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Problem 1

In the figure, constant horizontal
force of magnitude 10 N 1s applied to
a wheel of mass 10 kg and radius

5
0.30 m. The wheel rolls smoothly on Fapp
the horizontal surface, and the

acceleration of its center of mass has

magnitude 0.60 m/s2. (a)What is the
frictional force on the wheel? (b) What is the rotational inertia of the wheel
about the rotation axis through its center of mass?
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(a)magnitude of the frictional force on the wheel=__ N
01: ANS:=4

(b)the rotational inertia of the wheel=__ kg.m2

02: ANS:=0.6

Solution:



F_-f=ma = f=10N—(10kg)(0.60 m/s*|=4.0 N,

- ) the acceleration of its
f.=(—4.0 Nnu center of mass has
magnitude ().60 m/sZ.

|0 = |acom| / R = 2.0 1ad/s”. R=0.30m.

The only force not directed towards (or away from) the center of mass
is f_'s"
7/=Ile| = (0.30m)(4.0N)=1I(2.0rad/s’)



Problem 2

A uniform ball, of mass M = 6.00 kg and
radius R, rolls smoothly from rest down a Iy
ramp at angle # = 30.0° (see figure). (a) The

ball descends a vertical height A = 1.20 m to

reach the bottom of the ramp. What is its speed -

at the bottom? (b) What are the magnitude and g et
(c)direction of the frictional force on the ball

as it rolls down the ramp? (03/)\iE8)

(a)speed at bottom= m/s

03: ANS:=4.10

(b)magnitude of the firctional force= N

04: ANS:=8.4

(c)the direction of friction is in: 1=+x; 2=-x; 3=+y; 4=-y

05: ANS:=1



Problem 3

In the figure, a solid brass ball of mass 0.280 g
will roll smoothly along a loop-the-loop track
when released from rest along the straight
section. The circular loop has radius R = 14.0
cm, and the ball has radius » < R. (a) What is
h if the ball is on the verge of leaving the track
when it reaches the top of the loop? If the ball
is released at height h = 6 R, what are the (b)
magnitude of the horizontal force component acting on the ball at point Q?
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(a)h=___ cm

06: ANS:=37.8
(b)) N=___ N
07: ANS:=1.96E-2

Solution:

8. Using the floor as the reference position for computing potential energy, mechanical
energy conservation leads to

| N .
T S 7 gD s e 2,
y =K, ,tU, = mgf?—_)nnmm—l—_}j’w +mg(2R).
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Substituting I = 2m” (Table 10-2(f)) and @ =+__/r (Eq. 11-2), we obtain
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where we have canceled out mass m in that last step.

(a) To be on the verge of losing contact with the loop (at the top) means the normal force
1s vanishingly small. In this case, Newton's second law along the vertical direction (+y
downward) leads to



2

1V
mg=mda,=> g= R‘:‘”“
—_— l]“‘

where we have used Eq. 10-23 for the radial (centripetal) acceleration (of the center of
mass. which at this moment is a distance R — » from the center of the loop). Plugging the
result v, = g(R—r) into the previous expression stemming from energy considerations
gives

-

=L (&)(R~r)+2¢R

oh

which leads to #/=2.7R—-0.7r=2.7R. With R = 14.0 cm . we have # = (2.7)(14.0 cm) =
37.8 cm.

(b) The energy considerations shown above (now with s = 6R) can be applied to point O
(which. however. is only at a height of R) yielding the condition

i
574 LA
2(6R) o Ve + 8

which gives us v =50g R/7 . Recalling previous remarks about the radial acceleration,
Newton’s second law applied to the horizontal axis at O leads to

"
Vo 50eR
N=m—2 = =

R-r 7(R—7)

which (for R > r) gives

= o = - -4 1. 2 5
N 50mg :JD(-.SUXIO kg)(9.80 m/s }:1.96><ID‘“ N
7 7




Problem 4

In the figure, a solid cylinder of radius 10 cm
and mass 12 kg starts from rest and rolls
without slipping a distance L = 6.0 m down a
roof that is inclined at the angle § = 30°.
(a)What 1s 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?
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(a)the angular speed, w=____ rad./s

08: ANS:=63

(b)the distance from the roof'sedge=___ m
09: ANS:=4

Solution:



h=6.0sin30°=3.0m
U; = Mgh
K, =iMv+ilo’.
v=Rw I=1MR’
L MR’ @° +iMRzml :%MRE.*::JE.

— ik
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Mgh TRy
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T [
1 /4 1 I'i(Q_S 111/52)(3.0 111) =83 l‘ad/S.

= —_|— -
RV3% To10m\3

vo=Rw= 63 n/s,
. s O_ & / .
Vy, =V, c0830°=5.4 m/s
i e K [ )
Vo, =Vpsin30°=3.1 m/s.

x=vy,t and y=v, I+ - at’.

—V ,+,/v2,+2 H
y=H=50m N o T8 =0.74s.

g
x=(54 m/s)(0.74 s)=4.0 m.




Problem 5

In the figure, rolls smoothly from rest down a

ramp and onto a circular loop of radius 0.48 m.

The initial height of the ball ish=0.36 m. At

the loop bottom, the magnitude of the normal l

force on the ball is 2Mg. The ball consists of

an outer spherical shell (of a certain uniform

density) that is glued to a central sphere (of a different uniform density).
The rotational inertia of the ball can be expressed in the general form

I = BMR?, but Bis not 0.4 as it is for a ball of uniform density. Determine
B.

TEE D - R IR B IRE KB IRE RE B £ 50.48 mMIEDBR L -
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P=___
10: ANS:=0.5

Solution:
Fy—Mg = Mv'/r Fy=2Mg)
& =R = g1 R,

Leom = 2MhR*/r — MR* = MR*[2(0.36/0.48) — 1] .

B=2(0.36/0.48) — 1 = 0.50.



Problem 6
The figure shows a rigid structure consisting of

a circular hoop of radius R and mass m, and a Rotation axis
square made of four thin bars, each of length R >

and mass m. The rigid structure rotates at a /Nn
constant speed about a vertical axis, with a kR f/ \
period of rotation of 2.5 s. Assuming R “ 2R
R = 0.50 m and m = 2.0 kg, calculate (a) the S k)
structure's rotational inertia about the axis of S
rotation and (b) its angular momentum about

that axis.
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(a)I=___ kg.m?

11: ANS:=1.6

(b)angular momentum, L=___ kg.m?/s
12: ANS:=4.0

Solution:



For the hoop,

Of the thin bars (in the form of a square), the member along
the rotation axis has no rotational inertia about that axis

2 1 ) 2 3 >
L=1 S mh = EmR‘ +mR" = ;mR‘ :

L=1_+mh’=0+mR>=mR’.

I,=1_ +mh’ in7R2+ﬁ?(£] :im}?2
12 2

com
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L=1,

the total rotational mertia 1s

L+, +1,+1, :%H’?RE =16kg-m’

(b) The angular speed is constant:

Thus, L=1__ @ =40kg-m’/s.



Problem 7

The figure is an overhead view of a thin

uniform rod of length 0.800 m and mass M ‘\
rotating horizontally at angular speed 20.0 :
rad/s about an axis through its center. A
particle of mass M/3 initially attached to one
end is ejected from the rod and travels along a path that is perpendicular to
the rod at the instant of ejection. If the particle's speed v, 1s 6 m/s greater
than the speed of the rod end just after ejection, what is the value of v,?

ERTESm  BEEMMNAIENFRRE  ZEEEFEEDP LM
B1{20.0 rad/sBYABERIKF el - UM EE IR E S /M/3RYRL
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Rotation J
axis

Vp= m/s
13: ANS:=11
Solution:

By angular momentum conservation

L+L =L, +1,
I 1 2 fir 1 2
(E)mvp +t oML w=L o+ Mo
L=m (L-"'E)l

@ = Vend/r = (vp — 6)/(L/2),
M = 3m and @ = 20 rad/s.

vp = 11.0 m/s.



Problem 8

In the figure, a 1.0 g bullet is fired into a 0.50 o A
kg block attached to the end of a 0.60 m

nonuniform rod of mass 0.50 kg. The block-

rod-bullet system then rotates in the plane of

the figure, about a fixed axis at A. The Rod
rotational inertia of the rod alone about that

axis at A is 0.060 kg.m?. Treat the block as a
particle. (a) What then is the rotational inertia
of the block-rod-bullet system about point A? |
(b) If the angular speed of the system about A — Block
just after impact is 4.5 rad/s, what is the Bullet
bullet's speed just before impact?

FEED - #1.0 g FIESEEIR]0.50 kgt P - sZIREFERE=70.50 kg -
0.60 m3FITEENKIE - AR @ B-B-TFIERAREAERNE EEHE B
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(a)I=___ kg.m?
14: ANS:=0.24
(b)bullet's speed just before impact, v,=__ m/s
15: ANS:=1800
Solution:
(a) With = 0.60 m, we obtain 7= 0.060 + (0.501)" = 0.24 kg - m".

(b) Invoking angular momentum conservation, with SI units understood,

ly,=L, = myy=Io = (0.001)v,(0.60)=(0.24)(4.5)

which leads to vo = 1.8 x 10° m/s.



