PHYSICS 100

MECHANICAL WAVES  and  SOUND

A mechanical wave is a disturbance that propagates in a mechanical medium.  Mechanical waves transmit energy.  Mechanical waves do not transmit mass.  The speed of a mechanical wave depends on the mechanical properties of the medium.  A stiffer or more incompressible medium increases wave speed.  A denser medium decreases wave speed.  For a wave on a string, the speed is:
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F is the tension (stiffness) in the string and (m/l) is the mass per length or linear density.
The speed of any type of wave is the product of its wavelength and frequency or the wavelength divided the period.  The wavelength is the distance the wave travels during one cycle.  The frequency is the number of cycles completed per second.  The period is the time to complete one cycle of the wave.
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 is the wavelength, f is the frequency, and T is the period.
A transverse wave  oscillates in a direction perpendicular to the wave’s velocity.  Ocean waves move the water up and down while the wave propagates horizontally across the surface.  A longitudinal wave oscillates parallel to the wave’s velocity.  Sound waves and waves on a slinky are longitudinal.
If there is motion between a receiver and source of sound waves, the frequency received will be different from the frequency emitted.  This is the Doppler effect.  If the relative motion of source and receiver decreases the distance between the source and the receiver, the frequency increases.  The reverse is true.  As a fire engine approaches, its frequency or pitch rises.  As it recedes, the pitch is lowered.  For electromagnetic or light waves, the Doppler effect is the basis of radar.

Standing wave resonance occurs when a wave moving in one direction strikes a boundary and is reflected back in the opposite direction.  The two waves traveling in opposite directions interfere with each other.  Under resonance conditions, the energy produced is maximized.  Standing wave resonance is the basis for many musical instruments.
For two hard boundaries (strings connected to frets and bridges) or two soft boundaries (both ends of an open tube), a resonance will occur when the wavelength has specific values.
(3)
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 = 2L/n
n = 1, 2, 3…     L is the distance between ends or boundaries.
The resonant frequencies or harmonics will be:

(4)
f = v/
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 = (v/2L) n
n = 1, 2, 3…

The (n=1) resonance is called the fundamental frequency.  All other values of (n) are called harmonics.

For mixed boundary conditions (one open and the other closed), a resonance will occur when the wavelength has a different set of values.

(5)
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 = 4L/ (2n-1)

n = 1, 2, 3…

The harmonic frequencies will be:

(6)
f = v/
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 = (v/4L) (2n-1)

n = 1, 2, 3…


When two waves of different frequencies are generated together, there will be times when they produce maximum sound.  The number of times per second when this occurs is called the beat frequency.  The beat frequency is the difference between the two frequencies.
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The larger of the two frequencies is 
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