HOMEWORK 4 SOLUTIONS
CHAPTER 9
9.C1

Tangential acceleration of a point on a rotating object is the component of point’s acceleration vector
that is perpendicular to the radial component.  Unlike the radial acceleration, the tangential
acceleration is zero for a uniformly rotating object (i.e one whose angular velocity is constant).

9. MC1
B. Oneturnis 2nradians =2 x3.14 = 6.28 = 6.

9. MC2
Angular motion is mathematically similar to linear motion. In particular have for the angular “distance”
8 that an object with angular acceleration a rotates through at time tis

— 1 2
0= yat (1)

(assuming that objects starts with zero angular velocity at angle of zero) [This is analogous to
x =Lat*for linear motion.]

We know that t=2T from the problem. All we need now is a. Have

_ aﬂnal —@

initial
a
T

The change in angular acceleration over the first revolution (2)

W _ a‘final + a‘initial
average 9

The definition of average angular velocity (3)

We are toldthat @. .., =0.

initial

We are told that @,,,,,. = W'

Inserting this into (3) gives @, = M _

2revolutions

Inserting this into (2) gives a = =

2revolutions
T 2

Inserting this into (1) gives 8 = %[ j(ZT)2 = 4 revolutions. [C]



9. MC10

From the definition of the moment of inertial /

[ =mQ2d)* +(2m)d* = 6md*
After the masses switch positions, the new moment of inertial I’ is
I'=2m)(2d)* + md* =9md”*

Solve first equation for d: d = L.
6m

Insert this into the second equation:

p:gm( LT 3 C]

9. MC11

The general formula for moment of inertial [ is

2
I—Zmiri .
i

If the r; s double, I increases by a factor of 4. If the m; s double, I increase by a factor of 2.
4x2=8.

[C]
9. MC15

Let I = SMR*> where :g for the solid sphere, and B :§ for the hollow sphere.

Initial potential energy completely converted to kinetic energy.
Have energy conservation

initial potential energy = (final kinetic energy of linear motion) +
(final kinetic energy of rotational motion)

Mgh=1Mv? +110



For rotational motion have v=Ra . Also, I= MR’
So

2
)
Mgh=1Mv? +%(,BMR2{EJ

=11+ /My’

Solve for v

b= 2gh
1+ 4

The larger is B, the smalleris v. So the hollow sphere (S :g) is moving more slowly than the solid

sphere (S :%) at the bottom of the ramp.

Answer is A. The solid sphere is faster.

CHAPTER 10

10,1. Set Up: Let counterclockwise torques be positive. 7 = Fl with ! = rsing.

Solve: (a)r = +(10.0 N)(4.00 m) 5in90.0° = 40.0 N - m, counterclockwise.

()7 = +(10.0N)(4.00 m)sin60.0° = 34,6 N - m, counterclockwise.

(e)r = +{100N)(4.00 m)sin30.0° = 200 N - m, counterclockwise.

(d)r = —(10.0N)(2.00 m)sin60.0° = =17.3 N - m, clockwise.

{(e) v = 0 since the force acts on the axis and [ = 0

{N 7 = 0 since the line of action of the force passes through the location of the axis and [ = 0.

Reflect: The torque of a force depends on the direction of the force and where it 15 applied to the object.

10.3. Set Up: Let counterclockwise torques be positive. © = Fi
Solve: 7\ = —FiR= ~(750N}{0.330m) = —248 N m.

o= +FR = —(530N)(0.330m) = +1L.75N ' m.
7 =1, + 7, = —0.73 N - m. The net torque is 0.73 N - m, clockwise,

10.5. Set Up: Let counterclockwise torques be positive. 7 = ¥I

Solve: 7, = —=Fl, = =(18.0N)(0.090m) = —=1.62N'm. 7, = +F, = +(26.0N)(0.090 m) = 4234 N-m.
3= +FL = +(140N)(0.127m) = +1.78N-m.

2T =1+ T + 13 = 2.50 N * m, counterclockwisc.

Reflect: It is important to take into account the direction of each torque when computing the net torque.



10.12. Set Up: Apply TF, = ma, o the suitcase. Let +y be downward Apply Er = fa o the wheel. Lot the

counterclockwise sense of rotation be positive. The angular velocity o and angular acceleration o of the wheel are

related to the linear velocity v amnd linear acceleration @ of the suitcase by v = e and a = Ko

_ 3-.51]!'“!!

Bolve: (o) w = R DadDm

{b) For the suitcase, ¥ — ¥ = 4.00 m, vy, = 0,0, = 3.50mfs. v} = v, + 2a,(y = y,) gives
v —vy _ (350mfs)’ =0

= — = + L
kT Py (4 00m) 1.53 mfs

= 8,75 rad)s

a, 15imfs .
Ly = 382 radfs”

The frec-body diagram for the suitcase is given in Figure 10,12

T (h)

Figure 10.12
S F, = ma, gives mg = T =ma and T = m{g — a) = (15.0kg)(9.80mfs* = 1.53 m[s*) = 124 N. The free-
body diagram for the wheel is given in Figure 10012b Xr = fo gives TR = Jo and

TR (124N)(0400m) .
b 1,82 mfs* TR
10.13. Set Up: Forthe pulicy ! = {MR* The elevator has
_22500N _
T soms IR

The free-body diagrams for the clevator, the pulley and the counterweight are givea in Figure 10,13, Apply
TF = mi to the elevator and to the counterweight. For the elevator take +v upward and for the counterweight take
+y downward, in each case in the direction of the acceleration of the object. Apply v = [a o the pulley, with
clockwise as the positive sense of rotation, # is the nonmal force applied to the pulley by the axle. The elevator and
counterweight each have acceleration 4. « = Ro

i
.
T,
Mg T,
Pulley

Figure 10.13



10.29. Set Up: For a thin-walled hollow cylinder / = mR® For a slender rod rotating about an axis through its
center, | = Smi®.

Solve: L, = L; so Lw, = lw. & =040kg -m’+ 5(8.0kg)(1.8m)%=256kg - m?® L =040kg -m®+
(8.0kg){0.25m}* = 0.90 kg - m’.

“(Ii) “(z'sﬁkg'mz](mm Js) = 114 rev/
Wy ff w; 0.90 kg-me Aurevis) = 1.4 revfs

10.39. Set Up: The free-body diagram is given in Figure 10.39. F; is the force on ecach foot and F, is the force on
each hand. Use coordinates as shown. Take the pivot at his feet and let counterclockwise torgues (o be positive.

b
1K, +
" O
1.70m ———n
Pivok = I
- 1. 15 m =—— ] 55 my =—tt—>
(. 30 m
'\lrw
Figure 10.39
Solve: X7 =0gives +{2F,)(1.70m) —w(L15m)} =0
.15 m

Fy = = (0.338w = 272N

Y170 m)

ZF,=0gives2F, + 2F, = w=0and F, = {w — F, = 402N = 272N = 130N
Reflect: His center of mass is ¢loser to his hands than to his feet, o his hands exert a greater force.



Chapter 11 Multiple Choice
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Chapter 11 Problems
bl

11.5. SetUp: A = 50.0cm? =500 X 107*m% ¥ =
A Al

(0.200 m) (25.0N)
(50.0 X 107*m?)(3.0 X 107*m)
(0.200 m) (500 N)

=3.33 X 10°Pa

Solve: relaxed: ¥ =

maximum tension: ¥ = = 6.67 X 10° Pa
(50.0 X 107*m?)(3.0 X 107> m)
stress 2 .
11.8. SetUp: Y = e A 5.0% elongation means Alfl, = 0.050. For a spring, Fr = kx.
rain

Solve: (a) stress = ¥ X strain = (1474 X 10°Pa)(0.050) = 7.4 X 10’ Pa
(b) stress = Fr/A so Fy = stress X A = (7.37 X 107 Pa)(78.1 X 107*m?) = 5.76 X 10°N
The change in length is x = Al = (0.050) (25 ¢cm) = 1.25 cm. Fy = kx gives

_Fr_ 576 X 10°N

== =46X10°N
X 125X 107 m fm
Fp 9555 N
¢)F = 13mg = 13(75kg)(9.80 m/s*) = 9555 Nandx = — = ———————— = 2.08 cm
(© mg (75 kg)( [s*) = T i6x 10°Nm
Fr/A
11.9. SetUp: Y = isc:’ Fr = (E) Aland k = Y—A From Problem 11.8, k = 4.6 X 10° N/m for the natural
Alll, lo A
Achilles tendon. A = 7r?
YA kK, (4.6 X 10°N/m)(0.25 m) B
Ive: (@)k=—S0A=— = = 3.8 X 1075 m?
i b 30 X 10° Pa P X

A = wr’sor = VA[/m = 1.1 mm and the diameter is 2.2 mm.

(b) The natural tendon has r = V/(78.1 mm?) /7 = 4.99 mm and diameter 10.0 mm. The artificial tendon’s diame-
ter is much smaller.
Reflect: The artificial tendon has a larger ¥ and therefore a smaller diameter.

F
11.10. Set Up: stress = j‘, strain = E

Ly
Fy
(25 X 1078 m)?

Selve: (a) 196 X 10°Pa = and F, = 0.385N.

—
(b) 0.40 = ®and ! = 12 cm gives [, = 8.6 cm.
0
Fr/A
11.11. SetUp: = i
Allfl,
Solve: (a) Fr = 8mg = 5880 N. oL - = 0.24 = 24%

b AY (10 X 107*m?)(24 x 10°Pa)

Al
(b) Fy = 4mg 0= 5(24%) = 12%
0

Reflect: Young’s modulus for cartilage is much smaller than typical values for metals and the fractional change in

length is larger.



AV A
11.14. Set Up: = Wk ?p Ap = (1.0 X 10* Pa/m)d, where d is the depth below the surface.
0
(1.0 x 10*Pa/m) (33 m)

2.2 X 10° Pa
One cubic centimeter of her blood decreases in volume by 1.5 X 107* em®.

(1.0em*) = ~1.5 X 107 cm®

Ap
Solve: (a) AV = —?VO o =

AV 1
=Y = ~ 2 gives Ap = B(}) = 11 X 10°Pa
TR

Ap o 1ax 10° Pa
1.0 X 10*Pa/m 1.0 X 10*Pa/m
deep; the greatest depth in the ocean is an order of magnitude less than this, about 11 km.

= 1.1 X 10° m = 110 km. The ocean is not this

The depth would be d =

AV A
11.16. SetUp: — = ~=£ 1 atm = 1.01 x 10°Pa.
Vo B

AV
Solve: (a) Ap = —57 = —(15 X 10° Pa)(—0.0010) = 1.5 X 10" Pa = 150 atm
Q
(b) The depth for a pressure increase of 1.5 X 107 Pa is 1.5 km. Unprotected dives do not approach this depth so
bone compression is not a concern.



