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464 CHAPTER 14 I Superposition and Standing Waves

SUMMARY

The principle of superposition states that if two or more trav-
eling waves are moving through a medium and combine at
a given point, the resultant position of the element of the
medium at that point is the sum of the positions due to the
individual waves.

Standing waves are formed from the superposition of two
sinusoidal waves that have the same frequency, amplitude,
and wavelength but are traveling in opposite directions. The
resultant standing wave is described by the wave function

The maximum amplitude points (called antinodes) are
separated by a distance t/2. Halfway between antinodes are

points of zero amplitude (called nodes) .

The phenomenon of beats occurs as a result of the su-

perposition of two traveling waves of slightly different fre-
quencies. For sound waves at a given point, one hears an
alternation in sound intensity with time.

Any periodic waveform can be represented by the combi-
nation of sinusoidal waves that form a harmonic series. The
process is based on Fourier's ttreorem.

) : (2A sin ftx) cos arl 14.2<

)Analysis Models for Problem Solving

OBJECTIVE OUESTIONS

l. A flute has a length of 58.0 cm. If the speed of sound in air is
343 m/s, what is the fundamental frequency of the flute, as-

suming it is a tube closed at one end and open at the other?
(a) 1a8 Hz (b) 296H2 (c) 444 Hz (d) 591 Hz (e) none of
those ans'wers

2. A string of length I, mass per unit length p, and tension T
is r.ibrating at its fundamental frequengr (i) If the length of
the string is doubled, with all other factors held constant,

Waves in Interference. \Alhen t\vo traveling waves hdving equal lrequencies
superimpose, the resultant wave has an amplitude that depends on the phase
angle { betr.r,een the two waves. Constructive interference occurs when the hvo
waves are in phase, corresponding to d : 0,2n, 4rr,. . . rad. Destructive interfer-
ence occurs rvhen the two waves are 180" out ofphase, correspondingto $ : n,
3r,5n,...rad.

tt __ I Waves Under Boundary Conditions. \Arhen a tvave is subject to boundary condi-
tions, only certain natural frequencies are allorved; we say that the frequencies are
quantized.

n: 2 For rvaves op a string fixed at both ends, the natural frequencies are

n:z r:rL^E n:r,2,3,...r t, zL \,1 *t
where 7is the tension in the string and p, is its linear mass density.

For sound waves with speed u in an air column of length 1- open at both ends,
the natural frequencies are

f": "+. n: r,2,3,...

f": "#. n: r,3,5, .

14.9<

If an air column is open at one end and closed at the other, only odd harmonics
are present and the natural frequencies are

14.7<
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what is the effect on the fundamental frequency? (a) It be-
comes two times larger. (b) It becomes V2 times larger.
(c) It is unchanged. (d) It becomes 1/fi times as large.
(e) It becomes one-half as large. (ii) If the mass per unit
length is doubled, rvith all other factors held constant, rvhat
is the effect on the fundamental frequency? Choose from
the same possibilities as in part (i) . (iii) If the tension is dou-
bled, rvith all other factors held constant, what is the effect
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on the fundamental frequency? Choose from the same pos-
sibilities as in part (i).

3. In Figure OQl4.3, asound
wave of wavelength 0.8 m
divides into two equal
parts that recombine to
interfere constructivelyJ
with the original differ-
ence between their path
lengths being lr, - ,r | :
0.8 m. Rank the follorving
situations according to the
intensity of sound at the
receiver from the high-
est to the lowest. Assume
the tube rvalls absorb no

eonceptual Questions 469

6. When two tuning forks are sounded at the same time, a beat
frequency of 5 Hz occurs. If one of the tuning forks has a

frequency of 245 Hz, what is the frequency of the other tun-
ing fork? (a) 240 Hz (b) 242.5 Hz (c) 247.5 Hz (d) 250 Hz
(e) More than one answer could be correct.

7. As oppositely moving pulses of the same shape (one uprvard,
one downward) on a string pass through each other, at one
particular instant the string shows no displacement from
the equilibrium position at any point. What has happened
to the energy carried by the pulses at this instant of time?
(a) It was used up in producing the previor"rs motion. (b) It
is all potential energy. (c) Itis all internal energy. (d) It is all
kinetic energy. (e) The positive energlr of one pulse adds to
zero with the negative energy of the other pulse.

I &l Ar.r*. two identical sinusoidal waves are moving through
the same medium in the same direction. Under rvhat condi-
tion will the amplitr-rde of the resultant \,va\re be greater than
either of the trvo original rvaves? (a) in all cases (b) only if the
naves have no difference in phase (c) only if the phase dif-
ference is less than 90' (d) only if the phase difference is less

than 120o (e) only ifthe phase difference is less than 180"

9. An archer shoots an arrorv horizontally from the center of
the string of a borv held vertically. After the arrorv leaves it,
the string of the bow will vibrate as a superposition of what
standing-wave harmonics? (a) It vibrates only in harmonic
numher 1, the fundamental. (b) It vibrates only in the second
harmonic. (c) It vibrates only in the odd-numbered hannon-
ics 1, 3, 5,7, . .. . (d) Itvibrates only in the even-numbered
harmonics 2, 1,6,8,. . .. (e) Itvibrates in all harmonics.

10. A tuning fork is known to vibrate with frequency 262 Hz.
When it is sounded along with a mandolin string, four
beats are heard every second. Next, a bit of tape is put onto
each tine of the tuning fork, and the tuning fork no$r pro-
duces five beats per second with the same mandolin string.
What is the frequency of the string? (a) 257 Hz (b) 258 Hz
(c) 262 Hz (d) 266 Hz (e) 267 Hz

1 1. A standing wave har..ing three nodes is set up in a string fixed at
both ends. If the frequency of the rvave is doubled, how many
antinodes will there be? (a) 2 (b) 3 (c) a (d) 5 (e) 6
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are running. What could be causing this variation from loud
to soft?

A soft-drink bottle resonates as air is blown across its top.
\4rhat happens to the resonance frequency as the level of
fluid in the bottle decreases?

A tuning fork by itself produces a faint sound. Explain
how each of the following methods can be used to obtain
a louder sound from it. Explain also any effect on the time
interval for which the fork vibrates audibly. (a) holding the
edge of a sheet of paper against one vibrating tine (b) press-

ing the handle of the tuning fork against a chalkboard or a

tabletop (c) holding the tuning fork above a column of air
of properly chosen length as in Example 14.5 (d) holding
the tuning fork close to an open slot cut in a sheet offoam
plastic or cardboard (with the slot similar in size and shape
to one tine of the fork and the motion of the tines perpen-
dicular to the sheet)
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Figure OQl4.3

sound energy. Give equal ranks to situations in which the
intensity is equal. (a) From its original position, the sliding
section is moved outby0.1 m. (b) Nextitslides outan addi-
tional 0.1 m. (c) It slides out still another 0.1 m. (d) It slides
out 0.1 m more.

4. A series of pulses, each of amplitude 0.1 m, is sent dorvn a
string that is attached to a post at one end. The pulses are
reflected at the post and travel back along the string with-
out loss of amplitude. (i) What is the net displacement at a
point on the string where two pulses are crossing? Assume
the string is rigidly attached to the post. (a) 0.4 m (b) 0.3 m
(c) 0.2 m (d) 0.1 m (e) 0 (ii) Next assume the end atrvhich
reflection occurs is free to slide up and dorvn. Now what
is the net displacement at a point on the string rvhere two
pulses are crossing? Choose your answer from the same pos-
sibilities as in part (i).

5. Suppose all six equal-length strings of an acoustic guitar are
played without fingering, that is, without being pressed down
at any frets. What quantities are the same for all six strings?
Choose all correct answers. (a) the fundamental frequency
(b) the fundamental wavelength of the string wave (c) the
fundamental wavelength of the sound emitted (d) the speed
of the string wave (e) the speed of the sound emitted

CONCEPTUAL QUESTIONS I

l. A crude model of the human throat is that of a pipe open
at both ends'rvith a vibrating source to introduce the sound
into the pipe at one end. Assuming the r.'ibrating source pro-
duces a range offrequencies, discuss the effect of changing
the pipe's length.

@ Utr"" two waves interfere constructively or destructively, is

there any gain or loss in energy in the system of the waves?

Explain.

3. Explain how a musical instnrment such as a piano may be
tuned by using the phenomenon of beas.

lZl Oo". the phenomenon of wave interference apply only to
sinusoidal waves?

5. What limits the amplitude of motion of a real ribrating sys-

tem that is driven at one ofits resonant frequencies?

@a. airplane mechanic notices that the sound from a $r.in-

\
^/

8.

it

engine aircraft rapidly varies in loudness l'hen both engines


