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Porbes oo/ orber
Sobrber Her « Qizr?
Vet 7 s e anr ow
s B is7 ey B iss e 7
LS Pt bt IS Mgﬂt;ﬁff.lm,ﬂrwﬁﬁ
by e i es ) (Sound Waves Jus /ST U7
Loud-)ls #5347 ( Wave Theory)& s » £ I YUKz Y.
ness of éound),oompression & Rarefaction, Amplitude of

sound(Air/ Water medium), Reflection of sound, Diffraction

of sound, Resonance, Absorption of Sound, Power and In-

tensity of sound , Damped Harmonic motion localization
of sound etc.

R N e eV
S/
‘%UJJ IS J%}
e bl S b L
For Propagation of Sound, Medium and wave Mation are

necessary.

C;} 29 (Medium),b,«hé.l.'_‘_é‘ﬂﬂrﬁ

< (§./° (Propagation of Wave- wave motion)

-u"c'.._/LJL;,../ u’yt’g((j"
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(Wave Motion ) &+# s (Medium) b1y & L s 31§
SEv 2 (Wave Motion) &sf -2 (Medium) &1 e ($.s
-JL.J;JLLJ*J
JJ'JT)..:,?)',;—I-‘U'J}.AL-EJI'(U#/'}' cﬂﬁwpcf?’cﬁﬁ'
U2 ms'r;_JL)J:‘; ):‘ff)f;:kﬁﬂ .{'L?“:‘ < (Sound Waves )Us #
ol st LS oLz w2 o7 JE K (1)
S Uy 117118
c%c); 5§ s J%ﬂ
{ ngsi ;‘:.Btgi n_l:.in:g_..ﬂv“ dkf ﬁ:_ffj@/" Jalyr ”
i e Fos ks (O F)
e o QS AT L]
3.7 (Amplitude of Sound Wave ).b> ¥ Iz (Air Medium)!s (>
(Water Medg(Air Medium ) .- §1x S 1L dg._J.,_u..,_. = ¥
‘L(Dense)q?/ b'sﬁd__g,éé._i;_uuyc_dium)
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(n/’f )
.::_:C"/ul’/ ~ Amplitude of Wave 940L1] S UL o
..L-C'L?U/ UL«UJ’!( (Amplitude of wave ).b;.._.,uuf u/ 7
Amplitude of Wave is the Maximum distance covered Dy
the molecule of the medium or layer of the medium on ei-
ther side of the original equilibrium position.
J&':J‘U)Jﬁﬁgbﬁ’ﬁ fc;_ C ¥ 5':,:;:..;:.-',151.59;@&/;
J9aSulLs L Jlé £ ur Zx 4 (Longer Distance) /2 b (=4
:}yz e il It L ﬁ/_ ;«J:,x_.d/.ﬁ_’ I:J;_"*'J/(W'-"ter Mol ecules)
(Water Me-&2 s D1t oz ee 3 - ez v S(Waves U/ 7 ¢
Vi-) 23303318 2 SE Lobnsti Sl L 'ﬂ;{_aﬁ'ﬁ J-cium)
(Air b1 L1t 512 £ JpuSalle £ Bucasundy o IS (brate/oscillate
< txmi(Amplitude) b2 ¢ ( Sound Wave )us/ ST _~Medium)
o ,h-h._.du_x_;.u_u
Al (5t anni1n)es-2
It means loudness of sound'is more in air medium as con
pared to the water medium
(Amplitude of L2 3T U% (Air/Water medium )& T
[:./"J LoKiTU% (Air medium )i S Ur 5 Sedke d_y i (scund
e ml /B0
Frequency of Sound Wave (f) = 912 H, S b”
Angular Frequancy of Sound Wave it} = 2 it

vy = 2x3.1415x512
=3216.896 Rad/Sec
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u_?dfj"dtf?(Waves)uf‘: fq_!?:.'_.tg(”s |
< 5joul/Sec through unit area % L-1s 1ys_T1t!7 A
SUZE e o f
The Energy transmitted per Second Through a unit area by

the sound waves is called the intensity of the sound waves.

So intensity of the Sound(1) = Total energy (T.E)/Sec

Through a unit area

= T.E(J) . 3J
1) X 1 (m)2 Smz
1J
Also 1 W (watt) =
1S (Sec)
: 5(Watts)
So, Intensity(l) =
m2
We have the relation:
LE | = vf w2 r2
1(s) x (m)2 z

Forf air medium

| = 1 Vafa W2 Faz

2 x 1

va fa w2
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at 15 C temp

5 watts

| —_
maz
Va = 340.27 m/s

Ta = 1.2265 kg/ms

W = 3216.896 Rad/Sec
1 2%X5

a
340.27 x 1.2265 x (3216.896)2

4812 x 10-sm

la

For water medium

2 % 9

FTw =

Vw fm VW2

i e——

at 15 C temp
5 watts

m2
vw = 1450.0 m/s

fw = 999.1 kg’l’l’l?p
w = 3216.896 Rad/sec

2 x5
1450 >x 999.1 x (321 6.896)2

rw= 8.167 x 10-7m

The ratio is:

r- _ 4.812 x 10s_ 58.92
rw 8.167 x 107 1
ra 60

- - (Approx.)
r 1
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Intensity is the energy transmitted per Second through a

unit area by the Sound Waves. !
u}%/..:-.ai& ugé;(?ai .;-;.-_J"" J~ =¥ Loudness s/ Intensity.ff__i
TEG) = Intensity(l) = 12viw?e® _ s

_IQL.UH#E,:LLJ"JGJ’

Intensity of the Sound is directy proportional to the square

of amplitude of Sound Wave
Amplitude of L~ K;ljru:g,‘gy LIy f‘,,{_r é /‘/..-;.&(? Sl

W (Air Medium) g@&&gw —olie=y Sound Wave
Intensity of Sound will be greater in air medium as com-
pared to water medium.

(Wa- #—hi&kmdﬁgﬂuy(lntensiw of sound) U L1y 1 (5>
-L (ter Medium
: .:_;JJA_:*JG;:’_Q_;E;;
Weber - Fechner Law Suggests that:
Loudness is directly Proportional to the logarithm of inten-
Sity
L o< Log |

Z.'ﬂ(}’*{jﬂ”kj Intensity ﬁfﬂ »oli Loudness d_&{—Jihrﬂmb"
(Water AL'J*IJLJ&&—}M_}J .r;_..,JLz chasti T (AIr Medium) &=/,
£ Medium)
So due to greater Intensity in the air medium, more loud-
ness will be heard as compared to feeble loudness In water
medium due to less intensity.
Iy 25 98 a2 e SN A
(Loud-G el &2 15 L 15t S U ant . % (Air/Water Medium)
WA W B B e (dsrasls Ness of sound)
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‘_g’!‘-_’J:Cji;jlk}_‘:z’.bi{U#JUfu;ijiiuszr |

'L}':Ia’fJ/d:'[J;Jé;ﬁ}r}(f_.—/ué.-JLdJ;';;M'
_ﬂﬂ;fﬂﬁfﬁ-—ff:.‘.}“ 3 ‘ﬂN-'?h.:",r'lr'-"

| oudness of Sound is more in air medium as compared to

water medium.

-L ﬂb'!’LdL*—-‘-Lh*-‘-‘ J:L—JL}L«L;JI nJLJ .Er'}L'fJ‘ T‘d’j
o7 U Lol P

J_{A..%(J':T)LL/%..':F':U.:, 5

Both air and water medium transport energy/sound wave

by forming their Wave forms (W.miotion).
_.JT'_.C}{"' FL_’_..JEL(PGF&S)(L«"J'JT -...::.JJLf['lE-::."{.J'

In Cemented and raw buildings sound will propagate

through pores..
NI TP o

In mirrors (Glass) there will be no propagations of Sound

Waves because of no pores and wave motion.
LJM'@‘J!"‘QDQ wﬂ;fuu_&duwa_f 2 LL"‘/G/_J"'
s oL At a2 EE IS

(Vibrating Organ) ()'J"J/—-'

-+ %30 L In(Material Medium)  b-hol-r
(Wave Motion) lsf IA-r
(Ear)  of0& i Sy y iblr

Production of standing waves in air, interference of B

waves and phase change of sound waves (Transverse

wraves in water)
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Anatomy =3 Sk = 7L 4 U L S S SR

;‘;_J._r-.ﬁ-{c:uter and middle ear Lf:-‘ggof the ear

}

(Tensor tym—é; s9(Ear drum / Tympanic membrane )a..:,; 23 5
...c;_'__p;f/"'.ﬂ?djgfé:fpani/Stapedius) ‘
UL 5 Ui
JJU:F(Saund)ﬂsrfé-_lff ,___..ﬁ,____,Jl’? = I3 rwiﬁ"'fu_ﬁgg
Jesfoderen £ 8 2, 63 2t e (F L U S (Quality)e i
AP 10845190961
L 3F I s 55755 2 gt Lz o2 2 Bl
J"’L;' ;__'beuméfjduﬂf;bﬂg J'_/&'fj Ju“,_}"i'..,...,;z;__'f;__,_r: <t
f ;:;J.;J’Gr}';v&&’l@j/@dﬁﬂ S e i A
Ssw e U F 2 S sa90s T =
300 Ul u:w;.ﬂ'd"_,g/fr JQ/@’ U1 (Modern Science)
ce s oSS
LUy 278 3 o 2 Bk (51
5 a3 5Ll el sie i slallall SLsLl,
=B e Sin S S e e Se I
o S ps1 L fm,&bau&fﬁ';;_wﬁqfaﬁjepj
L/._-;;J,;Jfﬁ'z;r_w.fiu;faﬂ?:@;j@xgug;_@'{J!;;/Jﬁ;
- "L
2Ll o) bl U B o i o P
3199 §2 e bV Dlal e S ot 2 il o5 Lo s e 2
“UULZE SIS =l L

(Prohibitions) =y (1)
(Honoured) = L)
(Permissible) =kl (F)
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%(prohibﬁons):.fln’" (1)

SLILEG e e f

Saidf e ) Pt de e 99 18 o Flgtap) 7 BerKTT7
o A€ TR Un 2 7 JFJ/QJSJI;..-HJJ-

(Honoured)=Al& (1)

J s (I DU U B S UF s 7B S
G Fi e Bler SUME g e T e bt U7
Cf’/ﬂ._-..;Uuruyliﬂu‘»Ldf?ﬁJga—.._.-fJ'f;nl¢ﬁgyuf}[.ar""
D 4 Flp i B 21 th Ak A AU e

4(Permissible)=bl ¢ ()

-LL}#&:U{J.U’J'
- w&btﬁjdlaw&hf?%—w@dﬂ padity Ji
_ug(E” o S
s IO e 7 o e B A U =g |
_ufrb’KLLLﬂ
= AN C sy Jf?f%f«f@:’d@séﬁﬁfs'-f’
FE oL s gi.g_bubl,;dtaﬁmfﬁu:gq_g Yy
_,;_/;al:fuuﬁfg.nﬁl?';;s%?_ﬁg
(o i o e ez solss e e BT 0
Jf“"ﬁ’{ukcs—ﬁwf'f@’&f@'&?wyaw?ﬁf’cfgr‘:-;;?'
(Mod U U 4.1 / (Wave theory) &% 2 & /#(Sound)Jls! 9% 38
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NI dle 4y pua , U Flr e b U U U2 FE Lem Sc:ience)jj
et Lo Lot 9099’1?3‘;’ L=

What is Sound? ez
How it is produced? %Jﬂlﬁ; Lr
How it is heard? ¢ f—&fuﬁ 2 f y __r-fl
After its production whether it ol sie 520

remains or disappears? ?;‘-_Jlf, w5 _,»;f’ LJIE‘:_J@J[_,L@#

Whether it exists ¢ a;‘_a:ft_g L5 L}?c)?gc"_:zr d”’ /;QL O] A
out side the ear or originates within the ear?

What s its relation to soniferous ¢/ .11 €15 b 6, ey
(one that makes sound) Whether _
it is intrinsic property or extrinsic? ?Jéd’i%#‘ U(J P

Whether it continues to ?Jf H.G‘C uduyfﬁ‘f_ __“,.UG L
exist or not after its disappearance?

O S a2
=+ (1 (Sound). IS e o, 2 U ..:.ff"y' O] (J/

2 b a5 /:ﬁ/g Jw « (Wave Theory )Eu? - /!’J »(Propagation)
z\/
(What is Sound?) < z /it

;.Lﬂj;/éE.Jrﬁf_.f:’._gJJb'?ﬂ:rJWLCf:;.ﬁﬁ
(Ll gu/kuf;f_:fl}/fg;ﬁw"ﬂﬁﬁz.w_/L_g;ﬂ:f_q_fiﬁff;

=
:f}:?;d));

U LS ey P S oy Bt N = o
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Bt 3 tmmes o abuin Seiber 23 WS
’ ‘:__354!,5;:_.
when two bodies strike against each other (¢, ?)or seperate ((‘_J,; )

in the medium Air/ Water, vibration occurs and sound is

produced.
JJE'J'mfu'i’;-'u?q-my/(;*(j/-ﬁmbfZ—Cf;#.ﬁ
S e G F K S S F Suzr J ety
e afrini bl in S LT Sty
i B e S pesehf L eSS S U EF
_q_y’ugiviﬂ;{ua_;) | _Le§ G o2l 1)
_ugLL)u:(?:Ae,:PJJ,D'mrj"wﬂlgt;
rﬂgtﬁlg P gugi&}'é ti-:,ﬁ!c;_;/nff"’_{"
}LF:; Sb LI oo 2NN L Syt g‘!aﬁﬁj&'ﬁf—ﬁyhﬂf%
EYRPRHNLH, = (Sl e o el s P et s
ﬂxu‘kq-a/qﬁéiJ@'ddi/@fuﬁ:i_'yrwffd/(m =3 KK"'E...:{
{(L{MG:.-M’J'J:‘?;&{
RSl

sl e

B LJ:mJbtz_...-'i_ L= < Ui

¢y S ur” aﬁ‘yzéljgsb}' b3 ‘,c-.b;u.f: - df!'f‘:——'!’*’:
(fligdfwi/fakru:&;:—}':rwﬂ;Jﬂc.'fjfi-'ﬂ p_ky/ﬁfﬁ S
Lo i S eI gt FC LT L ST
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¢(Modern Description){ ¥ e
cind L 2 LSSI £ 5F s
(20-20.000 Hz)# 220,000 £20(Human ear) K30 L (sla
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DAMPED HARMONIC MOTION

I F 90 e ez ool Pbe A A
e8P i e LTS OF S st nal f
- 0SS (Modern Science )~ L il se § OF F15 S
Fode 21500 5t < 1 Damped harmonic Motion STHF
i JU{'{F@Q?I.Z;}(G PeLrer &

18l HKELN e B 58] S K1 sio Lol 7
o a3\ P2 b O] LIS P e U D2t ol
ol b FE SIS 1z 2 K5I Snd s P
Wave )# s sl 87 SV o 1e JF S16: 80 0 g Ul se
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;’drub Kd/ fsrd'*u;'U/f'JJ’U‘E« Ji,i/(form/Harmomc Motion
f,i;;_,c-tprf__oﬂu"{,/ sc/wé_laz._rmmvmiwffw ,;/u'(
.J/JUL/L.TJ"/ u’f_.au_.ﬁjj.;sia..d .:L}Laﬁ;hfd/m ')Jsa.t‘xﬂbﬂ‘
A dKJJQ J'c-_..C/ r‘ﬁxﬂ&.t’b:’(}w:ﬂy it 2y J/Z/}/fﬂuﬁ
f;_wmﬁf, F Lt e Qenf EUFI £ TR I Skt s

Juwu*.bl.v_:i/“f(uimu Fm'c:..‘....a}' JJ:’J/ :_J// ulmu K
f_,CJ,Ld:r

(MODERN DESCRIPTION)C x4

(Physical Language) U dxf@/ JJJ ;'/GUL 019 i
_a_.gctad/uw"

MODERN DESCRIPTION:

Sound waves travel in the med ium in

a fashion that a sound source produces sound. The energy
is taken by a molecule and it exhibits Simple Harmonic mo-
tion. This molecule Collides with the other molecule to
transfer energy to other molecule. The second molecule
now collides with the 3rd molecule and this process of
collision carries on . Finally the molecule receives the ener-
gy released by the source of sound and transmits this ener-

gy to the sound detector which may be human ear.
In case of damped harmonic motion, actually the Amplitude
of the oscillation gradually decreases 1o Zero with the pas-
sage of time as a result of friction forces. This motion is

said to be damped motion by friction and is called
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damped harmonic motion. This can be shown by the graphﬁ

cal representation.

- ——— —

Figure =~ Damped harmonic motion. The displacement x is
plotted against the time 1 with the phase constant ¢ taken to
be 0. The motion is oscillatory. but the amplitude decreases

- exponcntially wiath ume.

According to the law:

| (>< 1/R2
| = intensity R = Distance between Sound
source and sound detector.
It is evident from the above mentioned formula that if the
distance R is increased, the intensity of Sound is de-
creased.

Again another law states:

Xm C< 1/R
When Xm is amplitude of the sound wave and R is the dis
tance betweenr sound source and sound detector. It means
if the distance is increased , amplitude of the sound wave
decreased. And this wave form of sound tends to attain a
conical shape as amplitude/intensity of Sound decrease s
and focuses to a single point(equilibrium position). Hence

cone in formed which is also pointed out by the Asian Mus
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T Scientist Imam Ahmad Raza Khan 90 years back, he

uoted:

‘ er'yjfﬁjfbﬁbﬂ";
gLocalization of Sound (s G436 K10

_,(,-__,,!/_,;__ij i
Eu ,1}:_,,__,:»‘_/ 4|
%,Lgi,,f‘:__,,,u;(;i,f_r
Loud-)da&:»':dﬁ u—_‘:/'("c:- A o Jf ____/;_,,.,5 u:insf)ﬁ:.Lf;,w_ﬁ:.'/inLr"
(Ut L et S ":ruf-ﬁ A J)Ju;Jhﬁ:dh(Pitch)@uﬁ L1s(ness
o K n S el WL £ KNS St A
(f/c.d';u’.w:;.LJb’L._:)’d/.sm’y'ubr;._a);_f’c_df)/ﬁ
dwt..-/fc.r:wa u*/dw)’ﬂ” JJG’(VlbratIOH)JWJ'
q.dtgd‘; 2 sk L 23 £ (Auditory Neuron) —= 3/
S LU UInU e ST 2;:,@,_(1(:5_4_-,,09
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MODERN DESCRIPTION:

DESCRIMINATION OF THE DIRECTION FROM
WHICH SOUND EMANATES

A person determines the direction from which sound
emanates by two principal mechanisms:
(1) The time lag between the entery of sound into one ear
and into the opposite ear and.
(2) By the difference between the intensities

of the sounds in the two ears.

The latest scientific research tells that the firstme-

chanism functions best at frequencies below 3000 cy-
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es/seconds. and the intensity mechanism operates best

t high frequencies because the head acts as a sound bar-

er at these frequencies.

NEURAL MECHANISM FOR DETECTING
SOUND DIRECTION

The Neural mechanism for Audition ( Sound detection)
yegins in the temporal lobe containing PAA and SAA. Pri-

nary auditory area( Brodmann's areas 41 and 42) includes

the gyrus of Heschl and is situated in the inferior wall of the

lateral sulcus. Area 41 is a granular type of cortex while
area 42 is homotypical and is mainly an auditory associa-
tion area. This area is believed to be concerned with the re-
ception of sound of a specific frequency. Secondry auditory
area (auditory association cortex)is situated posterior to the
primary auditory area in the lateral sulcus and in the superi-
or temporal gyrus ( Brodmann's area22). This area IS

thought to be necessary for interpretation of Sounds
‘ The modern neurological studies tell that the cochlear
Nuclie ( anterior and posterior cochlear Nuclie) are situated
on the surface of the inferior cerebellar peduncie. They re-

ceive afferent fibers from the cochlea through the cochlear

nerve. The cochlear Nuclie Send axons( Second order

Neuron fibers) that run medially through the pons to end in

the trapezoid body and the superior olivary n ucleus on the
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same or opposite side.

|
From the superior olivary nucleus the auditory pathway then;

passes upward to the nucleus of lateral lemniscus. From E
here the auditory pathway passes to the medial geniculate ‘
nucleus. Finally the pathway proceeds by way of auditory ra
diation to the

auditory cortex located mainly in the superior gyrus of tem-
poral lobe. The research study tells us that the superior oli-
vary nucleus is divided into two sections.

1) The medial superior olivary nucleus and

2) The lateral superior olivary nucleus

The medial superior olivary nucleus is concerned with spe-
cific mechanism for detecting the time lag between acoustic
signals entering the two ears.

The lateral superior olivary nucleus is concerned with de-
tecting the direction from which the sound is coming by the
difference in intensites of the sound reaching the two ears,
and sending an appropriate signal to the auditory cortex to
estimate the direction.

The neurologico - acoustic research study points out that
nerve impulses from the ear are transmitted along auditory
pathway on both sides of the brainstem. Many collateral

branches are given off to the reticuar activating system of brain

stem. This system projects diffusely upward in the cerebral
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cortex and downward into the spinal cord and activates the
entire nervous system in response o a loud sound. The ton-
otopic organization present in the organ of corti Is pre-

served within the cochlear nuclei, the inferior collicoli, and in

the primary auditory area.
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HOW WE LOCATE SOUNDS

We locate sound normally by several processes invnlq
in binaural hearing. The most important is the 'I"lnm-of-arri{

ence at the ears, as shown in the figure. \
. .

Fig Time- of - arrival difference

The above figure shows that sounds arriving from
A-straight in front of the listner- enter both ears at the same
time. Sounds from B, though enter the right ear earlier than
they enter the left ear creating a time - of - arrival difference.

The brain can use this time difference to esti-
mate the angle which is represented in the diagram by ©.
Other factors, involved in the location of sounds, in-
clude:

1. Sound wave amplitude differences at the two ears.
2. Common Sense
3. Visual clues.

To simulate time - of - arrival differences at the list-

ner's ears we must have amplitude differences into ac-

count their phase as shown in the diagram
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MODERN DESCRIPTION

All materials absorb Sound to some extent. Hard, in-

flexible Substance with shiny surfaces may absorb very lit-
tle but reflect more. Porous materials on the other hand ca
be very effective absorbers. The term absorption Co-effi-
cient is used as a measure of absorbent Properties.

Absorption Coefficient (a) is defined as,

Amount of sound Energy abosrbed

#

Total incident sound energy

Most substances are better absorbers at high frequencies
than at low, mentioned in the following table
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Table: Absorption Co-efficients of Few well-known sub-
_s}ances.

125Hz _ 500Hz __ 4000Hz|

1. Brick Wall 0.02 0.03 0.07
2. Unplastered Breez blocks 0.25 0.60 0.45
0.1 0.4 0.5

3. Heavy Drape Curtains
4. Parquet floor
5. 1 cm thick carpet 0.09

0.05 0.06 0.022
0.2 0.37

SABINE'S FORMULA: Sabine found that there was a re-
lationship between volume (V) , absorption and reverbera-

tion time (RT):
0.16v

RT(Seconds) =

Where s., is the area whose absorption coefficient is a,, efc.

Suppose we have a wall whose dimensions are 5 x 8m
So that its area Is 40m” . If the average a for the wall were
0.4, then S for the wall would be 40 x 0.4 = 16 units.

These units are called Sabines.

1 Sabine = 1m2 of perfect absorber. a = 10
So
Sabine Formula can be written,
0.16v
RT = —_————— Seconds

Total number of Sabines

L This formula is useful for calculating values of rever-

beration time , how much absorption is needed to give a

particular value of reverberation time.
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The Sabine formula is reasonably accurate when the

amount of absorption is small. There is a modified form of |

|
Sabine formula Known as the Eyring formula which gives a

more accurate result:

0.16 V
-Slog, (1-4)

RT

Where S is the total area of all surfaces and a is the aver-

age absorption Co efficient.

ROOM ACOUSTICS:

There are three
aspects of room acoustics.

(1) The Sound insulation(Keeping external noises out)

(2) The nature of room resonances
(3) Reverberation time

SOUND INSULATION:

Sound insulation means keeping external noises

out. There are two kinds of external Sounds as:
1. Airborne Sound

2. Structure- borne Sound
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1.Airborne Sound

By airborne Sound it is meant that the

sound waves have travelled through the air for the vast ma-
jority of their journey. The effects of airborne Sound can be
greatly reduced by the following methods:

As: MASS LAW- All walls should have as much mass per
unit surface area as possible. The relationship between

sound insulation effect and mass per unit area is called

---Mass Law. This can be Shown as:

S ., 60— S B

38 50 |

oz S 40

E& 30

UG::E 20

2@ 10 |
s =

= 5 10 20 50 100 200 400
Fig. The mass-law Mass (Kg / m")

It is evident from here that doubling the mass/unit
area increases the sound insulation. Also the frequency of

the sound plays a big part. With most materials the insula-

tion is much less at low frequencies than at high frequen-

cies.

b). Windows must be double- or triple- glazed
c). All gaps and cracks must be sealed

(2) Structure—borne Sound:

Structure born sound we mean sound that travels,
at least for the great majority of its journey, as vibra-

tions in the fabric of the building as shown in the fig.
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ROOM RESONANCE:

If a Sound is generated between two non absor-
bent paraller walls it, or at least some of it, will be reflecte d
to and fro from wall to wall until it eventually dies away.

Any room or studio has at least four walls, some
pairs being more or less parallel to each other, while the
floor and ceiling will also probably be parallel. There are
thus going to be standing waves between all pairs of par-

allel surfaces. It is possible, although rather tedious, to cal-

culate all these standing waves or room resonances. lord
rayleigh(1842-1919) who did a great deal of work on the
mathematics and theory of Sound, gave a formula for cal-
culating all these resonant frequencies:

Sl S CREERE

Where p, q, r, are integers ( 0,1,2,3 etc, c is the velocity

of sound, and |, w, h are the length, width and height of the

room.
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Another formula can be applied for calculating the

ant frequencies between a pair of parallel walls:

nc
f= 2|

Taking C as 340m/s and |, a typical room dimen as
ur at 17 Hz, 34 Hz,

reson

10m, we find that resonances will occ
51 Hz. 68 Hz, 85 Hz,......., 170 Hz, 187 Hz 204 Hz and so

on.
In short it is concluded that the standing waves are

much more of a nuisance, in small rooms than in large

Ones.

Reverberation Time

The time taken for the Sound in a room to decay
through 60 dB. A Sound produced inside the room spreads
out to the various surfaces and is reflected repeatedly
from one surface to another, albeit with a loss of energy at
each reflection. Eventually, the sound dies 1o inaudibility.

The reverberation time is affected by two things.

(a) The amount of Sound absorption material in the

room.

(b) The size of the room. That is the bigger the room,
the longer it will take the Sound waves to travel between re-

flections. It can be explained that in a big room, reverbera-
tion time will be longer than in a small room.

Infact,
RT—< Room volume
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It Can be shown diagrammatically

Sound Pressure
Sound Level (dB)

|
| &—Reveberaton Time —-}I

Time Time
(Fig. Reverberation) (Fig. Reverberation time )
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