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13.50 A power specification formula is to be derived for electric mo-
tors which drive conveyor belts moving solid material at different rates to dif-
ferent heights and distances. Denoting the efficiency of the motors by and
neglecting the power needed to drive the belt itself, derive a formula for the
power P in kW, in terms of the mass flow rate m in kg/h, the height b, and
the horizontal distance l in meters.

13.50 A power specification formula is to be derived for electric mo-
tors which drive conveyor belts moving solid material at different rates to dif-
ferent heights and distances. Denoting the efficiency of the motors by and
neglecting the power needed to drive the belt itself, derive a formula (a) in
the SI system of units, for the power P in kW, in terms of the mass flow rate
m in kg/h, the height b, and the horizontal distance l in meters, and (b) in
U.S. customary units, for the power in hp, in terms of the mass flow rate m
in tons/h, and the height b and horizontal distance l in feet.

841 13.187 A 9-kg sphere A of radius 11.4 cm moving with a velocity of
magnitude v0 1.8 m/s strikes a .9-kg sphere B of radius 5 cm which is hang-
ing from an inextensible cord and is initially at rest. Sphere B swings to a
maximum height h after the impact. Determine the range of values of h for
values of the coefficient of restitution e between zero and one.

13.187 A 22.7-kg sphere A of radius 11.4 cm moving with a velocity 
of magnitude v0 = 1.8 m/s strikes  a 2-kg sphere B of radius  5 cm which is
hanging from an inextensible cord and is initially at rest. Sphere B swings to
a maximum height h after the impact. Determine the range of values of h
for values of the coefficient of restitution e between zero and one.

14.94 The main propulsion system of a space shuttle consists of three
identical rocket engines which provide a total thrust of 5300 kN. Determine 
the rate at which the hydrogen-oxygen propellant is burned by each of the
three engines, knowing that it is ejected with a relative velocity of 3810 m/s.

14.94 The main propulsion system of a space shuttle consists of three
identical rocket engines which provide a total thrust of 5.3 MN/s. Determine
the rate at which the hydrogen-oxygen propellant is burned by each of the
three engines, knowing that it is ejected with a relative velocity of 3810 m/s.
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16.91 A homogeneous sphere S, a uniform cylinder C, and a thin pipe
P are in contact when they are released from rest on the incline shown. Know-
ing that all three objects roll without slipping, determine, after 6 s of motion,
the clear distance between (a) the pipe and the cylinder, (b) the cylinder and
the sphere. Give the answers in both U.S. customary and SI units.

16.91 A homogeneous sphere S, a uniform cylinder C, and a thin pipe
P are in contact when they are released from rest on the incline shown. Know-
ing that all three objects roll without slipping, determine, after 6 s of motion,
the clear distance between (a) the pipe and the cylinder, (b) the cylinder and
the sphere. 

17.41 The shaft-disk-belt arrangement shown is used to transmit 
2386.2 Nm/s from point A to point D. Knowing that the maximum allowable
couples that can be applied to shafts AB and CD are 24.4 N m and 78.6 N m,
respectively, determine the required minimum speed of shaft AB.

17.41 The shaft-disk-belt arrangement shown is used to trans-
mit 2386.2 N m/s from point A to point D. Knowing that the maximum 
allowable couples that can be applied to shafts AB and CD are 24.4 N m and
78.6 N m, respectively, determine the required minimum speed of shaft AB.

19.11 A variable-speed motor is rigidly attached to beam BC. The ro-
tor is slightly unbalanced and causes the beam to vibrate with a frequency
equal to the motor speed. When the speed of the motor is less than 600 rpm
or more than 1200 rpm, a small object placed at A is observed to remain in
contact with the beam. For speeds between 600 rpm and 1200 rpm the ob-
ject is observed to “dance” and actually to lose contact with the beam. De-
termine the amplitude of the motion of A when the speed of the motor is
(a) 600 rpm, (b) 1200 rpm. Give answers in both SI and U.S. customary units.

19.11 A variable-speed motor is rigidly attached to beam BC. The ro-
tor is slightly unbalanced and causes the beam to vibrate with a frequency
equal to the motor speed. When the speed of the motor is less than 600 rpm
or more than 1200 rpm, a small object placed at A is observed to remain in
contact with the beam. For speeds between 600 rpm and 1200 rpm the ob-
ject is observed to “dance” and actually to lose contact with the beam. De-
termine the amplitude of the motion of A when the speed of the motor is
(a) 600 rpm, (b) 1200 rpm. 
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CHAPTER 11

11.43 (b) 2.8 m.
11.59 (a) 5.07 s. 
11.71 (b) v � 0.38 m/s, x � 2.93 m.
11.72 (b) 3 m.
11.76 3.97 s after the elevator starts.
11.91 (b) v � 3.82 m/s c 38.3�; a � 5.15 m/s2 a 67.2�.
11.96 (a) r � 0.5 mx; v � 1.09 m/s c 46.3º;

a � 2.38 m/s2 d 85.4�.
(b) r � 0.5 m c 6.0�; v � 0.14 m/s a 31.8�;
a � 0.2 m/s2 b 86.9�.

11.101 (a) 5.0 m/s. (b) 4.8 m/s � v0 � 6.1 m/s.
11.102 (a) 264.4 m. (b) 161.3 m.
11.114 (a) 14.9�.
11.166 (b) � � 2 N�, N � 0, 1, 2. . . .
11.174 v � 152.7 m/s, � � 26�.
11.184 x � 11 � 2.15t � 0.002t4 m, v � 2.15 � 0.00829t3 m/s.
11.188 (c) 9 s, 49.5 s.

CHAPTER 12

12.8 (a) 0.955. (b) 64.8 m.
12.9 (b) 4.53 m.
12.19 (b) TA � 67.76 N, TC � 81.25 N.
12.20 System 3: (c) 13.04 s.
12.21 (a) a � 8.3 m/s2 y; T � 14.6 kN.
12.26 0.347 m0v0

2/F0.
12.54 (b) 13.3�.
12.61 0.324.

12.65 >

12.81 (a) 35800 km. (b) 3.07 km/h. 
12.105 (a) 1.636 � 103 m/s.
12.114 1.036 h.
12.115 95.1 min.
12.124 (a) 64.06 m/s.
12.131 (a) Fr � 2.4465 tan2 � sec � N, F� �2.4465 tan � sec � N.

(b) P � 2.4465 tan � sec3 � Nh �,
Q � 2.4465 tan2 � sec2 � N y.

12.134 (a) (aB)r = (aB)� � a� � 0.

CHAPTER 13

13.27 (b) 0.046 m.
13.42 12.3�

13.71 (a) v � 1.16 m/s, N � 16.32 N y.
13.80 (a) Not conservative, UABCA � (k � 1)a2/2.

(b) Conservative, UABCA � 0.
13.88 (a) 6.92 � 109 N . m (b) 168.1 � 109 N . m
13.93 V2r � 6.44 m/s, V�2 � 2.4 m/s.
13.95 (b) 3.6 rad/s. 
13.96 (a) 0.91 m.
13.109 (a) 10.66 km/s. 

13.124 (a) 39.9 m/s. (b) 10.88 kN.
13.141 1.86W.
13.151 (a) , 589 J. 
13.180 (a) v�C � 0, v�A � 1.372 m/sw.
13.181 (a) vC � 2.74 m/sw, vA � 1.372 m/sw.
13.186 0.309

CHAPTER 14

14.2 (b) 0.576 m from left of B.
14.12 (c) (121.8 N . m . s)i � (61 N . m . s)j � 

(91.4 N . m . s)k.
14.17 83.5 m/s, 7.8 s
14.23 798.3 m/s east, 215.8 m/s south, 1190 m/s down.
14.39 vA � 2.29 m/s; vB � 1.97 m/s; vC � 3.43 m/s.
14.50 (c) mv0

2.
14.53 (a) vA � 2.075 m/sx; vB � 5.98 m/s c 28�.
14.61 117.2 N y; 56.8 Nx
.14.80 (a) 11.51 � 106 W. (b) 20.97 � 106 W. (c) 0.55.
14.93 3888 kN.
14.94 4550 N/s.
14.111 �1001.3 m, 657.7 m.
14.115 (a) 41.94�. (b) 200.3 Nw.
14.116 C � 134.1 Nw; D � 178.6 Nx.

CHAPTER 15

15.9 vB � �(0.95 m/s)i � (0.305 m/s)j � (0.396 m/s)k.
aB � �(3.2 m/s)i � (1.88 m/s2)j � (6.23 m/s2)k.

15.10 vB � �(0.475 m/s)i � (0.15 m/s)j � (0.198 m/s)k.
aB � �(0.8 m/s2)i � (0.7 m/s2)j � (1.85 m/s2)k.

15.15 2.967 � 104 m/s, 5.9 � 10–3 m/s2.
15.19 (b) 109.5 m/s2 d 15.52�.
15.24 (b) aA � 7.94 m/s2w; aB � 1.58 m/s2w.
15.29 (b) vB � 1.425 m/sw; �yB � 2.58 m/sw.

(c) 0.707 m/s2 a 32.0�.
15.35 a � y.
15.36 � � bv2�2�r3 i.
15.45 (b) 0.63 m/s a 69.4�.
15.49 (a) 6.03 m/s. (c) 1508.
15.58 (a) � � 22.9°, � = 22.9°; � � 192.6�, � = 12.6°. 

(b) For � � 22.9�: �BD � 5.60 rad/s i; For � � 192.6�:
�BD � 5.60 rad/s l.

15.65 (b) 4.4 m/s a 55.4�.
15.73 (a) Gear A: 0.375 m left of A; Gear C: 0.75 m left of C.
15.82 (a) 16.1 rad/s l.
15.87 (c) 2 m/s a 20�.
15.88 (c) 6.48 m/s b 19.10�.
15.92 (a) �AB � 1.023 rad/s l; �BD � 0.341 rad/s i.
15.110 x � �0.1464 m, y � �0.1098 m.
15.111 (b) 3.27 m/s2 c 35.5�.
15.116 1.02 m/s2 c 33.6�.
15.127 (a) 227 rad/s2 l. (b) 100 rad/s2 i.

b�2
0/2p

187.9 N � s

Errata — Answers to Problems

The following are the corrected answers to the problems.

d
l

1.085
v0

eV
mv0

2

Part2ans-errata.qxd  10/25/07  3:00 PM  Page 1345

ErrataSheetP2.indd   3 10/26/07   2:39:34 PM



page 4 of 5

15.128 (b) 62 m/s2 a 19.5�.
15.148 (b) 1.340 m/s b 60�.
15.164 (b) vD � 3.57 m/s z; aD � 52.46 m/s2 d 36.8�.
15.165 (a) �PD � 20.8 rad/s l; �DE � 2.2 rad/s l.

(b) �PD � 76.65 rad/s2 i; �DE � 272.5 rad/s2 l.
15.166 (b) 2.55 m/s2 b 3.24�.
15.178 �S � 0.38 rad/s i; �S � 4.5 rad/s2 i.
15.179 �S � 1.487 rad/s i; �S � 59 rad/s2 i.
15.190 (c) vP � �(1.675 m/s)i � (0.5584 m/s)j � (0.3228 m/s)k;

aP � (0.338 m/s2)i � (0.056 m/s2)j � (0.9743 m/s2)k.
15.191 (c) �(5.7 m/s2)i � (60.9 m/s2)j.
15.214 (a) (1.83 m/s)i � (0.762 m/s)j � (1.218 m/s)k.
15.224 (a) �(1.54 m/s)i � (1.368 m/s)j � (2.05 m/s)k.

(b) (32.3 m/s2)i � (31.6 m/s2)j � (26.66 m/s2)k.
15.230 vA � (0.0905 m/s)i � (3.55 m/s)j � (3.55 m/s)k;

aA � �(5.68 m/s2)i � (111.7 m/s2)j � (111.7 m/s2)k.
15.249 aA � 54 m/s2 c 88�; aB � 53.1 m/s2 d 0.98�;

aC � 54 m/s2x.

CHAPTER 16

16.3 (b) A � 0.242 N d 60�; C � 7 N a 60�.
16.5 (a) 11.0 m (b) 12.7 m.
16.7 (a) 0.419g
16.8 (a) 0.295g
16.13 (a) 1.572 m/s2.
16.17 Just above B: �V� � 15.3 N, �M� � 3.516 N � m.
16.22 (a) 0.327 m (b) 11 250 rev.
16.23 127.9 N.
16.25 (a) 2.25 rad/s2 k.
16.31 (b) TA � 38.74 N, TB � 27.7 N.
16.32 (a) �A � 9.05 rad/s2 i; �B� 13.5 rad/s2 l.
16.33 (a) �A � 13.42 rad/s2 l; �B� 30.14 rad/s2 i.
16.34 (a) �A � 15.3 rad/s2 i; �B � 15.3 rad/s2 l. (b) 0.4875.
16.35 (a) �A � 20.8 rad/s2 i; �B � 28.7 rad/s2 l.
16.40 (a) �A � 13.5 rad/s2 l; �B � 3.2 rad/s2 l.

(b) �A � 897 rpm l; �B � 538 rpm i.
16.43 (a) 2.47 m/s2.
16.47 (a) 0.8148 m/s2. (b) 2.28 m/s2.
16.48 (a) (1.3 m/s2)i � (1.085 m/s2)k

(b) (1.3 m/s2)i � (1.085 m/s2)k.
16.51 (b) 0.32 rad/s2 l.
16.72 (b) 96.53 rad/s2 i.
16.78 (a) M � 0.0687 N � m l; R � 5.12 N b 71.5�.
16.93 (a) 15.4 rad/s2 i; 3.126 m/s2 y.
16.95 (a) 7.76 rad/s2 i; 1.575 m/s2 y. (b) 0.338.
16.96 (a) 7.76 rad/s2 l; 1.575 m/s2 z.
16.102 (b) 1.435 N d 45�.

CHAPTER 17

17.4 (a) 0.3268 m (b) 11 204 rev.
17.17 6.8 rad/s.
17.27 1.497 N � m.
17.32 1.35 rad/s i.
17.33 0.99 rad/s l.
17.41 1157 rpm.
17.44 (b) 11.2 min.
17.45 17 rad/s i.
17.52 �A � 230.2 rad/s i; � 96.2 rad/s l.
17.55 (a) 22.9 N. (b) 8.75 N.
17.56 m−v; .k2��v

�B

17.61 (a) 28.5 rad/s l.
17.67 (b) Pipe: 0.857 m/s y; Plate: 1.714 m/s y.
17.72 �A � �B � 159.3 rpm i; �P � 20.68 rpm l.
17.73 �AB � 71.23 rpm l; �DISK � 288.77 rpm l.
17.80 � � 17.13 rad/s, ICD � 0.0554 N.m2 s.
17.86 4.9 rad/s i.
17.105 8.4�.
17.111 (a) 2.975 rad/s i.
17.112 (a) 5.961 rad/s i. (b) 1.456 m/s y.
17.128 �24.4 rpm.
17.131 60.6�

CHAPTER 18

18.3 (2.0037 kg � m2/s )i � (5.505 kg � m2/s)j.
18.4 9.7�.
18.9 (a) 8.97 rad/s. (b) 0.016 rad/s.
18.10 (0.88 kg � m2/s)i � (0.0025 kg � m2/s)j � (14.5 kg � m2/s)k.
18.17 (a) (1.45 kg � m2/s)i � (0.87096 kg � m2/s)k.
18.18 (a) (1.45 kg � m2/s)i � (0.87096 kg � m2/s)k.

(b) (1.45 kg � m2/s)i � (0.87096 kg � m2/s)k.
18.32 (a) (5ma�0�24)k. (b) �(ma�0�24)k.
18.65 A � �(1.836 N)j; B � (1.836 N)j.
18.66 A � (2.417 N)k; B � �(2.417 N)k.
18.70 (a) (24.8 � 10�3 N � m)k.

(b) A � (7.50 � 10�3 N)i � (15.00 � 10�3 N)j;
B � �(7.50 � 10�3 N)i � (15.00 � 10�3 N)j.

18.72 (b) A � (0.906 N)j; B � �(0.906 N)j.
18.78 1�; A will move up.
18.92 A � �(51.9 N)i; MA � (3.8988 kg � m2/s2 )i �

(7.8128 kg � m2/s2)k.
18.101 R � �(15.02 N)i � (11.285 N)k; � (94.185 N � m)i.
18.102 (a) (7.89 N � m)j.

(b) R � �(75.4 N)i � (74.94 N)k; � (222.96 N � m)i.
18.105 31 rpm, 632.3 rpm.
18.106 (c) �5.14%.

18.112 cos � =  .

18.114 2.163 � 1021 kg � m
18.124 Precession axis: �x � 125.0�, �y � 36.6�, �z � 80.7�;

precession, 0.9426 rad/s (retrograde); spin, 0.1583 rad/s.
18.125 Precession axis: �x � 90�, �y � 26.0�, �z � 64.0�;

precession, 0.845 rad/s (retrograde); spin, 0.161 rad/s.
18.128 Precession axis: �x � 99.04�, �y � 90�, �z � 9.04�;

precession, 121.8 rpm (retrograde); spin, 60.3 rpm.
18.134 (a) √ 17g/11a. (b) √ 44g/17a.
18.136 (a) 41 rad/s. (b) Spin, 55.46 rad/s; precession, 

�16.7 rad/s.
18.145 0.3347 kg � m2/s; �x � 48.7�, �y � 41.4�, �z � 90�.
18.148 (b) �tB � 2.24 s, �tC � 3.82 s. 
18.151 �(1.767 N � m)i � (2.008 N � m)j � (3.0123 N � m)k.
18.152 (a) 0.00145 m above the axis, 

Ixy � 2.383 � 10�3 N � m � s2, Izx � 0.

CHAPTER 19

19.1 7.312 m/s2; 1.571 s.
19.5 (a) 0.0982 s; 10.183 Hz. 
19.20 2.634 s.
19.36 (a) 1.7943 s. 

MR
A

MR
A

2d2�

(h2 + d2)�
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19.37 1.94 m.
19.41 (a) 7.53 Hz. (b) 97.3 rad/s2.

19.55 Hz.

19.56 Hz.

19.58 1.9 Hz.
19.65 5.2654 s.

19.71 Hz.

19.77 5.32 Hz.

19.78 Hz.fn � (1�2p)
B

2k
3m

�
4g

3L

fn � (1�2p)B
k

5m

fn � (1�2p)B
2k
3m

�
4g

3L

fn � (1�2p)B
6k
5m

�
9g

10l

19.84 1.627 s.
19.86 1.073 s.

19.90 Hz.

19.92 1.305 s.
19.97 (a) 0.214 s. (b) 0.214 s.
19.101 37.67 rad/s � �f � 46.77 rad/s.
19.102 0.0929 m � b � 3.55 m
19.112 �f 310 rpm; �f 316 rpm.
19.116 –5.63 mm or 22.5 mm.
19.123 (b) 0.2775 m (out of phase).
19.133 (a) 114.1 kN/m. 
19.138 (a) 297.5 rpm. (c) 0.02 m, .018 m
19.164 0.8289 s.

��

fn � (1�2p)B
12k
7m

�
8g

713l
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16.148 The 181.4-kg crate shown is lowered by means of two overhead
cranes. Knowing that at the instant shown, the deceleration of cable A is
0.9 m/s2 and that of cable B is 0.3 m/s2, determine the tension in each cable.

1076 Plane Motion of Rigid Bodies: Forces and
Accelerations

Fig. P16.148

Fig. P16.149

16.149 A beam AB of mass m and of uniform cross section is sus-
pended from two springs as shown. If spring 2 breaks, determine at that in-
stant (a) the angular acceleration of the beam, (b) the acceleration of point
A, (c) the acceleration of point B.

16.150 A uniform rod of length L and mass m is supported as shown
with b � 0.2L when the cable attached to end B suddenly breaks. Determine
at this instant (a) the acceleration of end B, (b) the reaction at the pin support.

TA TB

A B

G

1 m

2 m

.55 m

1.1 m

A B

L

1 2

b

A
BC

L

Fig. P16.150

b

r

Fig. P16.151

16.151 A wheel of radius r and centroidal radius of gyration k� is
released from rest on the incline and rolls without sliding. Derive an ex-
pression for the acceleration of the center of the wheel in terms of r, k�,
�, and g.
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Problems

17.1 The rotor of an electric motor has an angular velocity of 3600 rpm
when the load and power are cut off. The 50-kg rotor, which has a centroidal
radius of gyration of 23 cm, then coasts to rest. Knowing that the kinetic fric-
tion of the rotor produces a couple of magnitude 3.4 N � m, determine the
number of revolutions that the rotor executes before coming to rest.

17.2 A 200-kg flywheel is at rest when a constant 300 N � m couple is
applied. After executing 560 revolutions, the flywheel reaches its rated speed
of 2400 rpm. Knowing that the radius of gyration of the flywheel is 400 mm,
determine the average magnitude of the couple due to kinetic friction in the
bearing.

17.3 The flywheel of a small punching machine rotates at 360 rpm.
Each punching operation requires 2034 J of work and it is desired that the
speed of the flywheel after each punching be not less than 95 percent of the
original speed. (a) Determine the required moment of inertia of the flywheel.
(b) If a constant 24.4-N � m couple is applied to the shaft of the flywheel,
determine the number of revolutions that must occur between two succes-
sive punchings, knowing that the initial velocity is to be 360 rpm at the start
of each punching.

17.4 A 227-kg flywheel is at rest when a constant 271-N � m couple is
applied. After executing 750 revolutions, the flywheel reaches its rated speed
of 3000 rpm and the couple is removed. Assuming that the kinetic friction
results in a constant couple of magnitude 17 N � m, determine (a) the radius
of gyration of the flywheel, (b) the number of revolutions that the flywheel
executes after the couple is removed and before it comes to rest.

17.5 The uniform cylinder A, of mass m and radius r, has an angular
velocity �0 when it is brought into contact with an identical cylinder B which
is at rest. The coefficient of kinetic friction at the contact point D is �k. Af-
ter a period of slipping, the cylinders attain constant angular velocities of
equal magnitude and opposite direction at the same time. Knowing that the
final kinetic energy of the system is one-half the initial kinetic energy of cylin-
der A, derive expressions for the number of revolutions executed by each
cylinder before it attains a constant angular velocity.

17.6 The uniform 4-kg cylinder A, of radius r � 150 mm has an angu-
lar velocity �0 � 50 rad/s when it is brought into contact with an identical
cylinder B which is at rest. The coefficient of kinetic friction at the contact
point D is �k. After a period of slipping, the cylinders attain constant angu-
lar velocities of equal magnitude and opposite direction at the same time.
Knowing that cylinder A executes three revolutions before it attains a con-
stant angular velocity and cylinder B executes one revolution before it attains
a constant angular velocity, determine (a) the final angular velocity of each
cylinder, (b) the coefficient of kinetic friction �k.

A

rB

D

w0

Fig. P17.5 and P17.6
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17.39 Knowing that the maximum allowable couple that can be ap-
plied to a shaft is 1.75 kN � m, determine the maximum power that can be
transmitted by the shaft at (a) 180 rpm, (b) 480 rpm.

17.40 The flywheel shown has a radius of 500 mm, a mass of 110 kg
and a radius of gyration of 375 mm. A 20-kg block A is attached to a wire that
is wrapped around the flywheel. Determine the power delivered by the elec-
tric motor attached to the shaft of the flywheel at the instant when the ve-
locity of block A is 7.5 m/s up and its acceleration is (a) zero, (b) 0.9 m/s2 up.

Fig. P17.42

1103Problems

17.41 The shaft-disk-belt arrangement shown is used to trans-
mit 2386.2 N � m/s from point A to point D. Knowing that the maximum 
allowable couples that can be applied to shafts AB and CD are 24.4 N � m and
78.6 N � m, respectively, determine the required minimum speed of shaft AB.

Fig. P17.41

17.42 The experimental setup shown is used to measure the power
output of a small turbine. When the turbine is operating at 200 rpm, the
readings of the two spring scales are 4.5 kg and 10 kg, respectively. Deter-
mine the power being developed by the turbine.

Fig. P17.40

A

B

C

D

3.8 cm

15.2 cm

BA

45.7 cm

A
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Problems

17.43 A 181-kg flywheel is at rest when a constant 24.4 N � m couple
is applied. It is observed that 4.3 min is required for the flywheel to reach
its rated speed of 2400 rpm. Knowing that the radius of gyration of the fly-
wheel is 35.6 cm, determine the average magnitude of the couple due to ki-
netic friction in the bearing.

17.44 A 250-kg flywheel is at rest when a constant 300-N � m couple
is applied at time t � 0. At t � 28 s the flywheel reaches its rated speed of
3000 rpm and the couple is removed. Assuming that the kinetic friction re-
sults in a constant couple of magnitude 12.5 N � m, determine (a) the ra-
dius of gyration of the flywheel, (b) the time at which the flywheel comes
to rest.

17.45 A bolt located 5 cm from the center of an automobile wheel is
tightened by applying the couple shown for 0.10 s. Assuming that the wheel
is free to rotate and is initially at rest, determine the resulting angular ve-
locity of the wheel. The wheel weighs 19 kg and has a radius of gyration of
27.4 cm.

17.46 A uniform 65.3-kg cube is attached to a uniform 61.7-kg circu-
lar shaft as shown and a couple M of constant magnitude is applied to the
shaft when the system is at rest. Knowing that r � 10.2 cm, L � 30.5 cm,
and the angular velocity of the system is 960 rpm after 4 s, determine the
magnitude of the couple M.

17.47 A uniform 75-kg cube is attached to a uniform 70-kg circular
shaft as shown and a couple M of constant magnitude 20 N � m is applied
to the shaft. Knowing that r � 100 mm and L � 300 mm, determine the time
required for the angular velocity of the system to increase from 1000 rpm to
2000 rpm.

17.48 A disk of constant thickness, initially at rest, is placed in contact
with a belt that moves with a constant velocity v. Denoting by �k the coef-
ficient of kinetic friction between the disk and the belt, derive an expression
for the time required for the disk to reach a constant angular velocity.

17.49 Disk A, of mass 2 kg and radius r � 60 mm, is at rest when it
is placed in contact with a belt which moves at a constant speed v � 15 m/s.
Knowing that �k � 0.20 between the disk and the belt, determine the time
required for the disk to reach a constant angular velocity.

17.50 A sphere of radius r and weight W with an initial clockwise an-
gular velocity �0 is placed in the corner formed by the floor and a vertical
wall. Denoting by �k the coefficient of kinetic friction at A and B, derive an
expression for the time required for the sphere to come to rest.

1112

Fig. P17.46 and P17.47

Fig. P17.45

Fig. P17.48 and P17.49

Fig. P17.50

533 N
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19.9 A 1.8-kg collar is attached to a spring of constant 1051 N/m and can
slide without friction on a horizontal rod. The collar is at rest when it is struck
with a mallet and given an initial velocity of 1.4 m/s. Determine the amplitude
and the maximum acceleration of the collar during the resulting motion.

19.10 The motion of a particle is described by the equation x �
60 cos 10�t � 45 sin(10�t � ��3), where x is expressed in millimeters and
t in seconds. Determine (a) the period of the resulting motion, (b) its am-
plitude, (c) its phase angle.

19.11 A variable-speed motor is rigidly attached to beam BC. The ro-
tor is slightly unbalanced and causes the beam to vibrate with a frequency
equal to the motor speed. When the speed of the motor is less than 600 rpm
or more than 1200 rpm, a small object placed at A is observed to remain in
contact with the beam. For speeds between 600 rpm and 1200 rpm the ob-
ject is observed to “dance” and actually to lose contact with the beam. De-
termine the amplitude of the motion of A when the speed of the motor is
(a) 600 rpm, (b) 1200 rpm. 

19.12 A 1.4-kg block is supported as shown by a spring of constant
k � 400 N/m which can act in tension or compression. The block is in its
equilibrium position when it is struck from below by a hammer which im-
parts to the block an upward velocity of 2.5 m/s. Determine (a) the time re-
quired for the block to move 60 mm upward, (b) the corresponding velocity
and acceleration of the block.

19.13 In Prob. 19.12, determine the position, velocity, and accelera-
tion of the block 0.90 s after it has been struck by the hammer.

19.14 A 32-kg block attached to a spring of constant k � 131 kN/m
can move without friction in a slot as shown. The block is given an initial
38-cm displacement downward from its equilibrium position and released.
Determine 1.5 s after the block has been released (a) the total distance trav-
eled by the block, (b) the acceleration of the block.

1224 Mechanical Vibrations

Fig. P19.9

Fig. P19.11

A

A

B C

m

k

A

Fig. P19.12

32 kg

k = 131 kN/m

Fig. P19.14

k

C

0.46 m

l

m

q

Fig. P19.15

Fig. P19.16

19.15 A 4.5-kg collar C is released from rest in the position shown and
slides without friction on a vertical rod until it hits a spring of constant
k � 730 N/m which it compresses. The velocity of the collar is reduced to
zero, and the collar reverses the direction of its motion and returns to its ini-
tial position. The cycle is then repeated. Determine (a) the period of the mo-
tion of the collar, (b) the velocity of the collar 0.4 s after it was released.
(Note: This is a periodic motion, but not simple harmonic motion.)

19.16 The bob of a simple pendulum of length l � 1.2 m is moving
with a velocity of 180 mm/s to the right at time t � 0 when � � 0. Assuming
simple harmonic motion, determine at t � 1.5 s (a) the angle �, (b) the mag-
nitudes of the velocity and acceleration of the bob.
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