
17.6 | Beats

Learning Objectives

By the end of this section, you will be able to:

• Determine the beat frequency produced by two sound waves that differ in frequency

• Describe how beats are produced by musical instruments

The study of music provides many examples of the superposition of waves and the constructive and destructive interference
that occurs. Very few examples of music being performed consist of a single source playing a single frequency for an
extended period of time. You will probably agree that a single frequency of sound for an extended period might be boring
to the point of irritation, similar to the unwanted drone of an aircraft engine or a loud fan. Music is pleasant and interesting
due to mixing the changing frequencies of various instruments and voices.

An interesting phenomenon that occurs due to the constructive and destructive interference of two or more frequencies of
sound is the phenomenon of beats. If two sounds differ in frequencies, the sound waves can be modeled as
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Using the trigonometric identity cos u + cos v = 2 cos⎛
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⎠ and considering the point in space as

x = 0.0 m, we find the resulting sound at a point in space, from the superposition of the two sound waves, is equal to

Figure 17.29:
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where the beat frequency is

(17.17)fbeat = | f2 − f1|.
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17.8

Figure 17.29 Beats produced by the constructive and destructive interference of two sound waves that differ in frequency.

These beats can be used by piano tuners to tune a piano. A tuning fork is struck and a note is played on the piano. As the
piano tuner tunes the string, the beats have a lower frequency as the frequency of the note played approaches the frequency
of the tuning fork.

Example 17.7

Find the Beat Frequency Between Two Tuning Forks

What is the beat frequency produced when a tuning fork of a frequency of 256 Hz and a tuning fork of a frequency
of 512 Hz are struck simultaneously?

Strategy

The beat frequency is the difference of the two frequencies.

Solution

We use fbeat = | f2 − f1| :

| f2 − f1| = (512 − 256) Hz = 256 Hz.

Significance

The beat frequency is the absolute value of the difference between the two frequencies. A negative frequency
would not make sense.

Check Your Understanding What would happen if more than two frequencies interacted? Consider
three frequencies.
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The study of the superposition of various waves has many interesting applications beyond the study of sound. In later
chapters, we will discuss the wave properties of particles. The particles can be modeled as a “wave packet” that results from
the superposition of various waves, where the particle moves at the “group velocity” of the wave packet.

17.7 | The Doppler Effect

Learning Objectives

By the end of this section, you will be able to:

• Explain the change in observed frequency as a moving source of sound approaches or departs
from a stationary observer

• Explain the change in observed frequency as an observer moves toward or away from a
stationary source of sound

The characteristic sound of a motorcycle buzzing by is an example of the Doppler effect. Specifically, if you are standing
on a street corner and observe an ambulance with a siren sounding passing at a constant speed, you notice two characteristic
changes in the sound of the siren. First, the sound increases in loudness as the ambulance approaches and decreases in
loudness as it moves away, which is expected. But in addition, the high-pitched siren shifts dramatically to a lower-pitched
sound. As the ambulance passes, the frequency of the sound heard by a stationary observer changes from a constant high
frequency to a constant lower frequency, even though the siren is producing a constant source frequency. The closer the
ambulance brushes by, the more abrupt the shift. Also, the faster the ambulance moves, the greater the shift. We also hear
this characteristic shift in frequency for passing cars, airplanes, and trains.

The Doppler effect is an alteration in the observed frequency of a sound due to motion of either the source or the observer.
Although less familiar, this effect is easily noticed for a stationary source and moving observer. For example, if you ride a
train past a stationary warning horn, you will hear the horn’s frequency shift from high to low as you pass by. The actual
change in frequency due to relative motion of source and observer is called a Doppler shift. The Doppler effect and Doppler
shift are named for the Austrian physicist and mathematician Christian Johann Doppler (1803–1853), who did experiments
with both moving sources and moving observers. Doppler, for example, had musicians play on a moving open train car and
also play standing next to the train tracks as a train passed by. Their music was observed both on and off the train, and
changes in frequency were measured.

What causes the Doppler shift? Figure 17.30 illustrates sound waves emitted by stationary and moving sources in a
stationary air mass. Each disturbance spreads out spherically from the point at which the sound is emitted. If the source is
stationary, then all of the spheres representing the air compressions in the sound wave are centered on the same point, and
the stationary observers on either side hear the same wavelength and frequency as emitted by the source (case a). If the
source is moving, the situation is different. Each compression of the air moves out in a sphere from the point at which it
was emitted, but the point of emission moves. This moving emission point causes the air compressions to be closer together
on one side and farther apart on the other. Thus, the wavelength is shorter in the direction the source is moving (on the
right in case b), and longer in the opposite direction (on the left in case b). Finally, if the observers move, as in case (c),
the frequency at which they receive the compressions changes. The observer moving toward the source receives them at a
higher frequency, and the person moving away from the source receives them at a lower frequency.

882 Chapter 17 | Sound

This OpenStax book is available for free at http://cnx.org/content/col12031/1.10




