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Seorbos® Her iz s
S/ 7Sy e onr’ o
’ /,{',f_ﬁ_s,;:,,)"‘ )y om 1Y,
£ NP et WAL 3 S i P
s lor? v ik ;ﬂa.dt./..ﬁ'd’y /(Sound Waves U/ ST g2y
Loud-)dlg :'Jﬁ:f( Wave Theory )Zu/ o )’ U-‘?'a..l.fdbfibf.f j’
ness of Sound),Compression & 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.

3 g M1 4 P o e td  f P
it
%U;G'd ¥ J%’ '
i e Wb F LS G L LM
% For Propagation of Sound, Medium and wave Mation are
1 necessary.
2,57 o (Medium).b-sg £ 2515

c..d,a:/‘ (Propagation of Wave- wave motion)

gL S Manf LSy
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e

(Wave Motion ) &.s% s (Medium) by & £ est®t § 10
»E ﬂuf (Wave Motion) f;,:? ...u:" (Medium)bhﬁﬂlc‘_dﬂ/
_.f ;J;Jl:-ﬁﬂ
ez Lok ol g i RS
215 »nf:.;.:_JL/'D:‘.ﬁ kﬁ;ﬂfﬂ .ﬁu"w < (Sound Waves U /4
2l o 2 S {'tgquf;z%uiﬁgié_ﬁiuilgdlﬁ K(J_gn”ﬂ)
S 0i 117118
%U; F$y? J%
'[ ‘33“"" .—.;'_Jgéuy}uﬁ:.db” dkf :.-:_J'UG/" Jalym ”
gL M o & /"':" )
e o Jg/‘;_ﬂjaﬂ' il
»2ti (Amplitude of Sound Wave ).4>§ i#U% (Air Medium)ls g
(Water Me-(y (Air Medium ) b1 815t S U1 £ By covuady ¢ F1
f.;:-(Dense)J;?( b’:fag.ég...i;” o3i =ditim)
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4..5"( uw < Amplitude of Wave SAOL APl PP e
_::_t‘lab'/uuu:'f(Amphtude of wave ),.L?:..,HJ JK e
Amplitude of Wave is the Maximum distance covered by
the molecule of the medium or layer of the medium on ei-

ther side of the original equilibrium position.
&2ty a) JgSalle Lty ,fg. Cy 5'.:,:_.- = = 3-.:'.-1_.;
J Sl L Jk Ly Lx ¢ (Longer Distance) S5 5 (=Jsa
d ae Il Al P . ; dhgd/ & l_s._%?/ (Water Mol ecules)
(Water Me-&2h LIy yo2e %1 ey S(Waves)uUs /7 e
Vi-)..f.um_l,bﬁuj I SE Lo p2bJ ] aSaile Liny %Jﬁ'ﬁ Jadium)
(Air b0 L 1nt St £ JpuSulla & Bcsis UF Z_/(brate/oscillate
<t sosbi(Amplitude) 1>¥ ( Sound Wave )Us / ST EMedium)
L bl L}EM
St 36701002
it means loudness of sound is more in air medium as com-
pared to the water medium
(Amplitude of 52§31 (Air/Water medium )&=l 2 PR
L7 2¥1T % (Air medium)in S (s LS et o L S8 /(sound
_eo21SBO
Frequency of Sound Wave (f) = 512 H, E itﬁ’(‘I
Angular Frequancy of Sound Wave  (f = 2\ f

W  =2x3.1415x512
=3216.896 Rad/Sec
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3/ Bui(Waves )y Sz b
< 5joul/Sec through unit area Lﬁb'jﬁlﬂ:ﬁ.ﬂfétlﬁf{&)
SuZed

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.EY/Sec

Through a unit area

= T.E(J) 5
11 X 1 (m)z Sm2
1J
Also 1 W (watt) = —_—
1S (Sec)
: 5(Watts)
So, Intensity(l) = ——
m2
We have the relation:
I-E S | = L vl w2 ra
1(s) x (m)z 2

Forf air medium

' — ~—-1—-—— ana W2 a2
2

or

2x1
a = -
va fa w2
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at 15 ('.Ptemp

5 watts

| —
|| F
Va = 340 27 mis

fa = 1.2265 kgim:s

W = 3216.896 Rad/Sec
"~ 2x5

[a =
l 340.27 x 1.2265 x (3216.896)2

fa = 4812 x 10-sm

For water medium

at 15 C temp
5 watts

ma2
vw = 1450.0 m/s

f. = 999.1 kg/ma
w = 3216.896 Rad/sec

r. = ] 2x5 '
1450 x 999.1 x (3216.896)2

r«= 8.167 x 10-rm

The ratio is:
= 4.812 x 10-s_ 58._9?_

Fw 8.167 x 10-7 1
r 60
— (Approx.)
Fw 1
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Intensity is the energy transmitted per Second through a
unit area by the Sound Waves.

ng;_ /. ﬂeuzli_f:(‘?d %Jw A Loudness s Intensity.ﬁ'};
TEG = Intensity () = 12viwf  _r

|
-.G:_.t'ﬂmtf'ﬂu:;.-L}"Jb'Jl@
Intensity of the Sound is directy proportional to the square
of amplitude of Sound Wave

Amplitude of L2 ¥ L Lis Zin S g & S ot i S

L ( Air Medium) &#LJ&M s—osbia Sound Wave
Intensity of Sound will be greater in air medium as com-
pared to water medium.

(Wa- &b L Bues s rostiIntensity of sound) e botse fs(s2

-L (ter Medium
: :—-.!JJ Lr‘JGJJ’\..ELgtg
Weber - Fechner Law Suggests that:

Loudness is directly Proportional to the logarithm of inten-
sity :
Lo<Log
Llﬂ(.?'.f J »oli Intensity A J »Moli Loudness (¢ ;b(f T S sepnte
(Water L1, dgt‘l-t-l-m-t-! S a'._.:JLt«..o{u;_l,J AT L (Air Medium) &= 1y
J:.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.

LTI~ uf :JJ@@WE__’LCJGLEJJ'(U@ /} 'c)’ﬁb-(l"‘
(Loud-S e4 S Ut & 15 L 1ot S o LS anlt o U (Air/Water Medium)
LT s s L bty 3L copane (sess NEss of sound)

B S f
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.ﬁ;.u:wﬂjru:’ﬁ,bf /_;L)ul:fu.;uf Y19 40w 1]
“Jula ff’;/(gféibﬁrf__/uz__xtmi{mi

-ﬂﬁmh‘f;fidi A s A

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

water medium.

L ﬁ-'!z—dkw (fé-)éi.’-*(f;!i uyu.‘:,b,-hl.lmhf@
L F W L elos il A

Jr LT (,J’.J)c:.-@; '%_.':}’ﬂ:.___.«t.}

Both air and water medium transport energy/sound wave

by forming their Wave forms (W.motion).
_4_6{; Z:r—J.;L(POI'eS)rL-’J’}TL}:n.'.'--IJLf'rl;J:'ﬁ,'-r

In Cemented and raw buildings sound will propagate

through pores..
Ny é;i'ﬁi'rv;af AN g

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

Waves because of no pores and wave motion.
o S U2 £1900 G123 F 5t s 8
S et A s &L EE IS

; | (Vibrating Organ) (‘; 7 /=
-b /:f :Gg { 17(Moterial Medium) R ITL .
(Wave Motion) s AT
(Ear) 608 Jhi_ S s sl

Production of standing waves in air, interference of

- o

waves and phase change of sound waves (Transverse

wavas in watar)
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oé(prohib;t_ions):abi’ »(D

CSLAE o

Sl e s ok d a3 8 Febsr 7Bl
e PRI Un 2 JS AU U SV

(Honoured) =& (1)

SN wds I Dk urf S st sl 7 Bl S
seF FF e Bl SumE e e f g A LU/
63 St s LI nSie e NI LE SFlor®
o Fpai R vy Ay A e

£(Permissible)=bl 3 (1)

el s
& @m?ﬁb‘t/d'ﬂ:ﬂwsdﬁi%wl{’d O sk A
T S
M5 O o7 o7 o Bl e i
U R

2 AN C 4oy 805 S P rende Ar
Sl sl Lt fecse &
- /. ..:n.-:-fl_lGilJ..g Sen/8 2 S ..#2%‘.(

(s i 1§ o ez ol A= P BT
J(M/@{ULH—VU"}‘@#JW'&?:J‘ PRI P
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L e L 3o i £ 190001299 P

What is Sound? P B
How it is produced? ?_J la Fof
How it is heard? ??,qutif __F'?
After its produ'ction whether it i Hrie )

remains or disappears? 94_393460?2.::?5 LJ’_I,‘-;:_G’JJM

Whether itexists o (il EShlanszr Al 6.0
out side the ear or originates within the ear?

What is its relation to soniferous o—! .-.:’L.H‘fi:.j JAT- SR
(one that makes sound) Whether

it is intrinsic property or extrinsic? TJ,{."’L{(L?-M JJ hs &
Whether it continues to ?d:' H..GC uégd‘fﬂz:.:-r‘f I.<
exist or not after its disappearance?

5 S pam s v
2o 1 (Sound)e S o s 21 U = 2P st M
bias E15F o (Wave Theory )¢+ . # . Propagation)
z\/
(What is Sound?) < ,;zw;f
einl r P nd ;:q.(’ LIS 317 T V4 s,
C oYU Wbsdad f Ay b5 7 L s St Sl
-4
3 O-; P,
Ut LS gt PP or eI N o P
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when two bodies strike against each other (¢, ))or seperate (C‘F )

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

produced.
Yol J'mﬂx'é—'n?eﬁﬁy/r)‘afﬁfﬂb'LC?E;&.Af
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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 10
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 osciliation gradually decreases 10 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 grap

cal representation.

g!
P L

“*[Figure *© Damped harmonic motion. The displacement x is
plotted against the time 1 with the phase constant ¢ aken to
be 0. The motion is oscillatory. but the amplitude decreases

- exponcatially with time,

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 < 1/R
When Xm is amplitude of the sound wave and R is the dis
tance between 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
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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 first me-

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-

mary auditory area( Brodmann's areas 41 and 42) inciudes

the gyrus of Heschi 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 modem 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 nucleus on the
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same or opposite side.

From the superior olivary nucleus the auditory pathway the

passes upward to the nucleus of lateral lemniscus. From

here the auditory pathway passes to the medial geniculate |
nucleus. Finally the pathway proceeds by way of auditory rz:iE
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
sighals 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 signai 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 to a loud sound. The ton-
otopic organization present in the organ of cort! 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 invol
In binaural hearing. The most important is the Time-of-arr
ence at the ears, as shown in the figure.

A 5

| .-# Source of sound
S

f-—- f"#f’:f

| e

)| - -""ff

19

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 wiiich 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 Seise
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

M

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-
stances.

125Hz 500Hz 4000Hz

1. Brick Wall
2. Unplastered Breez blocks

3. Heavy Drape Curtains

4. Parquet floor
5. 1 cm thick carpet

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

0.16v

S;a,;+S,a,+5;a;3 +.....

RT(Seconds) =

‘Where s,, is the area whose absorption coefficient is a,, etc.
Suppose we have a wall whose dimensions are 5 x 8m
. So that its area is 40m” . If the average Q for the wall were

0.4, then Sa for the wall would be 40 x 0.4 = 16 units.

 These units are called Sabines.

1 Sabine = 1m2 of perfect absorber. a = 1.0

¥ So

Sabine Formula can be written,

0.16v

RT = —————— S ocONAS
Total number of Sabines

This formula is useful for calculating values of rever-
beration time, how much absorptipn 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 resulit: e

0.16 V
RT = —
-Slog, (1-4)

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 extemal 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:

1
I
1
'
A
1
-

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:

Average Sound Reduction
(dB) mid frequencies

Fig. The mass-law Mass (Kg / mz)

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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Source of
vibration

Fiéur-é. Structure-borne Sound

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:
= [ Y

Where p, q, r, are integers ( 0,1,2,3 efc, 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

resonant frequencies between a pair of parallel walls:

. NC
f= 21

Taking C as 340m/s and |, a typical room dimen as
10m, we find that resonances will occur at 17 Hz, 34 Hz,
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 1o decay
through 60 dB. A Sound produced inside the room spreads
out to the various surfaces and is reflected repeatedly

E from one surface to another, albeit with a loss of energy at
E each reflection. Eventually, the sound dies 10 inaudibility.
5 The reverberation time is affected by two things.
% (a) The amount of Sound absorption material in the
room.
(by  The size of the room. That is the bigger the room,
the longer it will take the Sound waves to travel between re-
reverbera-

flections. it can be explained that in a big room,

tion time will be longer than in a small room.

Infact,
RTX Room volume
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It Can be shown diagrammatically-
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