CHATTER II
THEOHY OF COMFANIOR

2.1 Bagle Prinoiples - .

The compandor ocanelate of two separate unitse, a
compressor at the transmitting terminals of the circult,
and an expander at the recelving terminale.

The gain of both unlts 1s 2 function of slgnal
lévelq The gzaln of the ocompresaor at the sendlng end
of the oilrcuit 1s made to wary invereely as a level of
transmitted signal i.e. the geln 1s greatest for the
weakest slgnal. The weaker components of the signal are
thus given a "acmpressor advantage" over the nolse or
oroastalk occurring after the ocompressor. The galn of
the expander at the recelving end of the circult 1= made
to vary directly as the level of the Teceiwed sigmal,
l.c. thalgain iz least for the weakest signal. It fol-
lows thaf the gain of the expander la lsast when there
1a ne 8lgznal and only nolse or Interference l1ls present.
Thle expander actlon rsdunes the noise in the ellent
periods glvern "expander asdvantage®.

I the compressor and expander are complementary
there 1s no net gain tc an lnput signal, but the compreg-
sor advantage added to the expander advantage, proﬁﬁuas



a substantial subjective improvement in signal-to-noise

ratio, The ideal steady state-characteristic of the com-

pandor is 11lustrated in Fig 1.
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".2 Basie ﬂircuits of Compandor

».2,4 Pagic Cireunlt of the Compressor

The baslo circult of the compressor is shown in Fig 2.
1% consists of variable loss device having transfer funotion
of G 3 Pollowed by an amplifier having a high gain G_, and

providing a subsidiary putput which after rectification,
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Fig. 2 —= Baglc Circuit of Compressor.

controls the leoss of the variazble-~loss device. A 231
comprégsion ratio is achieved if, over the required
range of slgnal levels, the contrel current is directly
proportional to the level of the signal at the input to
the rectifier and ftransfer funoftlion of the varisble loss

device is inversely proporticnal to the control current.

‘2.2.2 Bzzio Clrculit of the Lxpander

The basic circuit of the expander 1s shown in Fig 3.
It consists of wvariable loss device having transfer fune-
tion of GEV » and followed by an amplifier having a gain Ga.
A fraction of the input is reetified to provide current to
contreol the variable loss device. A 1:2 expansion ratio

results if the control current is direetly proportionzal to
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Pige 3 ~— Basic Circult of Expander

the level of the signal at the input t¢ the reoctifier and
the transfer function of the varlable-loss device is

directly proportional te the control current.

2+3 Compressor Variable Ioss Device

Refer to Fig 2. Iet

2. input siznal to the variable loss device,

i

e = output of the variable loss device or
input of the amplifier.

€, = putput nf‘the compreasor, or output of the
amplifier.

ch = +{ransfer function of the variable loss

device = %i



G, = Galn of the amplifier = Zo
-

I on = Control ourrent from reotifler

The deslgn prooedure of +the compressor variabhle—loan
devioe haa been followad by the followlng ateps:’ |

igt step.

The variahle loss devios consiets of transistora,

requiring the 2:1 compression ratlo of the oompressoT.

2 taDa .
20 log ey o
The oompression ratlo e = 23 —=(2e1)
& €,
- / 2
therefore 8, = 8,
also e, = (e GE) e,
' . |
henoe efe, =
1 n e
a %o
that 1B Gy o o (242)

For a requlred compreselon ratlo of 2, the transfer
funotion of the varlable loss devlioe 1s lnversely propor-
tlonal to the output of the oompressoT.

3rd step. — Deslgn of the reotifier

The oontrol ocurrent 1s directly proportlomal to the
level of the slgnel at the lnput to the reut;fier. '

Ion % 9 (2.3)

therefore from (2.2) G._ Id e D ul})



4th step

Phe wariable losp devlice can be considered as a four

terminal aotive network as shown in Flg 4.
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The transfer funetion & = % = T2 %2 ~e(265)
o7\ \e3 I, B, :
1 1 71
Where BE = generator voltage

: 4
= wvwoltage aoross termlmnals 11

= voltage aoross terminals Eéf_
i, = input current
12 = output ourrent
RE'm generator reslstanoce y

Ri = input resistange locking into terminals 11

ra
B. = reslstance across termlnals 22

From equations (2.4), (2.5) 1t oan be seen that Gﬂ?'
will vary inversely with lnput ourrent when Hi has small
dependence on B, and this oan be achileved by having a varla-
ble loss notwork with low input resistance comneoted in
shunt with B,e



Thile w111 result in_i2 tc have small effeot on 1, as shown

1
in Fig 5. j ’i_l ' ) 9
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Flg 5 — Varigble loss as shunt—element

Using a varlable loss clroult as a shunt element, voltages

agross termlnals 41 and 22 are equal to e.

Thexreicrs ch - e/E \ ' (2.6)
Jet = R = input reslstance of variable loszs device
then R = RR w 1 —{2.78)
’ * B+ §2 T+ B/, |
I BBy, | '
By ¥ R ' (2.7h)
therefore G =¢ _ B 14 H
. o E B I, (R + R)
21
- R
ﬁ;i‘ﬁ (2 4 B82)
And 1f Hgﬁb E, then
G v = % (2.8b)
g
That 1is Gnv X R . ' -(2.9)

The transfer funotion of the varlable loss device

varles as its input reslatance .
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5th step

From equations (2.4) and (2.9), it 18 necessary to
gelect the transistor configuration that has very low lnput
reglastance and vary inversely as the control ourrent. '

Prom study of parameters relating wlith operating
points, measurementa of the wvariocus parameters whichk have been
made on a typloal diffusion-type p—n=p junotion transistor
yield the curves shown in Tig 6, 7, 8, 9, 10 and 11.
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I+ hag been shown that the varlatlon of in the range
to be consldered 1p small enough to be negllgible, and T,
would be expeoted to vary, appfnximatalr,‘in inverse propor-
tion to the emittef current, and can be ezprqssed by the

ralation

T, = Toql I, —(2.10)
where r_4; 18 the emitter resistance mezsured at 1 milli-
ampere emltier ourrent,

Ty = emltter reslstancs in ohms, and
I, = aﬁitfer current in milliampere.
It alao appeare thet over the range of measuremen#,

T.s Tp» r¢(1 - a), and T, ¥ary approximately inversely with

c?
enitter current I .

Therefora, the regquirement that the input reslcstanoce
varles ilnversely &8 ocontrol current oan be achleved by using
+he control current as the emitter current+. Arother problem
le the need of a very low input reslstance of a tramslstor
configuration.

Consldering +the input resistances of the three tran-
sistor ¢conflgurations, they yleld the followlng expressions:—

- T +
r o~ Tp+ T4

= 0 g 7 —_—
Common—base Ty = T, + Tpe o Fo Ty (2.11)_

_ Tt T _
Common-enitter Ty = Tp + T e T T 777 7 (2412)
0 m Q 1
Tet T4 - -
Common—-collector Ty = T, + T, . (2.13)

_— + +
[ n I‘c I‘m I'e 1‘1
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where

Ty = BaCa input resistance

H
1

equivalent emltter reslstance

ry, = equivalent base resistance

r = gqulvalent collector reslstance

r = equi;alant enltter—-collector trans-reslstanoce

Ty = 8acCe load repgistance

From F1g 7,8,9,10,11 and equations (2.11), (2.12),
(2.13), for 2 given cperating polnt and & load reslstance,
+he input resistance of common-base iz the lowest and the
gommon—collector 1s the highest. Therefore, the common~
bage is the most satisfactory configuration for the
regqulrement.

6th step

Sinne a wvarlable loss devioe 1ls used as a shunt
element, for good stability of the olroult, the colleotor-
base voltage should be held oonstant. So we choose a Very

low r, or a short—-oircult load , thus the input resistance

bagomes
ry = T,+ rh(1.— a) (2.118)
where a = I /T = current amplification factor
{th step

1) Tao obtain high load and generator Tesistances
oompared with input reslstanoce of the variable loas devlige,
a matching transformer will be used.

2) To eliminate direot energlzing and even~order
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. harmonlos and to split the input sipmal into two equal levels
to ensure %he small input amplitude, & push~pull connectlon
as shown in Fig 42 1z used ms a varlable-loss olroult for the

COMPreasoT.

T

(LYY

P

$Tcon
Plg 12 == Compressor variable loss devioe
2e4 Bxpander Variable Ioss Devioe .T?_;Gf}fﬂgaﬁ

Refer to FPig 3, let

= input signal to the wariable 1usé device
e = gutput of the wvarliable loss gevice

=1 = output of the expander

Gpy = transfer funotion of variable loss devlce = %
. _ 1
G, = gain of the amplifier = %o
e
1., = eontrol current from rectlfier

The procedure of the design of the expander variasble~

lose device 1o &3 :nllnws:

igt step
‘It comsists of a transistor olrcult requiring the 2:1

expaneion ratic of the expander.



2nd step
olnece the

therefore
"Algo
bence

that 1s

16

20 log e
expansion ratle _ o _ 2:1 —=(2.14)
20 1og ey

2
€5 €y

e, = e Ga ’

efey = 0y/Gy »

Cpe K €y ——(2.15)

For a requlired expanslon ratlo 2:1, the transfer

funotlon of the variable-loss devlioe varies direotly ae the

repslved signal.

Jrd Bieé

= Design of the rectifier.

The control ourrent ls direotly proportional to the

level of the pignal at the input to the rectifier.

Iuon fr Ei {2-16)

Therefore from (Z.15)

4th_step

Gpy O . {2.170

—~ Refer to Pig 4,

The transfer funotion

G ey 1, By ~(2+52)
Ey = = = 1 ¢
€4 1 2

Prom equatiorns (2.58), (2.17) 1t can be seen that

'GE? w1ll vary directly with input ourrent if R, has small

dependente on HE

and 12f11 iz approximately oonstant.

This can be done by using any ocontfignration of transistor

clreuit conneoted between the generator and the load
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reglstance. Since 12/11 15 the ocurrent amplificatlion and
it 1s nearly constant with load resistanoce,

therefore Gpy %1 ——{2.18)

5th step
From equations (2.17) and (2.18) 1t 1s neaessary to

select a transistor configuration of which l1ts input resig-
tanoe varies inverasely as the contrel cwrrent. From Fig 6,
7+8,9,10,11, the oommon~base conflguration 1s the most
sultable one.

6th step

By the same reason as stated in oonsideration of the
compressor variable-~loes devloe, the expander variable-loss

clrcult is oomnected in push-pull as shown In Fig 13,

IL

$ Teen

Plg 13 -— Expander variable-loss devioce

From the 5th gtep of deslsme of the compressor and
expander variable~logs devlices, the a.c. input resistance
of the emitter-base functlon varles lnversely as the ocontrol

current ag shown ln Filg 14.
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2.5 Control — Current Rectifier

From the third step of deslgn of the compressor
and expander varlable-loss devlices, the control current
ié direotly proportlanal to the level of the slgnal at
the input to the reotifier. Fig 15 shows the four ter-

ninal sotive-network of the rectifier.
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Fig 15 — Rectifler regarded aa four—terminal network.
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i Reotlfler is any deviee whioch haa a high reslstance
;%%qprrent in one direction mnd a low reslatence to current
.1n the opposlte dlreotion posseases the abllliy to convert
an as.¢s ourrent into a ourrent whlch oontalns a d.o. com-
porents in addition tp As0e compnnanté. An i1derl Tectlifiler
would Y one with zero resistance in the forward dlresction
and with an infinite resistanoce in the reverse direotlon.
From the lmowledge of rectifler prinolples 1k le seen to be
necegsary 1o mse the fransistor unnfiguratinn having Fhe
lowest Input reslstance and the highest: output. resistance.
Conslder the three basle transistor configurations common-
base conflguration having the lowest input resistance and
the highest output resistance, therefore the common~basge
type 1ls selected. The rectificatiﬂn action nan be achleved
by connecting it 28 a olase B amplifler as shown in Fig 16,
(Please see 1n the conolusion, thes reason why using the

transistor as reotiflerl, _
R 1o

c =
VAV, Anne =5 ERe g
T
_ L r— A )

Fig 16 —~ Control current reotifier

fhe reslstance R oonneoted In serles wlth the emitter
of the reotifier 1s to inorease 1lts output impedances. Fllter=
ing 1ls frequently effeoted by gshunting #he load wilth a capa~

cltor to lmprove the rlpple factor.
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26 Amplifier

2.6.1 Introduction

The three common configurations are known as

(1) grounded — base

(2) grounded-emitter, and

(3) grounded-collector

Gompéring these configurations with wvacuumn tubes,
they correspond roughly with (1) grounded-grid, {2) grounded
cathode, and (3) grounded-plzate. These are illustrated
in Flg 17. As will be shown later, by adding a feed back
peth in the wvacuun—tube clrcults 1t is possible to obtain

very close tube analogues to the transistor configurations.

A r‘i

o A E1¥if '

| : g :
r— A f¢ T%

g s 1m ' r
Y K

| |

@ Qrounded -base Cyvounded - gfl'd-

e TET

| S

@) Grounded - ewitler ~ Grouwded - cathode
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(c}Grounded - Colleclor . Catliode - fcllomer
Fig 17 — Corresponding configurations of transistor and

varuum tube.

Some general conclusione can be drawn from the study
of three transistor configurations..

(1) The grounded=-emitter configuration provides phase
inversion; the grounded-base and grounded-collector do not.

(2) The input resistance for one transistor operating
at a given fixed lozd will be lowest for grounded-base,
intermediate Tor the grounded—emitter, and largest for the
groundeéd-collector configuration.

(3) The output resistance for one transistor operat—
ing from & generator resistance rg,lthe same for all confign—-
Tations, will be highest, intermedliate, and lowest for
grounded-base, grounede-emitter and grounded-collector confi-
gurations respectlvely..

(4) The voltage amplification for a glven load resis-—

tance will be almeszt identical for grounded-base and
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grounded—emitter, and will be some what less than unity for
the grounded-collector.

{5) The current amplification approximates a for
grounded—-base, approximates b for the grouﬁded—emitter (for
a = 0.96, b = 24), and approximates b+1 for the grounded-
collector.

(6) In almoat all case of interest the power gain of
the grounded—emitter is highest, the reletive power gain of
the other configuratlons dcpending on the size of the lcad
resistance Tq-

The above comments will illustrate the single = stage
performance; multi stage performance will be taken up as fol-
low. In general, a junetion transistor amplifier will consisy
of several stages coupled by passive networks. The coupling
networks must be desigmed so that they will not materially
reduce the galn of the amplifier in the desired frequency
Tange.

It 1s customary to characterize the individual - stages
of an amplifier by thelr current and voltage amplification
or by their power gain. Such a characterlization is useful
only if the amplification or goin is praetically Independent
of the next stage. Flg 18 shows qualitativelé the ourrent
amplification 4; and the voltage amplification A, of %the
grounded—emitter single-stage transistor amplifier as a func-—

tion of the load resistance Ty Since In 2n RC or direcot-
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soupled amplifier, the input resistance of the next stage
will usually bYe considenrably less than z@ (1 ~ a), we will
chaxQEte:ize individual stage in an RC or direct—coupled

amplifier By their current amplification. The total galn

of an ampililfier with n stages 1is, than,

P _ 2 e (D,
G2 (ry/m) (A e Rygeeeneens Ain? (2.19)

Vthere ﬂi1 1s the ourrent amplification of the first stage,

Riz that. of the seconéd stage, eto; Ty 3 the input resistance

of the ampiifier; and r, the load reslstance.

In amplifiers with coupling by matching transformers;

the loaé resistance of each stage 1s egual to its ouwtput
resistance and is therefore independent of the next stage.
Individual Stagaa-in.guch é transformer coupled amplilier
may therefore be charactefized by their voltage or currehf.
amplification or By their power gain.,

‘ :

ﬂ.i‘J Ao

Al
l;':un‘wf Aulificatian) _

Feti-n) e, R4

Fig 48 nx Current and Voltage Amplificatiom



24
2,62 The Galn of an RC Coupled Amplifier

Fop the calculation of the multistage amplifiers,
expressions: are needed for the input, resietance and curreqt
amplification of individual stages} e will congider only
grounded—emittey here.

Input Heslistance

: * 4+ T, . .
ry = By + Tg e ¢ 1 ~—(2.12a)
' T T T BT
Current Amplification
anr~ o o
A o c e —{2.20)
i - N\ T
IE(1 ~a) + T+ Ty
= ]
Tj YF
Fig 19 s Multiestage Amplifier

Pig 19 shows a block dlagram of a multistage ampli-

fier. The transducer gain Gﬁ_offthis.amplifier is
Go o Power dellverwed to the load
T the power available at the input

—(2,21a)
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) ' . D
) i%_'ri R 4 ri+rgéi§
egfﬂrg: (rgfru} 1y
T A, .2
T ( \ 32 2 (2.21m)
= 4 A dpamel, .o, T, - A, —_—l 2.2 1h
i Y - 4= i 1 in:
{Ig+ ri)

Whererﬂi1, A;p and A, are the current amplifications of the
tirst, sSecond and nig_sﬁagesw Iiiﬁ the 1nput resistance of:
the: amplifier. In order Yo obtain 2 maiimum transducer gain,
the right~hand side of eq.{2.241b) must be a maxioum; and
therefore the following expressions must, individuslly, be

as large as possible.

(a) PFirst stages

‘g . 2 .
i 0 sA1T= X (Y has the form of a
-+ '
(rg-ri) conductance:)
(R) Intermediate stages: Al (2.22)

(¢) Iast stzge: rl-ﬂf = R {an effective resistance)

I'fig 20 shows an amplifier contzining grounded-—
emitder slages only. All coupling metwork, ete. hawve Been

aomitted.

The transducer gain of this amplifier is; with good

approximation,
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€
T
%
Flg 20— Three = stage amplifier
T, I
B O - A B4 - T Ly

ot \ . - .
(zg& 111) i~ a, 14 2, rrh3(1 H-a3)+11

If Both source and load are matched o the amplifier

wWE haye
et
1
:E_" _ -
1 = 1,4 (1 =ay)
whergoos
32321‘ 2
“ %3 Te3 . ., T2_2 ‘ (Z.24)
Gy ( D)ol

i 4(1‘a1)(fg1+rbd(1;a1))(1;33) 12y

This is the maximun awaidlable power galn that may be

obtained with 2 three —~ stege transister amplifier with



gapacitive or direct eoupling.2

Dglred The caloulation of coupling network_

i.g 1 C ) tI
_--_L/\ At L= ‘\1}/

1]

~.

Fig 21 ~~ Simplifled coupling network.

3]

Pig 21 shows a simplifiled coupling network Q-
taining only iwo resister R1 &:RE, and the eapaciltor:C. I%
is first assumed that: at the frequency of interest the im=-
pedance of the capecitor can be neglecked. We have then for

the current flowing into the second fransistor:

1, ' .3 R —_—
=1, ey s T ————(2.25)

1
Where R = 31112/(n1+ 32) is the replstance presented by R,

i 1s the 1input resistance of the

second stage. Tﬁe reduction in current amplificatlon due +o

and R, in parallel and T

R is

K = R/(R+ Ty) e (2.26)
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Because of the capecitance of C, the mmplification
at low frequency is reduced. At low freguencies, the im-
pedance of this capacitance is much larges than T, and

we have therefore

Ai = i1 . a T'n ' . s R1
i - R;+(1/3wC
iy rcL1 a) + ry B +T1/5 )
g a To - R'1

ré{1—a)+(ﬂ1fﬁ+jwﬂﬁ1) i1+(1fjwﬂ)

ar, R1 ——{2.27)
r (1=aJB+ [ R+ rc(1-—a)j 7 JwC

This equation shows that Ai is reduced by 3db if

_ r,{1-a) By - (2.28)
mC — Ri+ rc{1La} .

P64t Feedback Amplifiers

Feed back in amplifiers improve such proper—
ties as stability under varylng power supply conditions;
gstability to parameter variatlon, freedom from non-lineari-—
t4ies and their attendant modulation effects. We will now
show 2 few of the methods of applying feed back to transis-
tor amplifiers, and analyze them very briefly. 7The grounded
emitter clircuit is considerably more useful for transistor.
applicétions, and emphasia wlll be placed on this type of

configuration.
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2.6.4a Shunt ~ Type Feedback (see Fig 22)

R "V’

Fig 22 —< Shunt feed back

Since the groundéd-emitter circuit has a 180 phase
sﬁift in the régiﬂn where high-frequency Effeuts.are negli-
gible, such a ecircuit supplies negatlve feedback. The
behavlpr of thie cireuit is very similar to that of the
grounded-cathode vacuum tube with Plate—to-grid feedback.
For such a circuit we have, as a result of +the feedback, a
reduction in gain and input impedance as well asg in cutput
. impedance. | |

Since the current ratio of = grounded—emitter ampli-
fier is approximately

A a zg

i zZ_(T-a)+ T
. Zehimast Ty

its locus is of the same shape as that for o /1-of, The

e¥feat of rl ls to lower the effective for the cirecuit.
¥ a D
If the feedback is Tesistive, the -AM diagram iz, gqualitita-

tively, as shown in Fig 23. There A° is vector current ratio;
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f}iﬁ the percentage of the output current of the amplifier

ithat is fed Dback to the network, and less than 1.

3

_A:up ?'sMnE.

-i:j0

=]
FPig 23 -.%P diagram for the cirouit of Fig 22

2.6.4b Series — Type FPeedback (gee Fig 24)

This type of feedback iS'vgry similar to that
employed with vacuum tube with unbypassed cathode resistor.
It results in inereased input and cutput impedances, and
decreased gaine With such a circuit we cannot separate the
A? andf terms, and so an elementary theory o feedback is.

insufficient in determining its stability.

Fig 24 — 3eries FPeedback
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2.6 c Multistare Serles or Shunt Feedback

#

-]

Fig 25 ~- Multistage Series Feedback

The number of combinationg of the above cirecuits is
legion, and it serves no purpose to sketch more than one of
each type. TFlg 25 shows a. two — stage amplifier with series
feedhack, which resembles = cathode - coupled vacuum - ‘tube

gnplifier in its behavior,.

Fig 28 shows 2 multictage amplifier with shunt feed—
bacl. The behavior of suech amplifier resembles that of a
multistage vacuum = tube amnplifier wlth the added compli-
cation of the pbase shift of £/1 —~ol outside the mid band.
The behavior of Rc is of secondary IiImportance in that fthis
term usually anpears 1in both numerator and denomlnator,

ard 1ts effectz tend to cancel.
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 Pig 26 ——w lultistage shunt feedback.

Compandor

2.?-1 Goﬁpressor

Fig 27 shows the circuit of the compressor.
The transistor VI1 provide temperature compensation,
IThe variable loss device consists of VI2, VT3, The
high ~ gain amplifier, consisting of transistor VT4,
VI'5 and VI6, provides two outputs. The normal signal

outvut is obtained ¥wia transforzer 13, =2nd an oubtput

to supnply the control current rectifier circult is

provided yia transformer T4. The primary windings
of T3 and T4 are fed. in series in the high = im—
pedance: collector circuit. of the ouvtput transistor
VI6, and this ensures that the amount of coupling
bétween ouliput and control circuits is sufficienily

=msl]l.
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Ze7e2 Expander
Fig 28 shows the circuit of the expander.
Phe input signal is divided, By means of R1, H2 and.HE}
to supply en input. to the signal path wia transformer T1,
and an input lo the uontrongurTeﬁt rectlfier VT3 after
amplification in the single-~stage pre—amplifier ¥T1, The
variable-loas device 1=z followed By RC coupled amplifier.

" The negative feedback applied by means of Ro,.
2.8 Noise Reduction

Thé compandor will dimprove the subjective signal/
noise ratio of a ¢ircuit only when the Interfering signal
iz injected between the compresscr output and the cxpander
input. This is the condition when the compandor is situa—
ted in the terminal equipment of the carrier system and

the interfering aignal are line noise and crosstalk.

The gain of Dboth the compressor and the expander is
controlled by the: rectified envelope of speech signal on
the line, a reductlon of gain in the oompressor being accom~
panied by an egqual increape in the gain of the expand;r-
Flg 29 45 a simplified level diagram for a carrier system
containing a oompander. Yith no signal input, the com-
pressor introduces 30 b galin and the expander 30 dlx loss
relative to the condition at the test level. Thus, any

line noise receive 30 4dh attenuation within the expander,
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Fig 29 —— ILevel diagram for a carrier system

containing a compandor.

provided that. the level of the noise is 30 db or more below
test level, as 1is mormally the cage with an input sigmal to
the compressor of, says =230 db Telative to test-level and a
noise level of =40 Ab relative to the test level on the line,
the ecompressor introduces 15 db gain and thus improves the
signal/noise ratido on the line from 10 db to 25 db. The ex-—
pander, which is controlled by the higher level signal, has
a 1gas of 15 db, so that the nolse now received only 15 db
attention with the expander, but. when the =2ignal ceabes,

the loss to the neise rapidly increases to 30 4b 5o that

the noise at the output of the expander falls to=70 4b re~

lative tao test level, and would be inaudible.
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Compander action may be illustrated aa.shown in
Fig 30, where the input sisnal (a) represants discrete
sound of various levels separated by silent intervals,
e«ga Separate words or syllables. The signale after con-~
pression are shown at (b), where the first aspeet of com=-
pandor advantage may be seen in the improvement of signal/
noize ratio on tne line for all signalq balow test level.
The effect of the expander is seen at (o)}, where the ori-
ginal signal level has been restored and the received noice
is dependent on the signal level the noise is greatest when
the slignal is loudest, and least during the interval between
words. It is this effect of a silent back=ground which
greatly contributes to the subjective improvement produced

by the compandor, this is particularly so if the interfering

signal is Intelligible crosstalk,
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Plg 30 -- Compandor response to discrete eignal
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In practice the compandor is not instantaneous in
action, as suggested by Fig 30, but both compressor and
expander having timec constants which =zre chosen from

consideration of the characteristics of telephone spcech.
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