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Sound wave behaviour
“Music is the arithmetic of sounds as optics is the
geometry of light”,
Claude Debussy (from a Guinness beer mat)

• Wave-like properties:
– Superposition and interference
– Diffraction
– Reflection
– Refraction
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Preparation for Sound waves

• Give an application from real life
that exploits each of the principles
of sound wave behaviour:
– superposition of sound waves
– diffraction properties
– reflections
– refraction
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Pure tone as a complex sinusoid
A sinusoidal plane-wave soundfield (lecture 12, slide K.14)
can be expressed as the real part of a complex soundfield:
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where P denotes the wave’s complex amplitude. It can be
described either in terms of magnitude and phase
|P | = a

6 P =φ

or in terms of real and imaginary parts
Re {P } = a cos φ

Im {P } = a sin φ
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Soundfield from a sinusoidal point source, c = f λ
Similarly, for a point source (lecture 14, slide N.5, eq. 4):
1
jω (t− rc )
p(t, x) = Re P e
r


f = 262 Hz, λ = 1.30 m

f = 1 kHz, λ = 0.34 m



(2)

f = 440 Hz, λ = 0.77 m

f = 2 kHz, λ = 0.17 m
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Sound interference (space)
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Combination of sound pressures
For coherent soundfields, sum pressures:
p̄(t) =

X

pi(t)

(3)

i

e.g., tones at the same frequency, reflections
at constant time delay, correlated sources
For incoherent soundfields, sum powers:
hp̄2(t)i =

hp2
i (t)i

X

(4)

i

where h·i denotes the time average
e.g., tones at different frequencies, diffuse
sound, uncorrelated sources
In both cases, the total squared pressure gives
p̄rms =

q

hp̄2(t)i

with which we calculate the total SPL

(5)
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Diffraction of sound
Whether around a wall, through a gap, or past an obstacle,
sound waves diffract.
The amount of diffraction depends on size relative to a
wavelength λ, so behaviour depends on frequency f

O.8

Diffraction through a gap
Diffraction is greater at longer
wavelengths (low frequency):
at high frequency, acts as a beam,
at low frequency, as point source,
transition occurs at λcrit ≈ 2D

Diffraction around an obstacle
Diffraction around an obstacle is similar:
a shadow is cast only at high frequency,
transition occurs at λcrit ≈ 2D again,
which gives:
λcrit
D≈
2

(6)
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Reflection of sound
Sound is reflected at any interface between two media, at
an opening in a baffle, at a rigid boundary: wherever there
is a change in the acoustic impedance:
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Reflection at a rigid boundary (zero velocity, free pressure)
E.g., at a wall or interface between two fluids

Effect can be modeled by in-phase virtual source
Reflection at an opening (tiny pressure, free velocity)
E.g., an exhaust pipe, woodwind instrument, your mouth

Effect can be modeled by anti-phase virtual source
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Refraction of sound
Snell’s law:
Refraction occurs at the interface between two media,
with sound speeds c1 and c2
sin θ2
sin θ1
=
c1
c2

(7)

where angles from the normal
are θ1 and θ2 respectively.

From fast to slow medium,
waves bend toward normal
From slow to fast, waves
bend away from the normal
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Refraction effects in air
When air near ground is warmer (and faster):

Sound speed is constant relative to air, but wind speed
varies and so does wave speed w.r.t. ground:
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Worked examples

1. Two initially in-phase sinusoidal point sources have equal
strength, W1= W2=1 W. Find the SPL at r1=r2=1 m
in the free field: (a) when ω1 = ω2, (b) when ω1 6= ω2.
2. A hall doorway is 0.85 m wide. For which frequencies
will sound be diffracted around the entrance?
3. A point source is 34 cm from a concrete wall and sound
measured on the normal, 2 m from the wall. What is
the phase difference between direct and reflected sound:
(a) for f = 500 Hz, (b) for f = 750 Hz?
4. The sound speeds in freshwater and brine (sea water)
are c1=1450 m s−1 and c2=1500 m s−1 at a river mouth.
A sonar pulse passes from freshwater to brine with an
incidence angle θ1=60◦ at the interface. Find θ2.
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Sound wave behaviours
• Superposition
– constructive & destructive interference
– coherent and incoherent soundfields
• Diffraction
– around corners and shadows
– critical wavelength λcrit ≈ 2D
• Reflection
– at fixed and open boundaries
• Refraction
– obeys Snell’s law
– sound rays bend in
heterogeneous fluids
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Preparation for Reflections

• What is the difference between
‘early’ reflections and reverberation?

• What is the ‘critical distance’ of an acoustical environment?
– find a definition
– give an example

• What is a standing wave?
– find a definition
– give an example
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