
First Pan-American/Iberian Meeting on Acoustics
Cancun, Mexico

2 – 6 December 2002

  Neil A. Shaw
Menlo Scientific Acoustics, Inc.

Topanga, California

© 2002 Menlo Scientific Acoustics, Inc.



Acoustics
• Acoustics is the science of sound, including its

production, transmission and effects - Allan D.
Pierce, Acoustics An Introduction to Its Physical
Principles and Applications, McGraw-Hill Book
Company, New York, 1981 (ASA reprint 1989).

Architectural Acoustics
• Sound in an Enclosure.

(We all know what it is, but it's difficult to define.)
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Density: ρo(Po,T)

Pressure:  Po ≈ 100 kPa

                             p(t) = instantaneous

 p = effective =

Frequency/ Wavelength:
Speed of Sound:  c= λ f

                   c= 331.4

  c= γ Po
 ρ o
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Log Notation

Figure 1
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SPL (sound pressure level)

Lp= SPL = 20 log  p/ pref

pref = 0.00002 Pa

Pa = [N/m²] = [Kg⋅m/s²⋅m²] = [kg/s²- m]
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SWL (sound power level)

SWL = 10 log W / Wref

Wref = 1 x 10-¹² W = 1 pW

W = [kg - m2 / s3 ]
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I (intensity)

L I = IL = 10 log  I / Iref

Iref = 10-¹²  W/m² = 1x10-¹² kg/s³
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Waves

PLANE:

∂ ²p = 1 ∂ ²p
∂ x²    c² ∂ t²

COMPLEX
FORM OF THE
HARMONIC
SOLUTION

P = Ae           + Be
j(wt-kx)           j(wt+kx)
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Waves
CYLINDRICAL: ∇ ²p + k²p = 0  (k=Τ /c)

∇2 = 1   ∂    (      ∂   )      1     ∂2        ∂2

        w  ∂w        ∂w        w2   ∂φ2      ∂z2

One solution:

p = A    J0 (2πνw) + iN0 (2πνw)    e-2πiνt

c          c

W → ∞   A        2      eik(w-ct) - i(π/4)    k = 2πν = 2π
           πkw         c       λ

W → 0        2A  ln(w)e-2πiνt

        π

+ +w

][

√ 
___

 i

→
→
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Waves
SPHERICAL:

 1  ∂        ∂p       1   ∂²p
 r2  ∂r              ∂r           c²  ∂t²

if a<<λ then p/r >> ∂p/∂r  @ r = a

P ≅  ρ   dS   at r = a
      4π   dt

p ≅   ρ               r     where S’(z) = (d/dz)S(z)
      4πr       c

S = Total Flow

r2

 S’ ( t  – )

( ) =
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Human Factors
RANGE
OF
AUDIBILITY:

Figure 2
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Human Factors
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Human Factors
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Human Factors

Critical BandsFigure 5
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Figure 6
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Exodus XXVI

History
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History
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History
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History
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History
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Reflection
x > 4 λ
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Diffusion

x ≈ λ
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Diffraction
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Concave Reflector
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Flat Reflector
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Convex Reflector

Menlo Scientific Acoustics
27

Figure 13

© 2002 Menlo Scientific Acoustics, Inc.



Room Modes
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Reverberant Decay
large room
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Reverberant Decay
small room
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Materials
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Small Rooms

 Modes

 Shape

 Reflection management
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TIME METRICS

Reverberation Time (RT60)

Bass Ratio (BR)

Large Rooms
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Large Rooms

Strength (G)
 
Sound Pressure Distribution (∆L)

Center Time (ts)
 
Energy Definition Measure (C50)

Register Balance Measure (BR)

Speech Time Index (STI)
 
Articulation Loss (ALcons)

Subjective Intelligibility Tests
 
Clarity (C80)

Sound Coloration (Kt and Kh)

ENERGY METRICS 
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Spacial Impression Measure
for Music (R)

 
Lateral Efficiency
(LE for Music, LF and LFC)
 
Interaural Cross Correlation

Coefficient (IACC)
 
Interaural Time-Delay Gap

(ITDG, t1)
Reverberance Measure (H)

Diffusion
 
Stage Support (ST1)
 
Texture

Early Decay Time (EDT)
 
Intimacy
 
Spaciousness

Large Rooms
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