Selected Problems
from Chapter 10



1) The angular speed in rad/s of the minute hand of a watch is:
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2)A wheel of radius 0.10 m has a 2.5 m cord wrapped around its
outside edge. Starting from rest, the wheel 13 given a constant
angular acceleration of 2.0 rad/s**2Z. The cord will unwind in:
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A rotating wheel has an initial angular velocity Wo.
After 3.00 s its angular velocity is 98 rad/s.If it
completes 37 revolutlons during this 3.00 s interwval,
find Wo (assume constant angular acceleration).

57.0 rad/s t =3.00s, w=98rad /s,
88.0 rad/s 27 rad
O st AQ =37 rev x = 232.5rad
41.0 rad/s 1 rev
32.0 rad/s

ZXQ::CU4-abt

2
232.5= 28+ 30
@, = 2% 2325 —98=57.0rad /s

3.00



Four identical particles, each with mass m, are arranged in the
%, ¥ plane as shown in Fig. . They are connected by massless
rods to form a rigid body. If m =2.0 kg and a =1.0 m, the

otational inertia of this array about the y-axis is:
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| => mr? =mx0+2m xa’+m x(2a)* =6ma’
=6x2.0x1.0°=12kg.m"*



5) A uniform rod of ma = 1.2 kg and length L = 0.80
pivoted at point P and rests on a horizontal smootl
(Fig ). If a force (F =5.0 N, theta = 40 degrees
as shown, find its angular a '

Al 10 rad/s**2
A2 16 rad/s**2
A3 12 rad/s**2
] . o .‘. ......................................................... L .................................................. }
A4 8.0 rad/s**2 ;
AS 33 rad/s**2 ?S
T=la M

7=FLsin40=5.0x0.80xsin4=257N.m
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_ %xl.Zx 0.80° = 0.256 kg.m’

oc:IZ Gl — = —10rad/s?
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6) A 10-kg block 13 attached to a cord that is wrapped
around the rim of a flywheel of radius 0.5 m and hangs
vertically (see Fig. ). If the moment of inertia of
the flywheel 1is 0 kg.m**Z, find the magnitude of the

inear acceleration of the block. ‘

5.4 m/s**2 L:\ E——
9.8 m/s**2 T
0.0 m/s**2
2.0 m/s**2 T a |
3.5 m/s**2 _
mg-T=ma (1) 4 }
. put(2)in(1) ~ v mg
|
a mg—-—a=ma
TR=|X(EJ TR
| a:LIgz 1020 0.80=5.4m/s’
T=—a (2 m+— 10+
R2 () R2 052



7) A

disk has a rotational inertia of 6.0 kg.m**2 and a constant
angular acceleration of 2.0 rad/s**2., If 1t starts from rest,
the work done by the net torgque on it during the first 5.0
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8) The rigid body shown in Fig. 1s rotated about an axis
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perpendicular to the paper and passing through point P.
If M= 0.40 kg, a = 30 cm, b = 50 cm, find the work
required to increase the angular velocity of the body
from rest to 5.0 rad/s. (Neglect the force of friction,
mass of the connecting rods and treat the particles as
point masses).
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=>"mr, =3M x(0.3)? + M x(0.5)°
=0.52M = 0.52x0.40 = 0.208 kg.m*
1 1 1 1

W=AK == 1o’ + = lw? == low? ==x0.208x5.02 = 2.6 J
2 2 2 2



9) A disk starts from rest and rotates around a fixed axils, subject

7

to a constant net torque. The work done by the torgque from t=0
0o t=3.0 5 i1s Wl and the work done from t=0 3 to t=6¢ 35 is WZ.
The walue of W1/W2Z 1is:
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+*4 The angular position of a point on the rim of a rotating
wheel is given by 6 = 4.0r — 3.0¢* + ¢, where # is in radians
and 1 is in seconds. What are the angular velocities at (a) 1 =
20sand (b) r = 4.0 s? (¢) What is the average angular accel-
gration for the time interval that begins at r = 2.0 s and ends
atr = 4,087 What are the instantaneous angular accelerations
al (d) the beginning and (e) the end of this time interval?



4. lfwe make the uvts explicit, the functoon &
d=40rd/! 5= 30rad s |0 + 10 rad/ 8 |

but generally we will proceed as shown in the problem—Iletting these units be undersood.
Also, in our margpulatiors we will gepemlly not display the ccefficients with their proper
number of sigruficant figumes.

ia) Eg. 104 Jeads o

= — 4= ¥ 41" = e G4
&

Evaluatng thos at = 2 s vields 6% = 4.0 md's.
ib) Evaluating the sxpression inpan (a)at i = 4 5 gves 64 = 25 md's.

o) Comsaquenthy, Eg. 10.7 gives

%
|
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F, =—d—i= |2 ad/ .

idl And Eq. 10-8 gives

o= _ 8 Grit)= 6,
[l § [l §

Evaluating thes at = 2 s produces s = 6.0 rad's"

2y Evaluating the expresaon in pant (d) at =4 s vields &y = 18 rad's’. We nooe that cur
anser for fyyy does wen oot to be the arithmetic sverage of o7 and & bot point ot that
thus =ill not aleay s be the cose.



*11  Starting from rest, a disk rotates about its central axis
with constant angular acceleration, In 5.0 s, it rotates 25 rad.
During that time, what are the magnitudes of (a) the angular
acceleration and (b) the average angular velocity? (¢) What
15 the instantaneous angular velocity of the disk at the end of
the 5.0 s? (d) With the angular acceleration unchanged.
through what additional angle will the disk turn during the
next 5.0 57




11. We smaime the sense of rotation i1s positve, whach {smoe it siaris from rest ) means all
quartities | angular displacermenis, accelemtions, eio. ) are posiive-valuesd.

ia) The angular acceleranon satisfies Bg. 10415

'Etad=é|::l'l_5.|:|ﬂ: —= = 2.0rad's",

i b The average angular veloaroy 15 given by Bg. 1025

_;'I.!J_ESE.:-:I
TEOAr 508

e = 50rad/ =

i) Using Eq. 10-12, the irstantaneons angular velociy at =505 1s
dr=2.0 ra-:l.'s."ll_S.I:l si=10rad! =.

id) Acoording to Eq. 10-15, the angular displacernent at i = 10515

|

3

d=a,+ aﬁ:ﬂ%ﬂﬂmm’ = 100 rad.

Thee, the displacement beteeen f = 55 and d = 10 s 15 A= 100 - 25 =7 5 mad.



*22  An astronaut is being tested in a centrifuge. The centni-
fuge has a radhus of 10 m and, in starting. rotates according 1o
# = (0.30r%, where 1 is in seconds and @ 1s in radians. When 1 =
5100 s, what are the magnitudes of the astronaut’s (a) angular
velocity, (b) linear velocity, (c) langential acceleration, and
(d) radhal acceleration?



22.1a) Using Bg. 104, the angular velociiy at § = 50515

=22 =Zinand
di |y, o

b Eq. 11.1%8 gives the linear speed at dm 508 v=d@r= (5.0md'sd 10 m) =50 m's.

= NOE0S0=30md/ =
Imdid

i) The angular accelemation is, from Eg. 10G8,

=9 _ 9 0606 = 060 rad! 8,
Fed ) Fed )

Then, the tangenial accelemtion aif = 505 5 wsing Eq. 10.22,
a, =rid={10m0.60rad/ s | =60m/' s
id} The mdial {centripe=ial j acceleration B given by Eg. 10.25;

a. = :ia!':.f=|:3.lil r.:u-:l.':r::{I.I:l m' = Al mis



M Figure 10-32 gives angu-
rspeed versus time for a thin
md that rotates around one
md. (a) What 1s the magnitude
ol the rod’s angular accelera-
ion” (b) At r = 4.05, the rod
s a rotational Kinetic energy
of 1.60 J. What is its kinetic en-
ergy at = 07




34, (a) Eq. 10-12 implies that the angular acceleration ¢ should be the slope of the @vst
graph. Thus, &=9/6 = 1.5 rad/s".

(b) By Eq. 10-34, K is proportional to . Since the angular velocity at = 01s -2 rad/s
(and this value squared 1s 4) and the angular velocity at f =4 s is 4 rad/s (and this value
squared is 16), then the ratio of the corresponding Kinetic energies must be

K., 4

K-16 K,=WK,=040].



=30 In Fig. 10-35, two par-
ticles, each with mass i = (.85
kg, are fastened 1o each other,
and to a rotation axis at €2, by
two thin rods, each with length ,
d = 3.6 cm and mass M = 1.2 Rianion axis

kg. The combination rotates

around the rotation axis with  Fig. 10-35 Problem 39,
angular speed w = (L30 rad/s,

Measured about €2, what are the combimation’s (a) rotational
inertia and (b) Kinetic energy?




539, The particles are ireated “poani-like”™ in the sense that Eq. 1033 vields thear rotatonal
ip=rtia, and the rotational inerta for the rods is figored wveing Table 10C282) and the
parallel-ax & theorern 1Eq. 10.56),

iay With subscopt | standing for the rod neares the axis and 4 for the paticle fanhest

From i, we hove
L oo &
it

=?-.m’+sm" =%u.z kg /0056 mi +5(0.85 kg)(0.056 m¥
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T=l+0L+1L+0=

E,,-] ] i 2

=023 kg-m".

bl Using BEg. 10234, we have
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eeg1  Figure 10-40 shows a
uniform disk that can rotate
around its center like a merry-
go-round. The disk has a ra- _
dius of 200 cm and a mass of

200 grams and is initially at Fig. 10-40 Problem 51.
rest. Starting at time ¢ = (), two forces are 1o be applied 1an-
gentially 1o the nm as indicated, so that at time ¢ = 1.25 s the
disk has an angular velocity of 250 radfs counterclockwise.
Force F, has a magnitude of 0,100 N. What 1s magnitude F,?




531. Combining Eq. 10-45 (T, = I @) with Eq. 10-38 gives RF, — RF, = lez, where
a=w/t by Eq. 10-12 (with @&, = 0). Using item (c) in Table 10-2 and solving for F>; we
find

B MRwm

(0.02)(0.02)(250)
Fy= 2t

2(1.25)

+F, = + 0.1 = 0.140 N.
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