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Basic principles of sound propagation

Direct sound, inverse square law
Signal/Noise

Room acoustics

 Direct sound and reverberation
 Total sound field
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Preliminary remarks

* Processes of nature
» Subjective feeling
 Representative models

Process I\
, N

Perception

. .
T 2 /
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Models, algorithms

Simplify the processes of the natural world
Understand and recognise interrelations
Calculate result parameters

Perception ?
Hearing ?!
Interpretation !

Source
parameters
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What is sound ?

Sound propagagtion velocity, c

Sound pressure, p
Sound velocity, v
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Distance law

—

Impulse-sound source,
omni-directional ...
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Distance law

o

Ld =0dB Ld = -6dB Ld=-12dB
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Freefield

Ulyssss Deaign Engine 2,30 : RENCKE A O, L PR
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Signal / Noise

2 4

Distance
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Signal / Noise

2 4

Distance
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The room
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Direct sound Ld
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Reflections
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Absorption, Reflection, Transmission

SOUND WAVES SOME ENERGY
FROM SOURCE REFLECTED

SOME ENERGY
ABSORBED

SOME EMERGY
TRANSMITTED

ALL THREE EFFECTS MAY VARY WITH FREQUENCY AND AMGLE OF INCIDEMNCE.
THEY DO NOT VARY WITH INTEMNSITY IMN TYPICAL SITUATIONS.
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Diffuse field or reverberation field, Lr
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Reverberation time RTeo (w.c. Sabine) (SI metric!)

S = surface V=0, 15 Y Sa

/!

(equivalent absorption surface)

Siai+..Siai= 0, Siay
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Sabine, Eyring and Fitzroy approach

REVEREERATION TIME EQUATIONS: T = G0dB DECAY TIME IN SECONDS

EQUATIOM; EMGLISH UM ITS: S UNITS:
5 = SURFACE AREA Ik FT? S = SURFACE ARES 1M mE
Vo= VOLUME IN FT2 Y = YOLUME IN m*

SABINE —
GIVES BEST CORRESPONDENCE
WITH PUBLISHED ABSORPTION | T - —aov -18v
COEFFICIEMTS WHERE & 1S 5 S&
LESS THAN 0,2

EYRING —
PREFERRED FORMULA FOR - 48y A8

WELL-BEEHAVED ROOMS HAVING =5 I | 1= & T 5 n {1-&
& GREATER THAN 0.2 OR S50 " J

FITZROY-|SABIMN] -

FOR RECTANGULAR ROOMS L S G poodev fx® v2 22
IN WHICH ABSORPTION 15 52 \key, Yo, Za, 2 \ Xa, Yo, Za,

NOT WELL DISTRIBUTED. "

o, oy, AND oz ARE AVERAGE
ARASORPTION COEFFICIENTS OF
OPFPOSING PAIRS OF SURFACES
WITH TOTAL AREAS =, v, AND z.

Figure 5-9. Reverberation time eguations

Fundamentals of Room Acoustics; PLS mediasystems 2006



Energy vs. time, reflectogram, reverberation
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Direct sound and reverberation, Ld & Lr

Hopkins-Stryker
D/R
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Total sound field Lt = Ld + Lr

Hopkins-Stryker
D/R

2 4 8 16 32 64

Distance
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_Hopkins Stryker Equation

distance
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Directivity Q & Di

DI=0dB DI=3 dB DI= 6dB
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Total sound field Lt =Ld + Lr, Q=8, D=9 dB

Hopkins-Stryker
D/R

2 4 8 16 32 64

Distance
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Discussion

* Any guestion is welcome ...
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Thank you for your attention!
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