Physics 115 Lecture 9

Standing waves in an air
column

February 9, 2018



String fixed at both ends

»« Always a node at each end
« Harmonics

= Animated applet

» Video



http://www4.uwsp.edu/physastr/kmenning/flash/AF_1810.swf
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The recipe of harmonics

= The relative amplitudes (loudness) of the harmonics give
a musical instrument its characteristic tone quality
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http://soundcheckucc.wordpress.com/2012/04/04/what-is-auto-tune-how-does-it-work-and-why-should-i-hate-it/
http://computermusicresource.com/guitar.spectrum.html

Wave reflection in an air column

= A typical brass or woodwind instrument
creates a standing wave in an air column
that is closed at one end and open at the

other.

=« The standard diagrams can be confusing:
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Animated longitudinal standing wave

©2012, Dan Russell
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Animation courtesy of Dr. Dan Russell, Grad. Prog. Acoustics, Penn State



http://www.acs.psu.edu/drussell/demos.html

Why does sound reflect from the open

end of a tube?

The formation of a

Froduction of a standing wave in an air column involves reflections from both the
closed end and the open end of the column.
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No phase change upon
reflection since the wave
encounters a greater
acoustic impedance,

Source: hyperphysics

1807 phase change upon
reflection since the wave
encounters a lesser acoustic

impedance. This phase change
is associated with energy loss
as sound energy is transmitted
to the outside air.


http://hyperphysics.phy-astr.gsu.edu/hbase/waves/standw.html

Acoustic impedance

= A sound wave reflects from the open end of an
air column because of the sudden change In
acoustic impedance Z (see link 5-09) (another tutorial)

= Specific acoustic impedance (z) Is the opposition
of a medium to wave propagation, and it depends
on the properties of the medium.

= [he acoustic impedance (Z) specifies the
Impedance offered by an enclosed volume of a
medium of cross-sectional area A.
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http://www4.uwsp.edu/physastr/kmenning/Phys115/Link5-09_acoustic_impedance.pdf
http://www.phys.unsw.edu.au/jw/z.html

Acoustic impedance
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= p = density of medium (kg/m3). A denser medium
offers more resistance to wave propagation.

= C = speed of sound (m/s). Faster sound speed
corresponds to a stiffer medium and more
resistance to wave propagation.

= A = cross-sectional area (m?). A larger cross-
sectional area offers less resistance to wave
propagation. The impedance change at the end
of a tube Is a result of the sudden change in the
cross-sectional area, and a sound wave will
reflect off this boundary.




Acoustic impedance

Flaring the tube end
makes the impedance
change more gradual,
resulting in less
Internal reflection and
a louder emitted sound




A sound wave travels through a cast iron (¢ = 3780 m/s,
p = 7700 kg/m3) rod and into a steel (¢ = 5100 m/s,
p = 7700 kg/m?) rod of the same diameter. As it does

so, it encounters acoustic impedance.
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A sound wave travels through a cast iron (c = 3780 m/s,
p = 7700 kg/m3) rod and into a steel (¢ = 5100 m/s,
p = 7700 kg/m?3) rod of the same diameter. As it does

so, it encounters acoustic impedance.
. Z
A. a higher 7=%_P°
A A
B. a lower

: No change in p or A. The higher
C.no Change in the speed of sound in steel means it is a

stiffer medium that offers more
resistance to wave propagation.



