AP Physics Problem Set Solutions — Chapter 8 — Rotational Motion Mr. McMullen

7. If v is less than R, the object is | slipping|. , it is possible for v to be greater than R @ when the
object is {sliding].
8. According to v, = r. the reading of the speedometer is . The point on the top of the tire has twice the

radius as the center of the tire (the point at which the tire makes contact with the ground is the axis of
rotation), and the speedometer reads the speed of the center of the tire (vg),)-

- 320 _oiom).

11. s=rf, @ r= =
5.0(2xrad)

s
0

7.5(2 N .
12. w= A = L15(2rrad) ~ 24 rad/s| (2 significant figures).

At 2.0s
So r = (0.150 m)(24 rad/s) = 3.6 m/s = 3.60 m/s = V¢,,. The answer is [no slipping].

v 0.25 m/
13, Vyy=re @ a):%:wnr]ns: 1.7 rad/s].
S 2.50 m

15. (@) 0=""="0 0300 m

= 83.33 rad.

o —a?  0-(2.35 rad/s)?

w=a+2a0, & a= 20 - 2(8333rad) - 0.0331 rad/s"|.

(b) The top part of the ball has the maximum tangential acceleration. It is 0.0600 m above the contact point, so i
a. = r a=(0.0600 m)(—0.0331 rad/s?) = —| 1.99 x 10” m/s?].

16. a="="oiom -018rads’. o = & +2a6,
o — @} (1.25 radfs)? — (0.50 rad/s)?
0 f=— = 2(0.18 rad/s) =36.5 rad = [ 0.58 rotations|.

120].  When you use the back, the back has to rotate, and the lever arm is greater so the

| back muscles have to exert greater torquel. If the legs are used, then the back can keep in a straight
position and exert no torque.

21. This is |to lower the center of gravity|, so the weight will have a shorter lever arm therefore smaller torque.

22. In all three cases, | the centers of gravity must be directly below the base of support|. The torque is zero
because the force of the CG is through the axis of rotation.

23. Frictional torque causes the motorcycle to rotate upward until balanced by the torque of weight.

24. An example is | a cylinder or a sphere on a level surface].

25. Use the numbers from Example 8.1.

r 18 m-N
r=Fr, e F=—= =15.6 x 10 N{.
* r, ~ (0.040 m) cos 37°

. @ , it is not possible to have the lines perfectly horizontal, because the weight has to be supported by
an upward component of the tensions in the lines. If the lines were horizontal, then they cannot support the

weight.
(b) 6= tan™ (M) =0.0382°. XF,=2Tsind—mg=0. 15m 15m
15 4 1.0cm
mg __ (0.25 kg)(9.80 m/s?) T T

So T=

— 3
=Zsing = 2sin00382 - LL8x10°N>4001b).

mg
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35. (a) If the ball skids to your right, the frictional forced is to your left. Its torque is .
(b) fi = 24N = z4:mg = (0.400)(7.00 kg)(9.80 m/s?) = 27.44 N.

7= Fr = (27.44 N)(0.170 m) = [4.66 m-N].

46. Choose the left end as the axis. Xz=0,
T, (0) — (70 kg)(9.80 m/s?)(1.5 m) — (15 kg)(9.80 m/s?)(2.75 m) + T4 (5.5 m) = 0,

o Ti=[26x10°N]. "

¥F, =0, @ T;+T,=(70kg + 15 kg)(9.80 m/s?), 15m
<——=2.75m

so T,=833N-261N=[57x10°N]|. <——> 55m

T, can also be found by choosing the right end as the axis.
54, The moment of inertia | depends on how mass is distributed about an axis|. wﬁ

Physically, this means that, under a constant torque, the angular acceleration
depends on the location of the axis of rotation.

55, The [ hard-boiled egg is a rigid body|, while the raw egg is not.

61. (@) 1 = £(mr?) = (2.0 kg)(0.30 m)? + (4.0 kg)(0.75 m)? = [2.4 kg-m?].
b) Xor = Zi(mix) _ (2.0 kg)(0.30 m) + (4.0 kg)(0.75 m)
O) Xem ="y~ = 2.0 kg + 4.0 kg
So 1=(2.0kg)(0.60 m—0.30 m)? + (4.0 kg)(0.75 m — 0.60 m)? = [ 0.27 kg-m?|.
(€) 1 = Iy + Md? = 0.27 kg-m? + (6.0 kg)(0.60 m)® = | 2.4 kg-m’ (same)].

66. Let L be the length of the shaft. The moment of inertia of each shaft is
lshate = 2 mL* = 1 (50.0 kg)(0.250 m)? = 1.042 kg-m*,
The moment of inertia of the door is calculated using the parallel-axis theorem (w is the width of the door).
looor = 5 MW + M(L + w/2)?

(200 kg)(0.500 m)* + (200 kg)[0.250 m + (0.500 m)/2]* = 54.17 kg-m?.

So the total moment of inertia is | = 2lgnas + laoor = 2(1.042 kg-m?) + 54.17 kg-m? = [ 56.3 kg-m
. (a) Apply Newton’s second law and note a = re.

=0.60 m.

mo: T,—myg=mya, Q)
pulley: T.R-T,R=la=1MR’a=1MRa,

or T, —T,=0.5Ma, 2
my: m;gsind—Ty=m;a, 3)

Equation (1) + Equation (2) + Equation (3) gives
m; g sinéd—m,g = (my + m, + 0.5M)a,

_ (mysind—my)g ~ [(8.0 kg) sin 30° — (3.0 kg)](9.80 m/s?) _ >
O A=, +05M - 80kg+30kg+05010kg) - LO:89m/sT.
(b) Pulley: T;R-T,R-z=la=2MR?*a=1MRa,

o T,-T,- %: 0.5Ma.

Equation (4) replacing Equation (2) gives a =

[(8.0 kg) sin 30° — (3.0 kg)](9.80 m/s?) —

(mysin@—my,)g — %

m; + m, + 0.5M
0.050 m-N.
0.10 m

Soa=

- 2
8.0 kg + 3.0 kg + 0.5(0.10 kg) =[0.84 m/s7.

The tensions are different because of the frictional torque.

(4)

(extra factor due to %)
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78. The wheels would have | small total mass with more mass near the center|. This decreases the moment of

inertia, which in turn decreases the rotational kinetic energy for a given angular speed.

79. According to the work-energy theorem, is required to produce a change in rotational
kinetic energy. Rotational work (W) is done by a torque () acting through an angular displacement ().

85. Apply energy conservation and note v=rw. :MV?+11a" + Mg(0) =1 M(0)* + £ 1(0)* + Mgh,
or iMR’& +1( MR = Mgh,
so h= 17Tg r’ of = m (0.15 m)?(10 rad/s)? = [0.16 m].

90. Apply energy conservation and note v=ro. 2 M(0)* +11(0)* + Mgh =2 M V? + 1 147 + Mg(0).
or IMV+iMV?=Mv?=Mgh, @ v=+gh =+/(9.80 m/s’)(1.2m) =[3.4 mis].

94, (a) = 2xrad/s = 6.28 rad/s. The moment of inertia of a hoop is | = MR
K=11af=1(MR? o = (35.0 kg)(0.500 m)?(6.28 rad/s)? = 172.5 J = [173J].

W+ @ (= 0 + 6.28 rad/s

(b) 0= wt=

5 X > x (2.50 ) = 7.85 rad.
K 1725
From the work-energy theorem: W= 70=K-K,=K-0=K. So 7= 0= 785rad - 22.0 m-N
97. (d). The Earth is the closest to the Sun on Dec. 21 among the choices.
L L 0.45 kg-m%/s
105. L=lo, & w=—-= = =|1.4 rad/s|.
I 3MR? ~ 3(10kg)(0.25 m)?

27rad
109. @0:#&:1.256 rad/s.

The moment of inertia of the merry-go-round and the boy are 1; = £ MR? and I, = mR?, respectively.
hhaoptho,=lio+he=(1.+]) o,

2
_lLogthe, lLo,+0 MR,  Ma, (250 kg)(1.256 rad/s)
=TT, T L+, C IMRE+mRE C M+2m - 250kg+150kg - L-l8radfs)
114. I = MR? = (3.25 kg)(0.410 m)® = 0.5463 kg-m”. @, = 2.00(27) rad/s = 12.56 rad/s.

—I @, (0.5463 kg-m?)(12.56 rad/s)
tAt=FRAt=L—L,=0~Lo=~Lo=~l@, So F="pr ==~ (0.410 m)(3.50 5) =|4.78 N|.




