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3. During a certain time interval, the angular position

1 of a swinging door is described by § = 5.00 + 10.0¢ +
2.00/2, where 6 is in radians and [ is in seconds. Deter-
mine the angular position, angular speed, and angu-
lar acceleration of the door (a) at { = 0 and (b) at { =
3.00 s.
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A wheel starts from rest and rotates with constant
[ angular acceleration to reach an angular speed of
12.0 rad/s in 3.00 s. Find (a) the magnitude of the angu-

lar acceleration of the wheel and (b) the angle in radi-
ans through which it rotates in this time interval.
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11. A rotating wheel requires 3.00 s to rotate through

Y1 37.0 revolutions. Its angular speed at the end of the
71 3.00-s interval is 98.0 rad/s. What is the constant angu-
lar acceleration of the wheel?
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13. A spinning wheel is slowed down by a brake, giving it
a constant angular acceleration of —5.60 rad/s*. Dur-
ing a 4.20-s time interval, the wheel rotates through
62.4 rad. What is the angular speed of the wheel at the
end of the 4.20-s interval?
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A wheel 2.00 m in diameter lies in a vertical plane and

7] rotates about its central axis with a constant angular
acceleration of 4.00 rad/s’>. The wheel starts at rest at
t = 0, and the radius vector of a certain point P on the
rim makes an angle of 57.3° with the horizontal at this
time. At ¢ = 2.00 s, find (a) the angular speed of the
wheel and, for point P, (b) the tangential speed, (c) the
total acceleration, and (d) the angular position.
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25. In a manufacturing process, a large, cylindrical roller
is used to flatten material fed beneath it. The diam-
eter of the roller is 1.00 m, and, while being driven into
rotation around a fixed axis, its angular position is
expressed as

6 = 2.50¢2 — 0.600¢°

where 6 is in radians and ¢ is in seconds. (a) Find the
maximum angular speed of the roller. (b) What is the
maximum tangential speed of a point on the rim of
the roller? (c) At what time ¢ should the driving force
be removed from the roller so that the roller does not
reverse its direction of rotation? (d) Through how
many rotations has the roller turned between { = 0 and
the time found in part (¢)?
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Find the net torque on the wheel in Figure P10.27 about 207
[Tl the axle through O, taking a = 10.0 cm and b = 25.0 cm.,

Figure P10.27
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29. An electric motor turns a flywheel through a drive belt
that joins a pulley on the motor and a pulley that is rig-
idly attached to the flywheel as shown in Figure P10.29.
The flywheel is a solid disk with a mass of 80.0 kg and
a radius R = 0.625 m. It turns on a frictionless axle.
Its pulley has much smaller mass and a radius of r =
0.230 m. The tension 7, in the upper (taut) segment
of the belt is 135 N, and the flywheel has a clockwise
angular acceleration of 1.67 rad/s?. Find the tension in Figure P10.29
the lower (slack) segment of the belt.




Al dlea Jielan) 8Ll Juab il
Aaadluy) daslal) 3 ol i) and sama

32. Review. A block of mass m; = 2.00 kg and a block of
] mass m, = 6.00 kg are connected by a massless string R

over a pulley in the shape of a solid disk having radius " @
R = 0.250 m and mass M = 10.0 kg. The fixed, wedge-

shaped ramp makes an angle of 6§ = 30.0° as shown 2
in Figure P10.32. The coefficient of kinetic friction is b
0.360 for both blocks. (a) Draw force diagrams of both

blocks and of the pulley. Determine (b) the accelera- Figure P10.32

tion of the two blocks and (c) the tensions in the string
on both sides of the pulley.
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35. The combination of an applied force and a friction
force produces a constant total torque of 36.0 N - m on
a wheel rotating about a fixed axis.

The applied force acts for 6.00 s.
During this time, the angular
speed of the wheel increases from
0 to 10.0 rad/s. The applied force
is then removed, and the wheel
comes to rest in 60.0 s. Find (a) the
moment of inertia of the wheel,
(b) the magnitude of the torque
due to friction, and (c) the total
number of revolutions of the wheel
during the entire interval of 66.0 s.

10
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40. Two balls with masses M and m are connected by a ~ |
rigid rod of length L and negligible mass as shown in | I |
Figure P10.40. For an axis perpendicular to the rod, N | L i
(@) show that the system has the minimum moment Mé | ?’”
of inertia when the axis passes through the center of - F L=x -
mass. (b) Show that this moment of inertia is [ = ul?, Figure P10.40
where u = mM/(m + M).

<

11
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50. Consider two objects with m; >
my connected by a light string
that passes over a pulley having
a moment of inertia of [ about
its axis of rotation as shown in
Figure P10.50. The string does
not slip on the pulley or stretch.
The pulley turns without fric- M
tion. The two objects are

released from rest separated by 2

a vertical distance 2A. (a) Use g
the principle of conservation of

energy to find the translational Figure P10.50

speeds of the objects as they
pass each other. (b) Find the angular speed of the pul-
ley at this time.

12
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51. The top in Figure P10.51 has a moment of inertia of
4.00 X 107* kg - m? and is initially at rest. It is free to
rotate about the stationary axis AA". A string, wrapped
around a peg along the axis A
of the top, is pulled in such > |~
a manner as to maintain a ’ ’
constant tension of 5.57 N. If
the string does notslip while
it is unwound from the peg,
what is the angular speed
of the top after 80.0 cm
of string has been pulled off
the peg?

4

Figure P10.51

13
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53. In Figure P10.53, the hanging object has a mass of m; =
0.420 kg; the sliding block has a mass of m, = 0.850 kg;

=)~ R R
and the pulley is a hollow cylinder with a mass of M = - [ X%
0.350 kg, an inner radius of R; = 0.020 0 m, and an ,,\3{(/,]
outer radius of R, = 0.030 0 m. Assume the mass of the j"\ "’

spokes is negligible. The coefficient of kinetic friction
between the block and the horizontal surface is u, =
0.250. The pulley turns without friction on its axle. The
light cord does not stretch and does not slip on the pul- _
ley. The block has a velocity of »v; = 0.820 m/s toward Figure P10.53
the pulley when it passes a reference point on the table.

(a) Use energy methods to predict its speed after it has

moved to a second point, 0.700 m away. (b) Find the

angular speed of the pulley at the same moment.

my I—_[U

14
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Review. An object with a mass of m = 5.10 kg is
7] attached to the free end of a light string wrapped
around a reel of radius R = 0.250 m and mass M =
3.00 kg. The reel is a solid disk, free to rotate in a ver-
tical plane about the horizontal axis passing through
its center as shown in Figure P10.55. The suspended
object is released from rest 6.00 m above the floor.
Determine (a) the tension in the string, (b) the accel-

eration of the object, and (c¢) the speed with which the )
object hits the floor. (d) Verity your answer to part '
(c) by using the isolated system (energy) model. Flgure P10.55

15
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A uniform solid disk of

radius R and mass M is free . /

i L Pivot T
to rotate on a frictionless PAEY S
pivot through a point on its -~ N
rim (Fig. P10.57). If the disk / \ l
is released from rest in the ! I
position shown by the copper- /
colored circle, (a) what is the ~——-
speed of its center of mass Figure P10.57
when the disk reaches the
position indicated by the dashed circle? (b) What
is the speed of the lowest point on the disk in the
dashed position? (c) What If? Repeat part (a) using a
uniform hoop.

16
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A long, uniform rod of length L. and mass M is pivoted
about a frictionless, horizontal pin through one end. ‘
The rod is nudged from rest in a vertical position as
shown in Figure P10.73. At the instant the rod is hori-
zontal, find (a) its angular speed, (b) the magnitude of L
its angular acceleration, (c) the x and y components of \
the acceleration of its center of mass, and (d) the com-

I'in @
ponents of the reaction force at the pivot.

Figure P10.73

17
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Review. As shown in Figure P10.77, two blocks are con-

[ nected by a string of negligible mass passing over a pul- .
ley of radius r=0.250 m and moment of inertia /. The /a(
block on the frictionless incline is moving with a con- -
stant acceleration of magnitude a = 2.00 m/s%. From )
this information, we wish to find the moment of inertia 15.0kg
of the pulley. (a) What analysis model is appropriate
for the blocks? (b) What analysis model is appropriate
for the pulley? (c) From the analysis model in part (a),
tind the tension 7°|. (d) Similarly, find the tension 7.
(e) From the analysis model in part (b), find a symbolic
expression for the moment of inertia of the pulley in
terms of the tensions 7; and 75, the pulley radius r, and
the acceleration a. (f) Find the numerical value of the
moment of inertia of the pulley.

@

My 20.0 kg

37.0°

Figure P10.77

18
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Review. A string is wound around a
uniform disk of radius R and mass T
M. The disk is released from rest
with the string vertical and its top h
end tied to a fixed bar (Fig. P10.78). ’L /

. . R

Show that (a) the tension in the M
string is one third of the weight of
the disk, (b) the magnitude of the
acceleration of the center of mass is
2¢/3, and (c¢) the speed of the cen-
ter of mass is (4gh/3)"/? after the disk has descended
through distance A. (d) Verify your answer to part (c)
using the energy approach.

Figure P10.78

19
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79. The reel shown in Figure P10.79 has radius R and d
moment of inertia /. One end of the block of mass m is
connected to a spring of force constant k, and the other ~
end is fastened to a cord wrapped around the reel. The
reel axle and the incline are frictionless. The reel is
wound counterclockwise so that the spring stretches a

[
distance d from its unstretched position and the reel is
then released from rest. Find the angular speed of the ]
reel when the spring is again unstretched. Figure P10.79

20
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80. A common demonstration, illustrated in Figure P10.80, / '
consists of a ball resting at one end of a uniform board e ;
of length € that is hinged at the other end and elevated i Support
at an angle #. A light cup is attached to the board at ek
1, so that it will catch the ball when the support stick
is removed suddenly. (a) Show that the ball will lag Hinged end ’_I
behind the falling board when 6 is less than 35.3°

Figure P10.80

21
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92. A cord is wrapped around a pulley that is shaped like
a disk of mass m and radius ». The cord’s free end is
connected to a block of mass M. The block starts from Ve
rest and then slides down an incline that makes an '\to)
angle # with the horizontal as shown in Figure P10.92. ‘

m__

The coetficient of kinetic friction between block and
incline is u. (a) Use energy methods to show that the
block’s speed as a function of position d down the
incline is g
B 4Mgd(sin ) — pcos )
U= m+ 9M Figure P10.92

(b) Find the magnitude of the acceleration of the block
in terms of p. m, M, g, and 6.

22
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3) During a certain time interval, the angular position of a swinging door is described by
0 =5+ 10t + 2t2, where 6 is in radians and t is in seconds, Determine the angular

position, angular speed, and angular acceleration of the door

(@) att= 0 sec

(b) at t= 3 sec.
(Q) ot t:u S
¢ oL
( ) a'}y“\q( Po_h *ﬂuv\ 6| =~ 5y lox® + Z—Xbl 2 8§ r"\C’\'ﬂv\
() o ‘
TYulor gpeed Jo
b= T 5 = o4 Mk
o <+ Uxo =10 r”\J/J

1

(f) anjudor cugu,ra,l{-'u/\ o/l = dw
—3-[,' -y rv\J/_,l

(b)at  £=23 ¢

(‘) ar\‘juior Pon}fu/\ G" . 2 =
- S+4i0ke + 2 x3 =~ 63 (od,
.

(2)
an mlol’
o * wt, p = o 4yt

/ =ls >+Yx3 ~ 22 WUJ

R

‘J_N:L, rnd/JL
dt

-— .

=Y Q':yv\'awl q(_urwl l‘o"\ 0(/
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5) A wheel starts from rest and rotéates with constant angular acceleration to reach an
=3¢~ —_—
angular speed of 12. O{rad/s in3.00's. Find B
(a) The magnitude of the angular acceleration of the wheel
(b) The angle in radians through which it rotates in this time interval. pealdd) %2,
o M aye e b NI
(o) & < ?' /\) B
Wiy +at
‘ 1
|2 - o0 +« %3 o« = Llrw/r

e =

) O st 4 Lat?

= B % %_XLIY.?L: 18 ro;a',“.,n/

—

11) A rotating wheel requires 3.00 s to rotate through 37.0 revolutions. Its angular speed at

the end of the 3.00-s interval is 98.0 rad/s. What is the constant angular acceleration of the

——

wheel? ,;7 w; e Q;‘A;;
B - N r2IL
;@u'j/ \9'5;“3,'/' ;( :W ""XL =y /W, = Wf _k O
2 i
e gk J_ e
6wt +t =(w, At L Hlakt = Wh ot e

[ XS

N L
=37 A =R %3 3 7(1. - 13-6 TaJ[J
——Zx

(29
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13) A spinning whéel isslo

wed down by a brake, giving it a constant an gular acceleration
of #5.60 rad/s"2. During a

4.20-s time interval,
is the angular speed of the wheel at the end of th

K =266 1ad ,Jl

the wheel rotates through 62.4 rad. What
e 4.20-s interval?

o
o - b+ of

et
- i ! L
at-éq.z go:l . 6*%“{‘L 42y ._,‘22\115‘6 % Y2
-~ £ & T
© - Y 1 0.
i
>~ 26.6 mJIJ
w+ ~w 4t

=26-6 - 5.4 *H L= .03 (“C)/J

_——————j ‘

(3
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19) A wheel 2.00 m in diameter lies in a vertical plane and rotates about its central axis with a

constant angular acceleration 0f4.00rad/s2. The wheel starts at rest at t = 0, and the radius vector

ofa certain point P on the rim makes an angle of 57.3 with the horlzontal at this time. Att=2.00s,
find  C=Yradt wrao 8~57.5" | t-2s.

() the angular speed of the wheel and, for point p, ‘\ @ - £7.5% X = Tra(/

" - ' /%0 N—\
2 rads

§ = W oot
B HyE =
-_———‘——_\ ]

(b) the tangential speed, e ‘.:.}»25\ Q|
V=rw = 149 = 2 mls

—

(c) the total acceleration,

Q. :!l___rlul _‘TU’I: "‘22_:611 Yn,jl
r B
MW=rel = | x U= Y st

Qa = qtl'*“(\ = 'L;L_' 6\’1 . 5\",_“'51

Q-tn"(i")-.l "(i) /j
= a ar - & oy
(d) the angular position. (\1.5\'* ;

DG:W,L‘ —'f‘-lia(tl
Q'G? - O + %#1le;g
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25)Ina manufacturmg process, a large, cylmdrlcal roller is used to flatten material fed

beneath it. The dnameter ofthe roller is 1.00 m, and while being driven into rotation around

a fixed axis, its angular position is expressed as r=0.5m

6 = 2,5t% — 0.6¢3

where 0 is in radians and t is in seconds

(a) Find the maximum angular speed of the roller. (W max ) =7

W:i@ = 5t _V.3¢t* , w/mtx .—_—)C?‘ZD
de &

Jw _ £_ 36t =0 5 k- 5 = .79 g

de T 2.6

mer| - 5(130) — ha(130) = 247 radf,
tnlt ,

PN G| s )
(b) What is the maximum tangential speed of a point on the rim of the roller?
qu+ :rwmllkf-o‘:')x.?LI? 174 m,}'
T

(c) At what time t should the driving force be removed from the roller so that the roller
does not reverse its direction of rotation? driy Pty 99"“ wler pRder - Yoante

AL, JKh v | D) P

W, = VLoV SN AT
W=gE 1.2t
© -5 -\gr

-t g 05“’“'/'0"(: o\ 5 as —yleo
/;ﬂ/ (d) Through how many rotations has the roller turned between ¢ =

= 0 and the time found in
A M part (c)?

0 G =Nzx2lt S5 N =€

2 TC

G=25t_obt?

2254 (292 - 04 (273 = 697 rad

_ \
- \ P\ R /\,_ {\‘f?— - [co2 r0+a\'l'um/}
\ 2n

R
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27) Find the net torque on the wheel in Figure about the axle through O, taking a = 10.0
cm and b=25.0 cm.

)

2 T._ —L—"—” T1 J‘_Tf f@\

F b 55 +E_12.s;a€ + F} 1, Sin€

B 2 1 A
) l/leG. 5 Sinqo +quo' 5 s.nqo + ,zfo_’
WLy st Gun-Ef

T =355 N.wm
ﬁ
YT sv _w Cas ez P
29) An electric motor turns a flywheel through a drive belt that joins a pulley on the motor
and a pulley that is rigidly attached to the flywheel as shown in Figure P10.29. The flywheel
is a solid disk with a mass of 80.0 kg and a radius R = 0.625 m. It turns on a frictionless
axle. Its pulley has much smaller mass and a radius of r §#=0.230 m. The tension Tu in the

upper (taut) segment of the ba is 135 N, and the flywheel has a clockwise angular

acceleration of 1.67 rad/s2. Find the t:nsion in the lower (slack) segment of the belt.

3 s ‘_"D'—-'}Jll) ) M
- -A‘a_’)\dfs'?u‘ . " s :'"h‘;x
Tur =0 PR
i R K
u -

of = 1.6 (au”_;l "Rr-i-—’:r :%_—M‘LIO(

Figure P10.29

v g ’:-,)-Emr"-
=135 +L x 8o (0.625)" 4 |67 W

0.2%6

LL = BLEad Co i qz\”lk}é\‘)‘}’mm‘d

o Sofoi® g
7 N\ e i
5 oat R AW P
(A SN s Ny vt |

)

S S ey O ST A
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32) A block of mass m1 = 2.00 kg and a block of mass m2 = 6.00 kg are connected by a

massless string over a pulley in the shape of a solid disk having radius R = 0.250 m and

mass M = 10.0 kg. The fixed, wedge-shaped %El.p makes an angle of 8 =30 as
Figure. The coefficient of kinetic friction is 0.360 for both blocks.

(a) Draw force diagrams of both blocks and of the pulley.

mj(u){‘.

(b) Determine the acceleration of the two blocks

v

F;r ml 2¢£ - a
\
T; -Ik = Ma
\
—T.' —/Akmlﬂ =ma

T = ml“"”/qkm-%

TI ~ 2240 +0.36 x2x9.2 :m

©®
Fer m, = T = mn
/@\l'\\

T = mqSinG - rﬂ(co/G-ﬂ"q
2 \j 6/4&1_‘35 LY

_ 6x9-€ 5080 - 0.36 #629.8 oy 30 - 6 xa

©

31 = Y
T|'1-El :IO(
R+ R %'MR/I(%’)
.-‘," =y :‘iMa\

S

(c) the tensions in the string on both sides of the pulley

shown in

r_'*p),”a;bﬁ

i >\J -
: f T 6ky
«\ I ey
t : -)
‘. AT N [.l',mjj,'/@
n!
T, IR
&
g T

e IEp Yy oo PR
y dﬂl—’w);_’vr‘lé;d(i

7
( ll.c>é.1_6q’._'l,c.15 - !7:%-]0( a

S
Yol - da = Ba
il = l%a DHa=03 mlst
13 =",
© Lav [Hus Kz
T, =F.05 +2 x (©.3)
T = %63 W

@) Loz 2
Ta siliek - Lile1}
TL: q.26 NV

N

)

Scanned with CamScanner



35) The combination of an applied force and a friction force produces a constant total
T3P torque of 36.0 N . m on a wheel rotating about a fixed axis. The applied force acts for 6.00 s ¢
—

s. During this time, the angular speed of the wheel increases from 0 to 10.0 rad/s. The

DL-b e . .
- applied force is then removed, and the wheel comes to rest in 6_(_):0 s. Find B
= e - wo 5 @—lphﬂ;gu;P L()u:p)”‘l‘;'f i
w} 2 |°¥05( s (a) The moment of inertia of the wheel, ‘ - /
== o’ / & |
(b) The magnitude of the torque due to friction allGath ¥ = (vl )
AP

(c) The total number of revolutions of the wheel

@ 2T=Tx —1=2F - 3 ¢ = 20 6kg m®

(b) -
LT =1 o = W-W  o-lo
fooz206x zlo =36 Nm oL Eo

6o +
(c) - .
> W= 5H0E 2
fL\)D‘,(\é ‘Z-E =) bé :'/\-Jl.i'&bh = (w'__—tlk}{)){ b e
153! = Wi i

/ = ‘(0"__:—(07 Xb = s tad

N= 8 -3 437 rdaon,
21C

R
y\ /56 =] Nav X’At :KN," _‘_W‘ )bf
T

= (lo;—f—o) % 6o =~ oo raJ/
—_—

. 3%
/\i' 27 = q’}; Yo tad o o

Fhe btad. =N +N - 437 4477 <5252 rebdions
ey _/‘\ /)

\8)
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50) Consider two objects with m1 > m2 connected by a light string that passes over a pulley
- having a moment of inertia of I about its axis of rotation as shown .The string does not sllp

o pr 3
on the pulley or stretch. The pulley turns without friction. The two objects are released

from rest separated by a vertical distance 2h

(a) Use the principle of conservation of energy to find the translational speeds of the objects
as they pass each other. (L}ﬂ)“ S s Lis o loo Lt o

(b) Find the angular speed of the pulley at this time

a) 5

% 5/}/ /}(_}y/ ,<'f+kf—" " i

oa |
""3‘\ +'*w(—”) = 7" I |

h ) k -;- m-g_j h

(10)
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. The wop in Figure PLO.51 has a moment ol inertia of

A, e net T4 xe! Egemt
400 X 107 kg + m? and is initally at rest. Itis {ree w -

rotate about the stationary axis AA A swring, wrapped W "y

around a peg along the axis - B

ol the wp, 1s pulled in such
a4 manner as 1o maintain a

- [~ 554N
constanttension o' 5.57 N If

A

§ N . « ¢ l /

.);5 Y the string does notstip white @Bt
- |
v i
|

\ 74

o

rl

")/fp itis unwound from the peg,
d)\S"‘ what is the angular speed

%2 of the wp after 80.0 cm
06)4; ol string has been pulled off el

A
9~ the peg?
. / peg

05\’,:3;1"); Ef:é

2% 55} X0 4
t‘/fYLe’1

-
TN
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53) In Figure , the hanging object has a mass of m; =_Q._442'0 kg, the sliding block has a mass
of m=0.850 kg, and the pulley is a hollow cylim'derm a mass of M = 0.350 kg, an inner
radius of Ri=0.02m, and an outer radius of Rz = 0.030 m. Assume the mass of the spokes
is negligible. The coefficient of kinetic friction between the block and the horizontal
surface is uk— 0.250. The puiley turns without friction on its axle. The light cord does not
stretch and does not slip on the pulley. The block has a velocity of vi= 0.820 m/s toward

the pulley when it passes a reference point on the table.

(a) Use energy methods to predict its speed after it has moved to a second point, 0.700 m
away. Pl ln— L z-M-S‘)‘ to, =) aze — ke

(b) Find the angular speed of the pulley at the same momicitt. _a I\‘,‘/ L

e well Ukl ey o et ] ]
Ly +'mu +LlIw?® O—}"‘ém‘“-‘z(mﬁ"’m}\;’ W om
: / W, 2
g myyt +LIGY = mgh o (=) D $TY, g2y d
. R N — K | M(? ' 1)
. M(]?;ITK_) el §
il r gk .p 2 e i
I;\L‘\?&b = 3':(“? 1-)'717) U”. + Ji/H(fl 4R1) _‘%_1 .*.mk?}\ -/\1 ﬂ;ﬂ cL U: Jeos 5 "
(Lim+m) +'—M‘( ‘ - :

R2.4%)
e r L"”} 5 ) ﬁ»’\LL_rfﬁ,f_i)
¢, L

(12
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il
- 55)An Ob_]CCt with a mass of m = 5.10 kg is attached to the free end of a llght string wrapped
around a ree[ of radius R = 0.250 m and mass M = 3 00 kg. The reel is a solid dlSk free to

rotate in a vertical plane about the horizontal axis passing through its center as shown in

Figure . The suspended object is released from rest 6.60 m above the floor. Determine

(a) the tension in the string,

b) the acceleration of the object

(c) the speed with which the object hits the floor.

(d) Verify your answer to part (c) by using the isolated system (energy) model rr

3% 025"

—T: lﬂj—- ma
=Snq.d — 5 K754 =

= Ooqg )(J-m.'L

-3¢ NV

hﬁ_

<

*C_

a- 7.5%

Jdﬂfl '

m
\!Il:l)‘l;.ZqL J

. Jo'+.247.58 x &

= 953 m)s

(1%
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the dashed circle?

position indicated by
‘u‘(l,w}"dﬂob Las i1 2p

Ly !@(L—
(b) What is the speed of the lowest point on the disk in the dashed position? ./’;
s TlAJ':J a/L,' . [l:(l!"‘*‘ ‘\‘A’
(c) What 12 Repeat part (a) using a uniform hoop h = R. ' R, \\‘ l
s - W= & { flb‘;‘_,..":. g
ol e SV Y MWy 2l \ j §
f f - \ g
Le ICM 4 imk t 7(’4( UNLor h"()
-1 1 p e
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j l = _‘E—Nk 1 IM—" Nﬂz
¢ 1
) ZPRE = MK fﬂﬂrl
[LUPN = ;,f\/ ‘:"1'7
£, <
U 4k

e = B
R = 5
r??/?f- o +£'_[u/" Mjﬂ :E'_ T)w?
my? :-}(g“ﬂl) wt

gl L (lﬂﬂljwl

72_3
v = 23K mi *
f‘ﬁ'

-

\4)

LN e e
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73) A long, uniform rod of length L and mass M is pivoted about a frictionless, horizontal

pin through one end. The rod is nudged from rest in a vertical position as shown in Figure .

At the instant the rod is horizontal, find W=o

(a) its angular speed ¥
. l
(b) the magnitude of its angular acceleration

i
i
. i
(c) the x and y components of the acceleration of its center of mass f
Tl 2 A ‘o \

{
(d) the components of the reaction force at the pivot Lo ST
JPYP I b s | l@—tﬁﬁ__
a) ’ E,’ = E{ | &) M
Lﬁf ‘f'ki( :uf, + k; iF)( —:MQ’( /\b
ey - e o - A(2g)
w=[ Mgl [k 9
_:‘)_c:. = 3__:9_—— = L S :Na\)
1 AL” J
- -2
‘ f-ry=1(F5)
T < F - (-3
b 2T~ I« 3= My ( Z)
My(Ly) = LMbE o 1
\3(2"4 g Fj = Lfﬂj
A = )ﬁfﬁ = 3__2
2L - 2L - .
U FozMgi+bly ) ov)
3
Lr—),—\,i "”’-’/’__\
A v :
s —ag s v 3
¥ “E(s3
o =zl 7)
a, =23
—
KA
g =]
22
g |
-2y
= . ; mly
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y a string of negligible mass passing

ertla 1. The block on the fr
2.00 m/s2. From this

—

ure, two blocks are connected b

77) As shown in Fig
ictionless

over a pulley of radius r = 0 250 m and moment of in

a constant acceleration of magmtude 4=

incline is moving with
information, we wish to find the moment of inertia of the pulley-

CE Gl g 2522 o
(a) What analysis model is appropriate for the blocks? net forre = Mo

(b) What analysis model is appropriate for the pulley? ek tovwge = L

,(c/) From the analysis model in part (a), find the tension T 1. /;(

(deimilarly, find the tension T 2.

15.0 kg
(e) From the analysis model in part (b), find a symbolic ,,:}/
5
expression for the moment of inertia of the pulley in terms 7
s ﬁﬁ?,ll‘

of the tensions T1 and T2, the pulley radius r, and the

acceleration a.

(f) Find the numerical value of the moment of inertia of the pulley.

r &) ET = IX

(C\ F-rm‘-_

iF/ o ma -
SSMG = ""0‘ -
.
T = m.jSMG sma =15 x92¢<in$] +15« 2 b’ﬂ/—\ .
T" = 118N

] T
Ld‘ For m= [) I o f“ (—-T"-T‘-‘)
2 a
EE. - )
. = e2s® (-ng41%)
m_‘j—-(:m_l_q o

Tx = m(g=a
1"9 ) - '-I¥ EJ.ML
220(98 -2 -
) R
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jew. A string ;s wound arou nd a

Rev allil |
uniform disk of radius R and mass 1 1 ,r
M. The disk is released from rest V=@ N a = 2 T = 2 XJ!"
with the sting vertical and its top LI N | M - —
end tied 02 fixed bar (Fig. P10.78). \ ‘, AR ?4
Show that (a) the ension in the A »'-}f ﬁ
string is one (hird of the weight of L il by ;
the disk, (1 the magnit de of the /Mg -

e l\“_-()) AQIA onl L.l L.()' Figure P10%8 jj'
accelerauon ol the centel ol mass 18 4“;
2a/3. and (c) the specd ol the cen-
ter ol mass i3 (40'11/3)"'2 alter the cisk has descended

5 15 Aea c -
through distance h. (d) Verify your answer to part (c) S)‘m) ’H\u* = ”’jh
using the energy approach. 3
( a) 5}']0& ‘n\sb\’ the YenSion YAl ”’\1 _S}f.'r\:j s U":o
ong it o e wer h .
kv of A disk -
'd \jn :_.;r—/ -‘Jk Ul:u’1+2ak
-pr\-a',nltrg\_’) g § A W) 2 {
=
N
- |2x2ah
e 5 = may- f o J
T=Ha ey lij lq
AN

//704)’.\)”:,:’ poaw” S A
St=l« <3,
T ‘
8 -5(4)

T = zM/k ‘

e (%)

disk

LX)y

)

-
-—

- P/-:)k\g\ :)JJU‘/'\ ’;1 _L
' "}j\_”)\ “—)JIL(-\ l
£ = Ef

T T AR

L My? e
(i)Y
R

Mgk =31 +lp)v’®

W\j],\
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“The reel shown in Figure P10.79 has radius R and
moment of inertia 1. One end of the block of mass mis
connected to a spring of force conﬂl'\n_t':f» and the other
end is fastened o0 a cord wrapped around the reel. The
recl axle and the incline are frictionless. The reel is
wound cognterclockwise so that the spring stretches a
distance(d rom its unstretched position and the reel is
then released from rest. Find the angular spee »d ol the

reel when the spring is agdm unstretched.
» V/S . - ' - .
Vizo @\é,‘/\' ;)/vf‘_\ gD o AU (PRIl

Figure P10.79

oy S Vs B = m‘v)\ Raod 0 Lis N e
Ld\ o
U4 U r< ! e
JJ'/ gi "- . { —+ + "f‘ / T F + <;'F + k;/, +kﬁf
\ 2 = g
kd mjk 0 +,£m/ _Jré,\fwl
tpa® 4 mg(sng) = L@ <LTur Sin® = h_
W d
\ 1 . W !
= %d ) (dsine) - "i\me}__: ,%_) W = Sine %d
p L . E'_);:J\)._)U
ko . _
L0t wmgding = Lui( et )

W ':\/Uilcél 'fmjc’ s:qe,))(l
mpt —+ I
X

—
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(L 7ﬁ,;‘)2i (Fe 11)1—1(‘2)#09”—’(-

T —

.

80. A common demonstration, illustrated in Figure P10.80,
consists of a ball resting at one end ol a uniform board
of length € that is hinged at the other end and elevated
at an angle 6. A light cup is attached 1o the board at
I so that i will catch the ball when the support stick T U A

Jis removed suddenly. (a) Show that the ball will lag Hinged end ) i
behind the falling board when ths less than Ei:wr;‘;‘a“. o MO . |

7 1

~ s me ey . Figure P10.80
355 A:,\/\ ~E b s wes Pl nf)'yl(w_’_

Support
stick

(B) e 5 gl Rl

a, - = =
vt Tdrzel P%&-j’(ctuc»xl( - 2gcon
/ —
O = ¢ o
J o ETE L gee -
> _ . 3 2
= O une Y S =P @>/j 2 V) 4
J? C"’L@) . 2 '
'Zj = /j/ =) Cos G Z%L
5
CuQ? Y )
ery L gz
b) A.Ukﬂ\.' "H‘Q baae - '
j 15 ) v alo

':j an s Supp, u ok i l\'h.\' ;
theb the CAP  muyt 196 '3-qc [ Pl “‘5 “"‘\j an/L(‘ Shew
fern ‘Jl’e hf\duf\(j l‘ér\J_ . -
fers LI A IR EWWRT 1Y %MZQ

-~ g
~ U \)‘(

Ye = Llesya = | ceg 35.3

-—

= 2.816 el

J:L—-((': \'—-0_2\6-_01%‘_' . C):L_(c.

Z18.U o~
(ta) = 7
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=\
92. A cord is wrapped around a pulley that is shaped like l AL

2
a disk ol mass w and radius 1 The cord’s [ree end s . ,\J_)j,
connected o ablock ol mass M. The block starts [rom e T -
VeV rest and then slides down an incline that makes an MH,) v 7_ ) Q.
angle 6 with the horizontal as shown in Figure 10,92, Y
Tlu coelligient of kinetic (viction between block an | ;
incline is, @(1) Use energy methods (o show that (he - / J m
block's specdl as a function of position d down the Cb £ T
incline is | 91/ . v
: g Co B
o \/%\lg/l(sm ) = pcosd) j
T m =+ 2\ Figure P10.92 Sin( — h_
(b) Find the magnitude of the aeceleration of tlu block
interms of . m, M. g, and 6.

(a) E_'— E —~ OCC/

(,\T_,g{!“*
I<
+/jj} _// R}f d—/'zn
n\myk-}- - 0 +|mUY+‘Iw+/2mcq,eJ-
M‘jclm'r@ = -‘,)-_HVI +?'7‘m"{;_\’g 4}",\&43’5% J
/‘Byc(g(q@ _/\2 )& C&L@(/" %—Vz M{‘;J—m)
Myd (sia e ~Mocss) = Vl(zﬂjm
Vf uﬂjcf(Suﬂﬁ ~Ji ¢2)
2ZM
= ©
b)
U{f t Yt _,f_lqc/
e \g( l‘uf =4 ﬂjJ/(glrlg — )Jz o) —O 2
T :2M+""‘ - = Hj (5':"9’/\)/(055-9)
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