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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

-



5

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.
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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,
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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.
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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



36

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.



37

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.



ffp—
¥ A T
ey |
1
A SO
|
e B
o= b ”
- 1 4 = —t
| |
i
|
+
“ L]
|.* - >
. + Iﬁ .
= 1
! |
“ i
R — _—— et . - - .
|+ .1 - - + ' S -

1 1
|
— S ==X £
| . Lo

|- —d

H3[40dWY 344

._ ;m?:.o_.._:_ |

INOHLOMIIW 30 3ISNOJS 3

AJNIND3YS




Input - OQutput voltazc veoriantions of the Pro-anplifier

39

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
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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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| 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



