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9.6: Sound Waves

So far, we mostly considered transversal waves, which include waves in strings and waves on the surface of a pond, and are easily
visualized. Longitudinal waves, on the other hand, are somewhat harder to draw, but easily heard - as sound is the prime example
of a longitudinal wave. Other examples include (some forms of) seismic waves and ultrasound. Many people simply lump all of
these together, and use the terms ‘sound waves’ and ‘longitudinal waves’ as synonyms
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Figure 9.6.1: Snapshots of the wave patterns for the first three modes of a standing wave in (a) a string with two clamped ends, (b)
a string with one clamped end, or a tube with one closed and one open end, and (c) a tube with two open ends. In each case, the plot
shows the amplitude of the standing wave, as a fraction of the amplitude of the traveling wave. At nodes, the amplitude of the
standing wave vanishes: destructive interference causes these points to always stand still. At antinodes, the amplitude of the
standing wave is maximal, and equals that of the traveling wave. Note that (a) and (b) will occur for transversal waves, whereas (b)
and (c) will occur for sound waves. For cases (a) and (c) allowed wavelengths are A = %, whereas for case (b), allowed
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wavelengths are A =

We already touched upon the speed of sound waves in Section 9.2 (Equation 9.2.10). This speed indicates how fast the wavefronts
of a sound wave travel; a wavefront is defined as the surface (in three dimensions) where all points have the same phase.! To
visualize a sound wave we draw a succession of wavefronts one wavelength (or one period) apart. Simple examples include a point
source (generating spherical wavefronts) and a planar wave, in which all wave fronts are parallel planes (Figure 9.6.2). The (local)
direction of propagation of the wave is the direction perpendicular to the wavefronts, sometimes depicted by a ray.
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Figure 9.6.2: Snapshots of the wavefronts (points with equal phase) of a longitudinal wave for (a) a point source (with spherical
wavefronts) and (b) a planar wave (where all wavefronts are parallel planes). Successive wavefronts are separated by one
wavelength.
Like transversal waves, longitudinal waves exhibit interference, both with other waves they encounter, and by their own reflections.
There can therefore be traveling and standing sound waves. Unlike transversal waves on strings however, longitudinal sound waves
are typically created in tubes that are open on either one or both ends. A closed end represents a fixed point, just like the fixed end
of a string does, resulting in a stringent boundary condition: the interference between the incoming and outgoing wave must be
such that the net displacement at the closed end is zero. An open end corresponds to a transversal wave in a string that is not

clamped. As the string in that case is free to move, its maximum displacement will equal the amplitude of the wave. In other words,
while a closed end corresponds to a node, the open end corresponds to an antinode. For a string (or pipe) with one clamped / closed
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and one open end, the wavelength of the lowest order mode (known as the fundamental mode or first harmonic) therefore equals
four times the length L of the string / pipe. The next mode (second harmonic) will have a wavelength of 4L /3, and so on (Figure

9.6.2¥), resulting in A =4L/(2n — 1) for the nth mode. For a tube with two open ends, the fundamental mode is the inverse of
that of a string with two clamped ends - so two antinodes at the ends, and a node in the middle (Figure 9.6.1c). Like for a clamped
string, the allowed wavelengths are therefore A = 2L /n.

1 A wavefront corresponding to the maximum extension u is sometimes called a wavecrest.

This page titled 9.6: Sound Waves is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by Timon Idema (TU
Delft Open) via source content that was edited to the style and standards of the LibreTexts platform.

https://phys.libretexts.org/@go/page/17422


https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://phys.libretexts.org/@go/page/17422?pdf
https://phys.libretexts.org/Bookshelves/University_Physics/Mechanics_and_Relativity_(Idema)/09%3A_Waves/9.06%3A_Sound_Waves
https://creativecommons.org/licenses/by-nc-sa/4.0
http://idemalab.tudelft.nl/idema.html
https://textbooks.open.tudelft.nl/index.php/textbooks/index
https://textbooks.open.tudelft.nl/textbooks/catalog/book/14

