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Chap 14 Vibrations and Waves

Vibration of a Pendulum

Period increases with 
length, but is largely 
independent of amplitude 
and mass.

Simple Harmonic Motion (SHM)

SHM is marked by a 
restoring force that is 
proportional from the 
departure from the 
equilibrium point.

Another example of SHM 
is that displayed by the 
motion of a mass attached 
to the end of a spring.
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Properties of Waves

Wavelength ()

Frequency (f)

Velocity (v)

Amplitude (A)

Velocity of Wave

The speed of a wave is equal to the wavelength of the wave times 
the number of waves that pass by each second (frequency)

v f  
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Examples

Longitudinal and Transverse Waves
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Interactions of Two or More Waves

Interference and 
Standing Waves

Constructive and Destructive Interferences
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Resonance

Examples
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Chapter 15 Sound

Sound waves are longitudinal waves traveling through a medium, such 
as air.  The vibration of an object (drum, tuning fork, etc.) leads to 
alternate regions of high molecular density (compression) and low 
molecular density (rarefaction), propagating outward.  This is how 
sound waves are generated.

Audible waves have frequencies in the 20 Hz to 20,000 Hz range.  
Ultrasound waves have frequencies higher than 20 kHz.

rarefaction

compression

Generating Longitudinal Waves

Doppler Effect



7

Examples

Standing Waves in Air Columns

Sound waves exiting the open end of a tube 
are reflected back.  However, the standing 
wave set up inside the tube has an antinode, 
rather than a node, on the location of the 
open end.  This means that the standing 
wave frequencies for a tube of length L, 
with two open ends, are

fn = n v / (2 L)   n= 1, 2, 3, ...

If the tube of length L is sealed on one end.  
A node is forced to be present at the sealed 
end, while an antinode exists at the open 
end.  Thus, the natural resonant frequencies 
are

fn = n v / (4 L)   n = 1, 3, 5, ...
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Beats

Two oscillations close in frequency leads to periods of approximate constructive 
interference and destructive interference.  The volume of the sound appears to flip 
between “large” and “small”, forming “beats”.

What is the beat frequency?

Suppose at time t=0, the two primary sounds are “in phase” (maximum).  We 
want to know the next time when the two sounds are again “in phase”.  The time 
elapsed, Tbeat, is then obviously the “period” of the beats.  This happens when the 
sound with the higher frequency (f1) has gone one full cycle more than the slower 
wave (f2).

f1 Tbeat - f2 Tbeat = 1
Tbeat = ( f1 - f2 )-1

fbeat =  f1 - f2

|| 21 fffbeat 
Beats

Examples


