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HousekeepingHousekeepingHousekeeping

• Please turn off cell phones
• We have lots to cover!
• Please keep questions on track

•• Please turn off cell phonesPlease turn off cell phones
•• We have lots to cover!We have lots to cover!
•• Please keep questions on trackPlease keep questions on track
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IntroductionIntroductionIntroduction

• We WILL talk about the acoustics of 
project studios

• We will NOT talk about concert hall or 
church acoustics

• Shortened version of AES T3 and T5 
Tutorials

• 4:1 compression !!

•• We WILL talk about the acoustics of We WILL talk about the acoustics of 
project studiosproject studios

•• We will NOT talk about concert hall or We will NOT talk about concert hall or 
church acousticschurch acoustics

•• Shortened version of AES T3 and T5 Shortened version of AES T3 and T5 
TutorialsTutorials

•• 4:1 compression !!4:1 compression !!
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Project Studio StatisticsProject Studio StatisticsProject Studio Statistics

•• 350,000 project studios worldwide350,000 project studios worldwide
•• 93% of A titles go through project 93% of A titles go through project 

studio at some phase of productionstudio at some phase of production
•• In homes, in studios, in postIn homes, in studios, in post--

production facilitiesproduction facilities
•• Translation to the outside world at Translation to the outside world at 

issue!issue!
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2 Types of rooms2 Types of rooms2 Types of rooms

•• Sound ProductionSound Production
–– Acoustics of room contribute to the Acoustics of room contribute to the 

character of the recorded soundcharacter of the recorded sound

•• Sound ReproductionSound Reproduction
–– Acoustics of room provide a neutral Acoustics of room provide a neutral 

environment to audition preenvironment to audition pre--recorded recorded 
soundsound

–– Let’s talk about thisLet’s talk about this
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IntroductionIntroductionIntroduction

• Why talk about acoustics?
• Acoustics are audible!
• Contribute to over 50% of quality
• Acoustics are fixable

•• Why talk about acoustics?Why talk about acoustics?
•• Acoustics are audible!Acoustics are audible!
•• Contribute to over 50% of qualityContribute to over 50% of quality
•• Acoustics are fixableAcoustics are fixable
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What’s Acoustics?What’s Acoustics?What’s Acoustics?

•• It’s about  the It’s about  the 
speaker/room/listener interfacespeaker/room/listener interface

•• It’s what separates “Major” studios It’s what separates “Major” studios 
from “Project” studiosfrom “Project” studios

•• It’s today’s key issue!It’s today’s key issue!
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The Acoustic InterfaceThe Acoustic InterfaceThe Acoustic Interface

• Electronics 
Interface is 
under control

•• Electronics Electronics 
Interface is Interface is 
under controlunder control

SourceSource

ConsoleConsole

Power 
Amplifiers

Equalizers

•• Take control of the Take control of the 
acoustic interface acoustic interface 
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Warning !Warning !Warning !

Room acoustics will 
mess you up !

Room acoustics will Room acoustics will 
mess you up !mess you up !
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Acoustical IssuesAcoustical IssuesAcoustical Issues

1. Room reflections
2. Room echoes
3. Reverberation time
5. Standing waves
6. Rattles
7. Background noise
8. Sound Isolation

1. Room reflections1. Room reflections
2. Room echoes2. Room echoes
3. Reverberation time3. Reverberation time
5. Standing waves5. Standing waves
6. Rattles6. Rattles
7. Background noise7. Background noise
8. Sound Isolation8. Sound Isolation
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AcousticAcousticAcoustic
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The Design ProcessThe Design Process
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The Design ProcessThe Design ProcessThe Design Process

1. Dimension the room
2. Sound isolation
3. Noise control
4. Vibration control
5. Model decay time
6. Determine absorption 

area

1.1. Dimension the roomDimension the room
2.2. Sound isolationSound isolation
3.3. Noise controlNoise control
4.4. Vibration controlVibration control
5.5. Model decay timeModel decay time
6.6. Determine absorption Determine absorption 

areaarea

7. Determine 
diffusion area

8. Determine 
treatment 
locations

9. Treat echoes
10. Place listener
11. Place sound 

system
12. Tune it all

7.7. Determine Determine 
diffusion areadiffusion area

8.8. Determine Determine 
treatment treatment 
locationslocations

9.9. Treat echoesTreat echoes
10.10. Place listenerPlace listener
11.11. Place sound Place sound 

systemsystem
12.12. Tune it allTune it all
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… But First a Bit of Theory…… But First a Bit of TheoryBut First a Bit of Theory

• Sound is
– Vibrating air
– Changing pressure
– Perceived by our ear-brain
– Frequency of pressure changes 

determines pitch

•• Sound isSound is
–– Vibrating airVibrating air
–– Changing pressureChanging pressure
–– Perceived by our earPerceived by our ear--brainbrain
–– Frequency of pressure changes Frequency of pressure changes 

determines pitchdetermines pitch

Acoustic WavelengthAcoustic WavelengthAcoustic Wavelength
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Sound Propagates at 1.13ft/msecSound Propagates at 1.13ft/msec
A 1 kHz SignalA 1 kHz Signal

Air Air 
PressurePressure 00

++

--
1.131.13 2.262.26

Ft.Ft.

A 500 Hz SignalA 500 Hz Signal

Air Air 
PressurePressure 00

++

--
2.262.26

Ft.Ft.

Wavelength =Wavelength = FreqFreq
11301130
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Room DimensioningRoom DimensioningRoom Dimensioning
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Standing WavesStanding Waves
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Room DimensioningRoom DimensioningRoom Dimensioning

• How much room do you have?
– I cant help you!

• Standing waves
– I can help!

•• How much room do you have?How much room do you have?
–– I cant help you!I cant help you!

•• Standing wavesStanding waves
–– I can help!I can help!
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Standing Waves
a.k.a. Room Modes
Standing WavesStanding Waves
a.k.a. Room Modesa.k.a. Room Modes

• Standing waves happen 
when room dimension 
is equal to sound 
wavelength

• Also at 0.5, 1.5, 2, 2.5, 
3, etc. times 
wavelength

•• Standing waves happen Standing waves happen 
when room dimension when room dimension 
is equal to sound is equal to sound 
wavelengthwavelength

•• Also at 0.5, 1.5, 2, 2.5, Also at 0.5, 1.5, 2, 2.5, 
3, etc. times 3, etc. times 
wavelengthwavelength

Loudspeaker

Listener
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Standing WavesStanding WavesStanding Waves

• Standing waves cause
– Resonances
– Uneven frequency response
– Poor bass impact
– Different bass at each seat
– Common problems are in the 30 Hz to 

150 Hz range

•• Standing waves causeStanding waves cause
–– ResonancesResonances
–– Uneven frequency responseUneven frequency response
–– Poor bass impactPoor bass impact
–– Different bass at each seatDifferent bass at each seat
–– Common problems are in the 30 Hz to Common problems are in the 30 Hz to 

150 Hz range150 Hz range
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A Resonant frequencyA Resonant frequencyA Resonant frequency

• No wall; no 
reflection

•• No wall; no No wall; no 
reflectionreflection
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A Resonant frequencyA Resonant frequencyA Resonant frequency

• After 
reflection, 
signal 
nulls 
overlap

•• After After 
reflection, reflection, 
signal signal 
nulls nulls 
overlapoverlap
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A Resonant frequencyA Resonant frequencyA Resonant frequency

• After 
reflection, 
signal 
nulls 
overlap

•• After After 
reflection, reflection, 
signal signal 
nulls nulls 
overlapoverlap
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A Non-Resonant frequencyA NonA Non--Resonant frequencyResonant frequency

• No wall; 
no 
reflection

•• No wall; No wall; 
no no 
reflectionreflection



12

Copyright 2004 PMI, Ltd.Copyright 2004 PMI, Ltd.

A Non-Resonant frequencyA NonA Non--Resonant frequencyResonant frequency

• No null 
overlaps

•• No null No null 
overlapsoverlaps
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Standing WavesStanding WavesStanding Waves

• Standing waves are a product of the 
room dimensions
– All rooms will have some standing waves
– Resonance overlaps are the result of the 

ratio of the room dimensions

• Intensity of room modes is determined 
by the wall density and stiffness

•• Standing waves are a product of the Standing waves are a product of the 
room dimensionsroom dimensions
–– All rooms will have some standing wavesAll rooms will have some standing waves
–– Resonance overlaps are the result of the Resonance overlaps are the result of the 

ratio of the room dimensionsratio of the room dimensions

•• Intensity of room modes is determined Intensity of room modes is determined 
by the wall density and stiffnessby the wall density and stiffness
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Standing Waves (continued)Standing Waves Standing Waves (continued)(continued)

• Standing wave modes are
– Axial – The most important ones

• Between two opposite walls 

– Tangential – Not important
• Between two pairs of walls

– Oblique – Not important
• Between all room surfaces

•• Standing wave modes areStanding wave modes are
–– Axial Axial –– The most important onesThe most important ones

•• Between two opposite walls Between two opposite walls 

–– Tangential Tangential –– Not importantNot important
•• Between two pairs of wallsBetween two pairs of walls

–– Oblique Oblique –– Not importantNot important
•• Between all room surfacesBetween all room surfaces

Copyright 2004 PMI, Ltd.Copyright 2004 PMI, Ltd.

SUB

Low Relative PressureLow Relative PressureLow Relative PressureLow Relative Pressure

Standing Waves
A Second Harmonic Length Axial Standing Wave
Standing WavesStanding Waves
A Second Harmonic Length Axial Standing WaveA Second Harmonic Length Axial Standing Wave
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Standing Waves Pressure Representation 
for 1st, 2nd, 3rd, 4th Harmonics
Standing WavesStanding Waves Pressure Representation Pressure Representation 
for 1for 1stst, 2, 2ndnd, 3, 3rdrd, 4, 4thth HarmonicsHarmonics

11stst HarmonicHarmonic 22ndnd HarmonicHarmonic

33rdrd HarmonicHarmonic 44thth HarmonicHarmonic
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Standing Waves  
Pressure Polarity
Standing Waves  Standing Waves  
Pressure PolarityPressure Polarity

• The acoustic 
polarity 
changes 
around the null

•• The acoustic The acoustic 
polarity polarity 
changes changes 
around the nullaround the null

11stst HarmonicHarmonic

+ _

1/21/2
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Standing Waves
Pressure Polarities
Standing WavesStanding Waves
Pressure PolaritiesPressure Polarities

+ _ + +

+ + + + +

_

_ _ _ _

11stst HarmonicHarmonic 22ndnd HarmonicHarmonic

33rdrd HarmonicHarmonic 44thth HarmonicHarmonic

1/81/81/61/6

1/21/2 1/41/4 3/43/4

1/21/2 5/65/6 5/85/8 7/87/83/83/8

Standing Waves
Modal decay
Standing WavesStanding Waves
Modal decayModal decay

• Example of 
room modal 
decay plot

• Long decay
• Most audible 

effect of 
room modes

•• Example of Example of 
room modal room modal 
decay plotdecay plot

•• Long decayLong decay
•• Most audible Most audible 

effect of effect of 
room modesroom modes
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Ways to Deal With Standing Waves
(Room Modes Can Never Be Eliminated)
Ways to Deal With Standing WavesWays to Deal With Standing Waves
((Room Modes Can Never Be Eliminated)Room Modes Can Never Be Eliminated)

• Change one or more dimensions
– Minimizes resonance pile-ups
– Aim for even modal distribution (>5% difference)

• Move subwoofer location
– Drive mode out-of-phase to reduce relative amplitude

• Use bass absorption or absorptive walls
• Move seating location

– Moves the listener out of peaks and dips

• Equalize

•• Change one or more dimensionsChange one or more dimensions
–– Minimizes resonance pileMinimizes resonance pile--upsups
–– Aim for even modal distribution (>5% difference)Aim for even modal distribution (>5% difference)

•• Move subwoofer locationMove subwoofer location
–– Drive mode outDrive mode out--ofof--phase to reduce relative amplitudephase to reduce relative amplitude

•• Use bass absorption or absorptive wallsUse bass absorption or absorptive walls
•• Move seating locationMove seating location

–– Moves the listener out of peaks and dipsMoves the listener out of peaks and dips

•• EqualizeEqualize
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Standing Waves
Resonance Frequencies
Standing WavesStanding Waves
Resonance FrequenciesResonance Frequencies

Equation:Equation:

F = n1130/2D (in ft)F = n1130/2D (in ft)
F = n345/2D (in m)F = n345/2D (in m)

Where F is frequency Where F is frequency 
n is the harmonicn is the harmonic
D is the distance between wallsD is the distance between walls
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Solutions to Standing Waves
Room Dimensions
Solutions to Standing WavesSolutions to Standing Waves
Room DimensionsRoom Dimensions

• Determine room dimensions
• Determine modes (F=n1130/2d)
• Find modal overlaps
• Locate dips for 1st, 2nd, 3rd, 4th

harmonics

•• Determine room dimensionsDetermine room dimensions
•• Determine modes (F=n1130/2d)Determine modes (F=n1130/2d)
•• Find modal overlapsFind modal overlaps
•• Locate dips for 1Locate dips for 1stst, 2, 2ndnd, 3, 3rdrd, 4, 4thth

harmonicsharmonics

Copyright 2004 PMI, Ltd.Copyright 2004 PMI, Ltd.

Solutions to Standing Waves
Room Dimensions (continued)
Solutions to Standing WavesSolutions to Standing Waves
Room DimensionsRoom Dimensions (continued)(continued)

• Calculation programs
– RPG Room Optimizer
– CARA
– THX Room Mode Calc
– Stereophile Guide to Home Theatre
– PMI modeling program

•• Calculation programsCalculation programs
–– RPG Room OptimizerRPG Room Optimizer
–– CARACARA
–– THX Room Mode CalcTHX Room Mode Calc
–– Stereophile Guide to Home TheatreStereophile Guide to Home Theatre
–– PMI modeling programPMI modeling program



18

Home Theater
Performance Media Industries

           ROOM DIMENSIONS (ft.)

Length: 19.690 feet new
Width: 15.090 feet new

Height: 9.840 feet new

Speed Of Sound in ft./sec  1130

M o dal 
H armo nic Length Width Height

1 28.69 37.44 57.42
2 57.39 74.88 114.84
3 86.08 112.33 172.26
4 114.78 149.77 229.67
5 143.47 187.21 287.09

Length Width Length Height Width Length Width Length Height Length Width Height Width Height Height
28.69 37.44 57.39 57.42 74.88 86.08 112.33 114.78 114.84 143.47 149.77 172.26 187.21 229.67 287.09

23.36% 34.76% 0.05% 23.32% 13.01% 23.36% 2.14% 0.05% 19.96% 4.20% 13.06% 7.99% 18.49% 20.00%
Warning! Warning! Warning! Warning!

AXIAL MODAL FREQUENCIES OF EACH DIMENSION

ROOM MODES

Modal Frequencies

149.77

187.21 287.09143.47

114.78

86.08

57.39

28.69

74.88

112.33

37.44

229.67

172.26

114.84

57.42

0

1

2

3

4

5

0.00 50.00 100.00 150.00 200.00 250.00 300.00 350.00

Frequency (Hz)

Ha
rm

on
ic

s

Length Width Height

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310

Go To
Diaphragmatic Absorber
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Solutions to Standing Waves
Room Dimensions
Solutions to Standing WavesSolutions to Standing Waves
Room DimensionsRoom Dimensions

• For room dimensions that are “useable” this 
guideline is handy

• 1.1w/h ≤ l/h ≤ 4.5 w/h - 4 and 
w < 3h and l < 3h  

• Where l = length, w = width, and h = height 
• l, w, and h which are within ±5% of integer 

values should be avoided

Source: Robert Walker, BBC, “EBU Technical Bulletin” 3276-E

•• For room dimensions that are “useable” this For room dimensions that are “useable” this 
guideline is handyguideline is handy

•• 1.1w/h ≤ 1.1w/h ≤ l/hl/h ≤ 4.5 ≤ 4.5 w/hw/h -- 4 and 4 and 
w < 3h and l < 3h  w < 3h and l < 3h  

•• Where l = length, w = width, and h = height Where l = length, w = width, and h = height 
•• l, w, and h which are within ±5% of integer l, w, and h which are within ±5% of integer 

values should be avoidedvalues should be avoided

Source: Robert Walker, BBC, “EBU Technical Bulletin” 3276Source: Robert Walker, BBC, “EBU Technical Bulletin” 3276--EE
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Loudspeaker

Listener

Solutions to Standing Waves
Room Shapes
Solutions to Standing WavesSolutions to Standing Waves
Room ShapesRoom Shapes

• Complicates Acoustic 
modeling and 
computations

• Doesn’t get rid of 
standing waves or 
reflections

• Not recommended

•• Complicates Acoustic Complicates Acoustic 
modeling and modeling and 
computationscomputations

•• Doesn’t get rid of Doesn’t get rid of 
standing waves or standing waves or 
reflectionsreflections

•• Not recommendedNot recommended
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Solutions to Standing Waves
Subwoofer and Speaker Placement
Solutions to Standing WavesSolutions to Standing Waves
Subwoofer and Speaker PlacementSubwoofer and Speaker Placement

• Driving room 
standing waves 
in cancellation areas 
can improve 
response

•• Driving room Driving room 
standing waves standing waves 
in cancellation areas in cancellation areas 
can improve can improve 
responseresponse

Loudspeaker
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Solutions to Standing Waves
Placement — 1 Subwoofer
Solutions to Standing WavesSolutions to Standing Waves
Placement Placement —— 1 Subwoofer1 Subwoofer

• How to improve a 
2nd order standing 
wave
– The subwoofer 

drives the + and -
areas equally, 
resulting in reduction 
of resonance

•• How to improve a How to improve a 
2nd order standing 2nd order standing 
wavewave
–– The subwoofer The subwoofer 

drives the + and drives the + and --
areas equally, areas equally, 
resulting in reduction resulting in reduction 
of resonanceof resonance

Resulting Modes

++ ++––

SubwooferSubwooferSubwoofer

Original Modes
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Solutions to Standing Waves
Placement — 2 Subwoofers
Solutions to Standing WavesSolutions to Standing Waves
Placement Placement —— 2 Subwoofers2 Subwoofers

• Improving a 2nd order 
standing wave

– Connect the 2 
subwoofers together as 
“in-phase”

– The 2 subwoofers drive 
the + and - areas 
equally, resulting in 
reduction of resonance

– Experiment a lot

•• Improving a 2nd order Improving a 2nd order 
standing wavestanding wave
–– Connect the 2 Connect the 2 

subwoofers together as subwoofers together as 
“in“in--phase”phase”

–– The 2 subwoofers drive The 2 subwoofers drive 
the + and the + and -- areas areas 
equally, resulting in equally, resulting in 
reduction of resonancereduction of resonance

–– Experiment a lotExperiment a lot

++ ++––

Subwoofer 1Subwoofer 1Subwoofer 1 Subwoofer 2Subwoofer 2Subwoofer 2

Subwoofer
Output
From
Controller

SubwooferSubwoofer
OutputOutput
FromFrom
ControllerController

Resulting Modes

Original Modes
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Subwoofer Placement
Reducing Standing Waves - A good solution
Subwoofer PlacementSubwoofer Placement
Reducing Standing Waves Reducing Standing Waves -- A good solutionA good solution

•• 4 subwoofers4 subwoofers
•• They can be small They can be small 

and hiddenand hidden
•• It’s the latest It’s the latest 

research findingsresearch findings
•• Todd Todd WeltiWelti et al.et al.
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Subwoofer Placement
Another good solution
Subwoofer PlacementSubwoofer Placement
Another good solutionAnother good solution

•• 2 2 subwooferssubwoofers
•• More SPLMore SPL
•• More standing More standing 
waveswaves
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Solutions to Standing Waves
“Fuzz” Absorption at Standing Wave
Solutions to Standing WavesSolutions to Standing Waves
“Fuzz” Absorption at Standing Wave“Fuzz” Absorption at Standing Wave

• Place absorber 
panel at null 
(high velocity, 
low pressure area)

• PV = nRT !

•• Place absorber Place absorber 
panel at null panel at null 
(high velocity, (high velocity, 
low pressure area)low pressure area)

•• PV = PV = nRTnRT !!
Absorber

Panel
AbsorberAbsorber

PanelPanel
Resulting Modes

Original Modes

Solutions to Standing Waves
Diaphragmatic Absorption
Solutions to Standing WavesSolutions to Standing Waves
Diaphragmatic AbsorptionDiaphragmatic Absorption

• Absorber units are 
resonating material tuned 
to problem frequencies

• Absorber box is filled with 
“fuzz”

• Works up to 150Hz
• Design of bass absorber 

is complex — Use an 
acoustical consultant

•• Absorber units are Absorber units are 
resonating material tuned resonating material tuned 
to problem frequenciesto problem frequencies

•• Absorber box is filled with Absorber box is filled with 
“fuzz”“fuzz”

•• Works up to 150HzWorks up to 150Hz
•• Design of bass absorber Design of bass absorber 

is complex is complex —— Use an Use an 
acoustical consultantacoustical consultant

Diaphragm

Copyright 2004 PMI, Ltd.Copyright 2004 PMI, Ltd.
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Solutions to Standing Waves 
Helmholtz Absorption
Solutions to Standing Waves Solutions to Standing Waves 
HelmholtzHelmholtz AbsorptionAbsorption

• Helmholtz units are 
tuned to problem 
frequency

• Absorber box is filled 
with fuzz

• Works down to 80Hz
• Design of Helmholtz

absorber is extremely 
complex

•• HelmholtzHelmholtz units are units are 
tuned to problem tuned to problem 
frequencyfrequency

•• Absorber box is filled Absorber box is filled 
with fuzzwith fuzz

•• Works down to 80HzWorks down to 80Hz
•• Design of Design of HelmholtzHelmholtz

absorber is extremely absorber is extremely 
complexcomplex
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Solutions to Standing Waves 
The SpringTrap
Solutions to Standing Waves Solutions to Standing Waves 
The SpringTrapThe SpringTrap

• Combination 
Pistonic resonator 
and Helmholtz
absorber

• F0 determined by 
Mass – Spring – Air

• Reliable and 
predictable

•• Combination Combination 
PistonicPistonic resonator resonator 
and and HelmholtzHelmholtz
absorberabsorber

•• FF00 determined by determined by 
Mass Mass –– Spring Spring –– AirAir

•• Reliable and Reliable and 
predictablepredictable

Copyright 2004 PMI, Ltd.Copyright 2004 PMI, Ltd.
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Solutions to Standing Waves 
The SpringTrap
Solutions to Standing Waves Solutions to Standing Waves 
The SpringTrapThe SpringTrap

• Combination 
Pistonic resonator 
and Helmholtz
absorber

• F0 determined by 
Mass – Spring – Air

•• Combination Combination 
PistonicPistonic resonator resonator 
and and HelmholtzHelmholtz
absorberabsorber

•• FF00 determined by determined by 
Mass Mass –– Spring Spring –– AirAir
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Solutions to Standing Waves 
The SpringTrap
Solutions to Standing Waves Solutions to Standing Waves 
The SpringTrapThe SpringTrap

• Combination 
Pistonic resonator 
and Helmholtz
absorber

• F0 determined by 
Mass – Spring – Air

•• Combination Combination 
PistonicPistonic resonator resonator 
and and HelmholtzHelmholtz
absorberabsorber

•• FF00 determined by determined by 
Mass Mass –– Spring Spring –– AirAir
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Solutions to Standing Waves 
The SpringTrap
Solutions to Standing Waves Solutions to Standing Waves 
The SpringTrapThe SpringTrap

• Front panel 
suspended on 
springs

• Port on bottom of 
cabinet

•• Front panel Front panel 
suspended on suspended on 
springssprings

•• Port on bottom of Port on bottom of 
cabinetcabinet
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Solutions to Standing Waves 
The SpringTrap
Solutions to Standing Waves Solutions to Standing Waves 
The SpringTrapThe SpringTrap

• Mineral wool inside 
cavity to widen 
resonance

•• Mineral wool inside Mineral wool inside 
cavity to widen cavity to widen 
resonanceresonance

Copyright 2004 PMI, Ltd.Copyright 2004 PMI, Ltd.
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Solutions to Standing Waves 
The SpringTrap
Solutions to Standing Waves Solutions to Standing Waves 
The SpringTrapThe SpringTrap

• Second chamber 
resonating port on 
bottom of cabinet

• Port extends up to 
middle of cabinet

• Optimized by PAM 
(Whise / Huon Labs)

•• Second chamber Second chamber 
resonating port on resonating port on 
bottom of cabinetbottom of cabinet

•• Port extends up to Port extends up to 
middle of cabinetmiddle of cabinet

•• Optimized by PAM Optimized by PAM 
((WhiseWhise / / HuonHuon Labs)Labs)
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Solutions to Standing Waves 
The SpringTrap
Solutions to Standing Waves Solutions to Standing Waves 
The SpringTrapThe SpringTrap

• Two fundamental equations
• Ported resonant enclosure:

– F = (c/2pi)(A/L’V)1/2

• Spring loaded panel resonance:
– F = (1/2pi )(k/m)1/2

• Paper presented at AES 114th Convention, 
Amsterdam, March 2003

• Patent Pending

•• Two fundamental equationsTwo fundamental equations
•• Ported resonant enclosure:Ported resonant enclosure:

–– F = (c/2pi)(A/L’V)F = (c/2pi)(A/L’V)1/21/2

•• Spring loaded panel resonance:Spring loaded panel resonance:
–– F = (1/2pi )(k/m)F = (1/2pi )(k/m)1/21/2

•• Paper presented at AES 114Paper presented at AES 114thth Convention, Convention, 
Amsterdam, March 2003Amsterdam, March 2003

•• Patent PendingPatent Pending

Copyright 2004 PMI, Ltd.Copyright 2004 PMI, Ltd.
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Solutions to Standing Waves 
Resilient Walls
Solutions to Standing Waves Solutions to Standing Waves 
Resilient WallsResilient Walls

• Resilient walls don’t 
reflect bass well

• Sound energy is 
absorbed by the PAC 
RSIC rubber isolator

• Add Soundboard or 
Loaded Vinyl to spread 
the resonance frequency

• You get isolation too!

•• Resilient walls don’t Resilient walls don’t 
reflect bass wellreflect bass well

•• Sound energy is Sound energy is 
absorbed by the PAC absorbed by the PAC 
RSIC rubber isolatorRSIC rubber isolator

•• Add Soundboard or Add Soundboard or 
Loaded Vinyl to spread Loaded Vinyl to spread 
the resonance frequencythe resonance frequency

•• You get isolation too!You get isolation too!

DWDW

DWDW

RSICRSIC HatHat--ChannelChannel
SB or Vinyl SheetSB or Vinyl Sheet

Bass to Bass to 
wallwall

Bass Bass 
from from 
wallwall

Wall with PAC RSCIWall with PAC RSCI--1 Isolators1 Isolators

Copyright 2004 PMI, Ltd.Copyright 2004 PMI, Ltd.
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Solutions to Standing Waves 
Resilient Walls PAC RSIC1
Solutions to Standing Waves Solutions to Standing Waves 
Resilient Walls PAC RSIC1Resilient Walls PAC RSIC1
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Solutions to Standing Waves 
Resilient Walls PAC RSIC1
Solutions to Standing Waves Solutions to Standing Waves 
Resilient Walls PAC RSIC1Resilient Walls PAC RSIC1

Solutions 
to Standing 
Waves
Seating 
Placement

Solutions Solutions 
to Standing to Standing 
WavesWaves
Seating Seating 
PlacementPlacement27

54

108

81

135

63 12
6

25
1

18
8

31
4

35 71

14
1

10
6

17
6

.2 *W

.32 *W

.45 *W

.55 *W

.68 *W

.8 *W

.55 *L.8 *L .68 *L .45 *L .32 *L .2 *L

.55 *L.8 *L .68 *L .45 *L .32 *L .2 *L

.2 *H

.32 *H

.45 *H

.55 *H

.68 *H

.8 *H
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Solutions to Standing Waves
Equalization
Solutions to Standing WavesSolutions to Standing Waves
EqualizationEqualization

LoudspeakerLoudspeaker

Microphone 3

Microphone 4

Microphone 2

Microphone 1

1/3 Octave 1/3 Octave 
EqualizationEqualization

Pink NoisePink Noise
GeneratorGenerator

MultiplexerMultiplexer

• Analysis 
should be 
spatially and 
temporally 
averaged

• Use Gold 
Line DSP30 
Analyzer, or 
equivalent

•• Analysis Analysis 
should be should be 
spatially and spatially and 
temporally temporally 
averagedaveraged

•• Use Gold Use Gold 
Line DSP30 Line DSP30 
Analyzer, or Analyzer, or 
equivalentequivalent

Sound IsolationSound IsolationSound Isolation

Copyright 2004 PMI, Ltd.Copyright 2004 PMI, Ltd.
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• Sound leakage
– Isolate doors, windows, and plumbing
– Isolate, seal and caulk all leakage paths

• Mechanical Transmission
– Special wall structures
– Floating floor 
– Floating ceiling

• Sound leakage
– Isolate doors, windows, and plumbing
–– Isolate, seal and caulk all leakage pathsIsolate, seal and caulk all leakage paths

•• Mechanical TransmissionMechanical Transmission
– Special wall structures
– Floating floor 
– Floating ceiling

Sound Isolation – 2 processesSound Isolation Sound Isolation –– 2 processes2 processes

Copyright 2004 PMI, Ltd.Copyright 2004 PMI, Ltd.

Full Flanking                     Offset                    Offset and IsolatedFull Flanking                     Offset                    Offset and Isolated

Isolate Flanking PathsIsolate Flanking PathsIsolate Flanking Paths
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Isolate Flanking PathsIsolate Flanking PathsIsolate Flanking Paths

In-Line Doors Allow a
Direct Path for Noise
InIn--Line Doors Allow aLine Doors Allow a
Direct Path for NoiseDirect Path for Noise

Offset Doors Reduce
Sound Transmission
Offset Doors ReduceOffset Doors Reduce
Sound TransmissionSound Transmission

So
un

d 
Pa

th

Sound 
Path

OfficeOffice

HallwayHallway

StudioStudio

BedroomBedroom

BADBAD

GOODGOOD

HallwayHallway

Copyright 2004 PMI, Ltd.Copyright 2004 PMI, Ltd.

Noise Transmission DetectionNoise Transmission DetectionNoise Transmission Detection

Pink Noise Bursts

Listen!Listen!
Detect!Detect!
Fix It!Fix It!

CaulkCaulk
ExpandExpand
FoamFoam

AC OutletAC Outlet

WeatherWeather
StripStrip

Copyright 2004 PMI, Ltd.Copyright 2004 PMI, Ltd.
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Isolation SolutionsIsolation SolutionsIsolation Solutions

Wall ConstructionWall Construction

Copyright 2004 PMI, Ltd.Copyright 2004 PMI, Ltd.
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Sound Waves
From Source

Sound WavesSound Waves
From SourceFrom Source Some Energy

Reflected
Some EnergySome Energy

ReflectedReflected

Some Energy
Transmitted

Some EnergySome Energy
TransmittedTransmitted

The Mechanism of Sound 
Transmission
The Mechanism of Sound The Mechanism of Sound 
TransmissionTransmission

Some Energy
Absorbed

Some EnergySome Energy
AbsorbedAbsorbed

WallWall
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Sound transmission 
at resonance frequency

Sound transmission Sound transmission 
at resonance frequencyat resonance frequency

Wall Construction ResonanceWall Construction ResonanceWall Construction Resonance

• All wall surfaces have a resonant frequency where 
they transmit lots of energy

•• All wall surfaces have a resonant frequency where All wall surfaces have a resonant frequency where 
they transmit lots of energythey transmit lots of energy

Resonance 
Frequency

Sound 
Transmission

½” Drywall
Example 

½” Drywall½” Drywall
Example Example 

FF

WallWall

Copyright 2004 PMI, Ltd.Copyright 2004 PMI, Ltd.

Loaded Vinyl barrier or 
Sound  board

Loaded Vinyl barrier or Loaded Vinyl barrier or 
Sound  boardSound  board

Wall Construction 
Damped Resonance
Wall Construction Wall Construction 
Damped ResonanceDamped Resonance

Resonance 
Frequency

Sound 
Transmission

With 
Dampener

WallWall

Copyright 2004 PMI, Ltd.Copyright 2004 PMI, Ltd.
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Visco-Elastic polymerViscoVisco--Elastic polymerElastic polymer

Wall Construction 
Constrained Layer Damping
Wall Construction Wall Construction 
Constrained Layer DampingConstrained Layer Damping

Resonance 
Frequency

Sound 
Transmission

With Visco
Elastic

WallWall

Copyright 2004 PMI, Ltd.Copyright 2004 PMI, Ltd.
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Wall Construction 
Spread Resonance
Wall Construction Wall Construction 
Spread ResonanceSpread Resonance

• Unequal thickness•• Unequal thicknessUnequal thickness
5/8” DW 5/8” DW 5/8” DW 

1/2” DW 1/2” DW 1/2” DW 

Frequency

Sound 
Transmission

5/8”5/8”5/8” 1/2”1/2”1/2”
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Isolation StrategiesIsolation StrategiesIsolation Strategies

• More Mass
• Damp resonance
• Decouple
• Larger airgap

•• More MassMore Mass
•• Damp resonanceDamp resonance
•• DecoupleDecouple
•• Larger Larger airgapairgap

Copyright 2004 PMI, Ltd.Copyright 2004 PMI, Ltd.

Wall Construction
Decoupling
Wall ConstructionWall Construction
DecouplingDecoupling

Single StudSingle Stud

DWDW DWDW

RC1 Resilient ChannelRC1 Resilient Channel
Warning:This is hard to make work!Warning:This is hard to make work!

DWDW

DWDW

RC1RC1
SB or SB or SoundCorSoundCor
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Wall Construction
Decoupling (continued)
Wall ConstructionWall Construction
Decoupling Decoupling (continued)(continued)

Staggered StudStaggered Stud

DWDW DWDW

Double WallDouble Wall

DWDW DWDW

0

10

20

30

40

50

60

70

80

100 1000 10000

dB SPL
Isolation

Studwall IsolationStudwall IsolationStudwall Isolation

Noise Transmission CoefficientsNoise Transmission CoefficientsNoise Transmission Coefficients

Double Stud, 5/8” Double Stud, 5/8” 
Double Drywall, Double Drywall, 
double 3” insulationdouble 3” insulation

Double Stud, 5/8” Double Stud, 5/8” 
Drywall, 3” and 6” Drywall, 3” and 6” 
insulationinsulation

Staggered Stud, 5/8” Staggered Stud, 5/8” 
drywalldrywall

Double ½” drywall, Double ½” drywall, 
studs 16” OCstuds 16” OC

½” drywall on studs ½” drywall on studs 
16” on center16” on center

Copyright 2004 PMI, Ltd.Copyright 2004 PMI, Ltd.



37

Copyright 2004 PMI, Ltd.Copyright 2004 PMI, Ltd.

16 in16 in16 in

16 in16 in16 in

2 in2 in2 in

Additional
2 x 2 Top

Plate

AdditionalAdditional
2 x 2 Top2 x 2 Top

PlatePlate

Additional
2 x 2 Sole

Plate

AdditionalAdditional
2 x 2 Sole2 x 2 Sole

PlatePlate

Original 2 x 4
Top Plate

Original 2 x 4Original 2 x 4
Top PlateTop Plate

Original 2 x 4
Sole Plate

Original 2 x 4Original 2 x 4
Sole PlateSole Plate

Added
2 x 4 Stud

AddedAdded
2 x 4 Stud2 x 4 Stud

Staggered Stud ConstructionStaggered Stud ConstructionStaggered Stud Construction

RetrofitRetrofitRetrofit
Original 2 x 4Original 2 x 4Original 2 x 4

Added 2 x 4Added 2 x 4Added 2 x 4

Copyright 2004 PMI, Ltd.Copyright 2004 PMI, Ltd.

Suspended Wall Construction
PAC RSCI-1 “The little Miracle”
Suspended Wall ConstructionSuspended Wall Construction
PAC RSCIPAC RSCI--1 1 “The little Miracle”“The little Miracle”

PAC RSCIPAC RSCI--1 Isolators1 Isolators
STC 56 ! !STC 56 ! !

Single StudSingle Stud
STC40STC40

DWDW DWDW DWDW

DWDW

RSICRSIC HatHat--ChannelChannel
SB or Vinyl SheetSB or Vinyl Sheet
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Wall Construction 
Staggered Seams
Wall Construction Wall Construction 
Staggered SeamsStaggered Seams

5/8” Sheetrock5/8” Sheetrock

½” Sheetrock½” Sheetrock

½” USG RC½” USG RC--1 Resilient Channel1 Resilient Channel

1” fiberglass insulation (6 lbs/sq ft)1” fiberglass insulation (6 lbs/sq ft)

Copyright 2004 PMI, Ltd.Copyright 2004 PMI, Ltd.

Isolating the ceiling and floorIsolating the ceiling and floorIsolating the ceiling and floor

– Floating floor construction–– Floating floor constructionFloating floor construction

Existing concrete floor

Carpet + padCarpet + pad

3/4" T&G3/4" T&G PlywoodPlywood

Isolation PadsIsolation Pads

5/8” sheetrock5/8” sheetrock

Vinyl barrier or ½” soundboardVinyl barrier or ½” soundboard
RSICRSIC

Hat ChannelHat Channel

Joist

– Floating ceiling construction (PAC RSCI- 1 Isolators)–– Floating ceiling construction (PAC RSCIFloating ceiling construction (PAC RSCI-- 1 Isolators)1 Isolators)
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Background NoiseBackground NoiseBackground Noise
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Background NoiseBackground NoiseBackground Noise

• Interferes with loudness 
perception

• Masks low level signals and detail
• Transient noise is distracting

•• Interferes with loudness Interferes with loudness 
perceptionperception

•• Masks low level signals and detailMasks low level signals and detail
•• Transient noise is distractingTransient noise is distracting
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Sources of Background NoiseSources of Background NoiseSources of Background Noise

• Local sources
– HVAC
– Plumbing
– Fans
– Pumps/Compressors
– Washer/Dryers
– Garage door openers
– Projectors

•• Local sourcesLocal sources
–– HVACHVAC
–– PlumbingPlumbing
–– FansFans
–– Pumps/CompressorsPumps/Compressors
–– Washer/DryersWasher/Dryers
–– Garage door openersGarage door openers
–– ProjectorsProjectors

Copyright 2004 PMI, Ltd.Copyright 2004 PMI, Ltd.

Sources of Background Noise 
(continued)
Sources of Background Noise Sources of Background Noise 
(continued)(continued)

• External sources
– Traffic
– Airplanes
– Wind
– Neighbors

•• External sourcesExternal sources
–– TrafficTraffic
–– AirplanesAirplanes
–– WindWind
–– NeighborsNeighbors
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Measuring  Background NoiseMeasuring  Background NoiseMeasuring  Background Noise

• Use spectrum analyzer
• Use a low noise microphone
• Take a time and space average
• Use NC weighting
• Plug your ears, wait, unplug and listen

– Use Earplugs, or fingers

•• Use spectrum analyzerUse spectrum analyzer
•• Use a low noise microphoneUse a low noise microphone
•• Take a time and space averageTake a time and space average
•• Use NC weightingUse NC weighting
•• Plug your ears, wait, unplug and listenPlug your ears, wait, unplug and listen

–– Use Earplugs, or fingersUse Earplugs, or fingers
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Solutions to Background NoiseSolutions to Background NoiseSolutions to Background Noise

• Large air ducts for lower air velocity
• Longer ducts with several turns
• Plenum silencers
• Lined ductwork
• “Whistle Free” air grilles
• Isolate motors on suspension or move
• Completely seal windows, doors, etc. 

•• Large air ducts for lower air velocityLarge air ducts for lower air velocity
•• Longer ducts with several turnsLonger ducts with several turns
•• Plenum silencersPlenum silencers
•• Lined ductworkLined ductwork
•• “Whistle Free” air grilles“Whistle Free” air grilles
•• Isolate motors on suspension or moveIsolate motors on suspension or move
•• Completely seal windows, doors, etc. Completely seal windows, doors, etc. 
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Background Noise
Summary
Background NoiseBackground Noise
SummarySummary

• Background noise degrades dynamic 
range, detail clarity, and intelligibility

• Noise can be detected with test 
instruments or earplugs and ears

• Treatments include seals, better walls, 
slower air, quieter air handlers, etc. 

•• Background noise degrades dynamic Background noise degrades dynamic 
range, detail clarity, and intelligibilityrange, detail clarity, and intelligibility

•• Noise can be detected with test Noise can be detected with test 
instruments or earplugs and earsinstruments or earplugs and ears

•• Treatments include seals, better walls, Treatments include seals, better walls, 
slower air, quieter air handlers, etc. slower air, quieter air handlers, etc. 



43

Vibration ControlVibration ControlVibration Control
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RattlesRattles

Rattle DetectionRattle DetectionRattle Detection

Single Tone Oscillator –
Sweep slowly from 
20 Hz to 1 kHz

Rattle !!

Listen!Listen!
Look!Look!
Fix It!Fix It!

CaulkCaulk FeltFelt
Copyright 2004 PMI, Ltd.Copyright 2004 PMI, Ltd.
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Rattles (continued)Rattles Rattles (continued)(continued)

• Method: use slow varying frequency sweep
• Check

– Furniture
– Glass Surfaces
– Track Lights
– Hung Pictures

•• Method: use slow varying frequency sweepMethod: use slow varying frequency sweep
•• CheckCheck

–– FurnitureFurniture
–– Glass SurfacesGlass Surfaces
–– Track LightsTrack Lights
–– Hung PicturesHung Pictures

– Walls and Doors
– Fixtures
– HVAC Ducts and Vents
– Ventilation System

–– Walls and DoorsWalls and Doors
–– FixturesFixtures
–– HVAC Ducts and VentsHVAC Ducts and Vents
–– Ventilation SystemVentilation System

Decay TimeDecay TimeDecay Time

Copyright 2004 PMI, Ltd.Copyright 2004 PMI, Ltd.

Aka ReverberationAkaAka ReverberationReverberation
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ReverberationReverberationReverberation

• Reverberation 
is the result of 
multiple 
reflections

•• Reverberation Reverberation 
is the result of is the result of 
multiple multiple 
reflectionsreflections

• Decay time 
and spectrum 
have to be 
just right

•• Decay time Decay time 
and spectrum and spectrum 
have to be have to be 
just rightjust right

Copyright 2004 PMI, Ltd.Copyright 2004 PMI, Ltd.

ReverberationReverberationReverberation

• When the sound has bounced around the 
room several times

• No net direction or time cues remain
• Small room reflections die out before 

complete reverberation is achieved
• We call it decay time

•• When the sound has bounced around the When the sound has bounced around the 
room several timesroom several times

•• No net direction or time cues remainNo net direction or time cues remain
•• Small room reflections die out before Small room reflections die out before 

complete reverberation is achievedcomplete reverberation is achieved
•• We call it decay timeWe call it decay time
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Decay TimeDecay TimeDecay Time

Decay of an impulse soundDecay of an impulse sound

TimeTimeTime

Level Level Level 

0.10.10.1 0.20.20.2 0.40.40.4

-60dB--60dB60dB

0dB0dB0dB

-30dB--30dB30dB

0.30.30.3

DirectDirectDirect
1st reflections11stst reflectionsreflections

2nd reflections22ndnd reflectionsreflections

ReverbReverbReverb

Copyright 2004 PMI, Ltd.Copyright 2004 PMI, Ltd.
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Decay GuidelinesDecay GuidelinesDecay Guidelines

• Decay time should be .2 to .4 seconds 
• Research shows that most people like the 

same range of decay time
• Tm = 0.3 (V/3532)1/3 ±15% where V=room 

volume in ft3

• Tm = 0.3 (V/100)1/3 ±15% where V = room 
volume in m3

• Handy rule of thumb for project studios, look 
for ~25% absorptive wall area 

•• Decay time should be .2 to Decay time should be .2 to .4 seconds .4 seconds 
•• Research shows that most people like the Research shows that most people like the 

same range of decay timesame range of decay time
•• TTmm = 0.3 (V/3532)= 0.3 (V/3532)1/31/3 ±±15% where V=room 15% where V=room 

volume in ftvolume in ft33

•• TTmm = 0.3 (V/100)= 0.3 (V/100)1/31/3 ±±15% where15% where V = room V = room 
volume in mvolume in m33

•• Handy rule of thumb for project studios, look Handy rule of thumb for project studios, look 
for ~25% absorptive wall area for ~25% absorptive wall area 
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Decay TimeDecay TimeDecay Time

Criterion 1: Time vs. Volume (500 Hz)Criterion 1: Time vs. Volume (500 Hz)

Volume (ft3)Volume (ftVolume (ft33))

TimeTimeTime
RT60 RT60 RT60 

200020002000 300030003000 400040004000

0.25s0.25s0.25s

0.31s0.31s0.31s

0.28s0.28s0.28s

Copyright 2004 PMI, Ltd.Copyright 2004 PMI, Ltd.

000

+33%+33%+33%

+66%+66%+66%

+100%+100%+100%

100100100 100010001000 100001000010000

-50%--50%50%

636363 400040004000 800080008000

-15%--15%15%

+15%+15%+15%

Tolerance Limits for Decay TimeTolerance Limits for Decay TimeTolerance Limits for Decay Time

FrequencyFrequencyFrequency

HzHzHz

200 Hz200 Hz200 Hz
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Criterion 2: Time vs. FrequencyCriterion 2: Time vs. Frequency
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Decay Time
Getting it right
Decay TimeDecay Time
Getting it rightGetting it right

• Use the right amount of “frictional” 
absorption for the mids and highs

• Use the right amount of perforated panel 
bass absorption

• Calculate the amount with the Sabine, Eyring
or Arau- Puchades equations
– Know the absorption coefficient of materials
– Be prepared to do lots of math

•• Use the right amount of “frictional” Use the right amount of “frictional” 
absorption for the absorption for the midsmids and highsand highs

•• Use the right amount of perforated panel Use the right amount of perforated panel 
bass absorptionbass absorption

•• Calculate the amount with the Sabine, Calculate the amount with the Sabine, EyringEyring
or or ArauArau-- PuchadesPuchades equationsequations
–– Know the absorption coefficient of materialsKnow the absorption coefficient of materials
–– Be prepared to do lots of mathBe prepared to do lots of math
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Decay Time
Getting it right
Decay TimeDecay Time
Getting it rightGetting it right

• The Sabine equation: Good but old•• The Sabine equation: Good but oldThe Sabine equation: Good but old
0.049V0.049V

RT60 =RT60 =
SStotaltotalaa

0.049V0.049V
RT60 =RT60 =

--S ln(1S ln(1--A)A)

V is volumeV is volume
S is absorption surface areaS is absorption surface area
a is absorption coefficienta is absorption coefficient

V is volumeV is volume
S is total room surface areaS is total room surface area
A is areaA is area--weighted averaged absorption weighted averaged absorption 

coefficientcoefficient

• The Eyring equation: Better and more recent•• The The EyringEyring equation: Better and more recentequation: Better and more recent
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Decay Time
Getting it right
Decay TimeDecay Time
Getting it rightGetting it right

• The Arau- Puchades equation: Best and latest•• The The ArauArau-- PuchadesPuchades equation: Best and latestequation: Best and latest

RT60 =RT60 =
0.161V0.161V

--S ln(1S ln(1--ααxx))
[[ ]]

x/sx/s
0.161V0.161V

--S ln(1S ln(1--ααyy))
[[ ]]

y/sy/s
0.161V0.161V

--S ln(1S ln(1--ααzz))
[[ ]]

z/sz/s

xx xx

V is volumeV is volume
S is total room surface areaS is total room surface area
αα is areais area--weighted averaged absorption coefficient for each wallweighted averaged absorption coefficient for each wall
x is area of Left +Right wallsx is area of Left +Right walls
y is area of Front + Rear wallsy is area of Front + Rear walls
z is area of Floor + Ceilingz is area of Floor + Ceiling
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Decay Time
Getting it right
Decay TimeDecay Time
Getting it rightGetting it right

• Spread absorption materials around the 
room surfaces

• Also use diffusion to smooth out decay
• Diffusion enhances absorption effectiveness 

•• Spread absorption materials around the Spread absorption materials around the 
room surfacesroom surfaces

•• Also use diffusion to smooth out decayAlso use diffusion to smooth out decay
•• Diffusion enhances absorption effectiveness Diffusion enhances absorption effectiveness 
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Placing Treatment MaterialsPlacing Treatment MaterialsPlacing Treatment Materials
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Sound ReflectionsSound Reflections
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Reflections = DistortionReflections = DistortionReflections = Distortion
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Room ReflectionsRoom ReflectionsRoom Reflections

• Reflections cause
– Blurring of image
– Spectral imbalance 

by comb filtering

•• Reflections causeReflections cause
–– Blurring of imageBlurring of image
–– Spectral imbalance Spectral imbalance 

by comb filteringby comb filtering

Loudspeaker

Reflected PathReflected Path

Listener

D
ire

ct
 P

at
h

Room Reflections
Comb Filter Effect (Part 1)
Room ReflectionsRoom Reflections
Comb Filter Effect (Part 1)Comb Filter Effect (Part 1)

t1tt11

t2tt22

DirectDirectDirect

ReflectedReflectedReflected

Result: (+6dB)Result: (+6dB)Result: (+6dB)

DirectDirectDirect

ReflectedReflectedReflected

Result: (- dB)Result: (Result: (-- dB)dB)888

An Additive
Frequency

An AdditiveAn Additive
FrequencyFrequency

A Canceling
Frequency

A CancelingA Canceling
FrequencyFrequency

t1tt11 t2tt22
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Room Reflections
Comb Filter Effect (Part 2)
Room ReflectionsRoom Reflections
Comb Filter Effect (Part 2)Comb Filter Effect (Part 2)

Sound LevelSound LevelSound Level

Resultant Frequency Response from ReflectionResultant Frequency Response from Reflection

Peak and dips at various frequenciesPeak and dips at various frequenciesPeak and dips at various frequencies
FrequencyFrequencyFrequency

+6dB+6dB+6dB

0dB0dB0dB
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Room Reflections
Comb Filter Effect (Part 3)
Room ReflectionsRoom Reflections
Comb Filter Effect (Part 3)Comb Filter Effect (Part 3)

Sound LevelSound LevelSound Level

Peak and dips at higher frequencies than previous examplePeak and dips at higher frequencies than previous examplePeak and dips at higher frequencies than previous example

Resultant Frequency Response from Shorter ReflectionResultant Frequency Response from Shorter Reflection

FrequencyFrequencyFrequency

+6dB+6dB+6dB

0dB0dB0dB
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Critical
Distance

• At main seat you listen to 
more reflected sound than 
direct!

•• At main seat you listen to At main seat you listen to 
more reflected sound than more reflected sound than 
direct!direct!

• “Critical Distance” is where 
direct sound and reflected 
sound energy are equal -
about 4 feet in untreated 
rooms

•• ““Critical Distance” is where Critical Distance” is where 
direct sound and reflected direct sound and reflected 
sound energy are equal sound energy are equal --
about 4 feet in untreated about 4 feet in untreated 
roomsrooms

• Need to move Critical 
Distance closer to 
listener

•• Need to move Critical Need to move Critical 
Distance closer to Distance closer to 
listenerlistener

Room Reflections
Did you Know?!
Room ReflectionsRoom Reflections
Did you Know?!Did you Know?!
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Room Reflections
Detection Methods
Room ReflectionsRoom Reflections
Detection MethodsDetection Methods

• Mirror
– Move a mirror up and 

down side wall and 
find location where 
speaker is visible

– This could be an 
offending reflection 
point

•• MirrorMirror
–– Move a mirror up and Move a mirror up and 

down side wall and down side wall and 
find location where find location where 
speaker is visiblespeaker is visible

–– This could be an This could be an 
offending reflection offending reflection 
pointpoint

Loudspeaker

Listener

Mirror

Look for speaker 
in mirror
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Room Reflections
Detection Methods (continued)
Room ReflectionsRoom Reflections
Detection Methods Detection Methods (continued)(continued)

• Changing comb filters
– Play pink noise from 

speaker
– Move head location 

left-to-right
– Listen for changing 

comb filters, or 
“phasiness”

•• Changing comb filtersChanging comb filters
–– Play pink noise from Play pink noise from 

speakerspeaker
–– Move head location Move head location 

leftleft--toto--rightright
–– Listen for changing Listen for changing 

comb filters, or comb filters, or 
“phasiness”“phasiness”

Loudspeaker 
playing pink 

noise

longer pathshorter path

higher pitch Lower pitch
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Solutions to Room Reflections
Absorption
Solutions to Room ReflectionsSolutions to Room Reflections
AbsorptionAbsorption
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Solutions to Room Reflections
Absorption
Solutions to Room ReflectionsSolutions to Room Reflections
AbsorptionAbsorption

• Absorptive materials
– Fiberglass
– Dense foam
– Draperies
– Stuffed chairs

• “Scrub” off acoustic 
energy through 
friction

• Treat the ceiling too!

•• Absorptive materialsAbsorptive materials
–– FiberglassFiberglass
–– Dense foamDense foam
–– DraperiesDraperies
–– Stuffed chairsStuffed chairs

•• “Scrub” off acoustic “Scrub” off acoustic 
energy through energy through 
frictionfriction

•• Treat the ceiling too!Treat the ceiling too!

Loudspeaker

Listener

D
ire

ct
 P

at
h

Reflected PathReflected Path

Absorptive
Material

Absorptive
Material

Absorptive
Material

Absorptive
Material
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Acoustical Treatments
Absorption Thickness
Acoustical TreatmentsAcoustical Treatments
Absorption ThicknessAbsorption Thickness

• 1” Panels work down to  1kHz
• 2” Panels work down to 500Hz (better)
• 4” Panels work down to 250Hz (best)

•• 1” Panels work down to  1kHz1” Panels work down to  1kHz
•• 2” Panels work down to 500Hz (better)2” Panels work down to 500Hz (better)
•• 4” Panels work down to 250Hz (best)4” Panels work down to 250Hz (best)

A
bs

or
pt

io
n

250Hz        500Hz 1kHz Frequency

1”2”4”
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“Floating” an Absorption Panel““Floating” an Absorption PanelFloating” an Absorption Panel

Source

1st Absorption

More LF’s absorbed

Absorption on wall -
Only higher frequency reflections
are affected

Absorption away from wall 
High and low frequencies 
are tamed

Frequency

Absorption

On wallOn wall

Away from wallAway from wall
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Acoustical Treatments
Notes on Absorption
Acoustical TreatmentsAcoustical Treatments
Notes on Notes on AbsorptionAbsorption

• Don’t “over absorb” 
– Dead rooms sound odd
– Target sound reflection decay time: 

0.3s
– 25% coverage of wall surface

•• Don’t “over absorb” Don’t “over absorb” 
–– Dead rooms sound oddDead rooms sound odd
–– Target sound reflection decay time: Target sound reflection decay time: 

0.3s0.3s
–– 25% coverage of wall surface25% coverage of wall surface



57

Copyright 2004 PMI, Ltd.Copyright 2004 PMI, Ltd.

Acoustical Treatments
Notes on Draperies
Acoustical TreatmentsAcoustical Treatments
Notes on DraperiesNotes on Draperies

• Draperies are uneven acoustical 
absorbers

• Performance affected by fabric weight, 
pleat number, distance from boundary

• At least 3” air gap
• Velour mass 32 ounces per lineal yard
• 100% fullness

•• Draperies are uneven acoustical Draperies are uneven acoustical 
absorbersabsorbers

•• Performance affected by fabric weight, Performance affected by fabric weight, 
pleat number, distance from boundarypleat number, distance from boundary

•• At least 3” air gapAt least 3” air gap
•• Velour mass 32 ounces per lineal yardVelour mass 32 ounces per lineal yard
•• 100% fullness100% fullness

Low Frequency ReflectionsLow Frequency ReflectionsLow Frequency Reflections

Copyright 2004 PMI, Ltd.Copyright 2004 PMI, Ltd.

Placing SpeakersPlacing Speakers
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Boundary Effects
Loudspeaker/ Room Interactions
Boundary EffectsBoundary Effects
Loudspeaker/ Room InteractionsLoudspeaker/ Room Interactions

• Reflection issues at low frequencies are 
called “boundary effects”

• Peaks and dips in bass/mid frequencies 
depend on speaker location

• Low frequencies are hard to absorb

•• Reflection issues at low frequencies are Reflection issues at low frequencies are 
called “boundary effects”called “boundary effects”

•• Peaks and dips in bass/mid frequencies Peaks and dips in bass/mid frequencies 
depend on speaker locationdepend on speaker location

•• Low frequencies are hard to absorbLow frequencies are hard to absorb
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Low Frequency Reflections
Strategies
Low Frequency ReflectionsLow Frequency Reflections
StrategiesStrategies

• First reduce peak/dip errors through 
proper placement

• “Resistive” Absorbers too thick
• Use Helmholtz and Diaphragm methods
• Equalize

•• First reduce peak/dip errors through First reduce peak/dip errors through 
proper placementproper placement

•• “Resistive” Absorbers too thick“Resistive” Absorbers too thick
•• Use Helmholtz and Diaphragm methodsUse Helmholtz and Diaphragm methods
•• EqualizeEqualize
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Front Speaker Placement 
Unequal Boundaries 
Front Speaker Placement Front Speaker Placement 
Unequal Boundaries Unequal Boundaries 

UnequalUnequal
ReflectedReflected
Path LengthsPath Lengths

Copyright 2004 PMI, Ltd.Copyright 2004 PMI, Ltd.

Front Speaker Placement 
(continued)
Front Speaker Placement Front Speaker Placement 
(continued)(continued)

• Aim for 
unequal 
reflection path 
lengths for 
floor / side / 
front wall

• Distribute 
errors

•• Aim for Aim for 
unequal unequal 
reflection path reflection path 
lengths for lengths for 
floor / side / floor / side / 
front wallfront wall

•• Distribute Distribute 
errorserrors

SideSide FloorFloor FrontFront
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Solutions to LF Reflections
Bass Absorption
Solutions to LF ReflectionsSolutions to LF Reflections
Bass AbsorptionBass Absorption

• Use Perforated 
wood surface 
on box

• Tuning 
equation:

•• Use Perforated Use Perforated 
wood surface wood surface 
on boxon box

•• Tuning Tuning 
equation:equation:

ƒƒ00 ==
pp

(d) (t)(d) (t)
200200

ƒƒ00 is frequencyis frequency
p is perforation percentagep is perforation percentage
tt is hole lengthis hole length
d is air space depthd is air space depth
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• With Bass 
absorber, Side 
wall response 
is smoother

• The remaining 
error can be 
equalized

• Can also use 
Bass absorbers 
on  front wall

•• With Bass With Bass 
absorber, Side absorber, Side 
wall response wall response 
is smootheris smoother

•• The remaining The remaining 
error can be error can be 
equalizedequalized

•• Can also use Can also use 
Bass absorbers Bass absorbers 
on  front wallon  front wall

SideSideFloorFloorFrontFront

Solutions to LF ReflectionsSolutions to LF Reflections
Bass Absorption Bass Absorption 
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Solutions to LF Reflections
Bass Absorption on the front wall
Solutions to LF ReflectionsSolutions to LF Reflections
Bass Absorption on the front wallBass Absorption on the front wall

•• Use Bass Use Bass 
absorber to kill absorber to kill 
front wall front wall 
reflectionreflection
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Solutions to LF Reflections
A Bass Absorber
Solutions to LF ReflectionsSolutions to LF Reflections
A Bass AbsorberA Bass Absorber

3/4” MDF backing board

1”  3pcf fiberglass

Perforated Board

Framing

Fabric
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Boundary EffectsBoundary EffectsBoundary Effects

• Evaluation
– Computer predictions

• CARA
• RPG Room optimizer

– Use circulating pink noise 
and listen for timbral 
variations

– Use pink noise and RTA to 
measure spectral 
variations

•• EvaluationEvaluation
–– Computer predictionsComputer predictions

•• CARACARA
•• RPG Room optimizerRPG Room optimizer

–– Use circulating pink noise Use circulating pink noise 
and listen for timbral and listen for timbral 
variationsvariations

–– Use pink noise and RTA to Use pink noise and RTA to 
measure spectral measure spectral 
variationsvariations

• Correction
– Avoid multiple equal boundary 

distances
– Change speaker position
– Match boundary conditions for 

the front speakers
– Flush mount speakers
– Use low frequency absorption
– Equalize

•• CorrectionCorrection
–– Avoid multiple equal boundary Avoid multiple equal boundary 

distancesdistances
–– Change speaker positionChange speaker position
–– Match boundary conditions for Match boundary conditions for 

the front speakersthe front speakers
–– Flush mount speakersFlush mount speakers
–– Use low frequency absorptionUse low frequency absorption
–– EqualizeEqualize

Reflection ControlReflection ControlReflection Control

Copyright 2004 PMI, Ltd.Copyright 2004 PMI, Ltd.

DiffusionDiffusion
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Solutions to Room Reflections
Diffusion
Solutions to Room ReflectionsSolutions to Room Reflections
DiffusionDiffusion
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Solutions to Room Reflections
Diffusion
Solutions to Room ReflectionsSolutions to Room Reflections
DiffusionDiffusion

• Diffusive materials
– Purpose- built 

panels
– Bookcase

•• Diffusive materialsDiffusive materials
–– PurposePurpose-- built built 

panelspanels
–– BookcaseBookcase

Loudspeaker

Listener

D
ire

ct
 P

at
h

Reflected PathReflected Path

DiffuserDiffuser
DiffuserDiffuser
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Acoustical Treatments
Diffusion
Acoustical TreatmentsAcoustical Treatments
DiffusionDiffusion

• Need enough diffusion surface to 
“smooth out” the soundfield

• Balance diffusion and absorption
• Keep some liveness to the room

•• Need enough diffusion surface to Need enough diffusion surface to 
“smooth out” the soundfield“smooth out” the soundfield

•• Balance diffusion and absorptionBalance diffusion and absorption
•• Keep some Keep some livenessliveness to the roomto the room
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Acoustical Treatments
Diffusion types
Acoustical TreatmentsAcoustical Treatments
Diffusion typesDiffusion types

• 2D diffusion redistributes incident 
sound to a plane
– Use along front portion if side walls to 

diffuse front speakers

• 3D diffusion redistributes sound to a 
hemisphere
– Use it towards the rear of room for 

surround speakers

•• 2D diffusion redistributes incident 2D diffusion redistributes incident 
sound to a planesound to a plane
–– Use along front portion if side walls to Use along front portion if side walls to 

diffuse front speakersdiffuse front speakers

•• 3D diffusion redistributes sound to a 3D diffusion redistributes sound to a 
hemispherehemisphere
–– Use it towards the rear of room for Use it towards the rear of room for 

surround speakerssurround speakers
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Acoustical Treatments
Diffusion – 2D Diffusers
Acoustical TreatmentsAcoustical Treatments
Diffusion Diffusion –– 2D Diffusers2D Diffusers

CylindricalCylindrical

SlottedSlotted
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Acoustical Treatments
Diffusion - 3D Diffusers
Acoustical TreatmentsAcoustical Treatments
Diffusion Diffusion -- 3D Diffusers3D Diffusers
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Acoustic Treatment 
Manufacturers
Acoustic Treatment Acoustic Treatment 
ManufacturersManufacturers

• StudioPanel
• RPG
• Acoustics First
• Kinetics Noise Control
• Auralex
• And many others!

•• StudioPanelStudioPanel
•• RPGRPG
•• Acoustics FirstAcoustics First
•• Kinetics Noise ControlKinetics Noise Control
•• AuralexAuralex
•• And many others!And many others!

Slap EchoesSlap EchoesSlap Echoes
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Slap EchoesSlap EchoesSlap Echoes

• Echoes are
– Repeated reflections 

between two parallel 
surfaces

• Slap echoes cause
– Bright, “zingy” sound
– Interference with 

acoustic character 
of sound

– Timbral changes

•• Echoes areEchoes are
–– Repeated reflections Repeated reflections 

between two parallel between two parallel 
surfacessurfaces

•• Slap echoes causeSlap echoes cause
–– Bright, “zingy” soundBright, “zingy” sound
–– Interference with Interference with 

acoustic character acoustic character 
of soundof sound

–– Timbral changesTimbral changes

Loudspeaker

Listener
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Slap Echoes
Detection Methods
Slap EchoesSlap Echoes
Detection MethodsDetection Methods

• Clap hands at 
various locations 
in room

• Listen for echo
• If possible, sit at 

primary seat and 
listen to a person 
clapping at various 
locations

•• Clap hands at Clap hands at 
various locations various locations 
in roomin room

•• Listen for echoListen for echo
•• If possible, sit at If possible, sit at 

primary seat and primary seat and 
listen to a person listen to a person 
clapping at various clapping at various 
locationslocations
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Solutions to Echoes
Materials
Solutions to EchoesSolutions to Echoes
MaterialsMaterials

Loudspeaker

Listener

AbsorberAbsorber DiffuserDiffuser

• Absorptive
– Fiberglass panels
– Foam panels 
– Drapes

• Diffusive
– Diffuser panels
– Bookcases 
– Furniture

•• AbsorptiveAbsorptive
–– Fiberglass panelsFiberglass panels
–– Foam panels Foam panels 
–– DrapesDrapes

•• DiffusiveDiffusive
–– Diffuser panelsDiffuser panels
–– Bookcases Bookcases 
–– FurnitureFurniture

Placing listenersPlacing listenersPlacing listeners
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Don’t sit at resonance 
peaks or dips

Don’t sit at resonance 
peaks or dips
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Solutions 
to Standing 
Waves
Seating 
Placement

Solutions Solutions 
to Standing to Standing 
WavesWaves
Seating Seating 
PlacementPlacement27

54

108

81

135

63 12
6

25
1

18
8

31
4

35 71

14
1

10
6

17
6

.2 *W

.32 *W

.45 *W

.55 *W

.68 *W

.8 *W

.55 *L.8 *L .68 *L .45 *L .32 *L .2 *L

.55 *L.8 *L .68 *L .45 *L .32 *L .2 *L

.2 *H

.32 *H

.45 *H

.55 *H

.68 *H

.8 *H
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45º

Listener/Speaker placementListener/Speaker placementListener/Speaker placement

••Position Left and Position Left and 
Right to form a  45 Right to form a  45 
degree angle to degree angle to 
seating areaseating area

••Balance between Balance between 
stereo phantom stereo phantom 
image and image and 
multichannel multichannel 
separationseparation
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Example LayoutExample LayoutExample Layout
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2’x7’ 130Hz 
Bass absorber 

unit

A B

C D

2’x4’  2” Absorption panels

Door with 
absorber 

panel

5x10’ 
Absorptive 
panel on 

central ceiling 
section 

2D Diffusion

3D Diffusion
In upper 
areas

CinePanel 2D Diffuser

Absorption CinePanel

107Hz Bass absorption units

130Hz Bass absorption units

3D Diffuser 

Example Treatment LayoutExample Treatment LayoutExample Treatment Layout
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D C

CinePanel Absorber
2ftx4ft 

Cylindrical Diffuser 
Acoustic Innovations 2ftx2ft

107Hz Diaphragmatic Absorber 
2ftx5ft

CinePanel Diffuseur 
2ftx4ft

Example Treatment Layout 
Left Wall
Example Treatment Layout Example Treatment Layout 
Left WallLeft Wall

Surround speaker
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A B

Example Treatment Layout
Right Wall
Example Treatment LayoutExample Treatment Layout
Right WallRight Wall

CinePanel Absorber
2ftx4ft 

Cylindrical Diffuser 
Acoustic Innovations 2ftx2ft

107Hz Diaphragmatic Absorber 
2ftx5ft

CinePanel Diffuseur 
2ftx4ft

Surround speaker
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CA

Example Treatment Layout
Front Wall
Example Treatment LayoutExample Treatment Layout
Front WallFront Wall

CinePanel Absorber
2ftx4ft 

Cylindrical Diffuser 
Acoustic Innovations 2ftx2ft

130Hz Diaphragmatic Absorber 
2ftx5ft
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CA

3D Diffuser
Acoustic Innovations 2ftx2ft

Example Treatment Layout 
Rear Wall
Example Treatment Layout Example Treatment Layout 
Rear WallRear Wall

CinePanel Absorber
2ftx4ft 

Cylindrical Diffuser 
Acoustic Innovations 2ftx2ft

CinePanel Diffuseur 
2ftx4ft

Rear speaker
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Tuning it AllTuning it AllTuning it All
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Analysis and equalizationAnalysis and equalization
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Level CalibrationLevel CalibrationLevel Calibration

• Use midband pink noise signals
– reference disk or internal test tones

•• Use Use midbandmidband pink noise signalspink noise signals
–– reference disk or internal test tonesreference disk or internal test tones

Level

Frequency500Hz 2kHz

Mid-Frequency test noise internal 
to most good surround processors. 
The signal is centered in the 
500Hz to 2kHz region to improve 
measurement accuracy
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Analysis – the useful wayAnalysis Analysis –– the useful waythe useful way

LoudspeakerLoudspeaker

Microphone 3

Microphone 4

Microphone 2

Microphone 1

1/3 Octave 1/3 Octave 
EqualizationEqualization

Pink NoisePink Noise
GeneratorGenerator

MultiplexerMultiplexer

• Analysis 
should be 
spatially and 
temporally 
averaged

• Use Gold 
Line DSP30 
Analyzer, or 
equivalent

•• Analysis Analysis 
should be should be 
spatially and spatially and 
temporally temporally 
averagedaveraged

•• Use Gold Use Gold 
Line DSP30 Line DSP30 
Analyzer, or Analyzer, or 
equivalentequivalent
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Frequency Response Calibration
Room + Equalizer Phase Response
Frequency Response CalibrationFrequency Response Calibration
RoomRoom + + Equalizer Phase ResponseEqualizer Phase Response

• 12 dB peak 
error at 200 Hz 
(yellow line) 

• Phase error 
(red line)

• Equal cut 
introduces 
inverse phase 
error

• Amplitude and 
phase are 
corrected!

•• 12 dB peak 12 dB peak 
error at 200 Hz error at 200 Hz 
(yellow line) (yellow line) 

•• Phase error Phase error 
(red line)(red line)

•• Equal cut Equal cut 
introduces introduces 
inverse phase inverse phase 
errorerror

•• Amplitude and Amplitude and 
phase are phase are 
corrected!corrected!
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Equalization RequirementsEqualization RequirementsEqualization Requirements

• Pink noise source
– 20 Hz–20 kHz, switchable to each channel 

before the crossover (5.1 Audio Toolkit)

• Real time analyzer
– 20 second time averaging
– The ability to average 4 or more readings 

from mic multiplexing
– 1/12 octave resolution in low frequencies

•• Pink noise sourcePink noise source
–– 20 Hz20 Hz––20 kHz, 20 kHz, switchableswitchable to each channel to each channel 

before the crossover (5.1 Audio Toolkit)before the crossover (5.1 Audio Toolkit)

•• Real time analyzerReal time analyzer
–– 20 second time averaging20 second time averaging
–– The ability to average 4 or more readings The ability to average 4 or more readings 

from from micmic multiplexingmultiplexing
–– 1/12 octave resolution in low frequencies1/12 octave resolution in low frequencies
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Quick Check of Overall 
Frequency Response
Quick Check of Overall Quick Check of Overall 
Frequency ResponseFrequency Response

CD

Pink
Noise

Compare

Set earphone level to match speaker 

CD

Pink
Noise

Using Etymotic ER- 4S or ER- 6 Earphones
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ToolsToolsTools
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UlyssesUlyssesUlysses
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SMAART LiveSMAART LiveSMAART Live

Copyright 2004 PMI, Ltd.Copyright 2004 PMI, Ltd.

Gold Line DSP30Gold Line DSP30Gold Line DSP30

• RTA
• 1/3, 1/6, 1/12th Octave
• Averaging
• NC
• RT60
• Integrated solution

•• RTARTA
•• 1/3, 1/6, 1/121/3, 1/6, 1/12thth OctaveOctave
•• AveragingAveraging
•• NCNC
•• RT60RT60
•• Integrated solutionIntegrated solution
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TEF 2000TEF 2000TEF 2000

• RTA
• TEF
• MLSSA
• Log sweeps
• Phase measurements
• Many more

•• RTARTA
•• TEFTEF
•• MLSSAMLSSA
•• Log sweepsLog sweeps
•• Phase measurementsPhase measurements
•• Many moreMany more
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Good Reading MaterialsGood Reading MaterialsGood Reading Materials

• Acoustics and Psychoacoustics, Howard, David M., Angus, 
James, Focal Press, 1996, ISBN 0 240 51482 9

• Audio Engineering Handbook, Benson, K. Blair ed. 
McGraw-Hill Book Company, 1988

• Building a Recording Studio, Cooper, Jeff, Synergy Group, 
Inc., Los Angeles. To order call 1-800-468-4322

• The Master Handbook of Acoustics, Everest, F. Alton, TAB 
Books, Division of McGraw-Hill Inc., Blue Ridge Summit, 
PA. To order call 1-800-468-4322

• Project Studios, P. Newell, Focal Press, ISBN 0 240 51573 0
• Room Acoustics, Kuttruff, Heinrich, Applied Science 

Publishers 1973/1991

•• Acoustics and PsychoacousticsAcoustics and Psychoacoustics, Howard, David M., Angus, , Howard, David M., Angus, 
James, Focal Press, 1996, ISBN 0 240 51482 9James, Focal Press, 1996, ISBN 0 240 51482 9

•• Audio Engineering HandbookAudio Engineering Handbook, Benson, K. Blair ed. , Benson, K. Blair ed. 
McGrawMcGraw--Hill Book Company, 1988Hill Book Company, 1988

•• Building a Recording StudioBuilding a Recording Studio, Cooper, Jeff, Synergy Group, , Cooper, Jeff, Synergy Group, 
Inc., Los Angeles. To order call 1Inc., Los Angeles. To order call 1--800800--468468--43224322

•• The Master Handbook of AcousticsThe Master Handbook of Acoustics, Everest, F. Alton, TAB , Everest, F. Alton, TAB 
Books, Division of McGrawBooks, Division of McGraw--Hill Inc., Blue Ridge Summit, Hill Inc., Blue Ridge Summit, 
PA. To order call 1PA. To order call 1--800800--468468--43224322

•• Project StudiosProject Studios, P. Newell, Focal Press, ISBN 0 240 51573 0, P. Newell, Focal Press, ISBN 0 240 51573 0
•• Room AcousticsRoom Acoustics, , KuttruffKuttruff, Heinrich, Applied Science , Heinrich, Applied Science 

Publishers 1973/1991Publishers 1973/1991
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SummarySummarySummary

• Room acoustics affect any audio system
• Look out for reflections, echoes, 

boundaries, reverberation, standing waves, 
rattles, noise, and sound isolation

• With basic science and care you too can 
tame room acoustics.

• Thanks for listening,
Anthony Grimani
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415 454 2087
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