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What is Sound?

» The phenomenon of sound in a fluid involves time-dependent changes
of density, pressure, temperature, and position of the fluid particles.

» The changes are extremely small in relation to their mean values in the
absence of sound.

» Sound propagation involves interplay between pressures generated by
elastic reaction to volumetric strain and the fluid inertia that resists these
attempts.

« Acoustic disturbances propagate in the form of waves.

« The effectiveness of sound generation is related to the rate of change of
flow rather than to the magnitude of the flow.

il
NTU50235100
| | —}—Bats
I~ Blue whale
—— Double —
Bass
| | —t— Violin
— Bass —
Tuba
—1— Trumpet —{
—r— Clarinet —
— Bassoon ‘{
— Oboe —
| I
— Flute —1—
|
Infra Piano Ultra Sound
Sound [
Human Hearing
4 8 16 32 64 128 256 512 2048 8192 32768 262144
1024 4096 16384 131072 524288

Frequency (Hz)

(C. Taylor, “The Physics of Sound,” SOUND, Edited by Kruth and Stobart, Chap. 2, Cambridge Univeristy Press, 200%17} [
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Decibel Scales

The audible intensities range from approximately 1072 to 10 W/m?.
Using a logarithmic scale compresses the range of numbers required
to describe this wide range of intensities

It is also consistent with humans judgement of the sound loudness

The intensity level IL of a sound is defined by
IL = 101og(I/I.) (dBe L)

Iy is a reference intensity

ILis expressed in decibels referenced to I,,s

progressive plane and spherical waves
I =P%/pgc

il
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leading tothe sound pressure level

SPL = 201log(P,/Pyy) dB re P.s

If we choose I,y = Pzn,f/ poc, then IL re I,r = SPL re Pry.

CGS units 1dyne/cm? (ubar)
MKSunits  1N/m? pascal (Pa)
1 wbar = 0.1 N/m? = 10° uPa

1 atmosphere (atm) = 1.01325 X 10° Pa = 1.01325 X 106 ubar
1 kilogram/cm? (kgf/cm?) = 0.980665 x 10° Pa = 0.967841 atm

The reference standard for airborne sounds is
L =1072 W/m?
a corresponding effective (root-mean-square) pressure of

P, = P/J2=204pPa  rounded to 20 uPa

il
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Medium Reference Nearly equivalent to
Air 1072 W/m? 20 pPa
20 pPa = 0.0002 pbar 1072 W/m?
Water 1 ubar = 10°uPa 6.76 X 1077 W/m?
0.0002 pbar = 20pPa 2.70 % 10716 W /m?
1 uPa 6.76 X 107 W/m?

SPLre1 pbar + 100 = SPLre1 uPa
SPL re 0.0002 wbar — 74 = SPLrel wbar
SPL 7¢0.0002 wbar + 26 = SPLre1 uPa

The standard reference pressures in underwater acoustics is 1 uPa.

P

ﬂ
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Source/Environment Sound pressure level
L, (dB(A))

Launch noise outside rocket payload bay 160

Heavy artiliery ai gunners’ heads 40

Threshold of pain _ __ _ ___ _ __ _ ___ o __________ 130 _

Large jet engine at 30 m; within large symphony orchestra playing 120
fortissimo

10 m from loudspeakers at rock concert; 1 m from pneumatic chipping 110
hammer

Inside a textile factory; in an old-fashioned underground train 90

Shouted male voice at | m; dense, accelerating road traffic at kerbside; 80
inside jet airliner at take-off

Dense, free-flowing road trafficat 3 m from kerbside 70

Busy restaurant; two-person conversation 60

Average commercial office 50

Residential, urban neighbourhood, far from main roads, at night; library 40
with no air-conditioning

Theatre with full audience just before curtain up 30

Empty recording studio; empty symphony hall 20

Male human breathing at 3 m 10

Average threshold of hearing of 1 kHz tone of normally hearing young c.0

persons

P

ﬂ
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Range of Sound Pressure Levels

100

Sound Pressure, p A
[Pa]

0.1
0.01
0.001
0.000 1

0.000 01

140

120

100

80

60

40

20

ASound Pressure Level, Lp

[@B]

BA 68511, 12 86050872 Brliel & Keer s

g
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Conversion to dB using Tables
dB to Pressure Ratio
Pressure -db+ Pressure | Pressure -db+  Pressure
Ratio Ratio Ratio Ratio
1.00 0.0 1.000 0501 _ _____6______ 1.995_
0.989 0.1 1.012 0.447 7 2239
0.977 0.2 1.023 0.398 7 2512
0.966 0.3 1.035 0.355 9 2.818
0.955 0.4 1.047 0.316 10 3.162
0.944 05 1.059 0.251 12 3.981
0.933 0.6 1.072 0.200 14 5.012
0.923 0.7 1.084 1.158 16 6.310
0.912 0.8 1.096 0.126 18 7.943
0.902 0.9 1.109 0.100 20 10.000
0.891 1.0 1.122 0.0316 30 31.62
0.841 15 1.189 0.0100 40 100
0.794 20 1.259 0.0032 50 316.2
0708 _____Z 30 _____ 1.413_ 102 60 103
0.631 4.0 1.585 104 80 104
0.562 5.0 1.778 10 100 108

BA7665-11, 16 Briel & Kjaer air

g
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Two Sound Sources

L, = XdB
o
L,,=XdB

L+ L= X+30B

| BA 7686-11,28 Briiel & Klﬂ!l' -ﬁr

il
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I,>1,
l,=al,, a<l

L1:10Iog||—1

ref

L, =10Iog||—2= L, +10log &«

ref

AL=L -L,=-10log

=1L+, =0+a)l,

L, =10|og|L=10|og(1+IA= L, +10log(l+ @)=L, +L,

ref ref

L, =10log(1+ @)

il
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Addition of dB Levels
L. _
4B Example:
3 L, = 55dB
L, = 51dB
RN AL = 4dB
9 N L. = 14dB
N L, = 55+14=56.4dB
1.4 dB— RN
1 !
\'\.
0 \ 1 O I e e A AL
0 ‘ 5 10 15 dB
4 dB
BA 768611, 27 8605122 Brilel & Kjaer wiir
P
NTU50235100

Subtraction of Noise Levels

BA7885-11,28 Brllel & Kjzer s

il
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IS+N > IN

Iy =alg.,, a<l

Lg.n =10Iog|3—+N
ref
Ly, :10Iog|—N: L., +10loga
ref

AL=Lg,, - Ly =-10logex

Is = IS+N =1y :(1_05)|5+N

L. =10log—s =1010g £=sen | 110logll—a) = L.~ L
S S+N S+N

ref ref

L. =-10log(l—«)

R
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Subtraction of dB Levels
|_ A
dB Ex:
Le., = 60dB
6 \ L, = 53dB
5 AL = 7dB
L = 1dB
4 L. = 60-1=59dB
3
2
™~y
1 W
S R B I A
123 45678910 dB
N, e’ @ —_——
Ls ~ Lsuy

BA 7888-11,29 Briel & Klaar ‘*"

g
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Addition of many dB values

BA7866-11, 30 Brliel & Kjaer sér

Addition of sound levels : L, +L,...+L,=?

ForlL,=L,=L;...=Ly

| ] 10 lamN

LTGI&\ - I_1 T IV IVYIN

/

___________________ e
Examples:
N=2 Ly=L,+3dB
_____________ N=10: Lypu=L,+10dB
15 N

R
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Microphone
s Briiel & Kjar Microphones ——
Tatm Measurable Range
=100 kPa
- 194 B ~-299. . .
- 180 4136/WH 2967 + 2670 b
4136 + 2670 TN
160 |—
140 |8 —F 4190 + 2669 -
(o] Ty
120 |+ + :
1Pa | | - =3
—oadp -1 8 ©
L = Audible Range M
o«
3 60 1 \ o1
3o 40 (¥ e
o — [/ N 4135
2 20 5 - +2669
&N S~ T~ 491\ _J
T2 0 +2660
oy '? B 4145  TeONT]
c2 —20 16 Hz, ?9"'2660 * 2600 ~3
3 | gy
n ~40 h
02 2 20 200 2K 20k 200k

Frequency (Hz)
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» Condenser measurement microphone

Diaphragm
Backplate
Haousing
Insulator
=—/J
—1r—
|
i
'ﬁ 7
NTU50235100

Constant charge principle

« External Polarization Source

Microphone | Preamplifier
Diaphragm Back-plate |
N |
' —L Polarization
Pressure : = \Voltage
| Polarization T Supply
| Resistor
L [l ™S~
v 1
: Capacitor Amplifier
&
T
|

|

The polarization resistance must be so high (1 to 10 GQ) that it ensures an
essentially constant charge on the microphone, even when its capacitance
changes due to the sound pressure on its diaphragm.

il
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E-C-= Q[}
g-A e A
d
e=FE_ .
0 0

Movements lead to distance
and capacitance changes
and to a corresponding AC-
voltage across the plates.

 Electret Polarization

NTU50235100

A = Area of capacitor plate

C = Instantaneous capacitance between
plates

D, = Distance between plates at rest
position

d = Displacement of moveable plate
(diaphragm) from rest position

E = Instantaneous voltage between plates

Ey = Polarization voltage

e = Voltage change caused by plate
displacement

Qp = Constant charge on plate capacitor

¢ = Dielectric constant of air

g
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T Diaphragm

T \ - T
" Imagecharge _;.@ N ,G)\ ,ﬁl\

/ \
/ \
/ Air-gap \
|
|
|
/
A Mg * Fiozen chage . ¥ -‘I‘J
Lo e, . . .
et ". o Flactat Layer, . o . /

\ 5

The electret consists of a
specially selected and stabilized,
high temperature polymer
material which is applied to the
top of the backplate.

\ma;echarge - W W @ )
\- Backplate 5 /

1

/

Z— —=-__ , Diaphragm

LN

H’J ‘ . .

650601 rﬁlﬁ i
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msss How much does the diaphragm move ? s

For typical measurement microphone:

— diameter 12.5 mm
— thickness of diaphragm 5 pm
— distance between diaphragm

and backplate 20 um For 94 dB - 1 Pa the diaphragm moves

— polarization voltage 200 vV d - AV xd 50 mV <20 pm
_ sensitivity 50 mV/Pa A= T T o00my
= 5nm
Diameter of Mressure Diaphragm’s
diaphragm (level re 20pPa movement
12.5mm 1Pa (94dB) | 5nm (5% 109 m)
12.5mm 002Pa (60dB) | 1A (1071%m)
12500km 0.02Pa (60dB) | 0.1m (10~"m)
(thickness of - - ; P
diaphragm Skm) 0.0002Pa(20dB) | 0.000Tm (10~°m)

il
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« Static Pressure Equalization

Preasure
Equalisation

@) Pressure

1
Equalisation )

il
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Two electrical fields are produced in the microphone. One across the air gap
and one across the electret. These fields must stay essentially constant during
the microphone operation which means that any resistance loading on the
microphone must be so high that the voltages produced by the microphone do

not lead to any significant interchange of charges.

* Diaphragm and Air Stiffness

- . 100
b(PS) = b(PS‘ ref P,
(100-F)+ 3 - F
s, ref
S(P,)= microphone sensitivity (a function of static pressure)
P, = static pressure

P, .r= the reference static pressure at which ‘F is valid

F = fraction of air stiffness in percent at reference static pressure (ratio
between air stiffness and total diaphragm system stiffness)
Tl
NTU50235100
* Low Frequency Response and Vent Position
_ - sound .t _ .'." ‘sound -
.- Feld - - Fleld e
Went oo coventt L oo
Inside vent Outside vent
Tl
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(A)

_4 /|
s (:BJ/
. /

0.1 1 10 100 Frequency (Hz) 1k

(A) inside vent (B) outside vent

7
NTU50235100
Microphone response is influenced by the ambient pressure
9
dB
6
d @ b (c) Vent unexposed
3 [ || <
0 \
_3 /| yd
(d) (a) A A Vent exposed
-12 / /
0.1 1 10 100 Frequency (Hz) 1k
10% air-stiffness at nominal ambient pressure (101.3 kPa):
a) 1 bar, b) 2 bar, c) 10 bar, d) 0.5 bar
I
fl
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90
Degreesx
75 N \\
\(d} (aNﬂ} \{C) Vent exposed
) MNARNERN
30 q
15 \\\ \
S
0 I— %—
] — |
I~ /
15 ~
/
30 (d)y | (@) (b) ic) Ventpnexposed
0.1 1 10 100 requency (1 1z) 1k

* High Frequency Response

30

20

__

—

-20

AN
N\

—-30

-40
10C

Influence of damping on the high frequency response (magnitude)

1000

10000

Frequency (Hz)

R

NTU50235100
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db
=10

- 20

- 30

- 40

AN

—

-0

AN

—60

N

-70
100

10k

Frequency [Hz)

100 K

Frequency responses of microphone with critical damping and different
diaphragm diameters (relative scale: 1(a), 0.5 (b), 0.25 (c))

30

gegrees
0

-30

\
ANEANIAN

-60

N\
AN

A

-390

—120

(d

) \(D} \{CZJ

AN

—130

—180

~

100

10K

Frequency (Hz)

i~
NTU50235100
100k
i~
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== Frequency Range and Sensitivity ==

1

200k f
H2]

= f
8k [Hz]

f
20k [Hz]
40k

Vm
1147 _
&0 wp %
f | -
4 100k
Vi, [Hz]
1/8”
- EB ‘
1 ;
6 140k [HZ]

R
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] Dynamic Range I

dB
200

160

120

80

1/27

1/4” g 18" @

il
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Directional Characteristics

90"
1

90°
2 kHz
8 kHz
0° 80° 180°
12 kHZ

0 T Qh_@

R
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| Types of Microphones |

__—-—.-
— -
-

e— Far = Random incidence
e Free field

< — V/
= 7o

3
== ‘| Pressure —

'

R
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Free field microphones have uniform frequency response for the sound pressure
that existed before the microphone was introduced into the sound field. It is of
importance to note that any microphone will disturb the sound field, but the free
field microphone is designed to compensate for its own disturbing presence.

The pressure microphone is designed to have a uniform frequency response to the
actual sound level present. When the pressure microphone is used for
measurement in a free sound field, it should be oriented at a 90° angle to the
direction of the sound propagation, so that the sound grazes the front of the
microphone.

The random incidence microphone is designed to respond uniformly to signals
arriving simultaneously from all angles. When used in a free field it should be
oriented at an angle of 70" — 80° to the direction of propagation.

R
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Free Field Correction = mm—

Py
20 log 22
0
e dB
:::::: 10
———— o — S ———
oo~ }
s ey D
——»——-—--';7“ ¥ D
—_—— _;"" e T/ NN V- R R B SRy
OG- R ——t—
L 2k 5k 10k ZUK? 50k 100k Hz
27K (D=1/27)

il
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Free Field Correction

NTU50235100

R
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=== Response of Free Field Pressure Microphones ===

Free field

B

I

4 Pressure

R
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Use of Free Field Microphones ===

R
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r—Jse of Pressure Microphones

i _ﬁ,-o\\

|

i
7
1
v

R
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s |Jse of Random Incidence Microphoneg ===

=

A

1
NTU50235100
Windscreen = ——
dB ﬁ
120
100+
801
60
40 :
P
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* Sound intensity measurement

Sound power is the cause.
Sound pressure is the effect.

Sound intensity also gives a measure of direction as there
will be energy flow in some directions but not in others.

Measurement Surlaces

( http://www.bksv.com/license/pdf/Sound_Intensity.pdf )

R
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=== Pistonphone and Acoustical Calibratoy=——————

Pistonphone

f=250 Hz
L=124 + AL [dB]

| __— Microphore

to be calibrated

Acoustical Calibrator

Microphone 1/2" Adaptor
to be calibrated

Loud- Pressure Reference
speaker Equalisation  Microphone

f=1000 Hz
L=94dB=1Pa

il
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