CHAPTER 11

2. The initial speed of the car is

v=(80 km/h) (1000 mv/km)(1 h/3600 s) =22.2 m/s .

The tire radius is R =0.750/2 =0.375 m.

(a) The initial speed of the car is the initial spéed of the center of mass of the tire, so Eq.
11-2 leads to

Voo _ 22.2T0/s

= =59.3 rad/s.
R 0.375m

600 =

(b) With 8= (30.0)(2r) = 188 rad and w= 0, Eq. 10-14 leads to

(59.3 rad/s)’

=9.31rad/s*.
2(188 rad)

o’ =af+2a0 = |a|=

(c) Equation 11-1 gives R6= 70.7 m for the distance traveled.



7. (a) We find its angular speed as it leaves the roof using conservation of energy. Its
initial kinetic energy is K; = 0 and its initial potential energy is U; = Mgh where
h=6.0sin30°=3.0'm (we are using the edge of the roof as our reference level for
computing U). Its final kinetic energy (as it leaves the roof) is (Eq. 11-5)

K, =+ M +3 10"

Here we use v to denote the speed of its center of mass and w is its angular speed — at
the moment it leaves the roof. Since (up to that moment) the ball rolls without sliding we

can set v=R®=v where R = 0.10 m. Using I =1 MR? (Tablé 10-2(c)), conservation of

energy leads to

Mgh=—1—Mv2 Ry LR LR _3 MR,
2 2 2 4 4

The mass M cancels from the equation, and we obtain

1 |4 1 4,
= —_|— h: = o 2 3.0 =6 d .
w R1’3g 0.10m1’3(98m/s )(3.0 m) = 63 rad/s

(b) Now this becomes a projectile motion of the type examined in Chapter 4. We put the
origin at the position of the center of mass when the ball leaves the track (the “initial”
position for this part of the problem) and take +x leftward and +y downward. The result
of part (a) implies vo = Rw= 6.3 m/s, and we see from the figure that (with these positive
direction choices) its components are

Vo, =V, €0830°=5.4 m/s

Vo, =V 5in30°=3.1 m/s.

The projectile motion equations become' )

x=v,t and y=v0yt+5gt.

We first find the time when y = H = 5.0 m from the second equation (using the quadratic

formula, choosing the positive root): w
-V, +,/v2 +2gH
= oINPT g7,
g

Then we substitute this into the x equation and obtain x = (54 m/ 5)(0.74 5) =40 m.



21. If we write 7 = xi+ y} + 7k, then (using Eq. 3-30) we find 7 x F is equal to
(vF, - 2F,)i+(eF, —xF,)j+(xF, - yF, )k

(a) In the above expression, we set (with ST units understood) x = 0,y=-4.0,z=3.0, Fx
=2.0, F,=0,and F,;=0.Thenwe obtain

f:fxﬁ=(6.oj+8.0f<)N-m.

This has magnitude \/(76.0 N-m)®+(8.0 N-m)* =10 N-mand is seen to be parallel to
the yz plane. Its angle (measured counterclockwise from the +y direction) 1is
tan™ (8/6) = 53°. ' .

(b) In the above expression, we setx = 0,y=-4.0,z= 3.0, F.=0, F,=2.0, and F, = 4.0.

Then we obtain 7=7 xF = (—22N-m)i. This has magnitude 22 N-m and points in the —x

direction.

51. No external torques act on the system consisting of the two wheels, so its total
angular momentum is conserved.

Let I; be the rotational inertia of the wheel that is originally spinning (at w,) and I, be
the rotational inertia of the wheel that is initially at rest. Then by angular momentum
conservation, L, =L, or o, = (I, + I,)o, and

where @, is the common final angular velocity of the wheels.
(2) Substituting I, = 2/; and @; = 800 rev/min, we obtain

W, = 1, W, = 1,
FUpAL,  L+21)

(800 rev/min) = —13;(800 rev/min) =267 rev/min.

(b) The initial kinetic energy’ is K, =%Ilwf and the final kinetic energy is

K, =4I+ I,)o} . We rewrite this as

2
. 1
K, = L, +21,) S IC7I Y 3
2 I, +21, 6.
Therefore, the fraction lost is

_ 2
sk KK, K Ie76_2 o667,

K, K K, Iof/2 3
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90. Information relevant to this calculation can be found in Appendix C or on the inside
front cover of the textbook. The angular speed is constant so

_2_1t_ 2T
T 86400

=73%x107 rad/s.

Thus, with 7 = 84 kg and R = 6.37 x 10° m, we find

¢=mR*»=25%x10"kg-m’/s.



