
Physics 10, Kintner Fall 2020

IC19: 11/23 In Class –Wave practice problems

This is our last meeting before the final. You have this IC19 and IC18 on
SHM to cover the new material. Then you have the three midterm exams for
both sections (on Moodle under Exam Info) and also the review problems
for each of the three exams. I’d use the old exams to study for old material
first. Cover sheets for each exam are also in that section.

Summary and review of waves:
A traveling wave has a function given by:

y = A sin(
2π

λ
x− ωt) or y = A cos(

2π

λ
x− ωt)

for waves traveling in the +x direction.
All the variables such as A (amplitude), f , frequency, ω angular frequency,

and T period, have the same definitions as they did for SHM.
There are two new quantities we defined last week: wavelength (λ) (dis-

tance for one complete cycle) and the speed of the wave, v = λ
T

.
There is another way to calculate the speed of a wave on a string.

v =

√
FT
µ

where FT is the tension in the string, and µ is the mass per unit length of
the string.

We also worked out the expression to find the resonant, or harmonic,
frequencies for standing waves with nodes on both ends:

fn = n
v

2L

1. A guitar string has µ = 50g/m and is under tension of 30N. If you
pluck the string, what will be the speed of the wave?

2. A wave on a string has an equation of motion given by:
y = .05 sin(4πx− π

3
t)

(a) What is the amplitude of the motion?

(b) What is the period of the motion?

(c) What is the wavelength of the motion?
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(d) What is the speed of the wave?

(e) If the mass of the string is 15g and it is 2m long, what is the
tension in string?

(f) Write an expression for the velocity of a particle of the medium
at x = 0.

(g) What is the maximum velocity of a particle of the medium?

3. A wave has an amplitude of 10cm, a frequency of 3Hz, and a wavelength
of 15cm.

(a) Write an expression for the wave, assuming that it is a sin wave.

(b) What is the period of the motion?

(c) What is the speed of the wave?

11–12 Standing Waves; Resonance
If you shake one end of a cord and the other end is kept fixed, a continuous wave
will travel down to the fixed end and be reflected back, inverted, as we saw in 
Fig. 11–33a. As you continue to oscillate the cord, waves will travel in both direc-
tions, and the wave traveling along the cord, away from your hand, will interfere
with the reflected wave coming back. Usually there will be quite a jumble. But 
if you oscillate the cord at just the right frequency, the two traveling waves will
interfere in such a way that a large-amplitude standing wave will be produced,
Fig. 11–40. It is called a “standing wave” because it does not appear to be traveling.
The cord simply appears to have segments that oscillate up and down in a fixed
pattern. The points of destructive interference, where the cord remains still at 
all times, are called nodes. Points of constructive interference, where the cord
oscillates with maximum amplitude, are called antinodes. The nodes and antinodes
remain in fixed positions for a particular frequency.

Standing waves can occur at more than one frequency. The lowest frequency
of oscillation that produces a standing wave gives rise to the pattern shown in 
Fig. 11–40a. The standing waves shown in Figs. 11–40b and 11–40c are produced
at precisely twice and three times the lowest frequency, respectively, assuming
the tension in the cord is the same. The cord can also oscillate with four loops
(four antinodes) at four times the lowest frequency, and so on.

The frequencies at which standing waves are produced are the natural
frequencies or resonant frequencies of the cord, and the different standing wave
patterns shown in Fig. 11–40 are different “resonant modes of vibration.” A stand-
ing wave on a cord is the result of the interference of two waves traveling in
opposite directions. A standing wave can also be considered a vibrating object at
resonance. Standing waves represent the same phenomenon as the resonance of
an oscillating spring or pendulum, which we discussed in Section 11–6. However,
a spring or pendulum has only one resonant frequency, whereas the cord has 
an infinite number of resonant frequencies, each of which is a whole-number
multiple of the lowest resonant frequency.

Consider a string stretched between two supports that is plucked like a guitar
or violin string, Fig. 11–41a. Waves of a great variety of frequencies will travel in
both directions along the string, will be reflected at the ends, and will travel back
in the opposite direction. Most of these waves interfere with each other and
quickly die out. However, those waves that correspond to the resonant frequen-
cies of the string will persist. The ends of the string, since they are fixed, will be
nodes. There may be other nodes as well. Some of the possible resonant modes of
vibration (standing waves) are shown in Fig. 11–41b. Generally, the motion will
be a combination of these different resonant modes, but only those frequencies
that correspond to a resonant frequency will be present.
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FIGURE 11–40 Standing waves 
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FIGURE 11–41 (a) A string is plucked. (b) Only standing waves corresponding to resonant frequencies persist for long.
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4. In class last time, I drew pictures like the ones shown above. These
patterns, with nodes on both ends, correspond to waves on a string that
is fixed at both ends, and also columns of air that are closed on both
ends. Both of length L. You make the sketches for the version that has
antinodes on both ends, and work out the equations. The ones you will
draw would work for the waves on a string free to move at both ends
(we saw the wave machine do this pattern in one of the videos), or a
column of air that is open on both ends. Use n to correspond to the
number of nodes=number of the harmonic, and λn for the wavelength
of the nth harmonic.

5. Using what you know about the speed of a wave on the same string,
v, find he relationship between each frequency, speed, and length of
the string. Again, it should have the n for number of nodes/harmonic.
(You should solve for fn.)
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6. A pipe organ tube that is open on both ends and has a length of 85cm
can play a note with the speed of the wave 340.

(a) What is the wavelength of the first harmonic ?

(b) What is the frequency of the first harmonic?

(c) What is the frequency of the second harmonic?

(d) What is the frequency of the third harmonic?
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