9 Two disks are mounted (like a merry-go-round) on low-fric-
tion bearings on the same axle and can be brought together so that
the.y couple and rotate as one unit. The first disk, with rotational in-
er‘txa 3.30 kg - m? about its central axis, is set spinning counterclock-
wise at 450 rev/min. The second disk, with rotational inertia 6.60
kg- m? about its central axis, is set spinning counterclockwise at 900
rev/min. They then couple together. (a) What is their angular speed
after coupling? If instead the second disk is set spinning clockwise
at 900 rev/min, what are their (b) angular speed and (c) direction
_ of rotation after they couple together?

87 If Earth’s polar ice caps fully melted and the water returned
to the oceans, the oceans would be deeper by about 30 m. What ef-
fect would this have on Earth’s rotation? Make an estimate of the
resulting change in the length of the day.

92 An automobile has a total mass of 1700 kg. It accelerates from
rest to 40 km/h in 10 s. Assume each wheel is a uniform 32 kg disk.
Find, for the end of the 10 s interval, (a) the rotational kinetic
energy of each wheel about its axle, (b) the total kinetic energy of
each wheel, and (c) the total kinetic energy of the automobile.

—




LB 281000 =T

(2ol ¥ - o w) = @ I

\Vw .v 4' -~ - -
- 7 - ! oo [] - \
swpany OEQH L R
ii f,j; = N 1. @) 90s'@ = (@erd) a9s'Q , (BN - 'L = (0'0) Mo
Asf.s o N.. b
RO o R ! \ :
23@.%. o) > @ RO FACLE S : oo ,
o bt ALALERT b v
el 2\ 1
by - -
yow m\,»: ST e e Ve
- ! )
.0.05..,L ,/..)d N G )
o S 2 : + ! '
RN R 0 O o
i Ww Powmmo ERLS
«\),L W GvAnAa dzv od > \vD
Bw ¥ w2 x 734,..7 T x _N u.\.\wnO _a S &\24 e N
C/ Z T T Wit ] T il | \rw~m.¢> AR
PICES R Q999
ﬁ)ﬁ/’ﬂn_i-w ﬂ&é/—?knﬁu //.(ﬁNv _ =.5Jn(_ vDV‘ =%
R ~ o= A
Fowdn o BN W e Wy =" o SO X 9 *
;@CL + L.LVMM MPMQJ,» wa Y22\ 7770 76/7A)>d ..fv/.,\»w f4
a2 Y7 £ .
g Saped W W - porexed (1. 0929 =TV
.N7/>>w~.+ ﬂvﬁlu‘_q.s A\ _r|m_. . NAJ T \W ot O < e |~

-| 2owoD t:,m SR $(I3NYD vo/ S&»espv &.\/’\ ¥® wwA”w
/).*9) “wwe © f)V??q /d—/f.(zm *0 L L VY Skvndvl.mn/d .700 \lﬂ} \V.AD/JI)N
AU\ ™ CUER R A nwp) FI3WoMT @u - op /...o/d.& ] \\vq LYW

ﬂnu)w.lrw >y /JXOP = n)aojvv.l.w WNT NI
pﬂ,//vt

...i,fm..o_xm\\ T w278~ - - - - .
gulﬁ.w hz.vJNh XIP.T - ﬁdl;_ NJJaQ
Saynd g Fayed Gapned
iy T v
248 ) o] U\ - J& ~
(SR Rwy T

5 ™% YA
2 . p
R R )
I} 2 Aon)o_ .w% /\rcrrﬁs.uavuvd. fi
Miahcﬁ‘w OZ
\svn.w “t “wA) .ww‘ w:lwv
2 1 30 M
wo 6 =Y <
p@@bnns

meJT .\.S— f m.Q_




W \Q'h =
(amt' 9 .\ Lh'S

(‘\

=X

»2% 9wWi'@ L
_yyY-
TR A ?
‘\\n\lmulm.vh\\\\\.l =%
oot @ oy Ee ;
o~ FeVEsS = 9F
\N.PU T ).Y/))A Ai):\w wa
y(en 5y 1LE-S =6 Fw'S T X
2
£b- - o Q="
el'e— = WS :
ooméwJN.J - n,,.57 4892 V) 2 N
W;.oo, o =%
» _»
phdw* *«67 reh=h Aﬂd\m A
1

a%& Jb
W
xb& V/,,xu A/JZAM YMﬂ,ﬂl;’é SCANY

' - \'o nl@ <M
Jon 127 7 503 TR
nm/d m;d
Sl 9T =N
- | ogMS S
IR ERCE

BN AN
M ﬂ&wmm x 2../ w z

Z4) T S
S SR
2 2 2
ﬂ7uuw4* MW =
\:N.—.ln\ln.v
N
«P=N .
— 2 -
T2 rMWE = M
2 |
f—w)ﬂ.‘m /,/(H ?\._.\

hhasmg |~y boy =

[\
“f _ 3,\,\
@ S x&ou\u
/ %,.:uc,_

,f 2
P2 HQS,.,\(H
SPURy R Py yoipard op

)vm\é (./_ \,w.nm\, w(ﬁr &Q v:m& *w $o \,»m(Zo_u
Wﬁ [ ameb L S e oo +°11



Lk 9o
(e9)b - Z T
N\m. vDH y\f:,w
s =P U
ﬂmn /c‘sf.\rsy.%\, w\%/\ 3,4 ,/«Sg SN
S 27T
0 s =99
VONMJ.G

nv,oﬂd/.\/d\/ Aan N\,GF)@SK ﬂ. K

N Q

¥

\

wSS«BuZ w\ Tl - %
cswgpal b T %‘ il
§- 9l = (9) 91
ddo -
L= Tow

d sw Pl\|¢.\\|V *\f;un.

nw.u)a%. /dyuémv,;a/\ﬁ P NORG Wq

9’0 = ou |
wgg=d ol nti "
mi 9l = mfo;_ -



:<. ?sm /.sz.v.vo.qz Y

\ll\n/.\)

P
v

—="\
\ Lol

N = oyl
Wte

genaiSan)
N
N - P AN

N
.
ﬂ<.;). ~how N - Tron

v
' ﬂsz <]

q 3 ° roL)..% \WSA” Yo \Ja%g
Pl Ve =N

~e XY fW,N = w
(¢ye2d = W

NSCRE Ar,_onrﬁog {0
(>

o =@

L - ub
N RO *2 A
7s\\\m.4 7,.\,4.\,. ¥ anu/\._ - C/WXL
2 N‘v b\Na 2 m
A PR W =
NIT A~7~, N@C& | -
ﬂ?Hw.«N?/Zﬁ». ra\ - C/
© x° 3 YL = 3 w1 ML

23 Y
w (R0 uﬂr_.ow 9 =29 M 3@/\m

I e S R R R I

2 £ =\
43+ 2a% + A2 M
Nrmww\nq x un\m,. x A2 b ncfm
2k
f.»ﬁdi\.vw...
WC‘(% = .HN”./Z
PwienN =ow
yorge

v H?/Z\.hﬂ.f NfNAOCL n//mvi
.H z w2 WE - C/ﬁcc
NASH T ¥ .~7 T A ANV.NQ =
Jop x Soemg am = B3 NI v

n,)%ss% N 27\ "W
gl o (g sr5 WY cen @
.N.\rc;.mm - T
% agre v w % \
uvv.»,
w? hl=




(./ G~rp 1D f/}) f;ﬂxﬁ& I>//
Ahﬂ woW w,\&. X%t/y\ J/\os) QLVM.I Pu

¢ = @t SN . -wj e
@z :_ fofry, T SEe
AWI,r? 9
P.W/,wéé) om.w—v?’ ¢ =
o B SAR
e *Q&u - T
wrow Say oy WL T whebager ) O
b7 P R R Ee’
&%m WLW;D Skl
‘ 2 b
2 2.y

¢ M+ 0 h
o,m N(%
o v

Z 7)

Q
[
Y
} PN EA YA‘_ “M"Y a1l
/0 //«as Jo ¢ <

o ¥ S a S-
Ao_(oﬁvw.l [ B
. Al w2
(G JEEE M B
S * S
. Mxﬂ,uj A N BN
AgviS- TR
A4
.:N.\w.w\ E 2
v
La gve= W yh-d el

.T
A\.avl.u1 m‘\uw
VL\P NQLA.
SRS A Y
ﬁ*u:‘é,gl T G
A
S M S S
Car-) - |2 e T
g\ 2 =\ Y 2 RS
A/J/ &/ v v
| Ag-Yeeyh T
2= Stx 34 >3
v Ce—2 1 = 11
AL A RETIL T2 1)




20 2? /wﬂ?\, 42/2 =g omé%% JEYSN AL
gy 2% 1gt0 = W 28 gy bog My
S B

Qi X@N_T +, -
d\qhg)ua/u
+] = .
> N7V$ om/\. — b %\3
¥ \ _
A_l— = -i—ﬂ\ ™ f b - AQOT\J qv_ 9 X Qm.fq W\.M
n Lyaendp Ty W\ < : "
iy AMQN& b ~ Bﬂ T H\q ?ﬁH./:,\:H
NPT N it » e
ijm W .( \ JP - W TNy g XQJ
(M AN A «wh.m/y o ﬁ‘iwsvﬂ ~ W
™ - on @ PLIEMIP /
H#lﬂmmd N.<,>D# n 1 4 h (s”u ' Py S
S oqoe yo UM R e RIET 632, L T L
4n03 TopeLs E N o, 00p- @
A AVD \l« R _ )
J, nH ¥ = MO T - w.T\ b PN ST
J..r /)Tuml\r. Q.J,f}gua/o A3 06D

.W
mr.N‘ O}w:ésb

Sy
T ﬁﬁlmﬁ k ,4\,8..5 1 ﬂao& , W V

A), )7.6</U gﬂ\.

h.sfﬂ).d Jvﬂ A?bv

9 g xel = 1 pv ML e
oM s -
U\W_\ﬁrd .
21 CSW =T .ﬁx‘“ X
2 woyymcor Ay LY AN
Sxo yo P MK poaw22q O~ 22 ~opd .
. .qu‘ «yl voP
. AW3 % A9 =
A N -t L
NN_EM T
t 4
%Nm_w 3, = 76 S
> @ pae <IN n/
A / w\//. M Sy o W@ Seady ﬁmui

/’,i\vv.v Om .N.\ W

S ,o,w ﬂoo,bsa * Aom@m‘m
/G\/Wf\ J‘el - iﬂ.\w *V‘H thl
M9 T
A 7»»00¢ g Aab ¢

0

.nnirj A H ¢ p

w_..vd\w »
<.<>OSQMT rf ’_



r~ T‘S X

Q4

9&3%«, _

@wfvoﬂ\ mQ SN

7
(es2) h ¥ (1) ookl

—

!
feo
P/»Vefsv H7 M.v%g—&\/\.

\»/u,)v7 m/,./o\.Jk 3% wxaL @
nw/jab LUW@N\V -
g L0 T

-

—

IA X * .N.QZN
NV_ *.8.7*: mM W/\Suk/lrw

-

= UV
/N,\Wl/m.) /\/uém u.Q .Wy /d.).oL\ ﬁ&»
S mw/?Dn) ndmf
A_.:u .NM 7 E
2 s
TQ AW % - e
wu C =
%mu u/,vw/{j v oye 34 \Prewerdy (v
:z_ 1
cammt o
A A, 4a—Q .vv\)d.,,w/wvw{
7 ! & 0h
S

ﬂ /.u MJ/OW (48] wfv\l/n) de\,\fl

Ly Iz A

b\l




