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1
SUMIARY

This thesis gives n report of the work earricd out by tho nuthor
on "The Mensurcrent of the Neverberation Tire by digital Method", The
prinnry ~irs of the project were to build a reverber~tion tirc neter which
wonld be suit~ble for ncasurin~ the reverberation tine of n roor: and to
use this to e~rry out roverboration tive reasurcrnients in sore of the roons
in the University, particulnrly thosc in thoe Bleetrieal Fngincering
Departiont,

The first t-sk wis that of building the roverberation tire netoer,
Aftor considerin~s the vorisus ~ltomntive nethods uscd proviously, a now
nothod wns ndopted in which roverberntion tine could be obtnined on o
disital countir. A scvetion of the reverberntion reter would thorcfore
be responsible for starting th: counter nt the cornencerent »f sound
decoy and the othor part would be for stopping it when sound dicd down
to a cortain known leovel, A bloek Scheratic dingrarn of the whole
apparatus wns constructed, Poarts of the equipnent required were alrendy
availablec but othirs hnd to be built., Anons the cquipnent constructed
werc:= a nicrophonc pre=orplificr, n variable gnin anplifier, o
logarithnic arplifier, a detector, n level conparator (Schmitt trigger)
and also differentiating ~nd clipping nctworks., The nethods of design
and constructim of thcae ecquiynent arc given in Chapters 4, 5,6,7, nnd

8 respectivoly.

After conpleting the buildings of ench section nf the apparntus,
various tests were earricd out to check its succcssful operations.
Vhen a1l apparntus were rondy, n finnl sctting of the whole apparatus
was rnde and tosta were nlso porforned to nnke sure that 21l of then

ceonnected torethor, worked well., All these arc given in Chapter 9,



When it wns clear thnt the roverheration time meter was working well,
the nmeasurcncnt of tho reverberation tinc of vorious roomns was undertokon,
The accuracy of nersurenent was found to be within 6. The first sct of
nensurenents was nodce in the Mleetrienl Bngincering Dopartnent in the
Part ITI leccture roon, Part IJ7 leceture roon, and the Depnrtmcental Library.
Thesc roons however, wore classed ns smell rooms., Tho sceond sct of
naasurenents wns noade in lorser roons such ags the University ‘ssenbly l=11,
the Faculty of Engincerin~ sunll Lecture Theatre and the Zlectrieal
Engincering Hih Volta ¢ Irboratory. The results arc gsiven in Chapter 10,

The 1last chapter of the thesis contains th: conclusions drawm fron
all the neasurcnents nnd also surpestions for the inprovenent of the
acoustic qunlitics of thc roons concerned,
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S |
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|

The necd for good acousties i of fundamental importance in
order to obtain satisfactary hearing o specch and musice The !
acous tical behaviour of a room or an enelogurce direectly affeocts
the gudibility and intelligibility of sounds produced in the room,
Espeocially in rooms intended for listening sueh as classrooms,
theatres, auditoria, chapels and any musical studio, acoustical
dofects may have highly detrimontal effects on the intelligibility
of the sound heard by an gudioncé, and as a result of this, the
designor should be able to predict the acoustical performances of
the room and arrenge for the desired result before constructions.

Aooustics 1is mainly concerned with the transmission and F
reception of sound and in a more limited sensc, it is conderned
with those properties of auditoria and other rooms which provide
good hearing conditions for sudicneese The main problem dnvolved
in obtaining satisfactory acoustics is centroed on the reverberation
of sound, Reverberation is the prolongation of sound in an enclosure
aftor the original sourcc has beon shut off and it is duc to 5 '
sucogssive reflections of the sound cnergy at the boundardes of
the onclosurce. 5

Because of the nced for proper control of the reverberation
in & room, a standard of muasure called the "reverberation time"
has been establisheds This reverboration tine is a neasurc of
the time fcquired for sound to dic away to onc=thousandth of 1+s
initial pressurc or onc-millionth of its initial intensity (iace
€0 dB deoay) after the source is shut off. : !

Ono of the chief requiremonts for optimum listening conditions
in a room or auditorium is that the auvdience can hear olearly the
sound source with sufficient intensity and in a pleesing manner,
and this can generally be achicved if the reverberstion time of
the enelogurce is of guiteble velues Too long a reverberation i
tine produces lack of clarity and tbo short a time results in

roduoticn of the intensity or a "desdnesa" in the quality of sounds
- |
{
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The earliost ascicntific study of the ncoustics of buildipgs started
at about 1895 when Profcaser W,C, Sabine of Harvard Univorsity begnn his
work on the ncoustical propertics of roo:s nnd his studics werc directed
prinarily on the influcnec of roverber~tion on the ncoustics of chanbers.
This howover, led to the corrclotion of the reverberstion tine of a roon
with the voluro ~nd the anount of sound absorbing rpaterinls in the roon,
In his rniethod for the neasurcreont of reverber-tion time of » roor, he uscd
an orgen pipe for the source «f sound =nd : ensured the tire of duration
of the sound aftor the sourcc was shut off, On tho nssurption that the
intonsity of sound in 2 chorber dics down in o eontinumus penner, he
dorived o forrmla for the revorber-tion tire ns:=-

Where T = Peverberntion Tire in socconde

V = The volure of the roor.

3 = The nverase nbsorption coufficiont of the abeorption
rntorinls in the roon.

S = Thc tognl surfacc area in squarc fect,

However, it wes 1ntor showm by Schuster, Yactznonn and C.F, Drying
that this forrula applic® only to chwnbers with snall absorption ~nd
1arge reverberntion., The cquation holds for reverberation tiics of the

order of 0.5 sccond or rnorc. On the other hand, it brecks down for tines
lcss than 0.5 sceond becausc it c¢nn na longer be assuncd that the intensity

of sound dics down in o~ continuous nrnner. Sabince's thecry ovor-sinplifics
the netunl hehrviour of sound waves in an enclosurc for it neglocts
inportent factors like the offcets of interference, extrancous noiscs,
cchoes rnd possible nir absorption of sound.

The first nodificrtion of Sabinc's formuln was rade by W.S. Franklin
in 1903, Ho assuircd diffusc distribution of sound nnd continuous
absorption in ~ roon ~nd derived natheiatically the cquations for the
building up and deeay of sound in - recetangulnr roor with dinensions large

conprred with the wavelenzth for the particul~r frequency concerned, The

equation for the building up of sound was given as

y cAtyl
v

- -
I=11 exp ( 7

-
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Where V = Volume of the enclosure
I = The sound onergy density at time t after startin- the source
I = "he avernn2 soond cmermy demsity at the instnt the sowrce

is stopred,

A = The total nummer of absorption units exposed within the
room.

= a1ﬂ1 + a?.qz - a3.'¥3 + e

""There Byy 8,y Oy AVR the absorption coofficients of the variovs

3

surfaces 5,, 52, .’53.
1, =4°fcr
P, = The rate at which sound is beins generated hy the constant
source,

? = ‘elocitv of sound,
After the sound source his been stopped, the emergy dersity at the time
t sceonds after this poxiod was also expressed as:-
cAt

I=1, exp (=g

"There all terms h ve the previous definitions,

Since tha raoverberntion time of a room is the time which it takes
sound to rdecrense to onc-iillionth of its ori~inal intensitv after stop-
pinz the source, svhstitvting 10"6 Io for I in the above equation and
solvines for t ~ives

-6 CAD

™" Ty, = N ooy 5

i.e. 10"‘5 = exp {-—cy‘,;
4V

2 =0,04N
A

Where t = T = Peverbteration Tine of the enclosure,
Around 1930, ¢, P, Eryirs 2ssuned thot the sound ahsorption process
in an enclosure wac discontinmuovs and as a result, he worked out a more

: Lo
peneral relation for the deecav of sound in A closed rom as:=-

* —
I, =1, exp !_c.uloge (1-w)t/4v3
where 1, Io' ¢,V and t have heen previously defined,

= = average valuec of the absorption coefficient of the walls.



L &' N a1S1 4 a212 - 0_5553 + -
(21 —
11 + 32 + S3 +

ay By a3 are the abrorption cocfficients of the various surfaces

31s Sp0 Sge
Prom the previocus relation, Tryirg's formula for the reverheration

time of & closed rcom was chown to be--

This is asinilar to Zabine’s cquation fer the roverberation tine of an
enclosure but the factor lorm (1 =X) roplaced  in “abine's equation,
V. 0. Knudsen slso showed that st hicher audio-frequencies, absorption
bv air may form an apprzeiahle propertion of the total absorption in an
enclosure, and on the basis of this, he developed 2 Formula forr the
reverberation tim» which included the effect of air absorption, i,c,

N ——
“=Slog, (1 ~ox) + 47

where m = Attenuation constant of the air.

Other early works on the measurcient of revorboration time of an
enclosure include,
(a) The Nscillozraph method of measurins reverheration time by
Meyver and Just,

(b) Reververation Time meter by ''. H. Hall which involved the use
of two relavsg, a vacuum tube and 2 milliammeter which was cali-
brated to read directly in soconds.

(¢) The Spark Chronograph method for measuring reverberation time
by Mente and Pedell. Tn this method, certain times were measured
durins which a fixed sound source died down t-5 various predcter-
mined values,

In the work on which this thesis was written, the author used quite
a different mcthod from thoso riven proviously for the measurement of the
reverheration time of a room, Thi< involved nmeasurcment by disital means.
It involved the use of a timer conter to obtain the time talen for sourl
to die down throush a knowm fraction of the reverberation time.



7

The fraction chosen for the measurement was the time for 104.B.
decay of sound after the source was shut off, The reverheration time
was then obtained by multiplying the time for a 104.B. decay by 6
thus rivin~- the time for n 680 4B sound decay. The use of n known
fraction of the reverberation time to obtain the whole time was made
posaible by a provious conversion of the exponential decay of sound
to voltare which decays linenrly with time, This conversion was
effected by means of a lozarithmic amplifier in the reverberation
meter constructed,
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THPEORY OF THE /ACOUSTICS OF ROOMS

1.1 Propertics of Sound Waves In s Roor.

When sound waves strike the boundnry of n roor, sore of its
encriy is reflected fron the bouninry surface, soi2 is absorbed nt
the boundary whilec sorie ia transritted through it,

1.1.1 Refloction of Sound ‘faves fron the Hnlls of - Roor.

Sound waves undergo the proccss of rcllection whencvor there
is a discountinuity of th- rediun. For remui~r reflection of sound
waves nt the boundnary of = roor, the sare law is obeyed ns in optics

viz+ that the an~lec of ineidence of the sound woves is ecouanl to the
angle of reflection as hown in fiz.(1;1). Therefore, when spherieal
sound wnves reach the bound~ry surface of n roon with normnl ineidence
their dircetion will be reversed and the refleetod woaves will still
be sphericn]l with the sw.¢ curvature but they will be travelling

away fron the surfrco ns €homm in fig. (1,2).

141.2 Absorption of Sound In Roors:

The absorption of sone of the cnorey of ~ sound source produced
in 2 roon nlso takes plnce ot the boundary of the roor, The nature
of the surfacc on vhich the sound waves fall deterrined how nuch
sound will he absorbed, W¥hen thc sound encrgy is nbsorbed, it is
converted into hent cnergy althouch the arount of hent is very snall,
The efficiency of the sbsorption process is roted by a nurber called
the "absorption coefficicent” of the nnterial varyins between zero and
one., If no sound is sbsorbed the sound absorption coefficient is zero,
and if 211 the sound is nberrbed the coefficient is one, The
absorption of nny nnterianl in a roor is not constant at all parts
of the frequency rongo, An exanple showing the variotion of the
cbeorption coefficicent of sore absorbent raterinls with frequnency
is given in table (1,1). The absorption also depends to a slisht
extent on the peosition of the absarbent naterinl in the roon and its

relation to other surfacos.
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REFLECTION AT AN ANGLE H
FI1 G .

“e
1

rl

SPHERICAL REFLECTION OF
FI1 G.

(1;1)

’

Incident
Sound.

i’ Angle of incidence .
- = — — — Tz Angle of reflection.

Reflected
Sound.

(sour;o '\;VAVES AT A SMOOTH BOUNDARY
1. ]

0 = Sound Source |
AA zSmooth Boundary
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Table (1.1)

" Absorption Cocfficient at frequeney of

s o f -~ y -

Absorbent Matoerinls 19517 500Hz 4. 00Oz
Conerot 0.01 0,02 0,05
Wooden floor 0.05 0.06 0.20
Carpet o 0.09 0.21 0.37
Pibro borrd tiloes 0.05 0.54 0,60
Perforated, 11 on Solid
Flywood: 3n.rn. 0.25 0.20 0.10
thicks Ser air gpace
Acoustic Plastor 0.18 0.32 0.58
Adr . - - 0,01

1.1.3. Tronsnmission of Sound ''aves throuszh the Boundnries of 2 Roon

The transnission of sound waves in a roor: can take placc at the
boundary surfrcc through tho walls, doors and windows of the roon.

(a) Transnission through walls

If a sound wove of frequency f _w/2TT is incident norinlly on

a planc, hmmogoncous wall of noass Hw=i d" per unit area
where ¢
and d_

dengity of thce wall
the thickness of the wall.

the tronanission loss e¢an be written approxinntely ns :-

T. L, (throuzh walls) = 20 log mw

2% ¢

whero ‘3_" = dongity of nir
¢ = voloeity of naound in air
H—.; = n~ss of wall .

(b) Transnission throush Doors and VWindows.

Doorg mnd windows prescnt both dircet ~nd indircet pnths for
the trangnission of sound woves. The dircet pnth is throusch the
airgops at the perivetor or edpes of the doors and windows, The
indirect pnth iz through the body of the doors and windows which
is cruscd to vibrate and radiate sound.



1.2.

10
Tronsnission throusgh these paths is rceduced by scaling the edges

of th< doors snd windows with rubber or felt strips and by using

double doors,
Standingz Or Stationary VWaves In a Roon

When sound wavees strike the wnlls of o roon and arc reflected at
nornnl incidencc to the plance boundary, the incident and feflected
waves interfore with ong-another to form stationary or standing waves.
Fron the accustic vicwpoint, a2 roon nay be treated as a couplex resonn=-
tor hovinz nuncrous allowed nades of vibration enoh with its owm
characteriastic frequoncy of dmnped frec vidbroation, When ~ sound source
is started in such = resonntor, n steady state vibration having the
frequency of the source is sct up together with a transicnt free

vibration conposcd of the variocus nornnl nodes of vibration.

The tronsicont vibrotion would be connosed of the normnl nodes

required to satisfy the initinl ncoustic conditions of the roorn,

If the sound sourcc is opcr-ted continuously, coch conponent

frequency of the tromsicnt dies out exponentinlly ot its own particular
ratc cventunlly leavings only the stondy state vibration,

When the sound source ia shut of f, the stoendy stote wnves having
the freaucncy of the inpresscd sound alnost innediately disappear,
However, at any instont, the stendy state viberation can be considored
ns beins corpounded of a2 largo nuiber of standines woves ch-racteristic
of the reoor, Tho anplitude of enach of thesc standin~ waves depends
prinarily on the frequency of the source and the position of the
source in thce roon. Conscquently, as the sourcc is shut off, the
ncoustical encrrgy in the roon is considerced to residce in these standine~
wnves, largely in theac having notursl frequencies near that of the
aource,

As these wnves danp out exponontinlly, acecordins to their indi-
vidunl free vibration propertics, they often intocrfere with one-
another ond thus producc bheat notes, The resulting donped pulsations
of these free vibrati ms constitute the phémonona of rcverborantion,
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1.3 Sigpdines Wave Tinction,
The equation of motion of » sinusoidal sound wave of amplifude
A, Trequency f, and vclocity ¢ ias ~diven hye-
f_l:' (%,t) = A ain 207 £(t - x/c)
where the wavo noves in the direction of incrcasin: x.
A similar wove movins in the opposite dircction heas the form:-
¥
Ct‘(x,t) = A sin2®f (t + x/c)
If both wavcs cxist simultancously, then the resultant wove
ftmct?‘.oné is miven by:=-

% (x,t) = 4 + CF

& @ (x,t) = A sin A7 (t—x/c) + A ein2Af(t + x/c)
2t gin (2nf) Cos (gg*f}*;

I

The equaiion é(x,t) =2 A sin (27 f) cos (Egjix)

represents a stationoarr or standine wwe,

2Nfx - M o - 4
wherc )\ = of/f = wave lonecth of the sound wave.
.. coz —z-gf“} = cos (M/2) =o.

Therefore the wove amplitudc at this point is alwavs zeoro.

Sinilarly, If s95x 0 ;3 4di,e, x=80
2N{x
then cos ( =,=°) = cos (0) =1

and tha wave amplitude is 2A and
§ (t) = 2A gin ft which varios sinusoidally with tinme with an

anplitude twice thot of the ecommonert travellins waves, Thug, the

anplitude at 2 given voint lies somewhore between the two linits

2A nnd 0.
1.4.  Rgsonangq din 7ooms.

In a reetanulac room of dimensions Lx, Ly, Lz feet, the notural
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resonant frequencics are given by:-
where ¢ ia the sw:u?‘r of BO‘L;gd in air = 11007t/sce.
1,n,r nvae positive intas rs or gero,
The characteristie vihration that oecurs for zach different
conmbination of valucs 1, m, and n is c¢slled 2 mode =it
£(1,n,n) is reforred to ns thc modal frequency.

In normal life, these rosonant froquemeies aroe not usunlly
troublosomc as the surroundings are sufficiently sound ahsorbent to
climinate them, but in certnin situations, thovr ean he trovblesomc.
It is theraeforc one of the critoerif of good aconstic desien that

a room should net h o nrorounced resonsancoes.

If thore in o wronounced resonant frequency in a room, this
frooucncy will he hoard as a "honk" whencver o spcaker happon8 to

sound nt the frequency.

The sound onerrsy will he cavcht by the resonant rodc and it will
persist for » lonwer ti.o tus ouickly ntandins out abov. the other
ranidly decaying froovencies and produce a characteristic honlting
sound which mav bhe snnoying.

In ordor to roducc such a resonmnec, one must first try to cstimte
or measvr its frequoncy, This will thus ~ive a guid:z to tho modce
forn or pattern of the resonance, Having found the standing wnveform
that is resonating, it is thon peserible to denl with it, and this

can b daone hr placins o sound ahsorbines materianl on the wnlls,

"Live" and "Doad" Roors

Roonms in which the alsorption of sound is snall and consequently
the roverberation tines arc hizh are knowm as "live" roons while thosa
with vory larse ahsorption nd very low roverboration tines are called

"Dead" rooms,
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In the ecasc of live rooms the sound suffers several reflections ot

the houndarics of the roois durin~ the esrowth or decav of the sound
and th: rolactions are sufficient to wrovide a uniforn aerry
dengity distribotion in the roons: Imft for dead roons, the rofloctions
are vory £r ~n? the caoresy density in thc roomn ecannot thorofore

he agssuncd to b~ uniform.
1.6 Decay of Sound in 1.iv.

If the sound soures in n live roow is shut off at the time
t = 0 and if no rapresents its unifornly distributced enerpy density

at this instant, then ~s t incrcases,

E = EO oxXp f—%‘g‘tQ

#

where € = veloeity of sound

A = the tokrl number of absorption units cxposed
within the room
V = the volune of the roor.

imilarlv, the intersity I ot any timc t is rclated to tho
initial intomsity ;o by =

o aitn (8%
_%,' ‘-XP(‘,W}

g 1
.%. 10 log Of )
<]

-
10 log . (=2
orrcxp (_;‘}qt)J

I
o

where 10 lo-~ 0% ) renregaonts the ehanpge in the intensity
loevel in deeibels., Thgrofrrc, the intensity level in - live roonm
and correspondinztly the sound proassvrc lovel deercnscs at a constint

decey rrto D miven by:-

e dB por sce.
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1.T. Decav of Sound in n Dend Roon

Th: equation of the decay of sound cnersy in a dend room is

friven hy:-

B =B oxp. L.‘Z.S..I.T‘._U::."‘)__‘
-
b N
wh Irc q et &i"’__l_ﬂlﬂ
S
o ! - : ¥ 3 X g
bore g ofPy W) 2T+
L

arc the respeetive absorption

o
and j’u?’ ’(3, =

e ——

cocfficients of mrtorinls havirs surfoec arcas S, 32 33,
’
in the roor,
The deeay rrte of sound in such rooms ig thercfore gsivaon

in deeibels per scecond by:-

1,087 ¢"In (1=-%) d8B./scc.

D (Deeny Rate) = - =
and the reverberation Time is also rsiven byr-
0,049V
= —— soc.
—1n( 1=)
1.8 “Ifeet of the absorption of Sound in Air on Roverberati- -

Sound wives losa sonc encergy during tlieir propraatiorn through
a fluid nedivwe, ™ intensity of n sound wave thus decrcases in nir

in sccordance 1ith the eqrationt—

I = Io oxn (-nx)
whers n = the attonuation constant of air
and x = the distanco traovelled Ly the sound wove,

Therefore, daring a time £, an acoustic wmve travels a distance
xz = ot,
and conscaquontly, the former cquation ean b written as:-
I = I0 oxp (=net)
Jince the intensity I =t anv tine t is also relatced to the
initi~l intonsitv Io hys=

1
T = oxp (~Act)
(4] ‘Tv—
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Therefore, introducting the effcet of air abe rpticn into this

HL = . _.'.-
equation gives:~ T I, exp ( L . m&ct.
and the eorrespondine cxnression for the reovorberation time beeones: -
T = 0.049V
A+ AnV

whore 4mV is introduvced as 7 result of the absorption by nir,

Optimunm "cverberiition Tinc of 2 Room

Apparently, thc roverborant reinforcoment of sounds in o room
can have a b onefitial offcet on intelligibility, Therofore,there
imst exist an optinun compronisc botween sound reinforecnent and
excessive veoverberation, The intellisibilitv of spioch inereases
toa maxirmn as thc reverboration fimc io decrcascd from 1nrge valuce:
but ns it is deerceosed below tho optumum point, the intelligibility
decronans beemune of deercnsed sound inteonsity in thoe room. llccuuse
it is usuallv inpracticcble to vary the shape o sizce of o room to
obtain optirmr reverheration time, this condition 1»r be producaed
br tho adjnstment of the gound ahsorption coufficimnt of the wall,
ccilin~s and floor surtnaces of th. room,

In small roons puch o8 livin: rooms, rceeption roons, cte., it is
usunlly posei™lc to achicve the desired reagults by the use of carpots
and draperies.

owever, in larse roons, cspeeinlly thosc desipned for listors
it is nceessary to ap»lv o snceinlly dasirnced chsorbine naterisl to

the surfnec.s of tho room.

An..choic Chan:ors

With the inero-sing iwmportsnce of accurate "nd nbgolutc acoustic
neasurcncnts, opon air condition for tecsting arce cssentinl Lut n-
controllable ns rygnrd teopoer-tore, hunidity, grond roflections cte
This hos led to the construction of tho rnocheic or dend roons.
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An ncochoic chambor is one whone walls ore so trested that practically
all the incidomt aownd cencresy is sbsorhad at the boundary swrface, and
consquantly, the roverhoration tine is vory low, “ircc no roflcetion
occurs, the sourc. th:en bohaves s i it werc locat..l in mn unboundad
apace, Under this conditior, the intensity of the sound v rica as the

inverse saunr: of th distonee from the sourco,

Such rooas hove walls, floors and colinga covered with wed-un
of rock=uool, rlastic foan, or fihre rlass cach «nShiroudcd in loasaly
wovon cloth, Tho wedres arc usunlly tapored to a narrov odge and
inelincd ot 4ifforont angles to cich othcr zo thut the ofTective
absorhins rr.a is much inercencd «nd a 8lightly inelincd wave strikin-
an inclined foeo will suffor vonv reflceetions with dininishing
amplituvde Ywfore beine retvrned teo the body of the reoom with a rmuch
reduced intensity, /ncchoic roeors ~r¢ used for mecasurine radintion
pottarns ond sngitivitics of microphoncs and loud speakers and also

for testin— seousticenl devices.,

Pnctors Mffeetin- the Acoustics of = Poom.

Por snall roons, a proper control of the ruvorberation time
will usually insurc good hooring; but for larze rooms, a muabuer of
additionnl fnctors contrihutc to the lack of quality of the roors,
Chicf amon~ thesc considerstions are intcrforence, sound focussing.

extrencous neisc and the proscnec of cchors,



17
CHAFTER 2
CONSTRUCTTION OF THE BLOCK SCIFEMATIC DIAGRAM
OF A THS CIRCUIT USED

Sincc the project wns concorned with the reasurcnient of the reverbe-
ration tine of a roon by dizitnl nethod, it wns therefore decided that
the tine would be nensurcd by ne-ns of n disital counter, To this ond, the
Advance Plectronics Tincr Counter T.C., 7 was chosen for the tine neasure-
nent,

Before cnbarkin~ on the necsurenent of the deeny tine of sound in a
roor, it was thoucht necassary thnt a sound source which would produce
sound of rcquired intersity should first be obtained., A loudspecker was
chosen for this purposc. To operatc the loudspeaker, an audio froqueney
simmal sencrator would be requirced to produce audic toncs and thesc would
pass through a power anplificr hoving an adjustable power rsain, The out-
put fror the power anplificr would then be connceted to the loudspeaker,
This arrancerent could he used to producc sound whosc intensity could be
varicd. Theroforc, the blocks representin-g the audio froquency signal
zenerator, the power nnplifier ond the loudspenker wore first located in
the block schenatic diasrar ~f the eirenit as shown in fi-ure (2,1).

After producine a stendy sound scurce in the roon, the next action
would be to stop the scund sourecs, and nllow the sound to decay in the roon.
To stop the sound sourcc, n switch could be connccted betweon the power
anplificr and the nudio-frequency signnl renerctor and this could be used
in controllins the starting and stoppins of the loudspeaker, The decay
of the sound produccd in the roon would commence as soon as the source
was put off, Thereforc, to neasurc the tine of deecay of the sound, it
would be nccessnry that the Tiner Counter enployed was stortcd irmediately
the sound source wns shut off, This countcr wns started by ~ closed contact
to ~round, It was thercforc deeidcd that a two position switch with ome nnke
and onc break contnets eould be used so thet in the nornl position of the
key, nothins happencd, but as the kecy was T up, it would close the

contact betweon tho audio~-frequency signal gencerator and the power
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amplifier, thus startin: the loudspeaker, This action would also break the
contact hetween the start terminal of the counter and ~round, However, on
depressin: the key of the switch, the converse of the previous action would
occur, Thisz time the contact between the start torminal and rown? would
be closed leavinss the othor contact opon, Consecuently, the counter would
start countin in the unit of time employe! whilc the loudspeaker was off,
A capacitor of ma-nitulec 0.05rhf was to be co nccted betieen the start

terminal and ground to sunpress contact bounce,

Lfter startin the timer counter immediately the sound source was put
off, the next action would be to arranve to stop it when the sound decayed
to a cortain lovel, 7Tt was then deeided that a nicrophonc woulld be necded
to congert the sound cner:-y received in the room to eclectrical ener y and a
certain voltare would be developed in it. The voltac covcloped by this
microphone would have the samc decay charactoristic as that of the decaying

sound in the room.

Since the volta-c developed would be a very mmall one (2mV), a linear
amplifier would therefore be neoded to amplify it., ‘s a result of this,
the block represontin~ this microphone pre-amplifier was positioned in
the block circuit as shown in fig, (2,1)

It misht be necessary to vary the output voltare from th- amplifier
and to cffect this, a variablc sain amplificr would then be nceded. This
led to the addition of the block representin s the variable sain amplifier
to the circuit,. This block was then connected to the one representing the
microphone pre-amplificr,

The output voltage from the variable sain amplifier would also have
an exponcntial decay characteristic siwmilar to that of the decayinz sound,

Since sound intensity is measured in decibel which is a logarithmic
measure, thc aim should be to measure the sound intensity lo-arithmically.
lecause a lo~zarithmic is the converse of an exponential, the exponential

decay of sound is conver? 2 to a voltasec which decays linearly with time,
To obtain the loraritlm of the output voltase from the variable —ain amplifier
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a certain locarithnic motwork could be connceted to the output of the
amplificr. As the output voltase from this losarithmic network would

be small, a linear amplificr would be ncoded to amplify it, The combina-
tion of the lorcarithmic network and the lincar smplificr was called a
lozarithmic amplificr. The output voltare from the locarithmic amplifier
would then have a linexr Jdceay with time istead of the exponential decay of
sound, This output a,ec. volta'ec could then be passed throuh a

detector which would convert it to a d.c. voltase havins the same linear
decay as the a.c, voltage.

At the detector output, a level indicator (Vacuvum tube voltmeter) could
be connected in parallel with the circuit, This level indicator woul? be used
to zive the level of the decayin~ wvoltase at any instant of time. If a timins
device is used to note the time to chan~ec from one level of sound to another,
the time for a specificd chanse of level ( dB) can be calculated because
the decay time curve is linear,

The next stop would be to find a certein equipment which would stop
the counter when the volta ;= and correspondin;ly the sound died down to
a particulsr level as ~iven on the level indicator. This thercfore,
necessitated the use of a voltase level comparator (Schmitt tri ~or). This
level comparator would be lesi med so that it would chan-e statc (Switching
would occur) when its input voltage decreased to or passo’ a stipulated level,
Conscouently, a positive-—oin: pulsc would be -iven at the outprt of the
Sehmitt tri-rer. Towever, the amplitude of this voltare pulsc should be
sreater than 4.5V p.p. but it should not cxceed &,p.p, in accordance with
the specifications for the use of the timer counter employeld, Since a
negative voltare step would be required to stop the countor, e differentiating
circuit could then be insorted to differentiate the pulse siven at the ovtput
of the Sehmitt trier, thus convertin:,it into two narrow spikes onc positive
and the other nosative. The positive spike could then be elipped off using
a diode elippins network, ™he nerative spike produced at tho -output of the
clippin: network would thercfore he capable stoppin the counter, and the time
for the deeay coul! then be read off on the timer counter.
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Blocks representine the logrrithmic snplifier, the dctector, the level
recordar, the lev:l comparator and also the differontictines and elipping
networks rospectivelv were locite” in the block sehom tie diacran of

the circuit #s shown in fimure (2;1), This ficure gives n block

schematic dinrram of the whole arran~ement,
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CHAPTTR 3

GENERAL DESCRIPTION OF EQUIPMENT USED

|
!
List of cquipment used. :
[

After constructing the block diagran of the eireuit to be
used, the next step taken wos the compilation of o 1ist o all

the oquiprent which would be necded.

1+ o timer oounter 8.

2e a Loudspegker 9,

3« a mierophone 10,

Le an audio frequency signal 1,
generator

12«

5. a mpke and broak svitnhh
6e & microphone Preeanmplificr 13,
7+ a variablo gain amplifier

The list included:

a logavithmie amplifiey
a detoctar

a Level rocorder
a level comparator
Differentiagti-mg Network

Power amplificr.

Out of these, those whlich worc then avsilable as roady units werei-

1s 1s The timer counter Be
2« The Loudspegker 6
3« Migrophonec T
ha AJF. Signal génoratcr ' 8.

Maoke and bregk switch
Power anplifior i

The level recorder

DuaCe Rower Supply Unit.

The rengining ones werc to be designed and constructeds

‘Deserdption of the ready picccs of Tquiprent

The timer countor

The timer counter enployed was the Advanece Electronies type

Telw ?; Sorial No. 1!-.3251

This counter is a four diglit instrurent

vwhich is capable of tirnc, period, and frequency measurements and

it ean also be used for the counting of random ar regular pulscss

In the projeect, the counter was started by o closed contact

to ground and contact bounce was suppresscd by a eapacitor of 5
nggnitudo C.O5MF canmoeted bobwoen the stert torminel and carth,

Counting was stopped by the application of a pulse to its
The time betwoon tho sterting and séopping o tho
countor was thon reed directly fron the instrunont.

torminal.

o

|
L
1
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This timer counter could he used to make time measurenents in -
three ways, viz:- Manual, 1 Line and 2 T.ine as g#iven on the counter,
(i) Manual := In this case, the nanual start and stop nueh
buttons conirol the count gate while the function switch
nay he on any position.

(1i) 1 Line 4= '"Men the function switch is set to this position,
the time units nve counted between the first and second
pulses reoceived on the stort terminal after reset is made.

(iii) 2 Line := With the function switeh at this position,
the time units selected will be counted between the appli-
cation of o pulse to the start terninal and a malse to the

stor terminal,

The counter would respond only to pulses with necative-~oins:
steps of anplitude ~7reater than 4.5 V, p.p. and a naxinun of

8. p.n.

Voltase steps of nagnitudc grester than €7, p.p. would danaze
the instrument. The counter is capable of neasurine tine in any
one of the threec units:= 1Qﬂaec.unit 1 Millisec, Unit, and
0.1 %ec. "nit,

The third nethod of time measurement (with the function
switch at 2 LIN“) wns employed in the project and the 1 nilliscecond
unit was also used because it gave a nore accurate ricasurenient than
the 0.1 Second Tnity and it also gave a wider ranre of neasurencnt
than the'1qFFecond Unit.
The l.oud Speaker

This is an electro-acoustic transdvcer designed to radiate
acoustic power into a room or ©Open air, The two most widely used
tynes of loudspenkers nre the dircet radiation or dymamic loudspenker
and the horn loudspeaker, Both of these utilize the electrodynamic
coupling existine between the rotion of a vibrating surface called
the diaphram, and the current in 2 voice-coil,.
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i An ideal loudspenker ghould:-~

{a) hove 8 high clectro-acoustic effieiency, %

{h) faithfully reproduce transients as well as steady
input siemals.

(c) have an acoustic output regponsc which is independent
of frequency over the entire audibleo range.

(d) Tatroduce neithor harmonic nor intermodulntion distortion
into its output.

{¢) be eapable of nroducing a non-directional radiation
pattern,

{f) be of as small o size as possible considerine the
required acoustic output.

The Direct RHadiotion Loud Speaker

Theoe are of two tynes:- the wmovine coil or slectrodynanic
tyoe and the crvatal londspeonkers. The moving ceil loudspeaker is
the commonest type, 1t often conpists of o veoice coll situnted
in a magnetic fieln produced by either o peorwanent mngnet or
an electro-mornot, An andiowfrequency current flows throush the
voice-coil ani gencrates a foree 2 fr MBI

where T = the a, f, current i

N = Nunher of turns of the coil.
I' = the Fflux density
r = the radius of the coil

The coil thus moves in and out in svapathy with the force on it.

. The Iorn Loud-Gpaeakors

Thig typc of loudspenkers consists of a transducer of moving

coil type matched acoustic-lly to the medium bw mrons of a horn placed
in front of, but not touching the diaphram, A constrictioen is placed
hehind the throot of the horn to prevent any destructive interfrrence
of the waves at the throat, The main advantage of the horn
loudspenkor is Lits very high tranasfer efficiency i.e. a high
ratin of acoustienl output energy to clectrical input cnergy.

. The loudspeaker proviied for use in the project was the moving
colil type which wns enclo-ed in a reflex cabinet i.¢. 8 sealed

box with & rectangular hole air vent. . '

< 1
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The !Micerophone
This electro-acoustic transducer is used for convertin~

acoustic enerzy into elecctrical eneryy. It scrves two principal
purposes, First, it can be use? for conwertin;; music or speech
into electrical sirnals which are then reproduced. Scecond, it
can be used as a mecasurin: instrunent convertin: acoustic si-mals
into electrical sirmalg which actuatc certain indicatin'; meters,
For most applications a microphon: should be hi--hly scasitive,
suffer minimum back round neisc, and in addition, a linecar responsc
with frequency may be required, However, no microphonc is idcal in
all of these rcpects and a compromisec has to be made in solectins one
for a particular application,

It is also important to specify dircction because there is gencraly

a variation in the sonsitivity of the microrhonc as its diaplram is
rotated rclative to the dircction of the sound waves.,
Tn ceneral, the dircctional nroperties of & microphonc may be
¢clagsificed as follows:-

(a) Omnidirectional

(b) i-ure of 8

(¢) cardiodd , These are shown in the polar diarrams in fi-,
(3:1).

An ompidiractional response may be obtained by planin a movins
coil nicronhone in such a position that its diaphram is horizontal

The fijure of eisht response occurs for a ribbon mierophonc for
which there is a phase ?ifference of 180 degrees for symmetric
pairs of voints on orpositc sides of the ribbon, The cardioid response
is obtained when a movin/ coil and a ribbon microphones arc placed in
the same housin-,
I'icrophones mav be classed into two main roups:-
(a) the pressure microphones

(b) the pressure ~radient microphones
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Omni-Directional

(b}
Figure of 8

(e)

Cardioid.




25
In pressurc nicrophones, the electricnl response corresponds
to the variations in tho ncoustic pressurc while in the Pressure
gradient or Veloeity operated nicroaphonss, the cloctrical rospemsc
corrcaponds to the particle velocity resultine fron the propagation

of soun? waves in air,

Tnble (3;1) gives n list of different types of nicrophones and
their roapective perfornencus. In the project, a pressurc gradient
microphone wns nade savailable., The nierophene hng o low inpedance,
a rood frequenmcy reosponsc and o good quality, Itse output is low
( 207.)

Table (3,1)

Hierophones and Their Porformances

ELRCTRICAL| TREQUTNCY
¢ 1 E_‘ O
CLASS TYPE OUTPUT CPTDANOE | RPSPONTE WALITY
Carbon Yory Hirh Liow Poor Yery Poor
HIPR”;EE};[E% Condenacr | Low Very Hish Qood TIxcellent |
CROPHONES| wrataT Mieh High Good Good
PRESSURE- | Meving | Frirly |
GCRADIENT ceil Low Low Grod Food
OR -
YRLOCITY - Ribbon Yory Low Vory Low Gnod Excellont
OPZRATFED :
{ICROPHONES l

3.7.

!
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The A, B, Sienal Gengrntor i

The signal gonerator used in the projeet wnas the "Advanco"
Audio Freguency Sign~l Gonerator Type J 2B Ne. 5 790. This '
ingtrunent provides sinusoidnl outputs in the frequency range of
15Hz to 50 kHz., A gifmal of any frceoucncy in this ranqe is sct by
using o ron+e switch in conjunction with 2 ¢nlibrated dial; and
continuous adjustent is by neans of o slow-notion ¢omtrol situated

centrally on the dial. :
|
!
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Two scparatce output nrrangerients with 2 continuous level contraol
are provided on the instruwrent, One output ig of 6004 irpedance,
It is isolated fror earth and hap o raxiiawn output level of 1 Watt,
The altornative output has an inpedance of Sk connected to carth
and with an output level of nbout 500 u Watt. The output level is

indicated on a front penel neter.

& 20 dB aYteonuator is alao inecorporated in the instrunent
nnd when thias attenuotor is used in the cirveuit and the output is

londed with 600SL, the output voltage is onc-tenth of that indieated.

Power dnplifier

ginelair 2 12 wos used. It was taken os o ready picce of
equiprent. It is o high quality transistor power arplificr. It
containg 8 tronsistors and it eon ho used on any supply veltage
down tao about & volts or up to about 20 volts., In the project,
a supply voltnge of 12 volts wns enployed, Also, to reduce the
nunber of power supply units used in the circuit, 16 U2 batteries
werc uscd to supply tho voltage, |

The Level Indicntor

The Hewlett Pockord Vacuwt tube voltreter nedsl 410 F was uscd
es d,c. level indicator.

Tioth n,c, ond d.e, rangos aro provided in the instrunent. The
d.c, rangos hove full-seale volues of 1,3,10,350, 100, 300 and 1000
volts, The d.c, input resistnnce is approxirately cqual to

i
i

122 negoh, :
Other rcady picces of cquiprent wsed arc:—~ & two position switch

with one nake and one broeak contacts and z2lso o Solnrtron Power
Supply wnit, A S 1414 Vo, P818.
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CHAPTPR 4
THE VICROPHONE PRE « AVPLIPIER

—_———— -

4.1 Degirm Considorations..

As the ricrophone eiployed for the aconstic neasurenent is placed

in sound field, it receives sound eneryy which is conszequently con-
vertad to an clectriecal sirmal, This signal is a weak one having

a maxirur of about 2 W, A linenr arplifier known as the microphone
pre-amplificr is then required to anplify it.

This pre-snplifier should be such that--

(a) the voltaze gain is about 40 (or 32 dB) so that
a 22V, ipput sigmal would yield about 80mV. at the output,

(b) the frequency response is flat over a frequency rance
of about 100Hz to 10kHz.

(¢) the output has ninirun distortion,

4.2 Choice of Conficuration
There are three basie transistor confirurations,
Thesc arec:-

(i) The cornon Dase Confi-uration in which the input is
applied to the enitter, the outmut is taken fron the
collector and the hase ia common to hoth the input
and outyut ecircuits,

(ii) The Cormon “mitter Confiruration having the input apnlied
to the bnse, the output taken fron the collector and
the enitter is cormon to the input and output circuits.

(iii) The Cornon Collector Confisuration in which the input
is appli~d to the hase, the ocutput is taken across
the load in the enitter and the collector is comon
to the inmut and output circuits.

The comnon hasc wplifier is characterized by a low input
impedance and a high output inpedance.

The ecurrent =ain is sli<htly lesa than 1, but the voltare sain
is usually larre and thus it s n relatively hirh power eain,

The cormon emitter hhs an innut inpedance somewhat higher than
that for the conmon basa arplifier. The current gain is larse and

the voltase —ain is also lar-e and thus the power gain is considera-
bly greater than that for the comnon base amplifier.
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The common collector amplifier is characterized by a very high
input inpodance and a relatively low output inpedance, The current
gain is large bhut the voltare goin is slightlvy less than 1.

The amrlifier has a power main generally lower than those for

the common hase and common emittor amplifiers.

The common enitter confisvration was therefore used in the desim
of the micronhone pre-anplifier becaure of its hirh ~ain and

because it has adequate frenuenev responaec for audio amplifiers,
Biising
The operating point of a transistor is capable of shiftins from
its desired value as 2 result of two factors. The first is the
temper~ture devendence of the collector base leakage current IcBo and
the other iz the wide variations in the lorse sisnul value of

the common enitter current amplification factor ™.

Ther~fore, to prevent this shifting of the quiescent opera-
tin~ point which may c use the distortion of the outmut voltage,
a proper d,c. biasins of the transistor atase should be enploved
80 as to ~stablish and wmeointain the operating point inside 2
prescrited resion in apite of temperature changes snd replace~

ment of the transistor.

Thers are five fundamental hinsinz techniques
viz:- (a) the fixed bias
(5) the emitter bias
(e) the cut-off hias
(a8) the self bins
(e) the emitter-resistor and bane potential devider
bivs (the sinzle hattery hias).

The fimed bias trchnique provides a sinple and in-expensive
neans for establishin~ an operating »oint., Howcver, the stability
of the operating point is extremely poor when compared with that of
the other circuits.
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The emitter bias showm in fi?.(4;1h) provides a high dercree
of stability but has a disadvantare that two d.c. supplies of

opposite pnlority are of ten necded.

The cut—off bias is inexpensive since it uscs only 2 sincle
bettery source, hut its stohility is ~lso poor. This biasing
method is shown in fiz.(4:14).

The single hrttery bias and the self bias shown in fip,
(4-1e) and fi=.(4:1¢) respectively also make use of a single
supply source znd thev provide a high desrce of stability sgainst

tempersturc and X varintions.

The single haittery bias nethod was therefore employed in the
amplifier circuits constructed in the project because of the single
supply source and stability considorations,

Stobilit Pactor O
A common way of determinins whether n particuler eircuit hns

a zoo” or poor thermal stability is by the usce of the stability

factor S. The stahility factor of n circuit is the ratio of the

chan»c in the collector cirrent to the chanse in the collector-hasc

leal-a:e current Ic?o which causes the chan ¢ in the collector

current,
- e c or lc
i.e. S (Btalnlltf factor) = Tobo 7

This factor gives the effcet 2 chanse in Ico has upon the

coll ector current.

The Stabilitv Pactor ¢ for Single Dattery RBios Circuit.

Considerin~ the couivalent dis~ram of the sin~le battery
Birs cireuit riven in fin.(4;1f} and writine dovm the loop and

rodal equations,
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we havo:- Ic = Ic - Ib eqn. (1)
I, =gl + @41) T e, (2)
I'b - I1 el 12 S — X (3}
Byp= IRy + IRy = ,, (4)

% Tahs = LR
00= To%s ~ 10 e, (5)

Solvin;: the abwe cquations for I, and roplacing £ by

We hove

1 __yciq B * Too R (R1+Rg) + R,R,
R, (R1 + R2) + (1 =) R,R,
But 5 = Arc
AICO
= R, (n1+ RZ) + R, Rg
R, (R1+ n2} 4+ (1 =) RyR,
Puttin R1R2
R, , we have:=
R,+R, b
"~ R +R

o Ty m,
V 1
If R, is smll conparod to Ry, S =7 =‘0-.!.-('5§ = 50 (for X=0,98)

If R is large ¥ i Rb' oo 8=
To ensure good stobility, S should have -smitude between
1 and 10,

4.6, Dusi-m Procedure
4.6.1. Calenlation of the Lond lesistor 3
For this anplificr stn-c, n low power troansistor suitable for

low level staces, OC 71 was enployed, The nexdimare output voltosc
developed by the nicrophonc used wos 2rV,

The desired voltn-c pgnin of the pre-anplificor =40 or 32 4B

The current nin for the trensistor OC 71 cnployed = 47, input
inpednnce of the transistor 0.8k-4 ,
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Put voltorso gain of anplificr = h21R1_ = 40
11
whoers h;1 = Inovut irpodancc of the transistor,

~nd
- h21 = Curront /~in of tho transistor

n =RR
',

where Ro = Output inped-nec of the trmnsistor,

R, = Colleetor lond resistance of the arplificr.
3 40w,
R, = 1t - 40 x 0.8
3 n,, 41
21
= 0.68 k.A

The inkors quotc R = 1 k.-
e R R
= 0,68 kA= o : R
R 4R —2—
(o] 3 11-12

=)

1
(1 - 0,68) =0.32 R

kA =2,15 kA

0.

&
i

R 3

e
l&‘u

|

c.a n3 = .3
The nenrest preferre? value of R3 = 2,2k A

4.6.2, Choicc of Operating Point

o
n

Sincc on applyin—- -~n input voltase of 2rV. to the pre-anplificr,

on

-

output voltasc of about 80rV woul? bo required, Theroforc, the opcratiop

point was chosen 80 ns to pernit nore than 22V, base drive, and sdive nore

than 80 riV at the output, i.c, '\Fcc> vout
Chooain~ Vc = 3V rivcs Icq = J.ari,

¢

where Vc_‘ =
Tag ™ quicscont collector current
’
The currcnt snin for the trmzsistor,hafﬁf).

- l' = I
Ll s 1,0, I, =T
Ih b _Fﬁ_
i xom a e o el
. - b “h h = 3
24 4 0

= 6, x! P
10

Colleetor critter volt~wc ~t the operatin~s point
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Therefore, the maxinun base current swinm was 64’1A. A d.e.

loadlinc was drawm. Itc slope gave 1
R3+ R,

whore R+ Ry = 2.3 kA as shomn in fig. (432).
(o]

4.6.3 Calcul~tion of Emitter Resistor R, (Rc is designated 24)

Congidorins the transistor d,c. cquation, i.e

vcc N Qe 10 * vce " Ic Rc

for small Iy, T, =1,

chz (qa+ﬂc) Ic ' Uco

But ”co = 3V and Rc = R3 = 2,2k .
Vcc = -12V( )
Lo 12=3 4 (R 4R
R b o
¢ C
9 =3.2 (Po + ?3): Put R = n4

. {1"‘4 + R3) '_‘_5.22- kA, =284 kA

Similarly, frou the d.c. lcadliwe in fism, (4;2),
n + R = 2.'(3]{A. = R
e e
Fut R, = 2.2k~

R
2 + e

3
= 0.64 | G
.« The nesrest nreferred valucd of ﬂ4 = 0,68k, .
4.6.4 Lldaonletion of the Bias Conponents R1, R,

——————

1f Rb roepresents the offective resistance of the Liasing
resiztors R1 and RE: and V, represcnis the hase voltace,
s o B =R, R

b 1 ‘g
R1 +R2
where 91, 32 are the biag resistors,
v v R
h® e¢cc 2
R, R, " (R, + I, RR, g
R, +R
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Yo Vol
s _cc2 _
R+ 1, (By 1,4+ 7, :f_gg
- n
1 1+1'{2
Rut I0 e In when I‘h is smnll
. VR - N )
;‘2?2_ > TR, IR, =1 R,
g e
teee Ve o 17,
‘F""_';“"— ) c ‘re
1 2
R4 = 0,68k and Ic = 35,2 mA,
e d
=22 3.2 x 0.62 = 2.18 volts.
+R
172
i.e, V 0732
7R, P 2.18 volis.

o ensurae good staliility, 2 stability factor of mopguitude

betwaen 1 and 10 is ncocessarv.

Choosir 8 = 9 and usins the sinzl> tattery bhias mathed,

! i
S =J_..+..:{..T/.-h =9
- " n
1- o+ Re/'h

b
il
Nt
=
o

wvhare ?i‘e = R4 anr !ib 4R,

and oAz 0,92

i S=1+R4LR}?.

—— -

1 "‘009“! i -h4/R-}‘

:.ﬁ:ﬁnh
0.02 + R, Ry

|
=

e e 1 R4/Rt>
e 8R4/‘1L_ 1-0.18 = 0,82

- R4/R'h = 0.02

Lo xn = 001 kn

0.18 + 9 E4/Rb
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But 34 = 0,68 kA
e By =Ryxa - 6.8k
Cd L Tken
Ryt vccn_g = 2.18 volts
R ity
If Vaal
-;;Qf-ﬁ?- = 2,2 volts,
i
A1)
ce = =12 Y,
Lo 12R, = 2.2 (R1+R2).
"¢ 9.8R, =2.2R,
i.,c. n1 = .LB N p‘z
2,2
- - n1 = 5 2
But R, = Tkd= R R, 5 .2
T
s s

#r,
... H2 -_-L;G_ ko‘\- = 8.4 l‘:-'\.

and Ry = 6x0,4 kA = 42k-~

reforred valies of R, and B, nrae:=

1 2
R' = 30k .
P -
2 8,2k .
4.6.5 The Covplings Capacitor C

1
The capacitor C, courling the microphone with the pre-amplifier

vas uscd to present o short cirenit to the a.c. simmal goinz fron the
microphone to the hsc of the pre-amplifier. Therefore, if the
lowest frequency of the simal considered is f Hz, mnd the input
impedence of the tronsistor amnlifier is ry

and if the effective bias resistance of the amplifier is Rﬁf
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then, the reactrnec of the eapacitor, XC1 « iin"b
r, +R
1 in b

1 _
But *c1 =0 . - 2110,

whore w = 2T

e << i

rin+ Rb
Assuning thnt E;;TFC-— = 2-1'0- rian
1 r. +
in
. R |
2« r'-inﬂb
£ = 100MEs Tip ™ OB By = KA

e 8y = T2 700% 7x 0.8 x 10° 7.
S Lexa, o
7.0.8 x 10 4
= d4.5pF.
The nerrest proferred volue of C, = SOMF,
4,6.6, The Decouplinz Capreitor
The eapacitor 03 was used to dee-uple the enittor resistor 'R4 to

n.c, 8irmal in order not to introducc unwrnted feedback. Thercefore,
the reactance of the e-pneitor J{C3 nt the loweat simmnl frcguency
gonsidercd ruast be si*n'1 conpered with the volue of the enitter

rcsistor R*‘.
g ™y o
i.ﬂaxxCBf<1R4 ("ittor resistor)

Put XC3 k- = g
s e,

Assunings that XC3 - Jﬁ H4
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T';4 = 0,68k .\
j.e; 1
2mfc =0
g% = oseuo’
20
CaCp o o=___20 =
3 it x 0.68%x100
f = 100Hz
e G o= 20
3 5Nx 0.66210°x10° ©
| 6
= 10 oy o
0.66 x 107 ‘P
= 47 /,tF'.

™ The nearest preferred veluce of C.. = 50}&?.

4.7. Tngts for the Yieronhonc Fro-—amplificr.

Two nain tosts were performed Tor the pre-amnlifier after
conatruction, 'The firnt toest was the one for the freavency resnonse

of the amnlificr while the other wes Tor the linearity characteristic,

(a) Trenucricy Response of Amplificrs

This wnz inveatimated Y introducin~ an irn-ut o.c, signal
voltamo of 2 7. into the input 57 the pre-amnlifier. The signal
volinTo was ohtained fronm the "Tewlett Perckard G51B Tcat Nscillntor
Vo, G, 1439, Tho in ut was kept constnt for all frequencies consi-
dered, The input and oviput voltages were mcasurcd bv means of the
Hewlott Paelznrd vacuun tu'e voltmeter 4001 nnd the out-ut was also
displnyed on the Cathode Ray Oscilloscope Telequipment type D34
No, 0,896 so oa to !mow whon the distortion of the output voltasre

would set in,

The outpui woltaza w-= thin wesured for varying valuyss of
frequencics between 20 flz and 507,71z, keeping the input voitage.

at 2m¥. for each reasvreient.
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The raadin s of the invut voltarce, the frequencies and the correspon-
dinz outhrut voltapes wore tobulr o and tho pain of the nre—orplifier
in deeciltel was calculated at zach froguency. 'This result is «iven

in Tahle (4;1). # rraph of the =ain of the amrlifier (in d8 )

again £ froauercv yes then plottod usine the readincs in Table (4-1)
Thia mraph i~ showm in fi=z, (433).

Prow the ~raph, it was ohacvrved that the pre-amplifier had a
mavimun onin of 36.2d8 nd it g've a flat fraquency response
within the ~angze »f ctout 70 Mz, to 10K.Hz,

However, this reosult 4id not give 2 considerable differance
fron thoso shecifind for tho desisn, The amplifier was designed
for a ain of about 32 dB and to have a flat frcouency recsponsc
hetween 100Hz, and 107, 'z

(t) linearity:= The lincarity charactoristic of the nre-amplifier
wns also investirated. This wasg ecarried out by ncasurin: the corre-
sponding output voltn—eas for different values of input voltages
at certain frequencics in the audio fremuieney ranme, The measure-
nents of the input and out»ut voltares wore obtained from the
wacurm tube voltnoter 400F (iowlatt Packsrd) »s hefore.
The froourneies nt which the inmut and output voltase variations
were moasnred were 200 Iz, 500 HMz,., 1000Hz, 5000Fz, 100001z And
15000Hz, Ths rosults arc shom in Tahle (4:2) and the sraph of the
ontput voltage againat th- inmut voltose drawvm with the rogults
displayed in this t211s is =iven in €ig.(43;4). Tt was ohserved
that the inmut and output velisge vari~tions have an identical lincar
relition at the Trequencics considered,
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Table

(431)

Por Ilicrophone Fre--Anplificr Prequency "esponsc,

Frequoncy in |Input Voltnge OQutput Voltame | Voltage Gain
Iz n.c,) in vV (nec) in W 1 in 48
20 2 50 28
ecin:
50 ’o 90 33
10 s 110 34.8
100 B =2 120 35.6
200 - - 130 36.2
—300 _ .l ae 130 _.36.2
400 e o4 1% i O
500 T 130 36.2 ____
1 . 130 36.2 ____
1000 . e 120 36,2
2000 22 130 et 36.2 _
5000 1. 120 ..}...36.2
7m - L-....J...l_.._._-.—.._................--.____._... ..—.-‘....‘r_ ..._25'6
W, ... IR (.~ W 110 - 71 - -
_JSQ.QQ..-_..-._TI—__.- - R 33
—-20000 21 - 80 % SR
30000 a8 60 . 1...29.6
40000 . . — a2 40 i‘ 26
Test Fquiprent:
Hewlett Packnard Vacuw: Tube Voltreter 400Hz, 'o.l1,1765

Hewlett Pockard 65 1B Test Osecillntor No. G.1439

Cathode May Oseilloscope, Telequipnent Typc D43 110.0.896
Solartron Power Supply Unit AS 1414 To., P818.
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Table (4.2)

(®o show thc line~rity of the Pru-"ztplit‘icr)

o o] 02 | G, fou, | e, [, | o
nt 200Hz| at 5000z |[at 1000llz At5000Hz!~t 10000Hz| ~t15,000Hz
(r.c.)in oV (n.c.)in Tr.0.)in [(~.0.0in] (n.c.)in|(m.c.)in  j{7.c.)in
nv oV '} v nv oy
0,2 8 B8 8 B8 8 1
e s I 25 25 26 26 25 _ ___ 25 o
0.6 40 42 43 43 )42 42
0,8 54 56 56 57 55 54
1,0 68 72 72 | T2 69
1.2 86 91 90 91 89 85
1.4 105 105 110 110 108 105
1.6 132 136 136 134 132

134

T2at Oguipront:

Solartron Power Supply Unit, AS

€. R, 0, Telequipnent Typc D43 No, 0,896

1414 Yo. F818

Howlett Packord 651D Test Oscillator No., ¢ 1139

Hoewlett Packard Vocuun Tube voltneter 400H, No, M.1765
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PTR 5

TR VARTATL TATH ANULIPIER

R ——

=

Bele -’ipecif‘icationa

Since it ni bt L2 necessary to inevcasc or reduee the amplitude
of the o.c. sinal reoin~ fron the =re-aplificr to the next stage of
the eirenit, an amplifiecr with an adiustable gain control would
thereforc be needed ltween the mierorhone pre-annlifier and the
following stzre. The varialle gnir anplificr would be such that:-

(a) its maximu~ voltn~s sain is about %2 or 3048 and its

nininun volta~e ~ain is O.

(») its ~ain conld bhe controlled to h ve any valuc botwzen tho
raxinmun and the mirinus voltese geins specificd,

(e¢) ite= fresuener reaponse would bhe flat over a ranze of about
1000z to 107Nz,

(d) its outnut would ha free frea distortion,

5.2. Choice of Conponents

A low power transistor wouls also ¢ needed for this amplifier
stare bheing 2 low level stape. 0O 71 wns thorefore chosen asnin,

"he common enitter confiruratior wns nalso envloyed.

5.3, Determinction of the Load cesistor T‘B

The desired volt e #ain of the anplifier = 32
The transistor’'s errrent rain }{u = 47
The input imped-ico by, of tho transistor = 0.8 kA

The voltaze rain can e expressed ag h21Rl
h
11
. 1
R
hl e 32
i A1
whers 74 = Ro g

T 4R
0 8

’ ‘.
$ hyy =473 hy, =08
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and RB = collector load resistor of the amvlifier
I?O = the output impcd 'nce ol trrnsistor == 1k
o-o "11 = 12.3.-.0.1.@- = 0.55 ko
47
o "
= Ro t§ <
R +7 8 _
o B TR, (Izo & 1kA)
«*s 0,55 (Rg +1) = Rg
1.0, 10.55 = Ry (1-0,55)
l.. R = O.r
8 N kN

«'e The nenrest preforred valuc of Ra = 1.2 ko,
Sed. Choice Onerating P 3

If a siznal voltnre of 80nV was fed to the input of the amnlifiocr
the output volts o would "a nhout 2.5V, since the desired maxiun
volt-re gain wue 32, Thercofore, with n sunply voltoze Vcc of
=12V, the oporntine point wuas chosen so ns to allow an inwut volinge drive
of about 80mV or norce and at the onerntin< point, vcE > Vout'
*haro vout was the output voltome froi. the amplifisr, The choson

.lc[l
Ic = tho colloetor cvrrent ot the quiescent
1 opcr-ting point,

values were: V . = 5V, = 3.5nA
rad

Also, sinece the current «ain of the transistor iz A7 (for rounded
cuitt r confimv tion) .
tierefore, for Tc = 3.5mk, max, I.D = 5:2'}'"; R
r

) ) 3
i.0, L (nax.) = ‘21.5 ' 10,4 A
=i
A d.c. loadline wrs dvawn nnd the slone of 'his gave 1_

— whare
R : P ’
3 ‘e

RG = the emitter resistor,
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This is shown in fi-.(531),

9:9 Detomination of the emitter Resistor Rg (??c}

Consierin~ the d.c. nonation of the anplifier

\' =V + 7T +R7T
cec ce e c ce
= ] ]
Vcc + 9 'I‘3 4 RE!Ic
For snnll Ih' ?[(_J = Ic

L
eV mV, (R8+R9) I,

1.0.: R "‘R‘_. =12 = = 7
B 35 gp kA
= 2k .

Sirilerly, fron the d.e, loadline in fi=, (5;1), the slope of

the graph =6 =1 = 1 =1
12 2 I+ R_+R
¢ o 879

. . HB"RQ -2kﬁ.
But Rp = 1.2k AL
. R =t = (2-1.2) -
"e R, =Ry (2-1.2) kA = 0.8k

«'e The preforred valwe of Rg = 0,68 kA,

5.6. The Tiasioz osistors Re, Ry
The bhnse resistor !‘6 - _RGR'?
;‘6‘_7
The bose voltare of the transistor . V‘; is piven by
V_E
vb = __Q_Cl =
Rg+M, (IR + T, RgRy )
Rg*R, )

"otations for the resistors are as :iven
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in the circuit dinsran in fi~. (5:2).
for siall Ib, In = ?[c

e Voo
nciR > Ic [?n = 3.5x 0,68 volts,
67
o.l .‘r R
ce 1
R6+R7 > 2.38 volts.

S ¥ 3
Choosin= Icc_}_:"?

and also (stability fretor) = 10.

S THRRY 14 Rely

~x. DR
1=% Roshy, 1- % 4R Ry

Since of = 0,98, R, is desipnated Hg and has a valve 0.68 k. .
o "5: _{:_Rf_lfpb
0,02 + RQ/RI)

e« x 1 # Ro/Re :
9/ =0.2 4 10R9/Rh

But RQ = 0,68 k. = 0,Tk.n
o.f Pl = R z9 = 0-6812 k-\
) 9 -—
0.8
= 0,7x9 e
— = O 2 o
0. 4 0.8 - qu-"\.
lince vccR_'[ ; .
T, 4R gl o= e
&7 o,
67
- n o 4 T
. » 9.6 147 - 2 6
. . RG - i.R,?,

Substituting this rel-tion in Ry, _ RsR?
R5+R7
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: 487 = 8k.n
+4R, = % 7
Rer P40
Ry =22 kA= kA

n‘c F;inC»' ]?.6 = 1R7' -.: RG = 40“:-"—

The preferre? values of RG nnd 'R,? wor::

39 kA
10 k o\

Re
Rq
7

. Ty (8 The Coupling Capreitor C4

The input inpelnnec of the anplificr = tkos

The basc resistance RG = Bk

The loweat sign~1 frequoncy considorct = 100Hz

For C, to prosint ~ short circuit to the a.c. siznel

4
goin: to the base of the ~pplificr, its renctancc,

xc4 << ..1_..x—.§ kv
1+ 8

Assuning; IlC{:4 = 1 1x8 _ 1 1
0 TFTB &, = STreiooc 4
20 x

« 04 =528 109x102 F.
20x2x1OiPF
2x8x103

18 x 102 ’IF'
16
%% MR

=

A eapreitor of BPF w2s used inste~d of 36 pF when a 5K/
potentionceter was connceted to the bose of the nnplifier (ns =~ gain
control),

5B The Deehupling Crpacitor, c6

The enittor resistor Rg wns decoupled to a,c. signal by the

capncitor 06. Therefore, the runctancc of 06 should be snnll
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conpared with the resistance 7

9‘
i e, XCG g R9
If Xge = Eﬂ
20
Since XC( = 1 = 1 = 1
" 3 2| fC, 2Wx100C,
S. 1= R, = _0.68x10°
211:{10006 -—2% 20
I ! = 20 F.
6 2n = 0.68x10°
ie. C. = 20 x 106 5 b m.
2gm0.68x10’
= 1C

c.e6m MF

.‘e The necarest »referred volue of 06 = 5911“. “When

mkins adjustnenta for freovency, this was chanped to 100,F.

5.9. Gnin Control

A Skavariable potintiometer wng connected between the output
of the nicrophone pra-mmplificr and the base of the next anplifier
stnze (vari-hle zain anrlifior), The potentioneter could be
varicd to obtain any ~ain of the noxt stagc between zoro and
its naxinun value (i,e¢. about 30 d8 ). The over-nll ~ain of the
two aanlifier storo. would consecucntly bhe controlled hy varying
the potentioncter, This potentiomoter wns coupled with the output
of the nicrophonz pre-armlifier by » eapacitor (:2 of nagnitude

G}J‘ as shown in the cireunit diasrnn in fis, (‘):1)
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Tests For The Variahle - Gain Aoplifier

Two tests woere perfornced for the amplificr before connceting
it to the 7nin control nctwork. The first wag to show the froguency
response of the anplificr while the other wns to shouw itz linecrity
ifter these tests, rnothcr onc ir's then conducted for the
frequoncy responge of the amplificrs counled tozethor (i.2. the
pre-anplifior and variable snir arnlificr torcther.) as shown
in iz, (5.4),

(a) Test for the frequency response of the anplifier,

This was performcd by introducinz an inmut o.c. simmal voltage
of 1017, to the bhse of the anrlificer, The signnl voltnve was
obtained fron tho IHewlott Packard 65 ID Test Cseillator Yo.(, 1439,
This voltarc was kept constont ot all the frequencies considered,
The in ut vnltage and the corresnondins output voltage were
neasured by neans of the Hewlett Packard Vacuun tube volticter
4001 »nd the ontrut was also disployed on the C,R.O, "clequipment
Type D34, Vo, 0.396 to krow the onsct of distortion.

The rondin~s for the voriation of the output veoltacc with
fronuency for o constont inmut voltase of 10mV. were then tobulnted
as shown in To%le (5:1). The gnin in dB  of the anplificr for

each frequeney considere! wons enleul ted and reocorded.

A sraph of the =ain (in dB ) az-inst frequency (in M=)
wns plotted nnd this iz shown in fi~, (5:3).

Pron thin ¢raph, it wns observed that the anplificr had a
mxinun 2ain of 335.6 dB rnnd it had n flat frequency response
within a2 ranre of ahout 80Hz to 20VHz.

(b) Lincarity

The lincarity of the amplifier wneg investisntied by neasuring
the correspondins ovtnmut volta~ecs for different values of input
voltagess. The noasurenent wnas carriod out at certain chosen
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frequeneios in the audiofroquency ranges These fmquoricias wone:l

200 Hz; 500Hzy 1KHz; BK.Hze 10K,Hz; and 15K,Hz. The readings cbtained
were tobulated as shown in Table (552)s Using thoso readings, graphs
af output voltage egainst the input voltage were drawm for the
frequencics considereds Those graphs are shown in fig, (5;5)'.-

From the grapha, it was obsorved that thore was a linear
rolationship botwoen the input and output voltages of the amplifier,
Two lincar graphs wore obtained; ono rei;resenting the input = output
voltage variation aF 200 Hz and 15;000 Hz and tho other roprosenting
the input « output voltage variation & a frequency range between
500 Hz ond 10 KHze .

The input and output voltages werc neasured by using the Hewletd
Packard Vacuun Tubc Voltmctor 400 H Noe M 1765

(e) PFroquency Rosponse of the Pre—anplificr nnd

i}

+ the Variable Gain anplifier combinods o
After coupling the prosanplifior to the base of the varlable
gain amplifier through a 5 kA potentiometor (used as a volure or

galn control) the Frequency response of the combination was
investigateds This was ocarried out by feeding a constant input ?
voltage of 2. to the input of the preeamplifier, With the gain
control at the position of maxirun gain tho output voltage was
measured fron the variable gain arplifier. Carc was token to ma.ke sure
that the Input voltage wines constant at all the frequencies considered,

The output voltages were measured for various volues o freoquoncy .
betweon 20 Hy and 50,000 Hze The Hewlett Packard Vacuun Tube Voltmeter
400 H No, M 1765 was also ooploycd in measuring the vdltages. The output
was also connected to the C,R.0., D 43 (Teloquipnont) to be able to

detect any on=set of distortions The signal gencrator uscd was tho
Hewlett Packard 65 1B Tost Oscillator Nos G 1439 The readings far

the froquencies and the output voltages were tebulated as shown in

Table (5;3)s The gains were ealoulated in dBe and a graph of the voltage
gain in dBe was plotted against froquencics (in logarithmic Scale) and this

¢
i
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is displayed in fis.('i‘tﬂ. Fron this groph it wos obaerved that
the maximu: gnin of the cohinstion of the two anpdifiers was

62 dB nnd that a flat frequeney responsc wos ol:taincod botween
100Hz and 10ifHz,
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Table (5:1)

Variable CGain Amplifier Frequency Response.

Proquoney in fa_| fIAEVEAtOS | Output {oltags | (ol Ondr
20 10 120 21.6
50 . 270 28.6
70 o 330 30.4
100 L 390 32.0
200 - 450 33.0
300 R 470 33.4
400 . 480 33.6
500 5 ‘ 480 33.6
700 . 180 33.6
1,000 180 33.6
2,000 . 180 33.6
5,000 o o 480 336
7,000 my 70 33.4
10,000 ¥ T80 32.8
15,000 » 100 32.0
20,000 > 350 "7 31.0
30,000 >s 280 29.0
40,000 L 220 26.8
50,000 o ., 180 25.0

Test "'quipnent,

Selartron Power Supply Unit A% 11141 No D818

C. R, 0. Telequipient Type D43 Mo, 0896
Hewlett Packard 6511 Test Nseillator Fo, G139
’s »» Vacuur Tulbe Voltncter 400H No M1765.



TIPUT
VOLTACE

Input -~ Outmut voltare variation of the varinble

(to show the linearity of the annlifier,)

OwrryT

VOTTAGE

at SElz

fain anplifier

at 10z

at 15<Hz

in

J.la.c.

at 200lz at S00Hz .wtjf§g
a in Volt n,c.)ln Volts](a . c,)in
(a.c.)in Volts | (a.c.) Eo .

(a.c,in
Volts

(a,c.)in
Volts

(a.e.) in
Volts

5 0.16 0,19 0.20 0.20 0.20 0.20
10 0.26 0.32 0,33 0.34 0.34 0.42
15 0.40 0.48 0.50 0.51 0.51 0.57

0.54

0.68

0.67

A

0.67

0.1

30

0.79

35

0.94

40

1.06

Test Dguipnent:-

Solartron Yower Supply 'mit s 1414

C
Hewlett Packard 6511

e ia Yacuun Tube

. 7. 0, Telequipnent Type D43 No. 0896

Voltneter 400H Vo.

No., PB1B

‘est Oseillator Vo, G130

1765
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Tatle (5-21

Mrequency lesponse of the Fre-anplifier and Variable fain

anplifier together

INPUT VOITAGE OUTIUT VOLTACE | vorTicr GAI®
FREQUENCY TN liz (a.c.) in rvV, (a.c.) in 1V, in dB
20 2 300 43,6
50 23 1300 56.2
_10 & 1700 58.6
100 g4 2000 60,0
200 = 2400 61.6
300 £ 2400 61.6
400 i 2500 62.0
500 % 2500 62,0
700 i 2500 62,0
1.000 s 2500 62.0
2000 . 2500 62.0
5,000 o 2500 62.0
7.000 .. 2400 61,6
10,000 N 2000 60,0
_15,000 . 1500 57.6
20,000 g 1100 54.8
30,000 e 600 49,6
40.0% 3 s ':m "LGLQ
50,000 aa 200 40.0

Test Equipment:-

Solartron Power Supply Unit AS 1414 Fo. P818
C. R. 0, Telequipnent Tvpe D43 No. 0896

Hewlett Paclcard 651F Tent Oscillator #o, G, 1439

.7 ss Vacuun Tuhbe Voltneter 400H, No. 11,1765
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CHAPT™R 6

THE _LOCARITIRIIC AMPLIFIUR
I Specifications

The conbination of a logrrithnie network and a lincar anplifier

formed the losnrithnic amplifior, It was necessary to counle the linear
anplifior to the ovtput of the lomarithnic networ'~ hecause the si-nal at the
output of the lorarithiic networl would le very snmall conpared with the input
signal, and it would therefore need arplifiention,

The lo~orithnic networlk should he such that its outnut voltare should
he a logarithm’of its input voltage.

Also, the linear mmplifier to l'e coupled to the output of this
lozarithniic network should he such that-:-

(i) it would pernit an input voltase drive of nbout 200n or nore.

(ii) its voltare main should he nbout 352 4B8.

(iii) ite output should he a faithful reproduction of the input
voltare (i.e. there should Le no distortion.

6.2, The Lorarithnic Metwork (Theory)

A sinple logarith-ic ecireuwit usinz a sermiconductor diode is shown in
fir. (6.1). Considerins the diode to he ideal, thereforec, the value of
the current I flowin~ throush the diecde is ~iven by the equation:=
- ] v, -
1 Ig} exp (q V. ) _ 1J
- KT
wheres I3 = Diode len'nre current
if e = the eleetron chnrnn; q = Totn1l charge of elucfﬁpns
V.
J

¥ = DBoltznann's constant

the veltare across the ideal diode

T

L]

at'solute tenpersture
i 4 Current flow throush the diode.

Fron the provious cquation, we have:-

1= exp () - 1
8 4
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I+ ( qu)

alle -—-—-:s- = o ——
OXPe “XT

. QVJ . ( I+ IB )
—— e — s ma,
IB

I+1I
. _ KT = 5
"VJ'LGS'I“ ('IB )

Therefore, the value of the voltage VJ across the ideal diodes is

I4+1
_ KT 8
A o ( Ig )

But considering & real diode and taking into account its ohmic
resistance RD’ the actual voltage across the diode would be larger by the
anount of the ohmie voltage drop I??.D. Therefore, the former equation can

be rewritten for the voltage Vy, across a real dicde as:i=-

h e (o ( Lk o,

given by

From this equation, it can be secen thet a logarithmic range may
be obtained when I is much larger than Iﬂ and IRD is small compared with VD'

Thus VD can be cxpressed as:
VD = a log I/I
s
I = Vin - V:
R

.-. a log(jfin - VB) -
‘I';R— D




B T [

LOGARITHMIC NETWORK.

(b)

—pd ELEMENT  |—

L LOGARITHMIC .1:

ia = klogi., +C

OHMIC RESISTANCE
oF pioPE




54
6: 7% Choice of Couponents for the Logsrithnic Elonent.

To obt~in the lognrithric clenent, a reasistor wes conreeted in

porrllel with ~» diode bizged in in the forwnrd direction as shown in fi-,
(6:1b). A rernaniu: diodc 0A85 was uscd. The value of the resistor
enployzd wns deterrined ns o result of a certnin test perforned to know

which voluc wns suitoble.

6.4. Tost for o Suitoble Volue of Reaistor

For this test, rcaistors R = IKA nnd R = 10+ wore sclected. The
1Xiresistor whs first conncetod in the lornrith-ic circuit ns shown in
fiz. (6,1b). 4 solartron Power Supply unit, 271414, No., P818 wns set to
10volts, D,0, and the voltage was fed to the input of the laoarithric
clenent, A 5K« potentioreter wns uscd to control the voltage applicd te the
diode, Poth the ~pplicd volt~ze and the voltnge neross the diode werc
neasured usims the Hewlott Pacleard Vacuun Tube Yaltnetor Model 4100, No.
¥ 1773. Th: re~dingss obtain:d for both the applioed voltnse vin ard the
voltnre neross the diode, VD were tobulnted ns shown in Table (6,1). The
gone process was repented whoen the 1(KAresistor wns connceted in the circuit,

A sraph of Vo amainst V, (in 1lo7. senle) was plotted for cach valuo
of resistor uscd and the sranhs ~rc shown in fi-.(6,2), Tt was obsorved
that the grophs showe? 2 linear rclationship betwcoen the voltase ncross the
diode, Vy °nd the applicd voltase, V, (in 10+, scale) over different
ran~cs for the two en~sea, DBut for the lirear scetion of cach of the sraphs,
the equation y -y 107 (v, ) + C is sotisfiod,

where K ~nd ('.E:I'n arc constants.
For snall valucs of C.
vV, =X loz. vin‘

When the 1K resistor was used in the ecircuit, the rangc of Vpover
which the losnrithric rol-tion wos stisfied = (80 - 200)rV. “hile for the
10K * resistor, the rangc wes = (50 ~ 130) nV, The 1Xn resistor was
therefore, sclected bheecause it could te used to obtain -~ wider range of the
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valtage ?D across the diode than thc 10 k4 rosistor,

Diode Measurcnents
SRR LS B R el B e .

Table {6e1)

1 KA. RESISTOR 10 K A-RESISTOR
APPLIED VOLTAGE '|VOLTAGE ACROSS DIODL  APPLILD VOLILGE ' WVOLTAGE ACROSS DiODE
Vo (V) vy, ) Vo (0V) v, (=v)
50 45 50 38
100 88 100 55
200 138 T w0 85
300 1722 300 400
400 200 5400 P
600 a 600 | 130
800 T s T T e | 145 |
_.......1.;).0.0.... 505 ------ 1000 155
1500 A ;g;""“"‘ ."-'1500 Ao "_:Ei-
2000 Tws 2000 198
T 3000 | 6 3000 230
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6.9, The Linear Amnlifier

The linear anplifier followin~ the logarithniec network should bLe an
amplifier which could hrmdle preater power than the previous anmplifiers,
Therefoare, & power amplifi.r wns necessary for this amplifier st-re to we

able to cope with the hish valwie of collector current,

6.6, Choicc of Class of Operation for the Power Amplifier Stase

Povor amplifiers can "¢ erouned into four pain classes denending

upon their oneration, viz-~

(i) Class A operation
(ii) Claas R .,
(iii) Class AB ,,
(iv) Class ¢ ,,

In class A oneration, the anplificr has its operating point in the
active region, The entire input sipgnnl is thus reproduced faithfully at
the output. This type of opcration offers the lowest efficiency. The
power delivered by the supply is constant and it is not affected by the
input signal: i.e. power nny be dissipated 'y the circuit even if no signal
is present. Distortion is not very sir-nificant in this case. The distortion
in the output waveshape due to non-linearity of characteristics is tolerable

In class I operation, the operating point is in the cut-off region,
The device thus= conducts over onc half of the enkire input sipnal cycle
so that in ordor to anmplify successfullv o sinuvsoidal signal, two transistors
are neccssary onch workin~ on succcssive alternations., The class 3 eircuits
are vory efficient power anplifieran, The efficiency is about 78.5° .
n the other hand, class I operation introduces congideraliln diastortion
which may result fron (n) the non=lincarity of the Ic / Ib transfer
characteristic, (b) Cross-over distortion {as shown in fig.(6:3c)) and
(¢) the mismatch of the two transistors.

In class AB operation, the anplificrs have output waveforms which are
not a full replica of the inputs,



F1G.(6:3)
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| |
CLASS A /\ @) |
A o |

\/ 1 sine wave |
- output |
| Input sine wave | ‘
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| output less than half sine wave
|nput sine wave

(e)

cross-over utput wave form
/\le ortion /Erpu si'*e
np

CROSS-OVER DISTORTIONIN CLASS B POWER AMPLIFIERS
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In this case, the operation is between class A and class ', The output
voltare is therefore birzer than ¥ sine wave for an inmit which is a sine
wave (as shown in fir. (6.3 ¢) ). 7Thi: type of operation elinin-les the
crogs-over distortion which is present in class B amnlifiers. The distortion

is not thercfore as simmificant nsg in the case of class B amplificrs,

In elass C opceration, the tranaistor is biased well helow cut-off. The
outrut voltape is lens than kulf sine wave for a sinc -mve input. (as shown
in fig. (6.3&). Crosa—over distortion is cven nmore noticenble in thic case
than in the Clnss U ease,

Class A operation was ernloved hecause it would zive a faithful
reproduction of the innmut signnl nt the output, Its distortion is low
and it is also simple to desim,

6.7, Design _ Procedure
In the desien of the class A power amplificr, n trangistor C 125 was

used, Its maximum power dissipation nt 25°b in 500 nW.

Transformer couplin- was used Lecausce the srmall d.e, loeses in the
tranaforner would enahle the realization of A relatively high conversion
efficiency, A transfornmer type T/73 with turns ratio 3.6-141 (148:1) wns
employed and this was connected to the c ollector of the transistor AC.125
as shown in fir. (6.4). The maximun a.e, voltage prosented to the bage of
the ampli®icr at the output of the lo~arithmic network was 200 V. and the
drsired maximun output voltarme fron this anplifior staze = 10 volts., The
supply voltagze obtained fro: the solartron Power Sup»ly unit A” 1414 No.
13 = 62/ ,
the operating point wms chosen such that Vce = 10volts nnd the quicscent
collector current Icq = 15mA, Using ‘i&current gain)
for the transistor = 75

§ e Ib mex = I,

= % ol = 200/.!!':.
[4

a

818 was = 12 volto., Thercefore, usin- an enittor resistor Re=ﬂ



THE LOGARITHMIC AMPLIFIER
Fi1G. (6;4)
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Fron the dyn~nic londline, Rys the a.c. resistance nt the prinnry of
the tr-nsf -rnor was obtained to bo Ry = 21K

«"e  The offcetive scemdnry rosistescc = 2.1
where n = 1.3. nz
2.1

.%s The offeetive sceondery resistence = y'p 2 K.

= 0.68KA = 680N
The quicsecnt collector power dissipntion is rcivon by
P=1 eq xV

cC

=15 x 100¥W

= 150 ¥
Since the raxirme: theorcticnl cfficicncy of n clnss A power anplificr

staze is 507, therefarc, the naxiiw: power output of this stage = 75 nW

6.8 The Pirsins Conponents H_” and th
The brsc resistance Rb of the =uplifier could be writton as:-
R, R
Rb — 11 12
P11 2

where 't”, R12 ara the binsins resistors,

If the stability fretor S =5,

n
.'.,.S=1+F:u.b - 1+R1 Ry

1 —+R 7Rb 1-d+R1 Rb

For &A= 0,98,

,-,s=5=1+R:2be .;_1:&1 R,
§ = °'98*R13/Rb 0.02 4-111;7Rb

1.0, 0.1 + Stiz/My =1 Ryg/Rye ot Ryg o, B35

R'b
But Rc = R13 = 0,062l 1.

Yite D062 o mea
R, #R,, ~ 0,022

..Rb
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But v, = Vccilz - EIOP_G + I, :111112);

RS 7 e . 11712
where Vb = the basc voltarc of the amplificer and H11, R12
are the biasin/ components of the amplifier as shown in fif.(6.5).
For small Ib’ Ie = Ic
oo YoMz IR, = 0.062x 15

R11+R12 = 1.0 volt,
S BT o 2 gits,
Ryp+ By2

R _
1212 = R, .+ R,

i.a, 2R = 10R12

"

or RH = 5R12

But R”R12 -
Reg*ty,
. 2
PR
12 = i R = 3IA

5&12+R12 6 12
o & 3Mgy = VA =R,
ana. R12 =%:r\ =3.51{J\,

The nearcst preferred valuc of R1 ig rsiven by 3.3 ©

2
Also, the preferred value of R”
= }5K ¢
. - N
"o Ry, 15K

6.9. The Couplin: Capacitor 0
C.? was used to couple the lorarithmic network to the basc of the
followin/ amplifier stare, The input impedance of the amplifier = 1K

The base resistance Rb = l;{111212 = WA

Ryqg*Ryo
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'« For C, to present a short circuit to the a,c. simnal zoing

i
from the lognrithnic network to the base of the anvlifier, its rcactonce

o1 ¢ 1Ry

1+R.b

e. X 1x3 X
i 07 Le 1+X3 e
Sy X -
C7 R 2 KA

where ff = the lowest frequency considercd = 100Hz

. -—1—-—-2
TEI0C,, = 3
80

o.' c = m

7 35 F

2 x3x107x 10

6
= _80 x_ 10 )
6 x 1_651“1-'

= Vol
.'. The nearest prefr:l}?cd F. valuce of C,? = 50 ME.

6,10 The Decoupling Capacitor CB

- ————— —

For CB to decouple the emitter resistor 529 to a.c. signal, the
reactnnee of 08 should he snall compared with R
t.e. Xog << Rg
But ROY = 62 <
" = 6.2 4L
- - If CB 6

9.

=1
wCe Zyic

But f = 100!z,

fe C

- 1 P
8 P T x 6.2

P = 1 5
20x 6.2 x 10
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6
W .“___‘_'9____ o
& T Emwaor T = 20pP7
This wns 1oter chaved to 100 p P, whoen mkin: ndjustnont for
frequoencies,

6.11 Test for lo~prithic Anplificr

Two nnin tests were perforre? for the lo~rithric srplificr after
construction, Onc wns to investipnte the freguorcy response of the mnplificr
~nd the othur w-s to show the lo erithoie char-cteristic of the anplificr.

() Froquency Response of the Anplifier (without the log. clenent)

The frequeney responsc of the anplifior without the loynrithnic eloient
wos first investi~ted., An input sirmal voltosze of 0.1 volt fron the
Howlott Packnard 65 1B tost Oscillator Mo,G 1439 wns introduccd to the basc
of the anplificr and it wns kopt constant at nll frequeneics considered,

The correspondire outout voltaes for various veluces of froquency
butween 30Hz nnd 50Hz werc reasurced usin - the Mevlutt Prckard Vacwur: Tube
voltneter 400H, Mo, M, 1765, The C.R.0,, D43 Ko ,0896 (Tuluquipr:unt)
was nlso uscd to deteet -y distortion in tho output voltage. The min
of the arplifier for cach fruquency considcrcl uns cnlculated and the
rondinss for the froouency, input voltose, output veltasc and veltase rain
worc tabulated ns shown in Table (6;2). Usine thesc rendings, o sraph
of the voltnse rmin ir dB  wns plotte! agminst frequencics (in los.seale)
ag shown in fig, (6,5).

Fror this “raph, it wrs obscrved th-t theye was a flot froguoncy
respons. between a frequency roure of 200Hz and 1517z,

The peoor responge of the ~plificr -t low froquencics wns due to the
transforrer T/T3 ¢oployed in the circvit, In any cns., the result obtained
was in nccerdarcc with the rmnufscturcer's gpeeifice~tion for the tr-ns-
forner (i.c. the transfor or would ~ive n flat froequeney responsc over a

froquency ronge of ~bout 200Hz ~nd 20K1IE. )
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(1) Lozorithmic Choracteristics of the Amnlifier

To investipete the lowarithrnic characteristics of the lomaritimic
emplifier, two tests were conducted. One was to show the logarithhie
characteriatic whon the input voltogse was apnlied to the logardithmic
elenant and the other when the input voltage wns applied from the input
of the miecrophone pre-anplifier.

(i) loz, Charncteristic of Amplifior with the Input Volingze

Applied to the Log. Element
For this ecamsc, tho cutput voltage of the amplifier were measured for

different values of the inout voltage applied to the input of the log.

element, The input and output voltazes were measured by the Hewlett Packard
Vacuwr Tube voltnetor 400 0 Mo, M1765 and the frequencies at which these

input ~ ocutput voltage voriations were mensured were QOGKHE;.ipoekﬁ;;ﬂvﬂﬂxmﬁ15°“*%

The output of the anplifier was also comnceted to the C.R.O, to know
the onsct of distortion, The results obtained arc shown in Table (6:3)
and from these, grophs of output voltage againat the input voltage (in los.
seale) were drawn for cach freguency considorod as shown in fig. {6,6)
Proo these graphs, it was observed that for all the frequencics considered,
the lognrithmic characteristic wns penerally satisfied between nn output

voltare range of 3.5 volts and & volts, i

(i1) The same test wns carricd out when the input voltnge was applied
to the input of thn preo-mpplifier., The results obtained arc shown in Table
{€:4) and the graphs of the output voltage asninst the input voltage (in log.
seale) were plotted for the rogpective fregquencies congidered os in the
forrer cnso. These graphs are shown in fig, (6:7). Fronm the graphs, the
lognrithnic relation v(autput) =K log, vin. was i
generally satisfied within an output voltnge ronge of 3 volts and 6 wolte
for the frequencics considered. i

In all the preoviocus cases where the C.R.0. was uscd to display tho out-
yut voltage, wrveforms observed were sine weoves for undistorted output

i

voltages.
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Table (6;2)

Frequency “esponse of Arplifier (¥ithout lo-. Flenent)

Fregquency Input Voltare Outrut Voltage Voltnge CGnin

dnllza, (in volt (n.c.) in volts (a.c,) in dB,
30 0.1 0.1 0

50 , i 0.5 1.4
70 BT R TN
100 5id 4 2.0 26.0
200 ’ 4.4 33.0
300 1 Del 34.2
400 ’o 5.4 %4.6
500 . 545 34.8
700 - 5.7 35. 1
1,000 - BT 51
2,000 29 5.7 35.1
5,000 T 5.4 34.6
7,000 . 5.2 34 .4
10,000 % 4.8 i 33.6
12,000 i ' 4.6 33.2
15,000 oy : 7.4 33.0
20,000 e 4.0 32.0
30,000 =~ 5.5 0.8
40,000 ’e 2.8 - "729.,0

50,000 ' =% 2.4 T 216

—

—— —

Test Fauipnent:

Hewlett Pachard 6510 Test DMscillator Yo,

c.

1439

R. 0, Telequiprment Type D43 10,0096

Hewlett Packard Yacuvur Tube Vol tneter 4001 No, W1765
Solartron Power Supply Tmit 31414 "o, P818
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Table (6:%)

Lorarithnie Anplifier Inout - “utput Voltage Variations,

INPUT VOLTAGE OUTPUT 'OLTAGE (I VOLTS) a.c.
in oV,.(a.c,) at 20Cliz} at 500Hz jat 1000Hz | 2t Sooollz 1at 100007z | at 15,000z

100 f 1,9 3,1 __3.6 3.5 2.6 | 2.1

150 L2t 4.1 4.1 _ _4.2 3.5 3.0

200 3.9 4.9 5.1 4.9 4.2 . 3.7

300 .2 6.0 6.1 2T __ 5.1 4.7

400 2.9 6.6 (P 1l 6.3 5.8 5.4

500 6.5 1.3 _1.4 _6.9 5.4 6,2 |

600 6.6 N (P | 1.8 1.4 7.0 6.7
—100 6,5 19 1 8.1 7.8 7.4 1.2
800 C.4 7.7 __ | 8.1 8.0 Tal 7.4

900 6.2 7.2 1.7 7.8 1.6 7.6

1000 6,0 6.8 7.2 ¥ % 1.3 7.4

Tarle (6:4)
Variation of Logsarithmic Anplifier Output Voltare with input from the
Microphone Pre=trmnlifier,
INPUT VOLTAGE @UTPUT VOLTAGT 1IN VOILTS (a.c.)
in nV. Hz | at 5000z | at 1000Hz | at 5000!z | at 10,000z ; at 15,000z

1.0 1.5 3.2 3.7 3.4 2+3 1.5

1.9 1.9 - | 4.1 3.8 2.9 1.9

2,0 2.9 4,6 4.9 4.5 2.6 246

3.0 4,3 2.7 5.9 3.5 4,6 3.7

4.0 5.2 5.5 6.6 6.1 5.3 4.4

5.0 6.0 7.2 7.3 6.8 5.9 5.1

6,0 6,5 7.6 7.7 7.2 6.4 5.6

1.0 . 6.8 8,0 8.2 Ts1 .. 1.0 6,0

8,0 6.8 8.1 8.4 7.9 1.3 6.5

9.0 . B.7 1.9 P : 5% 8.2 7.6 6.9

10.0 5.5 Ted 7.9 8o ___t\ 7.8 1.2

Test Fguipnent:
Hewlett Tackard 6518 Test Oscillator Fo.l.1439

Yacuun Tube voltneter; 400H No., M1765

' L
C.t.0, Telequiprent Type D43 llo. 0896
Solartron Power Sunnly Unit AS 1414 No, P818,
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CHAPTER 7

DRTHCTOR

Specifications

r

Since » 4,c. voltage was reguired to actuate the next stage of
the circuit (i.e. the Schmitt trigger) it was therefore, necessary to
gonstruct o device capable of converting the a.,c, voltage from the
output of the logarithuiic anplifier to a d.c. voltare., A diode
detector {linear detector) was therefore chosen to effect this heocause
of its sirplicity of design. The requirerents of the diede detector
Wers: -

~{4i) to counvert the a,c. inout voltame to a d.c. voltaze at the
output,

(ji) the cutput d.c. voltauge should contain ninitum rinnle
voltares,

(iii) the output veltare should also be free from diagonal
clipping, '

!
i
H
i

Diode Detector

The process of rectifiecation of an alternating electrical sienal
consists idenlly in either (i) removing or (ii) reversing the polarity
of those parts of the waveforrm which have polarity opposite to the cne
required. The first vrocess is called Half-wave rectificntion while
the second is known as fullewnve rectification. Half-wave rectificn-
tion was employed heecnuse few components were regulred,

The semi-conductor diode used was conneeted as shown in fige,
(7:12) so that if a sine wave voltaze was applied to the circuit when
the capacitor C9 vas not present, the positive hulf cyeles of the wnvo-
fornm would be removed. On connecting the cavnacitor C? ACross R14, it
would charge to the level of the input veltame on the negative half

Presentce

cycle, The seesswee of tho load resistor 314 would permit the capncisor
to discharge, . i
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The ecnrduction of the diode would cccur when the voltse across the
capacitor was less thon the neak value of the input voltare, The
tine of diode conduetion however would devend on the C tine

conatant,

It is neerly inposasible to obtain nbsolutely pure, unvarying d.c.
voltage from a rectifier, There is nlways some amount of a.c.
conponents left and thoese are known as rirple voltages., The small
a c, ripmles are superinposcd on the d,c, voltare as showm in fig,
(7;31d). The riples are due to the small dischar~e of the capacitor
hetween the succeedin~ ncrative half-cycles,

Also, if the RC tire constant is long corpared with the modul~tion
period, the voltaze ncross the capacitor will not decrease sufficiently
rapidly to follow the decaying voltare waveforn., This will thms
result in Adiazonal clipning as shown in Tig. (?;10).

Desi/m Procedure

A direct voltase nearly equarl to the peak value of the carrier
anplitude would exist ncross C and R, and this output voltage from
the detector would he anble to follow the decaying voltape if the
period 1C constant of the detector was short compared with the

period of the deccayins voltare,

Then conaiderint this decay period of the voltage amplitude
as being aprroximately eouivalent to the reverberation tinme (i.e.
about Zsces. for larze halls and about) see. for snall roons).
Therefore, in order that the outnut voltare fron the detector may

folloy the deecay of the input voltage,
CR << 2sce.

. o Assuming that this relation would hold

when CR = _2 Sec .

Therefore CR = 0,15¢ec, = 100nSec,
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Put € is desisnated €. and R is desinated R ir fie.(7.12).

9 14
> Cg R14 = 100n7ec. . 103
Choosing R14 = 15N rives Cg = mBr F.

- 100 -
=75 }J P = 6.7/.!5‘
=8 pF,

.'. c

Preferred value of Cc

J
9 = BfIF

By =1

Test for the Linearity of the Diode Dctector

After buildins; the diode detector, o test for its linearity was
perforned, This test involved measuring the input and output voltanre
varintions of the detector at certnin chosen frequencies of the
input signal (i.c. 2008z, 500Hz, 1000z, 5000Wz, 10,000z and
15¢Nz.) The detector a.c, inprt. voltazes {(frem the lozarithnic
anplifier) were measured by the €.7.0, Telequipment Type D43 Ho.0896
and the corresponding output voltages (d.c.) were measured by the
Hewlett Packard Vacwum tube voltmeter Model 410B FNo. 11773,

The readines were compiled and tahuloted as shown in table (7;1).
Since the readines of the input - output voltarcs obhtained at different
input simnl freqrencics did not show any rarked difference, it was
therefore decided to plot the graph of the cutput voltage ngainst the
input voltnge for the inmut sigmnl frequency of 1000Hz. alonc since
other cases would he nlnost identical teo it., The ~rarh is shown in
fie. (7;2)

From this ~raph, it was observed that a line~r relation wns
obtained for an outmut voltare rnnze of (0 - 4.5)V,

Since the lozarithnic raoge of the output voltazc fronm the
lorarithmic applifier is about (3 - 6) volts, it was then decided to
use a lorarithnic range of (3.5 - 4) volts which would be egnivalent

to 10dB decnry, as the working range,



‘ye2d (s)op) oD

J9VIT0A 1NdNI -
i s £ 8 L 1 o 1 o s:0 S M
\ —
AL0
\ by
o
\\ Jﬁﬂ
| —
. — e,
| c
~ | —
-— e e ._, st
\\ 1@
_ m
— - 5<
\ | mP
— ,..,..m._.mu..
\ ...*MM
o
SNOIVINYA 3OVIIOA LNdINO B 1INdNI ¥0L1)3130 3001a -
s Ay A IS X

— ———e——




This thus meant thot the switchineg level of the level comparator
(the Sehmitt trireer) would be 3.5 volts,

Therufore, the volinw: wan cxpoeted to doeny from 4 volts to 3.5
volts bLefore tha occug?no: of the switchin~ of the Schmitt trigger nnd
the dec y would correspond to n 10 dB decny, Ther:fore, if the
decay time for a 10 4B docay could he obtained, the tine for a
60 4B decny corresnondine to the reverberation time could also he

estinated,

One provlem which come up with the deteetor aftcr connccting it
to the “chmitt tri:gor was that the level indicator which wns
connected at the output of the detcetor to give the d.e, voltage
going into the inmut of the Sehmitt triegor wos still indicating
a certain residual voltage of ~bout 1,5 volts when the nower supply
wng on but no sismal was applied to the detector input, lHowever,
thioc wns later fornd to he due to the frnet thot under no sifmal

condition, with the power supply on, the residunl voltage indic-ted
on the level indieotor wns the d.e, base voltnge of the follewing

trensistor in the level comparator.
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Netector Inut - Outmut Voltare Vard-tions

TNPUT DETECTOR OUTFUT VOLTAGE (d.c. JIN VOLTS
VORTACE | MEgm gkl S DR [ AR AR R S R i
In volts p! 200Hz 50011z 1KHz Sz 10Kz 15Kz

0 0.0 0.0 0.0 0.0 0.0 0.0

0.5 0.55 0.6 0.6 0.6 0.55 0.55

1.0 1.0 1 1.19 1.2 1.5 | 1,10 1.00

1.5 1.5 1.6 1.6 1.5 1.5 1.55

2.0 2.10 2,2 -P_“2—.2 2,15 ' -_2‘.1 2.1

2.5““- 2.55 2.5 I 2.6 2.6 .2.5 2.5

3.0 . 3.00 b 3.1 3.05 - '5.-0 3.05

3.5 . ;.50 3.6 _ 3-;': 3.6 p A 3.55

4.0 395 4.0 4,0 4.05 3.95 4.0

4.5 1.55 1.6 4.6 4.55 1.50 1450

5.0 4.90 4.95 .95 4.95 4.90 4.90

Test Bouirment:
Solartron Power Supnly "nit AS1714 No, ! .818

Yoltneter (l'ewlctt Pockord) Model

C. %, 0, (Mclequipment) Tvpe PAZ ¥o.0896,

Yacuum Tube 110R No. M.1T775.
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THE LEVEL COMPANATOR (ﬂﬂﬂyITT TRIGGER) DEFFCRENTIATING & CLIFPIFC NETWORKS.

8.1,

8.2

The Level Conparntor

The d.¢. voltrse from the detector eircuit was fed to the input
of tho level comp rator. Thiz level comparator was supposcd to be
a deovice which could chon~c state when its input voltange crossed n
arecified level and a pulse would be produced at its output. For
the level comnarator, a Schnitt trircer cirenit wns chosen heecanse

it has all the propertice of the level comperator required,

The Schmitt Trisror (Theo;x!

The first nccount of n basic cathode-coupled Bistnble
maltivibr tor whose state derended onlv on the d.c, voltaze level
at the input tcrminel wes given by Otto Schmitt in 1938. The
orizinal circuit used valves and the troansister version is often
called the emitter coupled asymmctrical trigrer circuit or the Schnitt

trigecr,

The tronsistor Schmitt tri~ger used is shown in fi-.(8:;1), In
the circuit two p.n.p. transistors®CT71 wore emrloyed. The resistor.
were so chosen thnt norm~lly, when no voltage is applied to the
inmut, the transistor T1 is cut off and the collector voltoge Vc{=\ﬁc

~.*. where vcc = 12V, This nerative voltaze is coupled to the bese
of T2, and it forw-rd biasca the boasc to emi“ter junction thus cousing
T2 to opernté in thoe saturation re~ion. The cirenit will remain

in this condition until - negntive goins simmal of sufficient
amplitude to overco- ¢ the reverse bins ot the hasc of T1 is applied,
This turns on thot sta~:, The collector volture of T, then decrenses
in mamitude nnd the ehan~e is coupled to the base of Ty This

cnuges the emitter current of T? to decrense,
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It nlso lowers the notentinl ~cross R19 which in turns ecanscs

the colleetor currcnt of T1 to inerease even more, As =2 result of
the regenerntive circuil action, in a short ti' o, T1 iz fully on

(saturated) and T2 iag fully off, Th: oupput voltrnoe tgkon from the

collector of T? is then a nmaximum negative voltnsc ch - Vcc w iV,

Design Procodure

The desired output voltn~c from the Schmitt circuit, Vo = =7
volts p.p.

The desired Switching voltnge, V= 3,.5V(d.e.)

The supnly voltare Vcc = =12volts.
When T2 wag on, it would pnss o curront
o =Y
21
‘o Rz*.“fg
T2
=/ ) =
For IC? :.511.. R21 415_ K
= 1,55 L

.": The Preferred value ofR21f= 1.6k
The current I, = I,, would poss through
219 with n volt:~e Ve developed across R

19
e “Ryg Iy = Ryg Ino

: But Vo = =3,5 volts,
e Mg 2l K= 0 TRA

0,68 n.
680 “A.

The preferred value of R'9

]



8.4

72

10R,, .V
Also V, =___ 200
R, h )
21 'fe (min,)
== Bog = l{gig_l_hzc(nin.)
10‘30
where hfe(r'.in.) = A1
© _35x1.6x41 KA~
- - m 70
= 3.3 K N
Choosing R17 = 921 = 1,6 K =
v R R
e 20 19
2. 1 -1,6_1.6
= = Tt eat ) ¥ 3.3 KL
2.T 3.3 0.68
= (4,46 - 3.86) x 3.3 K N
= 2,0 K N
Biasing Resistors R15, R16
Choosin~ n stalkility factor S = 4.5

. Sg 1+ Re:Rb = 4.5

=‘119 0,68 A
"%.’.g.; A ‘:2.7 N n
R,<R

But the Lase resistance R, = 15 16

¥ R+R1

15 716
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. JETR = 5R16,

. - 15
2
R = 5R
' e~ TRy
16
o.o 2' P
5l = 2.7 x 6 K~A.
i.e. Ryg - 2.:.;_5..@ KA
= 3,24 K A
te Ryg = 5R, ¢ =320 x5 KA
=16.2 K A

The preferred values of R15, R16 ares:=-
!'-I15 = 15VA
Rig = 3.3 K/

The ccpacitor 010
switch over of the circuit.

was aprlied as shown in fig, (831) to speed up the

I value of 01 less than 500 p.F. would be applicable,

0

The velue of C,,. used wns ~iven by:-

10

C = 200p.PF,

10
8.%. Testinz of the Level Conparator

Test Pquipment:-

Oscilloescope Teloquipnent Type D43 No.0896

Harrison 622 11 D.C. Pover Supnly, No. P1442.
Solartron Power Supply Unit AS1414 No. P.818,

The supply volta~se for the Schnitt trimprer circuit = -12volts supplied
from the Solartron Power “upnly, Unit A.S. 1414 No. PBIR,
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A nemtive-zoing d.e. voltage was applied to the bise of the tri- gerr
circuit froi: the Marrison 622 GD d.c. power supply and the output voltage
was displayed on the Oscilloscore.

The voltare level at the bnge was then varied slowly and carefully
in applitude fron about =6volts to QV. takinz note of the switching level
of the Schnitt trigmeer, Tt was observed that the switching occurred when
the voltage 1ovel was -~3,.5V, This nrocess was repeated about three.tines
and the sarc result was obtained in c¢ach casc. The neasurcd valuee of
v, and ve wore:s - Vo = 5.5volts and Vc = 3.5 volts.

8.6. The differentiating Network

The capacitor € and resistor R forning the differentiating network
were comnected to the output of the Schmitt trigger cirenit to differentiate
the outnut volto~e pulsc from the Sehmitt ecircuit., The values of R and C
vere respectively deternined by feedins the output fron the differentiating
network to =an Oscilloscope (C, R 0. ) Tclequipment Type D43 No.0896
and notint the values of ? and C which save 2 ~ood differentiated output

as shown in fig.(8,2),

These values nre:=-
R = 10K
C= O.?‘Sft."-‘

i,e. RC= 2.5 mSec,

8,7 Clipping Circuit

The differcntinting metwork produced two spikes at its output (one
negative and one positiye), Since only the ne@.ti\m spike would be
required to stop the titer counter used in the project, the positive
spike was then clipped off by connecting o~ diode 04 85 as shown in
fiz, (9:,1). The applitude of the final nepsative anike goins to the
Timer Counter = 7.5 volts p,p . ™his voltage spike would be svitahle for
stoppine the tinmer countcr since it fell within the ranse srecified for
the counter by the makecrs,
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CH'PTIR 9
TRETING _OF  THE FINAL SOT UP OF APPARATUS
The cireunit dingran showing thc set up of the complete reverteration

tine reter is shown in fiz, (9:1).

9.1. Testing of the Switch, Loudspeaker and Counter
The first test perforned was to make sure that the two position switch

(with one bre<k and one make contacts) cmployed worked satisfactorily.

This switch was connected between the signal generator and the loudspeaker
power amplifier in onc position and in the other nosition, it was connected
between the start terrmin-l of the counter and pground. 'Yhen the key was

in its nornal position, nothing happened, but when it was pushed up, it closed
the contact hetween the simmal generator and the loudspeaker power amplifier,

ith the si/mnal generator and power annlifier on, the loudspeaker
started to »roduce sound whose intensity could be varied by varyinz the

gein control of the power anmplifier,

"n depressing the key, the signal generator contact was broken and the
one hetween the stnart tcerninal of the counter and grovnd was closed., This
action simultaneoualy stopped the loudspecaker output and started the counting
This test thuc mave tho ascurance that the switch could he effectively used

to control hoth the loundsneaker and the tiner counter ns desired.

9.2 Testings the licerophone and the Level Tndicator

The second test performed was to check whether the microphone was
alright and if so, to investipate the sction of the level indicator
(Hewlett Pacvrrd Vacuun Tube Voltrmeter Model 110B, No. ¥1773) when the

nicrophone wss placed in sound ficld.

The mierophone wrs connected to the input of the pro-amplifier., The
power supply unit wns also comnzcted to the circuit and all other necessary
connections were made. “ound was firet nroduced by clapping of hands and
whistling.
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and in each case, there was a deflection of the pointer on the leovel
indicator. The noise made “y people walking along thoe corridor and the
occasional traffiec noisc in the street were also picked up "y the
microphone and this also caused the deflection of the nointer on the level
indicator, Deflection was nroportional to the intenasity of sound
received by the mierophone.

The loudspeaker was then uscd to nrodice sound and the intensity
wes taried from a minimum level to -~ pmaximum level., This consoquently
caused the defleetion of the nointer fron 2 minirun to a maximun level,
This teast showed that the microphone was alrisht and that the level

indicator too was working well,

9.3. Testin~ the Yholc Set-lUp

The third test was performed for the whole set-up (i.e. when all
connections necessary were rade to the timer counter and nll other
equipnent usod.) This test was carried out in the ni~ht hecouse
external noise was then a mininmum. The loudarenker wan used to produce
sound and the intensity was increnscd until the level indicator read
4.0 volta, The loudspeaker was thon stopped and the sound startced to decay
in the room. As this hapnecned, the level of the vointer on the indicntor
scale was decrensins until it cronsed the switching level of the
Schnitt trimrer uscd as the level commarator (Switchins level = =3,5V)
and the counter stoped countins, The time for the dacay was then
ziven on the counter, '"™his process wns repeated nbout five times and
in each case, the counter vwag stopped nt the 3.5volts lecvel of the lovel
indientor.

After this, the intenscity of the sound produced by the loudspeakoer
wns lowercd svch that the level indiecator recorded a2 lower voltage
than the trizrer switchine voltere (=3.5volts) and the louvdspeaker was
then shmt off. The timcr counter started countine immediately the
loudspenker was shut off, but the countins continued indefinitely until
the stop terninal of the counter wns operated nanually,
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This was rerformed about four tires and the sarme thing happened in each caso,
This test showed that the stopnin~ of the counter could only be effected if
the level indicator ;ove a volbta:e equal to =3,5volts.

9.4. Test for the Consistency of the Countcr Readings
A test was carried ocut to cheelr the consistency of any readin:; of the

timer counter. This check was made by adjustins the intensity of the

sound »roduced iy the boudsnreaker so Lhat the level indicator initially
recorded 4.0volts. The loudsreaker was then shut off and the timer counter
started to count., The cointer stopped when the level indicator read 3.5
volts and the tire recorded on the eounter rave the tiie for a 10dB  sound
decey. Thir tine was 167 nmJec. ot a sisnal frequency 400liz. This yrocess
was rapeated three tines a~ain at the s=2e sion~l Trequency and these other
attemptas pave 170m5cc., 168m7ec., and 179m%ec. respectively. TIach of these
values obtained Tor the tine of decay of the sound through 104 .R. did not
show a considerable differcnce fron the averare of the four readinza,
169n%ec. thus showingz that the readings are consistent.

9.5. Effect of Increasins the Decay tevond 10dB _on the time
lensurenent

Another test which was carricd out was to investiratc the effect of
increasin~+ the level indicator reading bevond the 4 volts level on the tine
recorded by the counter, It was observed that the tine recorded by the
counter was cetting hicher »nd hither es the pointor level on the level
indicator incroased bevond the jvolts level, This was the exnected result
since the increzse in the -ointer deflection beoyond Avolts woul!) cause an
increase in the decay beyond 10dB and so, higher values of tine should
therefare he obtained.

9.6. Finel Tost for the accuracy of the "everberation tine neter

The arranc~enent shown ir the fiz. (9;2) was used in findin- the accuracy
of the reverberation time meter, Since sound exhibits an exponential decay
in a room and the reverhcration tine meter constructed was to be urned for

neasuring this sound deeay, therefore, to test the accuracy of the neter,
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an arransoment consistine of an .0, network was nade (as shown in fi-.
(932) ) to provide an exponentinlly deceyine voltage similor in
characteristic to the sovnd deenv, The timer counter wns used to measure
the deeny tinmc corresvonding to the reverheration tine usin~ this arrange-
ment as the input voltarc source of the reverberation time meter. Since
the timc constant of the R.C. network was known, and this time constrnt
would give the time for the deeny of the voltar: across the capacitor

c1 bv 63,2 of its initinol valuce when discharzing througsh the resistor

R; the timc corresnondin~ to tho roverberation tine could thereforc be
estimated theoretieally vsins the R,.C, tine constant and hence the

accuracy of the instrument could be cotimeoted,

The arrangerent involved the use of the AND pate shown in the
£ir.(9:2), The gote hos two inmuts A, and A, and ome output A;. The

output La would he on if only 11 and A2 were on,

An ~.c, voltage of 2volts fron a signal gencrator was introduced to
the input A1 of the sate throush a d,.c. power supply unit which was used
as a hiasing uni*t, The other innut of the pate 52 was comnccted to the
RC networlzs, Throush a two position suiteh with onc make nnd cne brenk
contncts, n 2v, d,c, simal wns introduced to the NC network, This
awitch was also used to start the timer counter ns soon as it switched
off the input si-nal to the RC network When the two innuts ﬁ1 and 52
were on, an output voltage wns ohtnincd at ﬂ3 and the anplitude of this
wns controlled by n potentinl divider arrangencont, This output
volta~e wns then fed to the inwt of the reverhcration meter (basc of
the pre-amplifier)., Thiz rede the pointer on the level indieator to

rine an?® it wns adiusted to n level of 4volts d.c,

When the key of the switch wns depressed, the d.c. voltaso at the input
of the "C networl: was switched of I and the counter started to count, The
capacitor C in thc RC nctwork then started to discharze exponentially
throuzh the resistor R and tho output at ﬁ3 of the AND zatc also gave
a similar exponcntial volta~we decay.
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N
The pointor of the level intiecator then starte? to fall from its initial
lovel of 4volts and as the volta:c passed the switchin- level of the
“ehmitt trisrer (3.5velts), the counter was stopped and the time correspond-
in: to a 104,.B. decay was read off from thc counter. This proccess was
repeated threc times and from th. averac recault, the time corresrondin/:

to thc reverberation time was obtainoe’ as ~iven below:

JAttempts Counter Pcadin . of time for a 10dB, decay (T‘IO)
1st attompt 120 m"ec.
2nd ,, 117 mSee.
3rd R 121 mSce, Avera:sc T10 = 119‘[&'-00.

.o Teo (Pevorberation Time) = 119 x 6 mSec. = T1imSec. = 0.71s:c.
For the RC network, R = 1KA; C = tOOrlF‘.
But the RC time constant T corresponds to a voltasc decay
throush 63,2 of its initial value,
e o« The R.C, time constant T corresponds to the time for
0 Jor ;—2%3 dB.docay
i.c, T corrcaponde to the time for 20 x 0.45 4B = 94B dccay.

l'l T = 001 SOC..

and 80, Ta} (R'T') =§—‘0- x 0,15cec. = 0.6! qcc' .

But the Reverberation time meter ave TSO = 0,.Tisec.

o « The accuracy of the moter = % -Q%'%———!ﬂ x 1007

£ 208 = 1000 =1 6.08,

«'e The accuracy of the Reverberation time meter = + 6.0%.
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CIAPTER 10
Refore goin~ to mnke neasurchients for the reverberation tinme of
different rooms, cortain nrocecdure of measvrerent and precnutions were
asrecd upon, Thesce would mnke the readinma talten to be orderly and

roagonnble,  A11 the nodes of nensurement and precautions taken are given

in the [ollowing paragraphs.

10,1 Sound deecay tine employed in the Measurcment,

Rince the diode detector used rave o lincar characteristic over a
range of about (O - 4,50) volts and the switching level of the corparator
T3 3.SVf mogsurerent of sound decay could thorofore be nade For a
maxipun decay of :-

(4.50 = 3.5) x 20 dB. = 20x1.0 dB
20 di

Tn the measurcments made, n doeny of 10 dB  wns then choscn, This

reant that the level indicator would first be set to o lovel of 4 volts by
varyingm the intensity of mound produced, The sound sonvce would then

be shut  of £ at this level and when the sound decay-d to

a2 level at which the level indientor readine = 3.5V,, switchins would
oceur in the level comrarntor and the counter would b stopped. The
recading on the cornter would thon give the tine for a decay of sound

throurh 10dB (i.0., T The reverberation tine covld then be obhtained

10)'
by myltiplying this timo by six to pive the time for a 6C dB decay

corregponding to the reverberation tinme.

10.2 : . Frequency Ranre

The ranre of frequercics used in the measurements wnz 1000z - 8KHz,
Freguencie~ lower than 100Hz were not omployed bocause the rendings obtnined
with then would neot be reliable sinece the amnlifiers uscd (particularly the

logarithnic amplifier) have poor rosponse at such low froguencies,
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The upper linit of the frequoncy range could not be taken up to 10KUs

or 15KMz hecousc after a frequency of 8"z, measurerents for hisher
values of frequencies were not nossible beeause the intensity of sound
produced by the loudspesker was not high cnoush to producce 2 voltasc of
3.5 volts on th ' level indieator cven with the gnin control of the powcr
anplificr turnad to the nuxinum point,

10.%. Foeriods of Moasurerent

Reverheration tir: mensurements should be rmade at a time when
extrancous noise is a ninimunm. Therefore, the nights arc ithe nost
suitatile netiods brearse there will he very little or no external noise
produced, The nights were thercfore chosen for the -wensurcrents,
tftornoon mensuwrenents were also nnde, but they were to show the effect
of tho extrancous noisec on the reverberation tine. Rarpant mmons the
oxtrancous noises produced in the nfternoons were traffic noise in the
roads, the footsteps and voices of roonle walking along the corridors, the
rumblinz of the anir-conditionins systems, thc hun of some clectrical

nachines and also the noisc from the d partmental worlkshops: helow.

10.4. Loudspcakor Positionins

The loudspoaker wng located in » corner of th: room in which
measurcnents were mnde. This was boeavese the rreatest nunber of
normal modes of ¥ibrntion would be oxcited nt the corner. This 2lso
would ensire naximun nunhor of room resoncuces which would be on advantago
in ohtainin~ a smooth over-nll reverberation curve(for better acoustic
couplingz.) Mounting in n corner would nlso inprove the low frequency

response of the loudspenicer,

10.5.; Mieronhone Positionine

Reverberant roons have a gtanding wave natter and so, if the
nicrophone was held at a fixed point in the room, the result ohtained
ni~ht not give a renl indieation o the over-cll sound field in the roon,
Thereforc, the micronhonc ainloyed was used to make reverberntion time

moasurcrnents at four different locntions in the roor,
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The ain bhein; to averase out the point to point vorintions of the
reverherttion time in the roorm, "he positions wherve the wicrophone wns
plneed during measuruments verc denoted A, B, C and D as shown in fig,
(9:3). Thoan notations worc nlso veed in the rrephs for the roverberntion

tinmes,
10,6, Roont Conditions for I'uasurements

Measurcrents were mnde when nll doors and windows in the rooms were
closed, Thiz stop wns taken beenuse if the doors and windows were left
open, they would present direct naths for the transmission of sound to
the outsidc and the rosult obtained for the reverberation time would
not be reliahlc, In coch roon, except where it was inpossible to remove
the materinls inside the roons, two sets of ro-suwrcitents were takens one

for the enply roovs and the other when the '~terinls were in the room.,
10.7. Nensurcients

The first merpurements werc performed in the Part III lecture roon.
Four sctas of measurcnents were mnde in all for the roon, Two in the
afternoon nnd two in the night, The afternoon and nirht neasurcucnts
anch consiated of one s.t of neasurerent for the cnpty room mnd the other
sot for thoe room with tahlcs and cehairs, The rendinss obtaine! for
variation of reverherotion tine with froqueney were conpiled nnd tabulated
ns shown in tables (10, (1 = 4} J.

The same proccduvrc was ropented for the Part II lecture roon,

After these nensurcnents, it was obaerved that the aftornoon mensurcments
iid not show very consile:ahble dilfereonce from the niht oncs cxeent

in cert~in coses, It wna thercofore, decided thet for other roous only
thce night measuranents woull be made, Thio decision waa first carried
out in the deportrental library vherc only the ni-ht measurcments were
nade, Tt was not pomsitle to reove the books off the shelves and also

the curtains when rnking ~easurements for enpty reon,
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The readings were thus ortained with the books rmd eurtains inside,
The other set of rerdin~s werce oktrined 'when the tobles and chairs were
nlso hrou~ht inside,

Aftcer this, it wos deeided thot reverboration time measurements should
also be mide in the Assemblv Hall for the sac of comparison. llowever,
afternoon mensurcrents coul? only be made, This was beerusc the [Iall
wns already booked for the nights by some other users an? no other
tine coulsd bec convenicent cxcept in the aftermoon. Mensurenents were
therefore made in the #{ternoon on n Saturday, wher noise level was not
cxcessive becmrusc no sporting H%E‘lcﬂigi%g'ogrcaa. Two seta of meosurenents
were made; onc for the ompiy hnll and one for hall with chairs and stapge
curtains. After this, thc noxt plaecce where messurcment wen also taken
was the sm2ll Lecture Theotr: of the faculty of Tngincerins, Here,
only one set of reanding wns talten, I"onsurement was taleh for only
one position of the microphonc {on the leceturer's tahle ncar the black-
board).

The meagurement was however talken in the nisht (between 8,00p.n. and
10.oop.n.).

Aftor a visit to the ligh Vodtoge Laboratory it was discovered that
the acoustics of th -t roon wras guitc unsatisfactory.The sound produced by the
clanpin~ of hands or whistlin: fook about three scconds to Jie dowm.
Tt was thercfore doeided to noke a revereration tinme mensuremont for
the lahorotorv, In any ec-se, it was rot rosaible to use nore than one
micerophene position hecause of the equirrment installed in the room.
Keasurmont was ~lso made in the nieht (8.00p.n. - 10.oop.m.)

Aftor takine the roverteration tine - frequeney measurenent for cnch
roon, the dimenaions of the room were neasured so as to he able to
estimate the volume of the room and nlso its likely valuc of reverberation
tine.
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For all the neasurnents riade in the roons concerned, the rendings
were conpiled and tabulated and the resvective revorberation tino
frequency graphs were plottel. The results of roons are ziven in the table

and firmures naned below:-

Measureent Tor Part TII Lecture Roon ETables - Tables (10 (I-—»‘l)}
Graphs - Fizs.f10,1(a-d)

Measurement for Part II Lecture Roon- (1ables-Tables [10,(5-8)
(Grarhs -Fis.(10,(10,2(g=d)

., »» The departnental Library (Tables -Tables{10,(9 ~10))
(Graphs - Figs}fio, 3(a - !-)]
3 ss 3s Asserbly lall (Tavles -TabloeﬁO,U - 12)']
{Graphs - F‘i;:s.‘:w 4(a - )]
- ss s Locture Roon (Tables =Tables (10,13)

(craph - Fi=, (10,5))

- »» s lligh Voltave La%, (Table - Tahle (10,14)
(craph = Fig. (10,6))
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CHAPTER 11
ANALYSIS OF RESULTS
The readin~s obtained fron the nessurencnts nade in differont roons

werc used to plot the graphs of rcverberation tire against frequency and
all the graphs nro displayed in fi-:s.{ 10: (1 - 6)]. In addition to these
zraphs, n sraph showAng the recorrended optirun reverboration tircs (for
speech, sound broadcastinz, music and televigion) for different voluncs
of roors (’fter Vrudsen & Harris) is shown in ficure (11:1)., The
dinensions of each roon where roverberation tire reasuwronents weroe nade
were afterwnrds neasurad ~nd their neasured reverberntion tines conpared
with the optirun roverberation tines obtained fron fisz. (11.1).

111, R, T, llonsurcrient in Part III Leceture Roon
11.1.1 Night Mcasurcrent
(2) Enpty Roon

The graphs shown in fig, (1031a) for the enpty roon neasurcnent
sives the variation of the roverboration tine with frequency at cach
of the four positions A, B, C, & D in the roon. FPron thesc gzraphs,
it is obscrved that the reverberation is not uniforn over the audie-
frequency range considered, The reverberation tines nre hish at the
low frequonev gecetion »f the praphs nnd thoy docrease in value as the
frequency inereanses, FHowever, at hi~her cudio-frequencies, they
assunc alnost o constont valuc ns shown in fig,.(10,1a).

The averaze reverberntion tire of the roon is obtained fron the
graphs at an internediate frequency of 1000Hz, This can thus bo
compared with the sverase value at o frequency of 200Hz, (denoting
a typical low frcqueney value) ns shown in the next page:
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Position of | 7.7, (in sees.) Position of | ".T. (in secs.)
Hicrophone }at 10000z, Cicrophone +at 200 iz,
!3 .y............!l'—g.}. - - ——— — .-_A-_-_.. ——— ..-a—.-———'-&-ﬁ_ e —
B_._ ~.0.70 ____ -8 3. 150
T T 0,95 ~C 1o
D 4 075 D V.. 1.3
Total = 3.23¢ecs, Total = 5.658ecs,
Averare R T, = _0.8sccs, | Avcrage R, T, = __1.41secs,

i.e, The averaze reverberation tine of the roon (at the internediate
frequency of 1000iz) = 0.80scec. and the averare ',7. at 2007z. (low
frequency) - 1.41sec.

The dirensions of the room are miven by:-

Tenzth of Troor = +0ft,
Breadth ,, i = 31,27%t.
Height ,, gy = 12ft.

o o Volune ,, is 15,000cub.ft.

Since this ron is a lecture room, it is supnosed to be desimmead
for speech and from fi-ure (1131), the optimunm reverberation tine

corresponding to ~ roon voelue of 15000 cub,ft, = 0,7 1sec,

This differs little fron the neasured reverberation time of 0,.0scc.
at 1WHz,, and it .'ay bo concluded theot at thia frequenrcy, ard higher
audio-frequencies considercd, intellisibility of speech is not badly
affected, On the other hand, at 200Hz, the —easvred reverberation time
is much greater than the recommended optirun valuo of the reverberntion

tine and laclk of clarity of spcech results at these low frequencies.
(v) Roon with Talles and Chairs.

The sraphs shown in fi-.(10+1b) represent the results obtained for
the variation of reverberation time with frequency when sone absorbent
naterinls liko wooden tal'les and chairs were present in the roonm. Sore
of the soun?! enepsy falling on the surfaces of the chairs and tables was

absorbed vhilc sone was reflected,
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Pron the graphs shown in fig,(10:1b) it is observed that the hizh
values of the reverberation tine at the low audio frequency section have
decreased considerably. There is a snall decreasc at hi-her frequencies
too, Tor conparison, the now averawc walues of the reverberation tine

at the internediate and low avdio frequencies are ziven helow:=-

Position of | N.7. (in scconds) FPosition of) n,7T.(in sces.)
Ilicrophone at 1000z, Vicrophone | ~t 200 Hz,

A 0,28 A 0,

B . B T.0%

C 0,03 4] 0.95

D 0.75% D 1.00
Total = 2,4B8scecs, Total = 3.,9sccs,
Averaze R,T. = 0,62secs, _ Average R,T,= 0,98sccs.

The provious result shows that the low frequency valuc of the
reverberntion tine deecrcased fron its enpty roonm value by

(1.41 - o.gs)gcc_ = 0,43sce,. while the intcrredinte frequency volue
decreased by (0.8 - 0.62)sce. = 0,18s0c.

Also comparin~ the newy values of the reverberntion time with the
recornended optinur valuc (for speech), i.c. o.7isec, it can be
realized that intelli-ibility of specch is pgreatly improved at low

frequencics b thoe inclusion of chairs and tables,

11.1.2 /ftornoon Measurcrents: (Part IIT Lecture Room)

Thesc neasurctients were taken in the afternoon between 12,30 p.n.
and 3,30 p.n, The results of the neasurenents are shown in the granhs
Aisplayed in ficure (10-1c) and firurc (10:14) respectively: Fis.
(10-1¢) ropresents the onpty roon conditien of ceaserenent while
£i.(10:1d4) ropresents the rensurcricnt taken with tables nnd chairs
present,

(a) Aftcrnoon Measurenent for Umpty Roon

The sraphs in fiz.(10-1c) for the aupty roon neasurenont show
higher valucs than the nrevious oncs for the reverberation tines at
different frequencges,
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This nisht he due to the effeet of oxternal moise vhich will tond to

prolong the tinc token for the sound to die down insidce the roon,

Resonance nlso occurs in the roon nnd whoerc the résonnnt frequoncy
is cxecited, the sovnd would siand out distinetly fron its orirsinnl
level and it vould take n loneer tie to die dowm and consequently
causing lonser valucs of roverberation tic,(This also aprlies in the
evening too). Thurefore, in all -~raphs, the resonnnt freavoncies in the
roons at the rositions of :wasureont are of ten showm where the

reverberation time curves hulgc out fron the original levels,

The avernce value of the revortorntion tine ot 10001z (interncdinte

frequoncy) and at 2000z (represcenting ~ typienl low frmqtoncf) are

obtrined as follows:-

Position of | .T. (in sces.) Poaition of | R.T.(in sces.)
Ficrophone at 10004z, Hicrophone at 200Hz,
A .20 A 1,5
B __1.00 B 1.5
C 0.95 () S Y- 2
D 0.80 D 1,5
Total = 3,95szcs, Total = 5.T74secs,
Avornee R,T, = 0.99sces, sverage R,T, = 1.44sccs,

Prom these results, it is obscrved thnt the avernapge internecdiate
frequeney value of the roverberation tine obtained in this casc is

greater thrn any of the ;wreviovs cascs,

The sane thine is truc of the

low frequency value of tho reverberation tine (i.c. at 2007z,).

It nay not be necessary to conpars the results obtained in this

casc with the recomended optinun value because the reverheratien tine

at any position of the roon and ot any frequency considered could vary

dependin~ on the level of the extomal noisce coninge into the roon.

(v) Aftcrnoon

I'easureient for the roon, (with tnllcs snd chairs)

The grophs in fiz.(10-1d) ropresent the nensuraent nede when the

chairs and tables were preeent in the roon,

Fron the

granhs, it is

observed thnt the absorbins naterinls in the roon have helped to chop
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off or recduce the valuc of the roverberntion tinc considerably at

low frequencies, At hichor sudio-froquencies, there is alao o snall
reduction in the valve of the roverberation tine. Thesco rosults

any be hetter realized fron the estination of the average values of

the reverberation tine at the internedinte frequercy of 1000lz. and also
at a fypical low froemuoney of 20011z, as givon below:-

Position of| R.T. (in sces.) Position of | 7.7, (in sues.)
Microphono | at 1000z, "ierophone at 200iz,
A 0.95 A 1.15
5 0.65 B 0,90
o] . 0.75 C 1,00
D 0.70 D 1.30
Total 3.258ces, Total 4 .%58ccs,

Averaze R.T, 0.81sces. Averaze #,T, 1.09sccs,

One can then connnre these values of the roverberation tine with
thosc obtained for the cnpnty roonm (nft&rnoon neasurcment), For the

ense of the enpty ronii-
The averase value of N,T. (at 10000z.) = 0,99scc.
and o7 is ¥ ae Lot 2001z) = 1.44ccc,
therefore, the reduction in the reverberation tine
(at 10001z) = (0.99 = 0,81)sces,
= 0, 18sccs.
Also the rcduction in m,T,, (ot 200Mz)

(1.44 - 1.99)sces,
= 0,35s0c8,

The above reault thus shows that the reduection in the reoverheration

il

tinc at low frequenecics iz greater than the reduction =t hi:h frequencics,

1.2 R, T, tleasurcnent in Part I1 Lecture Noon:

In this ena:, hoth ni~ht and aftornoon neasurements ver. also taken
Onc sct of readings was taken for the cnnty room and one sct for roon
with teblus and chnirs, Thuse results are display.d in the grarhs of
fiz, (10:2(a - a)).
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11,2,1, Nizht Mcrsurcnent (Part 17 Leeture Roon)
(n) Inpty Roon

The results of thesce neasvrcicnts are represcntod in the graphs
shown in fi%.(10:2a), ¥Pro. thosc oraphs, it csan be obscrvid that
like the casc of the Part TIT lucture roon, thore rro hirher values
of the reverberation tine at low audiO-frequencics and thuse reducc

to an alnost constant valuc at the hirher audio-frequencics considered.
The average values of the roverberntion tines arc given below for the

interredinte and low ~udio=fruquuncics,

Position of |R.T. (in sces.) Position of | N.7.(in sces.)
Yicrophone at 1000ilz, i‘icrophonc | at 200!z,

A 0,88 A s

B 0,565 n s B0

c 0.65 c 1,80

D 0.72 D —1.%5
Total 2.90sces, Totnl 5.40sces,

nn
I

Averapme R, T, 0,78sces, svernze R,T, = 1.4sces,

Those raesults show that the averarc R,T. of thc roon at the intcer-
nediate frequeney of 1000Hz = 0.78sce, and at low frequencies (c.g. 2000iz)

the 7.7, = 1.4scvc, Sincc this room has the sanc dincnsions as the

Part III leccturc roon, therefere, their volumes nre coual i.c. 15,000
cub, ft, and the corrcsnonding valuc of the reconncnded optirn
reverberation tinc for roons of this volunc is cqunl to 0.74sce,
Conparine the rosult ohtrincd with this optirmun valuc of N.T. it is
ranlized that tho average roverberation tine obtrined from thoe

esranhs at the frequeney of 1000Pz has junt a slizht difforence fronm the
reconuonded value vhich neans that spoeeh will be quite intcllisgbleo

at thia freeoucney and at hishor nudio=frequencies considered, In the
casc of lower froquencics intelligibility will be badly affected since
therc is a simmifieant differcnce botween the recomacnded optirmum value

of reverhurntion tinc nnd the value obtained at low frequencies,



1]

( £:6)61) u umoys o
O.EE‘U§ QMOM } J n.uqmaﬂ

uotiBiaqirdray

| ™
_ | |

— Q\T-‘ll_fn. |" |
. \srﬂ/__h _ /5( | “

ol Sl e
v o ._.. ..!-hlr N n...__
LT | "1 |
h4_ Jr n *xl0 _
| "
— o |
| | o |
| T —00 1 *.
{ | wh_
|
—s21 ||
{
wr

. \ #..
3 . 05 4
L4 - ﬂ -
Aow.o:o_“_a%L B e |
: \

wdj —wd g jUswains Dol JUbIN] hdwa )
_SHAVHO _ AON3INO3YS — 3WiL

£




91

(v) Roon with Tablcs and Chairs

The Part IT lceturz roon has neny thinrs in cormon with the Part IIX
lecturc room, The dincnsions of the roons are the sane+ the natoerials
far the ceilings and flors of the rooms arc th: sare and also othor
rorm materials wore almost the sane during the period of ncasurcnentts,
This fact is nlso shown in th. sraphs obtaincd for the two roons, The
curves for onc roon resowgble the sanc type for the other. 'Then the
trbles nnd chairs were present in the Part IT lecture room, therc was
n noticeable roduction in thoe value of the roverheration tine at low
frequencies while there was only a slight difference in the higher
audio-frequeney values of the reverherstion tine as shown in fig,

(10-2b), This can be shown hetter ndorically ns «iven below:-

Position of | R.T.(4n sccs.) Position of | R.T. (in sccs.)
Miecrophone at 1000Hz, ["icrophonc at 200Hz,

A 0.73 A 1.22

B 0.57 B 0.95

C 0.85 C 1.20

) 0,70 D 1.17

Total = 2.,b5sces, Total = 4.54sces.

Avera~ec R,T, = 0,71sces, Average R,T, = 1.4,.8¢ccs,

The results show thnt the averare values of the reverberation tine
of the voon (with tables and chairs) ~t 1000Hz and 208lz. respectively

are 0.71sces., nnd 1.148ces,

It coen therefore be scon that the

reverberation tive of the roor at the nid-freaucncy and higher audio-

frequency ranse ecan be favourably corpared with the recomended pptinun

reverberation tine for the roorm, but at low nudio=-fruquencics, this

breaks down bcenusce the reverheration time of the room is well above the

recormended optiine valuc of the roverberation tine for speech.

Thisa

roont thus has poor scouztic qunlitics for snweech at low frequencics.

(Part II Lecturc Roon)

11.2,2.

*fternoon

leasurcnents

The afternoon neasurcaent for this roon wueré also tal-en betwcen

12.30 p.n. and 3,30 p.n, and the results of the neasurcments are shown
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in fiz. (10:2¢) and £i:, (10:2d) respeetively. The rosults obtained
for this crse are sinilar to those obtained for the Part IIT lceture
roorn in the afternoon (tronted paniounly.) Purines the eamurcioents
nade, cxterncl noisc was also encountercd ns in the case of ?9rt_IIT
lecturc roon, The two graphs represcnting the results of thesc
afternoon noasurenonts ~1se show that at low frcquercics, the roverbo-
ration tirc of the roon is hizh and tho reoon lacks quality for speech,
but at hithor audio-frequencics, the neoustic condition inmprovces
conaiderably., The averase roverberation tines of the roon a2t nid-
frequency and at = typical low froquoncy (200Mz) arc given below

(as obtained fpom tho graphs in the two firnwres:-

Roon condition for| Averase 7.7, (in secs.) liveraze R,7.(in sees.)

neasurenent. ~t 1000z at 200llz !lcw frgguuncz}
1.7

Empty TRoon 0.27
Poon with tnblces &
Chnirs 0.80 1.28
1.3 R,T, Mceasurcnont in Fleetrienl Dngincering Dupartient Library
(a) ith Books and Curtaing

The analysis of the result of this can he nade from the graphs in
figure (10:3n). Fron thesc graphs, it is obscrved that the nverage
reverheration tinc over the audio-frequeney rangce considerced assuncs
elriost n constnt value., The nensurcd value of reverberation tire
can then be ecstimmted at the intermcdinte frequency (i.c. 1000Hz) as

shown below, This time, it nay not bhe necessary to estinnte the value

of the reverheration timc nt low freguencies since it will be almost cquad
to the volue ot the intermedinte freoaquencey+ ot it is bowever given for
conparison,

Fosition of | X,7, {in sces.) Position of | R.™., (in sces.)
Hierophone at 1000z, Microphone at 200liz,
A 0.75 A 0,50
i 060 B 0.75
C 0,65 C 0,65
D 0,63 D 0.67

Totnl = 2.63%aces, Total = 2.5Tsces,
Average R, T, = 0.66s0cs, - iverrpe R,T, = 0O.64sccs,
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Therefore, the sverare reverberntion tine of the room nt 1000z
= 0.66sec. .

“ince the len~th of the library = 34ft
Bre: dth 5 ' N s = 29.5ft
Teight o i oas o= TOPE
..- VOlu:'le 'R (R » = 3’:' K?g.‘O)Cub.rto

]

10,000 cub,ft,

considering the grnph of the recomended optimun reverberntion tine

(for apeech) in fig.(1111)- for this roon, the recormended optirnun
reverberntion tine = 0,7sec., Therefore, by couparing this optinwn value
with the results obtained fron the graphs, it can be renlisel thnt speech
will be quite intelligible over the audio-frequency ronge conaidered‘
since the results from srarhs conprre favourably with the optimun value,
This result was achieved because of the presence of books and curtains
ingide the roon, They help to chop off the high vnlues of the

reverberation tine at low frequencies.

(b) Mersurerent with Tables nnd Chairs Inside

The result of this rensurepert is nlso shown by the graphs in
fig.(10-31). Proc the graphs, it is observed that like the previous
case, the reverberntion tie is nliost constant over the audio—frequenéy
ranze considered, In this cnse, the value of the reverberation tine is
lower than in the forier cagse. Roon resonance effect can =lso be
observed in these curves nnd they are shown by the occasional rising

vp in the eurves,

R,T, Measurenent in the 4.B,U, Assonbly Hall,

Owing to the fact thnt the lsse:bly ilall wns already booked for the
nights, neasurenents could therefore not be perfor-ed at the period.

The neasureents were therefore mde in the evening and during the tine,
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externnl noise fron the surrounding wrs nemligible. Readings wore
obtained for the crnses of
(a) Enpty Hall

(b) Hall with stape curtnins and chairs,

The results of nesrgurenent are ghown in the graphiriven in fig

(10;4s) and fig. (1034b) respectively,

(a) R.T, Measurenent for Enpty IIall

l ! This neagaurencnt wag tnlen between 4,00 p.ua. and 6.30 p.n. and
sraphs of the results nre shown in fig.(10;4a). These graphs also
show that at low nudio frequencies, the reverberation tives are high and
they decrease in valua ag the frequency increases., The nverage
reverboration tines at the interredinte frequency of 100000z and also

at a tynienl low fregquency of 200llz nre estimated bhelow,

Position of | R.T. {in scc.) Tosition of| .T.(in scc.)
Hicrophone | at 100012, Vicrophone ! at 200Hz,
A 1.55 A 1.75
B 1.60 T 1.72
C 1.45 . C 1,81
Total A,h300g, Total = §,28gecs,

1.76sccs.

(| |
Il

Averape R.T., 1.53sccs., Averare R,T,

The dincnsions of the hall nre given below:~

Length of lnll = 130ft.
Breadth,, ,, = 11,
Teight ,, ,, = 5Oft,
e Volune ,, ,, =130 x 41_x 50 cub,fi,

260 x 107 cub, It,
200 x 107 cuh, f+t.

Froi: the mrarh of the recommended optinun revorberation time
areingt the reoon veolunes in fio. (11;1), the value of the optirunm
reverborntion tirc of a roo: of volune 200 x 103 cub,ft is 0,97sec.
(i.e. for Sﬁeech). Corparing this with the results obtained above for

enpty roori, 1t con be seen thnt when the hall is enpty, it is not

1
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suitable for specech purposes, lHowever, for roons having suveh volunes,
the optinun reverberntion tine ns obtained from fig, (11:1) for nusic
end sound brondcnstins ia 1.6sec. for each.

This thus conpares fnvouranbly with the results obtained from graphs
showine~ thnat the Asscubly !iall when cenpty is quite suitable for sound
broadeasting and rusic purposes over the audio-frequency ranre considered,
The reverberation tines nre however too long for speech.

(v) R, T, 'easure ent For the Assenbly llall with Chhirs and
Stage Curtains,

The results obtainad herc nre shown in the sgreophs given in fip,
(TOgib). Fron these pgraphs, it is observed that thc presence of those
materinls in the Ball helged to roeduce the hizh values of the
revarberntion time at low frenuencies, There is alzo some reduction in
the value of the reverberntion tines nt higher nudio-frequencies too.

The average valucs of the reuverberation tiné at low nnd intermediate
froquenciee considered (i.e, 2000z, and 1000z roespectively) arc obtained

as shown below:

Pogition off 7.7. (in sees.) Position of] R.T. (in Sces.)
Iicrophone | nt 100CTiz, icrophone | at 200lz,
A 0.93 A T:1%
B 1,10 B 1.10
C 1,28 C 1,20
Total 3.2580c8 Total 3.48¢ces.

o

i n

1.08s0c8., Averorc R.T,

1. 13_42_2030

Avernge 1.T,
Since the valuc of th. rccomended optirun reverberntion tie
(for spceeh) for the hall = 0,97sce, It is realized that the results
obtained fron zrophs do not differ much from the optinun value, This
shows that with cert~in absorbent n~oterinls in the roon (1ike chairs and
the curtnins at the atqgn) the reverberation tine in tho roon is reduceds
and the ncoustic conditions in the roon are then nnade favourable for

speech purposcs,
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The 3nall Lecture Thentre (Freulty of Engincoring)

In this c¢ise, nizht neasurcnent wes nnde and only onc set of reading
was talken beenruse the chnirs and tables in the roon ~re fixed to the
rround and it wns therefore difficult to mcke measurncents at different
parts of thc rocii. Th. only sct ¢of roadings tnken was obtained with the
nmicrophone placed on the lécturer's teble in front of the roon (i.c, ncar
the blackborrd), The nensurcnaent was taken in the nj.cht betwoen
8.00 p.n. snd 10.00p.n. The readings obtained were uscd to plot a graph
of roverberation tine against froquency ns shown in figz.(1035), Pron
this graph, it is observed that the reverberation tine et the internedinte
frequency of 1000z = 0,69sce, and the valuc of the reverberation tine
at a typicnl low frequoncy (c.e, 200Hz,) is 0,72scc.

But the roon dincnsions are:-

Lenrth of roonn = (8B.6f%
trendth 4, 4, =4T ,,
\veraze Height ,, 4, =12 ,,

Ll

]

18.6 x47 x12 cub,ft.
- 27 x 10° cub. ft.

Volune 44 4,

Using the sraph of the rceormended optinun roverberntion times for
different roon volunes piven in fi~, (11-1), the optinum reverberation
tire for speech for a volwiec of 27 x 103 cub,ft, is 0.76Gsec, Therefore,
the reverberation ti es obtnined by the nesurenent thken in the
Lecture Threntrc both at low nnd hiszher audio-frequencies compare
favourably with the recomended optimun value of reverberntion tize for
the room. This noens that the roon heg excellent -coustiec gqualities for

speech purposcs ovrr the sudio-froquency range.

R, T, Hensurericnt for the Ilizher Voltins~e Laboratory

This was the roon in which the last sct of :icasurnent wns nade.
The neasureacnt was porformed in the night: between 8,00 p.rmi. ~nd 10,00pen,

Only one sct of readings could nlso be tnken here ns n result of the
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locations of certain Tish Voltnge cquivnent which mrde the shif ting of
the apraratus about in the roon difficult, llowever, the readings were
tokon with the iderophonc pliced in the niddle of the laboratory. A
eraph of tho reverberation tirc of the roon nmainst frequancy was plotted
and this is shown in fig. (10:6). Fron this sroph, it is obgorved

that the values of the reverheration tinc of the roon at different
frequencies are vory hi~h., At the internediate frequency in the sraph
(i.c. 1000Mz.), the reverberantion tine is 2,.6sces, while at a typical

low frequency of 200Hz, the reverborntion tine is 3.,0sces.

The roon dinensions are ~iven by:=-

Lenvth of the roon = 39,6ft.
Rreadth ,, ,, +» = 39.6,,
Teight ,, 4, s = 40ft

o e Volunc ,, 45, »» =62 x 107cub.ft,

Usin~ the ~raph of thc reocormended optirun reverberation tine in
fir, (11,1), for roong havin: this volune, the value of the roverbecration
tines arc given by: Optimo ".T. for roon volunc of 62x1030ub.ft.

(n) For spcech = 0.8} sce.
(b) For sound broadeasting = 1,13 ,,

(e) Por rusic = 1.40 ,,

Conporin~ cach of the above valucs of the optinu: reverberation
tine with the valuc of tho reverberntion tie obtained ot the nid-
frequency (i.c, 100011z) of thc audi0 frequency range congidered in the
rmreph, it can be deduced that the !izh Voltarme Lnboratory, with a
reverboeration tinc of 2.6sces. was not designed for any of the purposes
wentioned previously since its reverborntion tine is well above each
of the optinun values ~iven. The hi~h value of the reverheration tine
of thia lnboratory -iny be duc to the fact that no furnishing is nrode in
the roo: "n1 further nore, the houndaries of the laboratory consist of
golid wnlls only,
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There are no windows throuzh which sore of the sound energy produced
inaside could be transitted outsido, This thus neans that nost of the
sound energy fnallin~r on the boundaries of the laboratorv is refleeted;
hence high values of the reverberation tire sre obtrnined, “ince the
laboratory is large, echocs of lons; delay of the reflected sound are
often created and these tend to increase the tire taken for sound to

decay and comsequenbly the reverberation time is high,

1.7 Conparison of Results

Part IIT and Part IT lecture roons (when enpty) nre exanples of
roons in which the acoustic condition is quite unfovourcble for speech
purposcs over the low audio frequency range but inproves considerably
within the nid-frequency and higher audiO frequency range.

The small decture Theatre (Paculty of Bnzincering) is an exanple
of a roon whosc acoustic properties nllow zood qualities for spcech,
The thiru ensc is that of a roon with verv poor acoustics over the
whole audio frequency ronge. An exanple of this iz the Ilich Voltagc
Laboratory in the Eleetrical Fngineerins Department. In the easec of
the Part IITI and Part 11 lecture roons, to inrrove the poor acoustice
condition of the roon (2t low frequencies) it is nceessary that sclective
absorbents which are offective over n snnll frequency ronge arce provided
to reduce the reverbereation tine over the low frequency ranse where the
reverberation tines arc hirh, These absorbents should conoist of
fibrous naterials placed in forr of pads or blankets behind perforated
facinr nroterinls or rosonant absorhents consisting of layers of naterinls
such ns felt plnaced ovur certain enclosed nir spacce., These would bring
the reverberntion tine nt the low frogqueney ranze close to the nid-
frequency valuc ~nd nake it suitable for speech purposes over o wide

audio frequency range including the low frequency part.
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The casc of the snnl! lecture theatre where the reverberation tine
agrecs approxinatcely with the reconmended value (for spcoch) over the
whole andio-froquency ransc considered can be scen in fiz. (10:5).

The roon thus has cxcellent acoustic properties for speech vurposes,
This conditon hns bien nchieved as a result of the presence of certain

absorbings naterinls in the roon.

Concerning the case of the Hizh Voltage Laboratory where the
reverterntion tincs are very hish over the audio-frequency range ns can
be obscrved in the graph of fir, (1036), specch is not intelligible in
this roon as a rosult of the lons echo delay which tends to prolong the
tine of deeay of sound in the roon, To nake the roon sritcoble for
speech purposcs it would thercfore be ncecessary to reducc its heéight
or to @quip it with certain nbsorbent nnterials which are effectiv: over
o vide range of frequency, Thick fibrous naterinls could be arranged
by the walls so thnt the cxcessive reflection of sound at the walls
constituting lon=z ccho delay and destructive interfercnce noy be
cheecked, X%lso, if nccessary, the Tloor of thce roon ehould be covered
with heavy carpets, ~nd perfornted fibre bhoard tiles ean also be
arrangzed at the ceiling of the room, .11 these will help to reduce the
the hizh values of the reverberantion tine in the room and will nake the
roon poerfectly suitable for specch purposes:

Crlculation of 1,7, Usin

3abine's fornuls for Reverberation Tine is riven by:=
'-:O'PI = O.O“IE!
S a¢
where V = YVolune of roorni in cub, ft,

47}
Ll

Totnl Surface ares
= ST +32 +33 - - -
(81, S5 33 -—= are areas of the various surfices)
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of = Aversre abgorption coefficinnt
o<, o —
181 +2%%, +"(3S3
S1 + 82 + 83 + o ————
(°ﬂ, oé’cx ——- are the cbeorption coefficients
of the sugfaces 31, 52, 83 ——— Tesp.)

It

= a2l abgorpti = ! s _—
If A toral ahbsorption 1s1 + 252 o+ 353+
.c‘;(zﬂ
‘o = and R.T. = G.0AW = 0,049V sces.
5 =3 A

In this ealculation, two casecs 1ill be considored.
(i) The Wieh Voltoge Laboratory
(ii) The 8nall Lecture Theatro (Paculty of Tneine oriag)

(i} High Vel tase Laborntory

Volune of the laboratory V = €2 x 103

cub. ft.
(consisting of fibre boards) = 1600sq.ft,

0.3{nt 1000Mz.)

Area of the ceiling 51

Absorption coefficicnt of fibre hoard (11;" thick) 0(1

.'.°<1 5, = 1600 x 0.3 = 480,

rotal surfaco aren of concrete walle,3s = £:00 gq.ft.

Absorption coefficicent of concrete,“‘;2 = 0.05 {(at 1OOOH3.)
e, 8, = 6100 x 0.05 = 320
Surface aren of the copent floor, 83= 1600 sq,Tt.
Absorption coefficient of cement floor,“% = 0.05 {at 10000z).
B85 = 1600 x 0.05 = 80
Totnl surface arcna of 9 windows (5' by 3' ench) covered with black
canves, 34 = 135 sq.ft.

Absorption coefficicent of t::f_*.m‘.i'f_"_s;,°‘<4 = 0.25 {at 10007Ig)

- [ ¥ S
4P =135 x 0,25 = 34,
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LI ‘L*1 i qzz 5 3+44

= 480 + 320 + 34
= 9140

o R. T, = 0,049 x 62 x 10° socs. = 3.3 socs.
914
But the value of the R.T. obtaincd from the groph nt 1000Fz is 2.6
secs. ™The differcnce between the ealculated value and the noasurod
value of the I'.T. could b duc to the effeet of the absorption which
took place ns 2 romult of the prescnce of sone Hirh Voltage
equipnent during reasurcpent .,

Also at o low froquency of ~hout 1007z,
= ™ = el = . - S
q‘ 003’ 2 0.05' ; 0005‘ -x‘._ O- Oh
o e A =480 + 320 + 80 + 647 = 886.7
IR S 0.049 x 62 x 10” = sces., = 3.42sccs.,
o 886.7

Results from the rraph show that ot 100Hz, 2.T. is Z.4sccs. In
this cnsc the ealeulated value of ,T, is approxinately in agrecment
with the value fron praph,

(i) The Smnll Lectyro Thentre (Faculty of Pnginecring)

——— i — -

Len~th of room = 48,6ft,

Breadth,, ,, =46 ft,
Average heizht of roon = 11.5F4%.
3cub.ft.
Plywood natcrinls in thc roon are:-

(2) the blackbosrd (16' by 8) (d) Lecturer's table.
(b) 10 fixcd t~bles (38' by 1')  (e) 4 doors (6.8' by 4.9').
(e) 189 ,, chairs (5.2' by 1.4')

+"« Volure of roon = 26 x 10

Tot2l surfacc nren of plywood naterials, S1= 1930 sq.ft.
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tbsorption coufficiont of perfor-tod board,°f =0,15(at 1000ls.).

Pt S, =1930 x 0.15 = 289

]
Surface aren of perforated hoards, 2

Absorption coefficient of perforated hoard,"'; = 0.3(at 10001iz).

= 120sq.ft.

. O - = =
.8, =120x03 =136

Surface nrea of ~lass windows, ?3

]

96 sq.ft.
0.03 (=t 1000Hz).

Abhsorption cocofficient of glasa,"";

v d = =
e 53 g6 x 0,03 3.

furface arec of concrete walls, 84 = 1.}60sq.ft.
Abhsorption cocfficicrt of concrcte.°ﬂ = 0.04 (at 1000Hz),
- O - A . = A :
. e 484 1460 x 0,07 = 58.4.

Surface nrea of ceilinz (mndc of corktiles), S5 = 2240sq.ft.
\bsorption coefficicnt of cork tiles?g = 0.55 (at 1000Mz).
Surface nren of the floor (nsde of plastic tiles), 86=22¢Osq.ft.
Absorption cocfficicnt of plastic tilcs,ng =0.05 (at 1000¥1z)

S T TS Y o
,,A-1.;,+282+333+4S4+°§S,3+66
=289 + 36 + 3+ 58,4 + 1232 + 112, = 1730

c R 0.049 x 26.0 x 103 = 0.73sccs,

B g 1730 =

Since at 10001z, the reverberation tiwe obtnined frorm the sraph

is 0,69+ this thus neans that the value obtnined by wein~ Sabinc's

cquation doecs not differ rmuch fron thz measured R.T. at 1000lz,
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119 Gonernl Performance of Egquipment
(2) Effoot of Variation of Supply Voltages

All equipmont ugsed in the project worked satlsfhctorily for e
supply voltage of «12 voltse A test was performed to determine the
range of the supply voltnge which could be used without sericusly
affecting reverberation measurementse The calibrating R-C circuit
of fige (9¢2) was oonstructed and used to give an exponentially
desaying voltage which gave an ReTy of 0,673coe The circuit was
connected to the input of the pre-amplifiere, This has the advantage of
gdving a known decay time with no masking effect from noise which could
have been troublesome if tho iderophone had been useds The variantion
of reverberntion time vith frequency was measured far different values
of supply voltage as given in table (1131), and the annlysis of the
readings 1s given belowe

Supply Voltage | liaxeReTe [ Min.R.T, Average ReT, Brrar %
-10 valta 0e573cc De298ec 0e¢38Bsec, L3
Qa1 " 0,78 " 059 " 0,69 " 3
“2 " 0e79 " 0463 " 0470 "

-13 " 0,80 " Oeb1 " Oe? " 6
-1y " Oe6t ™ 0e33 " Oals7 " 30

From these results, it was observed that the reverberation meter
could operate well with any o the supply voltages of «11 volts,
=12 valts and =13 volts, Greater or lower values o supply voltage
resulted in unstable readingse

(b) Effeot of Short and Longtime Operation

In order to know the time to be allowed far the equipment to

warm up before starting measurerent, the variation of ReT. with time was
observed for about 30 minutese The readings are given in table (1132)e
Fron the readings cbtained, it was observed that measurement could
commence about one or two minmutes after switehing on the reverberation
meter since the reading cbtained did not show any marked difference in
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the variation of R.T, with time. It is however, not mown for how lon:: the

equipment could be used withort any apprcciable chance in calibration,

but dvurins cortain measurements, it was use! continuously for about 3 hours,
The variations of 2,T. with timc wro alsc uscd to check the stability

of measurcments. This result showcd that the cquipment sives atablc readins

and could therefore, be relicd upon for any measurement of rcverberation time.
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CHAPTER 12
Ccnelusion

This method of reverberation time measurerent gives direct reading
on the tiper counter T.Ce 7 for the tinme of sound decay through 10 dB,
and fron this, the reverberation time is cbtainede It has been shown
that the method gives satisfactory and stable readings within an
error of +ffe

The whole reverberation meter consists of separate units like
the signal generator, the power supply unit, the loudspesker, the
timer counter etce, and it is not possible to combine them together
to farn a single unit because it will be very heavy to carry fron
one place to anotheres The combination is not also possible considering
the correct positioning of some of the equipment in the room during
peasurenents Foar example, the Loudspenker and the microphone should
be placed at different positions in the roocm,

When sound is produced in a room where measurement is to be made
and the sound source is shut off, the exponential decay of the voltage
developed in the nmierophone is converted to a lineanr decay with time
by means of a logarithmic amplifier, This anplifier is preceded by
two other linear amplifiers in the eircuit i.e, the mierophone
pre=anplifier and the variable gain anplifiere The logarithmio
anplifier could not be made to precede the linecar amplifiers in the
virocuit because it requires o large input vialtage but the output
voltage fron the miorophone is very suall (eee maximun voltage 2mV)
Also a set of linear anmplifiers which would be required to amplify
the output voltage may introduce sone distortion to it so that there
may be a departure from the expocted linear deocay with timpe In the
cirouit used, the logarithmic amplifier precedes the dlode detectors
This position cannot however be changed so that the detector will
core before the logarithomic amplifier because if the change is made
the logarithrde amplifier will be anplifying a dece voltage and
this is not desirable,
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In the reverberation meter, the key of the two position switch
with ane break and one moke contacts employed for starting the tioex
counter is cperated vertionlly. This mode of operation is more '
convenient than the horLzontal forme. | I

The same switch is nlso used to shut off the sound souroce
(the loudspeaker) when the pointer on the level indiocator rasches o
cortain voltage level (4 volts)s The stopping of the sound Source
is thus based on a visual judgement of the pointer position on the
level indlcators The readings cbtained from measswrements could
therefore be improved 1f an gutomntic control is emplayed for the
voltnge level at which the sound source iz to be shut off. i

Wien making neasurements the knob nn the signal generatar for
controlling the frequency of sound produced in the loudspeaker
should be tightly fixed because it may introduce some errcr if 1t
1=z slacke. i

-

nis methoa_prwiries an easy means o measurding reverbemtibn
time. Both the comection gnd also the operation of the equiprent
are sinple; but for the equipment to be used by any unskilled operator,
o megns should be deviased for the whole reverberation Hme to be
obtained on the timer counter instead o a fraction of 1ta

his o bywproduot of the investigation of the perfarmance of the
equipment, it was noted that a roon should be designed to suit o
particular purpose far vhich it is to be useds For exanple, for
successful and clear production of spesch and music, different
aooustic conditions are required (Speech requires ReTe of about
Cu7 860e while tmslo requires nbout 145 secse)s In the project,
sttention was concentrated on lecture rocns which are designed for
speech, but the Assermbly Hall with o reverberation time of 1453 s008s
when sane of the absorbent materials in the hall are removed was
alao found to be quite suitable far musics
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Table (10.1)

Reverberntion Tine=Freauency Measurerents
Part III Lecture Roon (MIPTY)
Pi~ht easurenent (8.00 pn, = 11,00 p.n.)

FRECUENCY RIVCRCERATION  TIME (IN SECOMNDS)
ln Hz, __ .1 FPosition A | Fosition BY Position C | Position D
__ 2.06 2.0 T.50 .87
150 2,08 1.63 0,82 1.78
200 1.03 1.44 1.25 1.24
250 1.74 1.36 0.87 1,00
300 1,24 1.48 1.15 1.00
350 0.87 0.83 1.31 1.07
400 1.25 1.01 1.31 1.05
500 t 0.58 1.25 1.17 T 1.5
600 { 0.78 0.73 0.98 1.25
700 1.12 1.14 1.30 1,26
800 0.4 Y 0.84 1,02 0.86
900 0.76 0.50 1.00 0.64
1000 0.77 0.67 1) 0.67
1500 ! 0.65 T o.M .08 0.5
2000 1 0.8 0.75 0.97 0.53
2500 0.98 0.77 0.64 0.64
3000 0.43 | 0.84 0.8 0.92
3500 0.92 0.76 0.60 0.73
TTTTho00 . F T 0.s0 0.67 0.70 0.90
5000 0.44 | 0.6% 0.83 1.06
T 6000 0.7 0.37 0.64 0.76
7000 0.55 0.72 0.77 0.62
8000 0.53 0.88 0.8% 0.82
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_'I_‘_"l‘-le g 10.2)

Peverberction Tire=Frequency Mensurenents

Part III T.ecture

Roort ( TPTY)

Wi~rht Mensurenent

(8.00 p.rts = 11.00 p.a:.)

FRTOITTICY DY ERPERATION TIVE (IH SHCOHHS).
o I O=, Position / Fosition B Position C Pogition D
ioc T T 1.64 1.56 0,97 1.1
150 1.37 1.10 0.76 0.93
200 0.76 0.95 0.94 0.98
=250 .39 1.07 0.94 1,352
T 00 T [T 0.83 0.66 0.92 0.60
350 0.79 171,23 1.0% 1.10
400 ' 0.79 0.53 1.14 1.11
500 | 1.43 1.56 | 1,01 1,20
T 600 1.52 1.45 0.70 170
00 | 1.o4 0.86 0.64 0.70
——s0 [ o6 0.98 0.58 0.70
900 T 0.89 0.55 0.37 1.25
1000 0.46 0.51 0.80 0.79
1500 0.18 1.00 0.56 0.64
2000 TTo0.58 0.54 0.67 0.87
2500 | 0.8 0.31 0.54 0.36
3000 | 0.76 “"“'“; "0.3%6 0.93 0.49
3s0C | 0.36 T 0.78 0.96 0.64
4000 770080 0.34 0.75 0.73
T so00 [ 1o 0.3 0.74 0.79
o001 To.15 0.32 0.41 0.44
7000 ~0.56 0.47 0,44 0.55
8000 0.59 0.49 0.56 0.78
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Tavle (10-3)
Reverberation Time - Freqvency Measurencnts
Part TIT Tecture Roon (EMPTY)
Afternoon Measurenent (12,30 p.n. - 3.30 p.nm.)

FRENITNCY WERBERATION T3 (IN SECONDS)
_An Hz ..1TFosition A | Fosition D] Position C| Position D
100 l 2,14 1,83 2.10 2.10
150 1.82 1.87 1.50 1.14
200 1,51 1.53 1.21 1.53
250 1.38 1,10 0.58 1,11
300 1.50 1.43 1.%2 1t
1.735 1.64 1.34 1.32
750 : -

400 1.16 1,08 1.18 0.91
500 1.28 1,45 1,38 1,10
600 0.54 0.85 0,41 0.65
700 1,42 0.65 0.54 0.66
800 1.09 1.03 0.75 1.16
gm 1.2’1 0046 0.85 O.S‘r
1000 1,20 0.62 1.03 0.85
1500 1.21 1.26 0.52 1.40
2000 1.06 0.74 0.32 1.09
2500 0.65 0.93 0.63 0.68
2000 0.84 0.65 _] _1.35 0.33
2500, 0.82 0.93 0.39 0.98
—_—000 0.96 __ 0.63 1,00 0.88
5000 0.76 | 1.24 0.80 0,37
6000 0.79 1.00 Q.87 0.97
000 42 0.56 0.65 0.41
7200 0.55 0.68 1.02 0.40
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Table ]10°:!
leverberation Time = Trequency 'easur wents

Part 111 Tecture Roon (With tables and chairs)
Afternoon Heasurenment (12.30 p.m. = %.30 p.ix)

FRECDYRCY REVTRBARATION TIME  (IN SECONDS)
IN Iz Position A |Position B | Position C | Position D
100 1.62 1. 567 1.30 1.36
150 1.35 1.78 1,06 1.44
200 1.19 0.87 1.02 134
250 0.65 1,28 0,62 154
300 0.99 0.87 0.43 1.23
350 1.40 0.93 1.30 1.351
400 0.98 1.22 0.92 1.22
f
500 l 0."‘!5 09‘1’9 ‘-10 1.‘3
; A —
600 0.54 0.99 0.88 0.46
700 1.2% 0.46 0.93 0.87
800 TVl 0.66 1. %3 1.14
900 1.05 , 0.50 0.49 C.66
1000 0.89 0.54 0.38 0.87
1500 0.74 0.66 0.42 0.85
2000 0.44 0.74 0.86 0.95%
2500 0.66 1.04 0.58 0.69
3000 | _0.97 0.82 0.40 0.78
3500 __0.72 0.39 0.80 0.58
4000 0.88 0.58 0.84 0,72
5000 0,66 0,71 | __0.80 0.43
6000 0.46 0.85 0.66 0.33
T000 0.46 0.56 0.16 0.57
8000 0.67 0.96 0.61 0.72




"

Table (10.5)

Raeverherntion Tire - Fregnoney Veasurenents

Part 11

Lecturo Roon (IEMPTY)

Nirht Moasurenent (2,00 n.n.

- 11.00 p.n.,

FREQURNCY REVERMERATION TIME (IN SECONDS)
A Uz Position Al Position Bl Pogition C| Position D
100 2.10 1.20 2.26 .
150 1.09 | 1.37 2,04 1.85
" 200 T 0.72 1.46 1.76 1,36
250 T0.96 1.66 0.688 0.75
0 o om0 T
350 0.65 | 0.65 0.96 1.24
a0 ¥V TTo.i0 [ 0.97 70.92 1.12
T Ts00 TP TTO.ET . T[T 0.67 0.89 0.67
T T 600 T T 1es 0.61 0.68 1.32
700 1.01 0.75 | 1.13 0.67
— Teeo” T T o.13 | 0.62 0.75 0.75
S S - 1 W 7 SO 1,04
1000 0 44 0.79 0.50 0.54
Lis00 0 p 138 1 __0.69 0.70 0.75
SRR (NP, (— | Y. 0.64 _ 0.55 0.63
. 2500____ | _ 0738 0.48 | 0.83 0.46
3000 072 | _o,8 0,48 0.62
3500 0,52 0.47 0.39 0.74
— 4000 _ 056 | 0.70 0.37 0.63 _
5000 0.67 0,48 0.35 0,62
6000 .0.68 0,38 0.50 0,65
—_—l1000 L. 0.65_ ... 1 . 0.39 0.47 0.49
8000 0.63 0,40 0.55 0.72
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Tahle ( 10,6!
Reverberation Time - FPrequency Measurnents
Part II lecture Roon (i’ith tables and chairs)
Nizht Yeasurtent (8,00 n.o, = 11.00 p.:':.)

i‘nr.:gumxcv _ . PTVERRRRATION TIME (IN SECONDS)

N Hz Fo.;f;tcn A }ogfﬁon i I-o:;%ﬁgon C _I-'_p_.:j..%on D
150 1.48 1.40 1.47 1.35
200 1.25 0.92 1.20 1.18
250 1.14 T0.72 1,07 1.14
200 1.00 1.25 1.10 1,00
750 0.5 0.68 T.13 0.64
400 T0.79 0.92 1,02 1.02
500 T .97 .70 | 0.94 1.06
600 T 0.61 TT0.63 0.83 0.69
700 T 0.44 R 0.88 0.75
800 0.94 " 0.62 0.92 | CNE
90 070 1 o042 _tosr I 0.8 __
1000 0.79 0.56 0.85 0.52
1500 0.85 0,44 0,69 0.59
2000 . 0.71 0,52 0.93 0.76 _
2500 0.76 0.78 _0.71 0,51

2000 0.63 0.39 0.73 . 0,43
3500 0.79. 0.83 0.47 0.85
4000 1.05 0,53 0.56 0,65

5000 n.60 0.0 __ i 0.72 0.73
6000 096 | 068 1 0.83 0.47
7000 ___0.76 0.57. 0.51 0,48
8000 0.98 0.69 0,60 0.68
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Table f10.:[)
‘everberation Tine - Frenuency lieasurerents
Part 17 lecture Roon (RVPTY)

Afternoon Measurenent (12 30 p.o b, = 3.30 p.n.)

FRENURNCY RFVFRBERATION TIME (IN 3WCONDS)
—_—t Hz | Porition Al Position B |Fosition C| Position D
10Q 2:11 2,15 2,15 2.40
150 B 2.04 1.48 1,48 1.99
200 __ 1.54 1.85 1,80 1,73 s
250 .. 1.38 1.80 1.70 1.43
300 0,77 1,72 1.58 0,89
350 1.19 0.67 __ ¥ .27 1.00
go_q______l_ 0,94 0.95 0,88 1.02
500 1.22 0.80 1,15 0.6 __ ____
. 600 . 1.42 0.80 .85 0.79
700 . 0.98 _ 0.77 1,15 0.91
800 _ 1.29 0.95 _ 1.20 0,76
—_— 800 . r___{.____.q._gﬁ__ 1. 1.26 0,42 | 0.68_
— .. 1000 _ ___ R N, (K. . S . [\ . (.
1500 . e e 102D 0,70 1,25 1.03
— 2000 _ ___Jr_'_____.}:j______ 0.61 ' 0,87 0.97
2500 1.04 0,58 1 1,30 0.45 o
— 0,79 4 1.0 0.76 1..0.96
PREES,. . .» SRR, Lo, I | 0,92 __ 1.05 1.04
- 4000 . .} __0.77 0.94 0.54 0.58
5000 1,07 0,99 0.96 0.70
6000, N 1,13 __.__10.93 0.45
—_T00Q 0,66 0.73 1.10 1,00
£000 0.85 0,98 0.79 0,68
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Table(10,8)
Reverberation Tirve - Prequency Mensure:ents
Part II Lecture Roon (WITH TABLES AND CIAIRS)

Afternoon Veasurenent. (12.30 Pen. = 3,30 1’*-1‘-.)

FRENUENCY WVERBERATION TIME (IN 55CONDS)
IN Hz Fosition Al TPosition P_F_If‘-wsii;iéon C 1 Pogition D
100 1.60 1,34 1,22 1.47
150 b1 1.34 1,35 1.05 ., 1.58
200 1,15 1.30 11 1.35 1,33
250 1 1.18 1,13 | 1,32 1,25 _
300 1 0.95 ___ 0.98 1.15 1,34
350 1.09 _ 1,19 0.97 1,12
400 0,55 1,14 0.96 ! 0.80
200 0.98 1,20 _0.70 1,27
= 600 0.76 0.96 1:37 0.70
700 1,10 0.66 0,71 1.30
800 0.5 ___ 1,25 __ 0.70 1.12
900 _ .. _1.40 | 1.03 1,06 | 0.47
1000 0.63 0.37 0.94 0.90 .
1500 | 1,20 ' 0.50 _ 0,55 __0.77
2000 0,93 0.96 0,45 0,717
2500 0.80 0,89 0.48 1,21
3000 0,36 0,52 0,61 __ 0.79
3500 1 0.72 0.66 _0.95 0,65
4000 0.55 _ 1.07 1,02 0,60
5000 0,52 0,96 0.68 0.83
6000 0.4 0.93 0.54 0,69
7000 0.60 0.73 Q.71 0.85
. B000 ___ 0.67 0.52 0.75 0,70
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Table 10,9
NPeverhernrtion Tine - Frequency Measurenents

Departaental Librarv (Flect. ™ne.) (FMPTY) YITH BOOKS & CURTADTIS

MNizht Measurenent.

FRTQIENCY RTWTORARATION TIME (IN STCONDS)
— . &SP __Position A| Position B] Position C} Positicn D _
100 _0.70 0,74 0.53 1 0.6
S 1 ¢ S S 0.88 . .0.54 0.84 4 _0.64
—. 200 b 0.49 | 0,75 0.62 0,87
.250 .} . _©c.60 | _ 0.92 0.60 0.33
—_——30 . b 0.59 . .. 0.48 0.50 0.73
——_..3% _ _ . f“' 0.55 . | _._0.44 0.7 0,76
R ; Y SEPS, Y/.! 0.55 0.65 0.98
500 | .09 | 0,50 0,44 0.51
e R 8O0 0.8 0.94 0,95
—_—d00 k. C 0.42 r____j).48 0.46 0.61
—f_ I 063 | 065 1 _0.43 0.62 ___
900 0,72 0.57 ! 0,86 0.89
ST - - S— 0.78 0.61 0.65 0.52
1500 0,58 0,89 0,60 0.80
2000 0,33 1L 0,77 0.39 0,71
—_—500 ot . __0.53 0.70 0.34 0.98
3000 __ 0.70 0.87 0.56 0.65
3500 0.54 0.55 20,42 0,61
000 1 039 | 0.45 0.53 0.33_ ___
5000  _ 0.8 ! _0.57 0.61 0.62
. 6000 0.7 __| _0.63 0.69 0.71
—_—T000 0.59 _ 0.61 0.65___|___0.67
—_—— B0o00 . . 046 ] 1069 0.66 0.65




116
Table 10,10
Reverberation Time - Froquency Measurenents)

Nepartnental Library (Flect.”nsz,) (WTTH TABLTS & CHAIPS POOKS &

Nisht Measurenent (8,00.p.n. - 10,00, p.n. ) CURTAINS)
FREQUENCY RFV RBIRATION TIM2 (I SECONDS)
IN Hz U"ogition A] Position B| Pogitictn C| Pogition D
100 .. 056 | _0.60 0,55 0.62
150 0,40 0.65 0.56 0.70
200 e 0,57 0,64 0.72 0463 _____
250 0.56 __,.... 0.8 0.64 | __0.74 _
300 0.49 L 0.57 0.54 0.57
350 0.53 | 0.41 0.67 0.51
400 0.62 0.40 0.60 0.64
500 e 086 | 0.5 0.42 0.48
600 0:47 .. | 0.70 0.62_ 1  0.40
700 ] 0.74 0.90 0.74 0.59
800 | 0.47__ 1 __ 0.70 } 0.50 | 0.3
900 _0.44 0,41 0.62 0.56
1000 0.38 | _ 0.4 0.69 0,52
1500 0.42 0.67 0.58 0.58 ___ _
2000 0,52 0.75 Q.27 0.34
2500 _0.38 0,46 0.57 0,35
3000 .64 |  0.38 0.50 0,56
3500 0.67__| 0.5 0.63 0.65
4 0.44 0.77 0. 71 0.36
5000 0.51 __: 0.51 0.59 0.50
6000 ____0.64 0,72 0.60 0.58 _
7000 0.61 0.65 0,55 0,64
8000 0.60 0.58 0.57 0,61
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Table (10,11)

Reverheration Time -~ Frequency !'easurements
A.B.U. Assenbly lall (EMPTY)
Afternoon Mensure-ent, (4.30 p.n.

MTATMNCY

RTUTRBERATION

- 6,30 p.n

TS (1M SECONDS)

—_— Dz 1 __Position /A jPosition P} Position C
. __100 _ __1.98 1,94 1,90
—_—15 . 4 1.9 2,44 1.41
R o « RN AU I LY SO Y ) 1.47
——..280 % 140 ___ 1,36 2. 34
300 1,50 1,70 1,21
20 . 170 . 1,20 1,20
400 2,04 1.39 1,75
500, 1.65 1.70 2,06
600, . 1,42 1.90 1,85
700 1,06 _.1.60 1,45
900 . g 1.54 1,95 1.25
RS, SNRIPNESY, |G, (.. . L 1,15 1.41
1000 | 1,55 1 165 i 1.60
1500 1. 1.80 0.95 1.35
2000 1.23 . 1,69 1.8
2500 4100 1.09 1.4
3000 1.4 1 _1.08 1,03
. LT NN, T . S—— R 1,06
— 000 L 120 | 156 1,93
. 5000 1.00 1,11 1,12
—— Y e ) vo 1,17
7000 1.50 1.43 1.45
8000 __ . 1.24 1,38 1.23
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Table (10,12)
Reverheration Tine - Frequency i'easurments

£,0,U Aagserbly Hall (IT CHAIRS & CURTAINS)
Afternoon nensurenent, 2.350 p.n. = 4.30 p.n.

FREOUTECY NIVIRDERATION TINE (  IN SECOMDS)
Jn Hz _Position A) Position ___B__l_ rosition C

o 100 _.1.23 1.32 1,95
—_— 150 _ 1,16 1,23 _ 1,18
200 1,54 1,10 122
250 0.71 0.96 1,32
300 B 1.34 1.04 1.60

350 1.07 1.10 135
100 1,14 1,55 1,11

500 0.69 1,12 2.16
600 1,21 0.82 1,27
700 2.42 1.23 1,16
£00 1,22 0,52 1.70
200 0.95 0.82 1,26
1000 __Ji___q_.a:z ' 1,25 1.08

1500 0.9 1,65 1,32
2000 1 1.0 . 1.05 0.95
2500 1.16 1,00 1,06
2000 1.50 1,15 1,28
3500 | 1,26 1,04 1.08
4000 0.99 .79 0.78
5000 _0.75 | 0.85 1,10
—— . 5000 11,03 0.97 1,08
7000 3 0.90 1,10 1,00
8000 _ 1,05 1,00 1,12
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Table (10,13)

Reverheration Time = Treguency Measurenconts
Faculty of ngincerin;: Lecture Theatre
Vi ht FMeasurenent (8,00 p.n. - 10,00 p.n.)

Mierophone Tositioninis:—= Tront, (centre) on the Lecturer's tahle

PREQUENCY TV Tz REVERBIRATION TIET® (I STCONDS)
100 0,717
150 0.74
200 0,64
250 - 0,68
300 0,50

- 350 0.56 -
100 _ . 0,70
500 o 0.54
600 - 0.45
700 o 0,72
800 0.60

. 900 - . 0.62
1000 0.67
1500 1.14
2000 o - 0,66
2500 0,56
3000 0.65
3500 ]l 0,74
_4000 r 0.56
5000 0,47
£000 . 0,77
7000 0.53
8000 0,50
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Table(10, 14)

Reverberation Tinme - Prequency Measurements

High Voltare Limboratory (Tlect. Tng, Dept.)
Wight Measurement (8,00 p.n. = 10.00 Pl )

Microphone Fositioning:- Centre of the Laboratory.

YREQUENCY T Hz | BEVERRCRATION TIME (IN SECONDS)
100 ' 3440
150 2,40
200 3,00
250 2.90
00 .80
350 2.80
400 .3.72
500 2,50
600 1,30
700 2,80
800 2,80
900 3,75

1000 2,60
1500 3.70
2000 2,50
2500 5,10
3000 2,70
3500 2,90
4000 1,80
5000 0.93
6000 2.40
7000 1.40
8000 -




Varintion of 1.T.
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Table 11.1.

ith Supply Yoltorme

Frogquency R, T.for R.T.for R.T. for R.T, for R,T, for
) =10VSupply| ~11VSupply | =1 N Swpply | =13VSupnly { -1.1VSupply
1201z 1 0,53ace 0.,13g.¢c | 0,69scc, | 0.619¢cc ]| 0,60s¢c,
200, , 0.42 ,, _‘“___0_:70 ’r _0.63 ,, 0.73 4, 0.41 ,,
. 200,, 10,35 ., | _0.66 0,65 ,, 0.36 ..
400,, 10,57 e . 4.0.65 4. . - -
sw!! 0¢35__;_;_,_ _,O - ..._0.'.7.6.-..!.&-..4.-.. 6 PR

Q.51 s

I e . J—
.—Qn-.ii.-n-n-. S
.1 X

0,40 40 .1 .0

I Py S —
T X SEPP—
S0 s NP
it 0.79 s

L._.O..s.ﬁi...u.n._-
. :Q..i__g _—

0.2

-

. 0,68 4o .}

1-0.00 .,
4 -4

2000, , 0.33 .,
_ml—l_—-—...o.qa.;..-__ﬂ._
4000,, 1037 ., ]

Q.70 4 .-

-—-Q- 1-6.9- B

L .0.78 o). Q1T aa

S P [, I
Q.67 as

._..O.o_‘&-l-l-—-
s M | S
. R i
S PO

_iﬁm....__r_‘?.-i"w._;.g_ 22 as ) O PR AN X -1 - S B 5 B
—mu—_.w.“.-_ir - _Q‘Qi.ou—-- 0-—65— —F MQ—-L&- ..._q_.ﬂ.-.'fﬂ P P—
7000,, (0,32 ,, 0,69 ., .. 1. 072 ., 0,735 .4 0,36 ..
8000, _ 1041 4o 1 072 hu. 1. 0.T5 aa .} 062 4u. . | 0,40 o0
OO0 e LR DT --_.Q.ﬁﬁ._._._-..l B o Wy [ L. ._..1._0..3.6........_...
10000, , 0.%52 s 0.5 . 0.9 ¥ e I 035 ..
Tablo 11.2.
Voriation of .T., with Tinc
Tine in RT.( 'ucn.) rR.T, (“cee.)
(inutes) at 1000Hg _ at 2000z,
0 0.59 0.62
2 0.70 _ 0,73
- 4 (‘_.,'?_!_’:.________r____p. 8
[ __0.€8 0.78
8 0,74 _ e 0,72
i [ A 0,66 0,73
T - ESe) N - . 0.76
14 R 0.68 . 0.20
16 4073 . §..0.78
18 0. Tt 0.73
20 0.69 1.__0.77
22 .1 0,95 0.74
24 0.70 _ 0.74
26 0,67 0.69 _
28 J0.703 . 0,719
30 o 0,72 0.75
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Part of the reverberastion meter oconsisting of a microphone
prowamplifier, a variable gain amplifier, a logarithmic amplifier
a detector and differentlating & eclipping edrouits,



Set-up of the reverberation meter,

A
B

H &n o 9w 9 O

-, -

Power supply unit,

Box emtaining linear amplifier, a logarithmde amplifier,
detectar and differentiating & elipping eircuits,
Vasumn tube voltmeter,

Advance timer eounter T.C, 7

Loudspe aker

Two way switeh with one meke & one break eontasts
Nierophue

Signal gemeratar

Loudspesker power amplifiier,



