Chapter 15 Homework Problems

The position of a particle is given by the expression x =

4.00 cos (3.007t + 77), where x is in meters and ¢ is in sec-
onds. Determine (a) the frequency and (b) period of the
motion, (c) the amplitude of the motion, (d) the phase
constant, and (e) the position of the particle at £ = 0.250 s.

A 1.00-kg object is attached to a horizontal spring. The
spring is initially stretched by 0.100 m, and the object is
released from rest there. It proceeds to move without fric-
tion. The next time the speed of the object is zero is 0.500 s
later. What is the maximum speed of the object?

8. A simple harmonic oscillator takes 12.0 s to undergo five

complete vibrations. Find (a) the period of its motion,
(b) the frequency in hertz, and (c) the angular frequency
in radians per second.

A 7.00-kg object is hung from the bottom end of a verti-

cal spring fastened to an overhead beam. The object is set
into vertical oscillations having a period of 2.60 s. Find the
force constant of the spring.

15.] A 0.500-kg object attached to a spring with a force constant

of 8.00 N/m vibrates in simple harmonic motion with an
amplitude of 10.0 cm. Calculate the maximum value of its
(a) speed and (b) acceleration, (c) the speed and (d) the
acceleration when the object is 6.00 cm from the equilib-
rium position, and (e) the time interval required for the
object to move from x = 0 to x = 8.00 cm.

18.

19

23. Review. A 0.250-kg block

A 200-g block is attached to a horizontal spring and exe-
cutes simple harmonic motion with a period of 0.250 s. The
total energy of the system is 2.00 J. Find (a) the force con-
stant of the spring and (b) the amplitude of the motion.

A 50.0-g object connected to a spring with a force constant
of 35.0 N/m oscillates with an amplitude of 4.00 cm on a
frictionless, horizontal surface. Find (a) the total energy of
the system and (b) the speed of the object when its position
is 1.00 cm. Find (c) the kinetic energy and (d) the potential
energy when its position is 3.00 cm.

A& [EJ A simple harmonic oscillator of amplitude A has
a total energy E. Determine (a) the kinetic energy and
(b) the potential energy when the position is one-third
the amplitude. (c) For what values of the position does the
kinetic energy equal one-half the potential energy? (d) Are
there any values of the position where the kinetic energy is
greater than the maximum potential energy? Explain.

.
resting on a frictionless, hori- NN ¥ >
zontal surface is attached to a
spring whose force constant is
83.8 N/m as in Figure P15.23.
A horizontal force F causes
the spring to stretch a distance of 5.46 cm from its equi-
librium position. (a) Find the magnitude of F. (b) What
is the total energy stored in the system when the spring is
stretched? (c) Find the magnitude of the acceleration of
the block just after the applied force is removed. (d) Find
the speed of the block when it first reaches the equilibrium
position. (e) If the surface is not frictionless but the block
still reaches the equilibrium position, would your answer

to part (d) be larger or smaller?

Figure P15.23



24. A 326-g object is attached to a spring and executes simple
harmonic motion with a period of 0.250 s. If the total
energy of the system is 5.83 |, find (a) the maximum speed
of the object, (b) the force constant of the spring, and
(c) the amplitude of the motion.

33. Review. A simple pendulum is 5.00 m long. What is the
period of small oscillations for this pendulum if it is located
in an elevator (a) accelerating upward at
5.00 m/s?? (b) Accelerating downward at
5.00 m/s?? (c) What is the period of this
pendulum if it is placed in a truck that is
accelerating horizontally at 5.00 m/s%?

Y1 A small ball of mass Mis attached
to the end of a uniform rod of equal A Pivor
mass M and length L that is pivoted at
the top (Fig. P15.51). Determine the p
tensions in the rod (a) at the pivotand L
(b) at the point P when the system is y
stationary. (c) Calculate the period
of oscillation for small displacements _y y=0
from equilibrium and (d) determine ’
this period for L = 2.00 m.

Review. A large block P

attached to a light spring
executes horizontal, sim-
ple harmonic motion as it
slides across a frictionless
surface with a frequency
/= 1.50 Hz. Block B rests
on it as shown in Figure
P15.53, and the coefficient

Figure P15.53

Problems 53 and 54.

of static friction between the two is p, = 0.600. What maxi-
mum amplitude of oscillation can the system have if block

Bis not to slip?

A simple pendulum with a length of 2.23 m and a mass
of 6.74 kg is given an initial speed of 2.06 m/s at its equi-
librium position. Assume it undergoes simple harmonic
motion. Determine (a) its period, (b) its total energy, and
(c) its maximum angular displacement.

67.

IEJ A block of mass m is
connected to two springs
of force constants k; and k,
in two ways as shown in Fig-
ure P15.67. In both cases,
the block moves on a fric-
tionless table after it is dis-
placed from equilibrium and
released. Show that in the
two cases the block exhib-
its simple harmonic motion
with periods

ky ko

MMWWWW m |

Figure P15.67
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