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1-D Wave Equation

In x-direction :
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With general solution :
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For sinusoidal functions, λ c
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Spherical Wave Equa

In polar coordinates :
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Our solution is :
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Sound Waves

•c = 331.4m/sec + 0.60m/sec = 113

at room temperature)

•This is about 1 msec/ft

•Real rooms, temp changes, movem
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Intensity
Def: Sound energy flowing across a
in a second

where ρ0 is the medium density, c is th
sound as before, and ρ0c is the charac
impedance.

I pv p2

ρ0c
--------= =
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For a sinusoid,

So I is proportional to p2, and for a sp

I is proportional to 1/r2.

I P0
2

2ρ0c
-----------=
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dB Sound Levels

Choosing reference values to corre
threshold of hearing at 1kHz, name

The dB levels then become Sound 
(SPL) and Intensity Level (IL), respe

L 20log10
p1

p2

---- 10log10
I 1

I 2

---= =

p2 2 10 5–× N
m2
------=

I 2 10 12– W
m2
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Typical  Power Sour
Source power (SPL at 16 in. for hem

1 meter surface)

•Whispered speech: 1nW (30 dB SP

•Average for speech: 10 uW (70 dB

•Loud speech: 200uW (83 db SPL)

•Shouting: 1mW (90 dB SPL)

Ignoring boundaries, SPL would be
doubled distance
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SPL is not loudnes

•Cube root approximation (10 dB do

•Frequency dependencies

•Weighting curves for measuremen
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Room Modes
•Some math as for strings, horns

•Standing waves at characteristic fr

•Mostly significant at low frequencie

•At high frequencies essentially a co

(number of modes below f is proport
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τ 4V

cSα
----------=

W sound source energy=
W

t 0=

I
W

Sα
------- 1

cSα
2V
---------- t–exp– 

 = α average abs=

Sα s1α1 s2α2 . . .+ +( )=
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RT60       T60

τ 4V
cSα
----------=

I
I0

--- cSα
4V

----------t–exp=

IL∆ 10log10
cSα
4V

----------t–exp 10
2.3
------- cSα

4V
----------t–expln= =

1.087cSα
4V

----------t–=

Decay Rate = ∆IL
t

---------– 1.087cSα
4V

----------t=
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T60
60

Decay Rate
--------------------------- 55.2 V

cSα
---------- 0.163 V

Sα
-------   (metric)= = =

 or  0.049 V
Sα
-------   (feet)

Kinsler + Frey
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Air Effects

The air term typcally dominates at very high         
frequencies, is irrelevant for low frequencies

RT60 0.049V
Sα 4mV+
-------------------------=    in feet
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Example: 237 Cory
•Dimensions: 20 x 24 x 16 (feet)

•Volume: 7680 cu. ft.

•Surface area: 2368 sq. ft.

•Mid-freq RT60: 1.2 sec (empty)

•We infer    of about 0.13

•Air absorption less than 10% for 1kHz, about 50% 

for 4 kHz

α
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Steady State, 237 Cory
For 10 uW source,

This is about 55 dB SPL, and 120 msec after cutoff 

this level will be about 49 dB. Will this interfere?

I W
Sα
------- 0.32µW

ft2
----- 0.30µ W

m2
------= = =
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Boundary Losses
•Energy striking boundary

•Absorption coefficients for surfaces

•Absorption in air: intensity factor of e-mr, where m 

is 0.013 m-1 at 1 kHz, 0.021 at 4 kHz (50% relative 

humidity)
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Effect on Intelligibility

•Energy is larger than without reverb

•Decay stretches it out in time

•Masks following sounds

•Colorations change the spectrum
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Reverberation : Effect on Word
Error Rate

Close-mike RT60 = 0.55

0.3% 0.3%

5.9% 22.2%

4.7% 13.0%

Human

ASR

ASR w/
treatment


	1-D Wave Equation
	Spherical Wave Equation
	Sound Waves
	• c = 331.4m/sec + 0.60m/sec = 1133ft/sec at room temperature)
	• This is about 1 msec/ft
	• Real rooms, temp changes, movement

	Intensity
	dB Sound Levels
	Typical Power Source
	• Whispered speech: 1nW (30 dB SPL)
	• Average for speech: 10 uW (70 dB SPL)
	• Loud speech: 200uW (83 db SPL)
	• Shouting: 1mW (90 dB SPL)

	SPL is not loudness
	• Cube root approximation (10 dB doubles loudness)
	• Frequency dependencies
	• Weighting curves for measurement

	Room Modes
	• Some math as for strings, horns
	• Standing waves at characteristic frequencies
	• Mostly significant at low frequencies
	• At high frequencies essentially a continuum (number of modes below f is proportional to f 3)

	Air Effects
	Example: 237 Cory
	• Dimensions: 20 x 24 x 16 (feet)
	• Volume: 7680 cu. ft.
	• Surface area: 2368 sq. ft.
	• Mid-freq RT60: 1.2 sec (empty)
	• We infer of about 0.13
	• Air absorption less than 10% for 1kHz, about 50% for 4 kHz

	Steady State, 237 Cory
	Boundary Losses
	• Energy striking boundary
	• Absorption coefficients for surfaces
	• Absorption in air: intensity factor of e-mr, where m is 0.013 m-1 at 1 kHz, 0.021 at 4 kHz (50%...

	Effect on Intelligibility
	• Energy is larger than without reverb
	• Decay stretches it out in time
	• Masks following sounds
	• Colorations change the spectrum

	Reverberation : Effect on Word
	Error Rate

