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Reza Gholamnia — Noise

No Noise is Good Noise!
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What is ‘sound’?
Ajjﬁ-ﬁ)b}o.\.&}:.‘&.c|ﬁ): LANASM‘_;“QL u.i:a&.o G‘yl}‘%ﬁdﬂ C|_9.c|
.stdé\qglbbwwk,:Jbu‘uf&;le

Sound is simply density fluctuations traveling through a substance (air,
water, etc.)

Sound - any pressure variation in air or water of other medium
S o slml 1y e KB JEs SUlug cpl 058 (o ey OF i Db Jsb 55 (B
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Original Waves Diffracted Waves

Diffraction & &
s 48 ol fmn OI 3 5d o S g D e oLl gla W b 5,5 53 (S sl
g s Lidl Ogwe Hae

Original Waves Diffracted Waves

Amplification < 0 oo

92 2 AL Gl S Mg patie lhe 93 oS S

Combined Wave
(What You Hear)

Speaker 2

Cancellation luo als
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Speaker 1

Combined Wave
(What You Hear)

The amplitude of the resulting
Speaker 2 wave is zero

s

Requirements For Sound...
X Source of vibration
* Source of energy
* A medium

X A receiver

Sound Frequency
3o Islae g sl 3 el ol Lasede osle G Ol 31 O g b 45| dlasl 5

D 0 Sy Okl Ulge 4 e WSS
&ﬁ&..u:ga'c) il S s &S conl JolS sla a5 > sluad dole O g S 3
el Bl G U olal Sl dsb dslas

Wavelength:

Horizontal length of one cycle of a wave.

» The frequency of a sound is measure in hertz.
> 1000 Hz=1 kHz
» Frequency is proportional to perceived pitch. Very low frequency

sounds are perceived as vibrations.
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» Human range: 20-20,000 Hz

» Human ear is most sensitive in the 1,000 to 4,000 Hz range.
» Less sensitive in lower frequencies.

Sound Intensity

The sound intensity is proportional to the height of the sound wave.

Wavelength

Distance between 2 analogous points in a wave. Indicated as A & is
measured in feet or meters.

— high frequency = short A = high energy

— low frequency = long A = low energy

— amplitude is perceived as loudness
Note that as the wavelength increases the frequency decreases and vice versa

— v=M A=V/A

— A =wavelength , f = frequency, v = speed of sound

Question
1- What is the wavelength in air at 21 °C of a sound with:
(1) frequency at the lowest end of the range of audibility (i.e. 20 Hz)?
(11) frequency at the highest end (1..20000 Hz)?

2- what is the frequency of a sound with a wavelength of Sm in air? ¢ = 355

m/s
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344 - N C 34 _ -k
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I 20 [ 20000 A .

Speed of Sound
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V(ft/s) = 49.03 Y T(0 R)
0 R=459.7+t (0 F)

V(m/s) = 20.05 N T(K)

0K=273.2+t(0C)
:Jke

Q.\,,Su\..o- .>|J§L;‘$L.« A.Q-J:C;...ﬁj}&-&‘_g“,njb Iy O g TS pw

J>
V(m/s) = 20.05 N T(K)
V(m/s) = 20.05 \ 273.2 = 331.45 m/s
V(m/s) = 20.05 \ 293.2 = 343.3 m/s
Jle

LFAY e 5 Y sl uilS 3 sl 8 Sle a2 Y0 Syl am s 0 1) Spe e b
tuss ol
J=

V(m/s) = 20.05 \ T(K)
V(m/s) = 20.05 \ 303.2 = 349 m/s
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V(m/s)= f*2
A= V/f=349/20=17.45 m
A= V/f=349/20000=0.17 m

SPEED OF SOUND
increases with humidity
increases with temperature

increases with density

Example Sound Speeds
Medium sound speed (m/s)

air (20°C) 343
water 1497
gold 3240
brick 3650

wood 3800—4600
glass 5100
steel 5790
aluminum 6420

Speed Impedance  gso iliwl

Ay B o il (S50 g ge S 4l ) (930 e gl Zueplle
Z=PU=p*C

MKS. rayls t Kg/M*.S m ; 5o conslin : Z

N/M2 R g JLd :P=P s

M/S o5 cspm: U
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Kg/m® Lzl L S& P

gﬁﬂﬂwﬂoyuﬂf

adiues
7o 2 p PSS VTN dslae (glsn aiils 5 015 (Slo a0 Y0 Lyl o 55 158 (5 g ilibal
ol jda> S
<l
V(m/s) = 20.05 N 293.2 = 343 m/s
Z=p*C
7. =343.3 * 1.21 = 415.3 MKS.rayls

What is ‘noise’?
Common definition of noise
— any undesirable, unpleasant, disruptive, inappropriate sound
— not just intensity — some noises are not loud
Noise is contextual and subjective
— the measured level of a sound and the effect of that sound on a
person is not necessarily directly related
— individuals may respond to the same sound in quite different
ways

— The ‘appropriateness’ of a sound has a cultural basis

Noise Sources

 Sound Generators:
— Vibrating solid bodies o o Ao ol

— Flow noise oL > sl gluwe

— Interaction of solids and fluids oYlw 5 Olul> |5l
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— Supersonic speed g | sy

— Traffic Sl 5 (gl
— Aircraft benlor sl slawo
— Industrial e salie
— Rail o2l el 5 el slalas
— Construction Sl 5 ol ba,l8 s blaes

— Rapid changes in temperature or pressure
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Fn+1 - Fn = BW (Band Width)

Gog dalss L Ll sl A3k Foa V0 b a5 Vo Vb o 51l

Fn+1 - Fn = BW
200 -100=100
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Fec=21/20Fn
Fc=1.04 Fn

M: ¢ f2=ﬁfa __;"rl

n

For example, a sound having the following octave-band noise :

5o
A2

fz =2f1 bw:fz‘fl

Centre Frequency (Hz) |62.5 | 125 {250 |500 | IK [2K | 4K | 8K
Band Pressure Level (dB) | 41 |45 | 48 | S0 |46 |42 |40 | 38
fo=4if 1 £=2f  (For 1 octave band)

f.=%2fF (Far 1/3 cctave band)

Jle

o il Al il ST p g G p 55 51 S B LT 5 58 VYO (S e b il 5 S

Tog dalg> 358 o Vb b 5 ol

Fc=21/6Fn
Fn=111.6 Hz

Fec=1.12 Fn

Fn+1/Fn =2k Fn+1/Fn =21/3

Fn+1=3V2 Fn

Fn+1=1.26 * 111.6 = 140 Hz

Fn+1=1.26 Fn

asbk=1/3 2
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Sound Measurement Scales
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Physical Scales
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s 3151 s K 55 20 Y 9Vt caolgd 3l Slg Ve Ol b e g oS

facs
J>
I=W/A
I = W/dnr?
I=W/12.57 r*

I1=1000/12.57 * 100 = 0.795 w/m2
I=1000/12.57 * 400 = 0.199 w/m?2

sl s s lgz S W 35T Slda g5 S ok holB G ply 95 b 45 55 o 4bi=Dlo

INVERSE SQUARE LAW
* Doubling the distance from the sound source decreases intensity
by a factor of 4
* As the distance from the source increases the amount of power is

spread over a greater area.

infensity at
suiface of sphere

The energy wice as far omBe 2T
souros is spiead over four fimes
e area, hence one-fow B nteasiy,

Sound Pressure & so,lis



Reza Gholamnia — Noise

ubar or din/cm’ Jbs S s MKS ez 43P OF N/m’ ISl i g LS
.Ml@nﬂﬂb)‘}d},ﬁ}‘ﬁ)\:&CGSMJé
1 Pa =10 ubar

25107 bar =2 % 1, 48 K i 1, 0Ll 2 WIS 0 45 S gge SUE o eS
i oS a g L 5 Ol e S5 bl b L HLS Ol & 45 ol 107 Pa
el Sl Sen Yo b ISl Yoo kS oo 353 Ok Kl o OLadl &S g0 LS
el S il S Dl LS

I=P*pC

2

P
JT: Fmas
Pex

O g Hlid s e
o9 Ml g3 Olgme ax Dgoo b AL JKLLY s Sge 50 HLid S
J-
I=P*pC
I = (200)*/415 = 96.38 w/m’

2,8 SleS
e b (ol 6lal) S5 BB ke o 208 Gllas sla wlie 03 gubone 4! alausl g5
PRI RCRCE P SCSPP P W P RCWIIS > ROW [ SOPIFSPRUPRI SPay ERRYR
4 o Blel (2l 32 S 55 48 ol 00 hrs 51 (glbor oS ot )R el 4 oo
3 e 5 dmlous (G 5) G S e, el 3 ol e & llae Ol s
e o Ol (oo SQ)

-

Sl 5



Reza Gholamnia — Noise

Ol G i a b cad ol las CaS 45 Sigop 0 (5,8 051] CeS e 31 ASLe
55|Jslﬁ;l3.e,‘5o,yuc~,4&.llﬁ sl P/Py , I/1, W/Woj‘ Lisle JLG 5 ol

el DLl 558 o 5 LT S s il L S - Feo g g 0k (8

Sound Power Level LU & 40 015 515

L, =10log, (% )

SWL (dB) = LW = 10 log W/W0
SWL = 10logW + 120
W = anti log (SWL-120)/10
W= 10 (SWL-120)/10

S5 g s Ol /4
107W &g 015 Su38 85 S0 albnl b L 0155 : W

g Oy 15 e

Sl o g iz O g 015 515 ASL Dy Ve g e 3 015 S
J-
SWL (dB) = LW = 10 log W/W0

SWL = 10logW + 120

SWL = 10logl0 + 120 =130 dB
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Sound Intensity Level L & 50 wouisl 5

L, =10 logy, (% )

SIL (dB) =LI=10log I/10
SIL = 10logl + 120
I=antilog (SIL-120)/10

I=10 (SIL-120)/10
W/’ s 15 o300 4 3 g g pn Ghan kit 21
10 Wi o po cas K59 855 S s slnl b b oas o1,

S O Gl 5 Jle

S 55 Sl me e g Sl T e DAd ol ere bl 3 g pie S ST
Towl jdam s Ol ;3 1) SOgee
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J=

1-SIL (dB) = LI =10 log I/10
SIL = 10logl + 120 SIL = 10log 20 + 120 = 133dB
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2- I = anti log (SIL-120)/10
anti log (140-120)/10 = 100 w/m2

3-SIL = 10logl + 120 SIL =10log 20+ 120 = 133dB

SIL = 10logl + 120 SIL = 10log 20 + 120 = 133dB
133-130 =3 dB

Sound Pressure Level L & 40 ;L2 51 5

SPL (dB) = LP = 10 log P2/P20
SPL = 20logP + 94
P = anti log (SPL-94)/20
P =10 (SPL-94)/20

Pa 6; c}‘-b"‘\.h.a)é Qrﬂ &Lbjwp
2%10° Py &g i3 K58 850 S0 aibinl b Ls HL35 Py

SPL (dB) = LP = 10 log P2/P20
SPL = 20logP + 74

P = anti log (SPL-74)/20
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P=10 (SPL-74)/20
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SPL =20logP + 94  1-
SPL = 20log2 + 94 = 100 dB

P =anti log (SPL-94)/20  2-
P = anti log (140-94)/20 = 199.5 Pa

SPL =20logl0+94=114dB 3 -
SPL =20log20 + 94 =120 dB

120-114=6 dB

g ,LS G5 dle
Ao o 4 L 5 Sdd Ol sl gl Sy alnl g olsd Skl aeS ol -
QM‘J.!wé\i' 3

SWL = 10logl0-12 + 120=0dB 1I-
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SWL = 10log100 + 120 = 140 dB

SIL = 10logl0-12+ 120=0dB  2-
SIL = 10log100 + 94 =140 dB

SPL =20log2*10-2+94=0dB 3 -
SPL = 20log200 + 94 = 140 dB

120-114=6dB
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A= gads Im O > g2 fsnme g4k SE
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St = Im (1-K) + KZIi
St=18 (1-0.3) + 0.3(1.2 +2.7+ 4.7+ 75+ 18+ 15+ 15+9 ) = 34.5

SL=33.2LogS+40 phone
SL=91.1 phone
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Lp=10log2  and [ ,.=10log—2

P“_L ]:ll'.']

Lp:f - ]'U]'Dgll:l [Z_; log_l(ﬂpi le}]

A by by
L =1ﬁlfag[1(}'“ +1010 4 _,+mWJ
Il

(e A fgaome O g LD G5 AL b pws 590 At S pie ¥ LIS 515 S

L, =10log, [> log™ (L, /10}]
Lpt =10 log10 [log-1(90/10) + =1
log-1(95/10) + log-1(88/10)]

=10 log10 (109 + 109.5 + 108.8)

=96.8dB

Jke
Xz e 93§ getme Dgeo WS 515 ASL b s A0 G5 4 aie Y g 5L 15 S

Sl s w3
I is L,
L =1mug[1ﬁm +101+ _,-i-lﬁ'“j

Lp = 10Log [ 1090/10 + 1090/10 ]
Lp =93 dB



