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(Psycho-Acoustic Laboratory, Harvard University, 1950)

20-80 Hz: Lower Bass S
80-320 Hz: Upper Bass .
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320-2560 Hz: Midrange
2560-5120 Hz: Upper Midrange
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Frequency range of musical instruments and vocals
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Contral

Baritone
Bass

WOODWIND
Piccolo

Flute

Oboe

Clarinet in B flat or A
Clarinet in E flat
Bass Clarinet

Basset Horn

Cor Anglais

Double B
BRASS

P

Alto Saxoph

Tenor Sl;ophona
Baritone Saxophone
Bass S h

Trumpet in C
Trumpet in F

Alto Tromb
Tenor Tromb

Bass Tromb

Tuba

Valve Horn
STRINGS
Violin

Viola

Cello
Double Bass
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General Acoustics

Typical sound pressure levels

Sound Sound' Typical environment Average
pressure pressure subjective
level description
N/m* dB
200 140 30m from military aircraft at take-off
63 130 Pneumatic chipping and riveting (operator’s
position) Intolerable
20 120 Boiler shop (maximum levels)
Ships engine room (full speed)
6.3 110 Automatic punch press (operator’s position)
Sheet metal shop — hand grinding
Textile weaving room
2 100 Automatic lathe shop Very noisy
Platform of underground station (maximum
levels)
Printing press room
63x107" 90 Heavy lorries at 6m
Construction site — pneumatic drilling
2x107* 80 Kerbside of busy street
Office with tabulating machines
63x107% 70 Loud radio (in average domestic room) Noisy
2x107* 60 Restaurant
Department Store
63x107 50 Conversational speech at 1m
General office
2x107° 40 Average suburban area Quiet
Whispered conversation at 2m
Residential area at night

63x10~* 30
2x107* 20 Background in TV and recording studios Very quiet
63x107° 10

2x107° 0 Normal threshold hearing

Lp =20l rL Lo $lisd

A%

P
Sound Pressure level (SpL) or | =20 log - dB. 1

P=the rms value (unless stated otherwise) of sound pressure in pascals

Po=the reference pressure of 20
2o pta 614K (AL AT

scals (uPa) for measur in air.
w4614
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Equal loudness contours
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Dynamic range of hearing
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[l Haas Effect & Precedence Effect
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Haas Effect

Haas effect 207 70/%. ¢

ZNCE (dBN)

LEVEL DIFF.

=20 £30; 0 0

TIME DELAY (Milliseconds)

Dependence of the level difference between secon: and primary sound signals
upon the time delay, when they are judged to be equally loud

See also Effects of time delay, Percentage disturbance and Speech integration and
intelligibility - graphs in the Sound System Engineering section.




Haas Effect

O UllpfO((ESSGd Sound ‘Similar sounds arriving from different
locations are solely localized in the direction

‘ Delayed Sound of the first sound arriving at our ears.’
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Masking Principle
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Masking Principle

Loud sound

Masked \
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This is MONO...
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General Acoustics -
A weighting
dB
+10
Bz A N
- 30
10 20 30 4050 100 500 1000 5000 10000 Hz
A Weighting  Freq A Weighting  Freq A Weighting
dB Hz dB Hz dB

-70.4 160 ° -13.4 2500 +13
-63.4 200 -10.9 3150 +12
-56.7 250 - 86 4000 + 1.0
-50.5 315 -6.6 5000 + 0.5
—-44.7 400 -438 6300 -0.1
-394 500 -32 8000 -11
-34.6 630 -19 10000 -25
-30.2 800 -08 12500 -43
-26.2 1000 0 16000 -6.6
-225 . 1250 + 0.6 20000 -93
-19.1 1600 + 1.0
-16.1 2000 +12

99T, 23533ROAE  wdiiix
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Background noise design criteria

Type of Environment

Studios and Auditoria NC/NRIndex Equivalent dBA
Sound Broadcasting (drama) 15 25
sound dcasting (g 1), TV (general)

Recording Studio 20 30

TV (audience studio) 25 35
Concert Hall, Theatre 20-25 30-35
Lecture Theatre, Cinema 25-30 35-40
Hospitals

Audiometric Room 20-25 30-35
Operating Theatre, Single Bed Ward 30-35 40-45
Multi-bed Ward, Waiting Room 35 a5
Corridor, Laboratory 35-40 45-50
Wash Room, Toilet, Kitchen 35-45 45-55
Staff Room, Recreation Room 30-40 40-50
Hotels

Individual Room, Suite 20-30 30-40
Ballroom, Banquet Room 30-35 40-45 B
Corridor, Lobby 35-40 45-50
Kitchen, Laundry 40-45 50-55
Restaurants, Shops and Stores

Restaurant, Department Store (upper floor) 35-40 45-50
Night Club, Public House, Cafeteria, Canteen,

Retail Store (main floor) 40-45 50-55
Industrial

Warehouse, Garage 45-50 55-60
Workshop (light engineering) 45-55 55-65
Workshop (heavy engineering) 50-65 60-75
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General Acousncs

Private Dwelling (Urban) NC/NR Index  Equivalent dBA
Bedroom 25 35
Living Room 30 40
Offices

Boardroom, Large Conference Room 25-30 35-40
Small Conference Room, Executive Office,

Reception Room 30-35 40-45
Open Plan (Biirolandschaft) Office 35 45
Drawing Office, Computer Suite 35-45 45-55
Public Buildings

Court Room 25-30 35-40
Assembly Hall 25-35 35-45
Library, Bank, Museum 30-35 40-45
Washroom, Toilet 35-45 45-55
Swimming Pool, Sports Arena 40-50 50-60
Garage, Car Park 55 65

iastical and Academic Building

Church 25-30 35-40
Classroom, Lecture Theatre 25-35 35-45
Laboratory, Workshop 35-40 45-50
Corridor, Gymnasium g 35-45 45-55

NOTE dBA level is approximately 7 - 10dB higher than NC/NR value, depending on

spectral content of noise.
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SOUND SOURCE
Behavior of sound in an enclosed space: (1) in- PLAN

cident or direct sound; (2) reflected sound; (3) sound
absorbed by surface treatment; (4) diffused or dispersed
sound; (5) diffracted or bent sound; (6) transmitted sound;
(7) sound dissipated within the structure; (8) sound con-
ducted by the structure.
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ACOUSTICAL TEMPORAL SPATIAL
TREATMENT RESPONSE RESPONSE
0
ABSORPTION DIRECT SOUND \3Q ,.30 /
R = \ /, 60
3 "]/
o] AL
| - %0
REFLECTION SPECULAR
ﬁ HE
DlFFUSION .‘10 {nuc_
% T
TIME (msec)

A comparison of the three physical principles of absorption, reflection, and diffusion.
Courtesy of Peter D'Antonio, RPG Diffusor Systems, Inc., and the Audio Engineering Society, Inc.
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The length of the decay is dependent on strength of the source and the noise level. (A) Rarely do practical
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51’8 /Standing Wave

%Idﬁ (Standing Waves) :
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Harmonics (Hz)

1st 2nd kI 4th
v 1130
(1) = = = —— 56 84 112
W= 2@ = 220 -
v 1130 2
] T ——— 35 10 105 140
W = 2@ = 206
v 1130
h) = —— 5 —— = 70 140 210 280
™= 2@ = 2@
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The formation of standing waves

Amplitude, d8
s 8 8 3

C

8

s 63 120
Frequency, Hi

The presence of standing waves




Q&A




