
Physics 4C: Collected Homework 3

Solutions are not considered complete without the logical argument and/or full calcula-
tion.

1. Two waves with the same frequency travel along the same piece of string:

y1(x, t) = (4.35 mm) sin(2πx− 350πt)

y2(x, t) = (5.25 mm) sin(2πx− 350πt+ 0.60π rad).

(a) What is the amplitude of the resultant wave?

(b) What is the phase angle (relative to wave 1) of the resultant wave?

(c) If a third wave with the same wavelength as y1 and y2 and with amplitude 4.80 mm
is also to be sent along the string in the same direction as the first two waves,
what should be its phase angle in order to maximize the amplitude of the new
resultant wave?

(d) With the amplitude maximized as in part (c) what is the average power of this
resultant wave? Assume that the wave number in the wave functions is given in
units of m−1 and the angular frequency is given in s−1 and that µ = 5 g/m is the
string density.

2. A string, tied to a sinusoidal oscillator at point P and running over a support at Q, is
stretched by a block of mass m. The separation between P and Q is L = 1.20 m, and
the frequency f of the oscillator is fixed at 150 Hz. The amplitude of the motion at
P is small enough for that point to be considered a node. A node also exists at Q. A
standing wave appears when the mass of the hanging block is 117.0 g or 208.0 g, but
not for any intermediate mass. What is the linear density of the string? (Assume that
the distance that the block m hangs below Q is negligible.)

63 A wave has a speed of 240 m/s and a wavelength of 3.2 m.What
are the (a) frequency and (b) period of the wave?

64 The equation of a transverse wave traveling along a string is

y ! 0.15 sin(0.79x " 13t),

in which x and y are in meters and t is in seconds. (a) What is the dis-
placement y at x ! 2.3 m, t ! 0.16 s? A second wave is to be added
to the first wave to produce standing waves on the string. If the wave
equation for the second wave is of the form y(x, t) ! ym sin(kx #
vt), what are (b) ym, (c) k, (d) v, and (e) the correct choice of sign in
front of v for this second wave? (f) What is the displacement of the
resultant standing wave at x ! 2.3 m, t ! 0.16 s?

65 The equation of a transverse wave traveling along a string is

y ! (2.0 mm) sin[(20 m"1)x " (600 s"1)t].

Find the (a) amplitude, (b) frequency, (c) velocity (including
sign), and (d) wavelength of the wave. (e) Find the maximum
transverse speed of a particle in the string.

66 Figure 16-43 shows the dis-
placement y versus time t of the
point on a string at x ! 0, as a
wave passes through that point.
The scale of the y axis is set by 
ys ! 6.0 mm. The wave is given 
by y(x, t) ! ym sin(kx " vt $ f).
What is f? (Caution: A calculator
does not always give the proper
inverse trig function, so check your answer by substituting it and an
assumed value of v into y(x, t) and then plotting the function.)

67 Two sinusoidal waves, identical except for phase, travel in 
the same direction along a string, producing the net wave 
y%(x, t) ! (3.0 mm) sin(20x " 4.0t $ 0.820 rad), with x in meters
and t in seconds. What are (a) the wavelength l of the two waves,
(b) the phase difference between them, and (c) their amplitude ym?

68 A single pulse, given by h(x " 5.0t), is shown in Fig. 16-44 for
t ! 0. The scale of the vertical axis
is set by hs ! 2. Here x is in
centimeters and t is in seconds.
What are the (a) speed and (b) di-
rection of travel of the pulse? (c)
Plot h(x " 5t) as a function of x for
t ! 2 s. (d) Plot h(x " 5t) as a func-
tion of t for x ! 10 cm.

69 Three sinusoidal waves of the same frequency travel
along a string in the positive direction of an x axis. Their
amplitudes are y1, y1/2, and y1/3, and their phase constants
are 0, p/2, and p, respectively. What are the (a) amplitude and
(b) phase constant of the resultant wave? (c) Plot the wave form of
the resultant wave at t ! 0, and discuss its behavior as t increases.

70 Figure 16-45 shows
transverse acceleration ay versus
time t of the point on a string at
x ! 0, as a wave in the form of
y(x, t) ! ym sin(kx " v t $ f)
passes through that point. The
scale of the vertical axis is set 
by as ! 400 m/s2. What is f?
(Caution: A calculator does not

SSM

442 CHAPTE R 16 WAVE S—I

••58 In Fig. 16-41, a string, tied to a sinusoidal oscillator at P
and running over a support at Q, is stretched by a block of mass m.
Separation L ! 1.20 m, linear density m ! 1.6 g/m, and the oscillator
frequency f ! 120 Hz. The amplitude of the motion at P is small
enough for that point to be considered a node.A node also exists at
Q. (a) What mass m allows the oscillator to set up the fourth har-
monic on the string? (b) What standing wave mode, if any, can be
set up if m ! 1.00 kg?
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Fig. 16-41 Problems 58 and 60.

•••59 In Fig. 16-42, an aluminum wire, of length L1 ! 60.0 cm,
cross-sectional area 1.00 & 10"2 cm2, and density 2.60 g/cm3, is
joined to a steel wire, of density 7.80 g/cm3 and the same cross-sec-
tional area. The compound wire, loaded with a block of mass m !
10.0 kg, is arranged so that the distance L2 from the joint to the
supporting pulley is 86.6 cm. Transverse waves are set up on the
wire by an external source of variable frequency; a node is located
at the pulley. (a) Find the lowest frequency that generates a stand-
ing wave having the joint as one of the nodes. (b) How many nodes
are observed at this frequency?

m
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Aluminum Steel

Fig. 16-42 Problem 59.

•••60 In Fig. 16-41, a string, tied to a sinusoidal oscillator at P
and running over a support at Q, is stretched by a block of mass m.
The separation L between P and Q is 1.20 m, and the frequency f
of the oscillator is fixed at 120 Hz. The amplitude of the motion at
P is small enough for that point to be considered a node. A node
also exists at Q. A standing wave appears when the mass of the
hanging block is 286.1 g or 447.0 g, but not for any intermediate
mass.What is the linear density of the string? 

Additional Problems
61 In an experiment on standing waves, a string 90 cm long is at-
tached to the prong of an electrically driven tuning fork that oscil-
lates perpendicular to the length of the string at a frequency of 60
Hz. The mass of the string is 0.044 kg. What tension must the string
be under (weights are attached to the other end) if it is to oscillate
in four loops?

62 A sinusoidal transverse wave traveling in the positive
direction of an x axis has an amplitude of 2.0 cm, a wavelength of
10 cm, and a frequency of 400 Hz. If the wave equation is of the
form y(x, t) ! ym sin(kx # vt), what are (a) ym, (b) k, (c) v, and (d)
the correct choice of sign in front of v? What are (e) the maximum
transverse speed of a point on the cord and (f) the speed of the
wave?

Fig. 16-43 Problem 66.
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as

–as

ay (m/s2)

t

halliday_c16_413-444hr.qxd  26-10-2009  22:13  Page 442

** View All 
Solutions Here **

** View All 
Solutions Here **



3. A string of length 120 cm carries a standing wave. Each of the points on the string
at which the displacement amplitude is equal to 2.12 mm are separated by 20.0 cm.
Find the maximum displacement amplitude. To which harmonic do these oscillations
correspond?


