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12.11: Beats

&b Learning Objectives

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

y1 = Acos(kiz — 27 fit) (12.11.1)
and

y2 = Acos(kax — 27 fot).

”)cos(“;”) (12.11.2)

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 12.11.1

Using the trigonometric identity

U
cosu +cosv =2 cos

y(t;z =0m) = 2A cos(27 faugt) cos [2ﬂ. < | f2 ;fﬂ > t],

where the beat frequency is

freat = |f2 = ful- (12.11.3)

Destructive
interference

ylem) —

AR A RDALA ARV AT
S LVAVATVTAVAVARRVAVSVAVRTRVAVA 19 AVA 'R AV

-201 1 1 T T T T 1 T
1] 0.02 0.04 1 012 0.1 j0.16 018 0.2

E:[\f\w/\[\[\[\f\wf\[\[\/\f\ WAINS
s VYV

—20
o

Time (s) —_—

Constructive

interference

Figure 12.11.1: Beats produced by the constructive and destructive interference of two sound waves that differ in frequency.
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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.
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v/ Example 12.11.1: 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 Equation 12.11.3to get the beat frequency

freat = |fo— 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.

What would happen if more than two frequencies interacted? Consider three frequencies.

The study of the superposition of various waves has many interesting applications beyond the study of sound. In later sections, 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.

This page titled 12.11: Beats is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by OpenStax via source
content that was edited to the style and standards of the LibreTexts platform.

o 17.7: Beats by OpenStax is licensed CC BY 4.0. Original source: https://openstax.org/details/books/university-physics-volume-1.
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