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CIRCUIT DESCRIPTION OD-95294-01 
IIBUe 2A 

Appendix 14B 
Dwg Issue 16B 

CHANGES 

COMMON SYSTEMS 
nN2" CARRIER :rELEPHONE 

COMPANDOR CKT 

D. Desarit?tion .or Cha;g&ea 

D.l In Fig. 2, the following changes were 
made: 

(a) The KS-19606 List 1 potentiometer R48, 
which was incorporated in the J99272E 

units in 1964, is showtl on a "line-out" 
basis to correct an error. 

(b) The KS-16752 Lilt 6 P.otentiometer R48 
is changed to a KS-16752 List 10 

potentiometer on a "l1ne-out11 basis. 

(o) The KS-16752 List 6 and the K.S-19606 
List 1 potentiometers are rated uMtr 
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D .. l To change the rating of the drawing from 
· n AT&TCo Sta.nclardn to· nMrr Disc .. n 

Bell ·Telephone Laboratories, Incorporated 

Dept 2169-LAF-OLW 

Printed in u.s.A. 
Page· 1 

· · 1 P~ge· 



CIRCUIT DESCRIPTION CD-95,2.94-01 
Issue '2A · 

Appendix 12D 
Dwg Issue 14D 

COMMON SYSTEMS 
· nN2u CARRIER TELEPHONE 

COMPANDQR:CKT 

CHANGES 

B.. Changes in Apparatus 

B .. 1 Superseded Superseded by 

In Fig. 1 

1 - Transistor Q3 
24B 

1 - Transistor Q3 
24D 

In Fig. 2 

1 - Transistor Q6 
24A 

1 Transistor Q8 
24B 

1 - Transistor Q6 
24C 

1 Transistor Q8 
24D 

D.. Des,cr1et1on of Chang.e,~ 

D .. 1 The· code tor transistors Q3, Q6, and 
Q8 were changed on, a nline-out 11 basis. 
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APPI!~"•tu~ 

Rl2, XS•l3490, Ll 

Jll6, KS·l3490, Ll 

~emo~1j 'eplaced b~ 

~~100 ohml a ohms 
AA option t1on 

10,000 ohme 4,700 ohms 
AA option AB option 

D. l?!ecr1pt1on 2r Chanses 

D.l in 4pP,~41J +9P~ Section D.2, option AC 
wa• e~rqn1o~s*~ ~et-~~e4 tq a~ ~+~ 

1)91 Opt&.on ~Ci (~4~1~1on qt RVl) wh~«:h wa111 
~OVI r~g ;~ 'R t}le prey~cn.us fraw1~&, l2B 

( Ap,ttn4J.Ii J.QI. , ~~~ P!~~~ UP§PJHJ•d t~ §n D 
olllns•· · 

:BJLL ?:ILIPHONI UIOMtollXJI, :tNCORPOJU.T'JP 

izrr 1192•VPJt;..AJO 

CD-95294-o: 
ISSUE 2J 

APPENDIX llAl 
DIIG XSSUI l3Al 
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I· 
· a .. 1 

!!·2 Adda~ 

'1 .,, lOOl) V•r, m 

,;.0 .... 95294·01 
ISSt.'E 2A 

APPENDIX lOB 
bwa ISSUE 12B 

12.... Descr1;t1oo of· Chansea 
D.l Opt1on1 AA and AB wore added to cove~t 

the ehange1 1n :rca1stora Rl3, Rl4, J:and 
1U5. Option AA 11 :rated M!r Disc .. , ~nd 
option A» 11 rated Standard. 
J). 2 Option At wa a added to cover the 

addition or RVl. 
:D.3 Opt1one. Y and z were added to cover the 

ehangeu. 1n reaistora R4 and R5.. Option 
Y ie rated Mtr Diso .. , nnd option Z 11 rated 
Standard. 
!!·4 Option AD wae addod to cover .the 

ehans;e 1n transformer Tl, option B 
w~u~ rated A&'« Onl,-, and option AD 1a rated 
Standard. 
D.5 Note 201 wa1 chanGed to include the 

434B d1o4e. 
D.6 Note 203 was chansed to include 

option z. 
D .. 7 Note 205 waa added. to oovero opt S.orut 

AA anc:l AB. 

D .. 8 Note 104 waa cnanse4 to include option 
AD ... 

l 



~ARag 

B.. CKAJtOIS XH APPA1\A1'US 

8.1 A21aratue Removed Reelt~eed bz 

Jl]2,221A 38,300 ohm 56,200 ohm · 

D. IUCUP:IOM OlP CHANGES 

D.l Thia chanse haa been made t~ prcrv1de 
opt1onal connect1on ot R32 to ve 

unitol'ld.t1 ot t1D4 ourrent tbroUih 

CI)...952~·0l 
Iaaue 2A 

Ap~nd1x ga 
Dws Iaaue llB 



QBAHOII 

COMMON SYSTEMS 
11M2"' CARRIER TELEPHONB 

COMPAMDOR CX'l 

·B. CHANGES IN APPARATUS 

a.·l 
~------------~------------4---------~ 

B.l Apparatu1 AddeA 

1 - C34; 542AA; 0,.0215 J.&.t 

D. DESCRIPTION OF CHA.NQES 

D.l Opt1ona P and Q were added to cover the 
change or R79.. P waa rated Mtr ~iac.; and 

Qwaa rated Stan~ard. 

».2 Option R and s '"ere added to cover change 
ot C4 and C5.. R was rated Mf'r ~1ac .. , and 

S vaa rated .Standard .. 

D. 3 Option U and V were add cd to cover change 
ot Q1 from a l2B to a 12M. U was rated 

Mtr 1>110 .. , and V wan rated Starldud. 

1),.4 Option t was at!ided to cover capacitor C34 
Which wae a6ded .. 

~;.i:;4-o: 
:saue 2.A 

Appendix f.a 
D\tg Ieaue 10.& 
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L CIIMDU D APlARARS 

B.l Apparatua aomovod · 

1 • ftandator . 
. 'Q6 ·~ 

W ot~ae• btadlrel. u.ade•. CIAIQZ' ftO ~· 

. . 

bplaced tar 
24A 



CHANGES 

a. CHAHQES IH APPARA'l'US 

* 8.1 

68,000 
KS·l3490,Ll 
16,ooo 
KS·l3490,Ll 

1.2 ApJ?&ratua Added 

l ... 1\78. 3600 ohma. JCS ... l3490, Ll 

l. .,. ll79, 10,000 OhiUt, JtS ... ~)8o6, :tJ.2 

8.3 ApEaratue Changed 

CD·95294-0l 
Issue 2A 

Appendix 6a 
J)wg lJiUil\18 8.8 

All ~e11ators previously designated 
XS-13490, Ll are now KS-16645, Ll exceptt 

Rea1atora R50, R51, R56, R5t, R62, 
R73, and R75 .. 

D, DESCRIPTION OP CIRCUIT CHANGES 

D .. l Opt1ona "M0 and "Nn were added to cover 
tne change of CRl and CR5. "M'* was 

~ated Mtr :01ac. and ••N" was rated Standarct. 

1:1.2 Option "L" waa rated Mtr Disc-.. and waa 
prev1oual:y replace4 by option uN" .. 

D.3 Note 102 was changed to corre1pond to 
tne apparatua changea un4er B3 .. 

:0 .. 4 A manufacturing circuit adjustment 
provided by straps Ml, M2 and M3 with 

res1atora RBl .. R82, R83,. an4 RB5 was rate4 
Mf'r D11c. (option nMn) and replaced by the 

. notentiometer R751 and res1ator R78 (opt1on · 1tjlf). 



CHAHOBS 

& CHAHOZS D API'W!OS 

8.1 MR!NtUI. 

1•R46Rtl• 

l •"151 ••• 

·Removed 

221A 
127 ohma 

XS·13490 .,Ll 
5600 ohmo 

221A· 
4220 Obml 

D. DBSCUPfiOJ: OJP CDC'QIT CH.!U«lD 

~ep;laced bt; 

221A 
· 100 ohma 

18·13490#Ll 
TSOO ohma 

~;eel A 
3320 obau . 

D.l "r.• op1:1cm wa add.ed to cover B .. l above.: "X" option waa prev1oU.l7 ahown an4 1a now rated Ktr D1ao. 
D.a lfotea 203 en4 2o4 were ae>odcd .. 

All otber hod1n;'a- a.o chanse. 

C:0•95294-0l 
Iaaue 2..\ 

Appendix 5B 
Dw& Ie1ue 7D 



-CIRCUIT DESCR!PTION 

CHANGES 

COM:·10N SYSTEMS 
''N2 11 CARRIER TELEPHONE 

COMPANDeR CIRCUIT 

B.. CHANGES IN APPARATUS 

B.l Apearatus 

l ... R46 Res 

Removed 
KS-13490 Ll 
16o Ohml 1 

'Reelaced bz 
22lA 

1 "" R51· Rea · 
KS-13490 Ll 

1 ... RS"+ Rea 
221A •. 

4700 ohms 

5110 ohm.:J 

D.. DESCRIPTION OF CIRCUIT CKANOES 

127 ohm.e 

5600ohme 

:0.1 "Ju and uKt~ opt lone we:re added to cover S.l above. ••.r" wa.e previcualy shown and now rated Mtr Disc,. 
All other head1nsa. no chance. 

'-,1J!pr 21 :\)2•WPK•AJQ . ' 

CD .. 95294...0l 
Issue 2A 

Appendix 4B 
tf,.,~a Issue 63 

Paz~ 1 
l 1"1,6e 



~"'ltS 

B. C~1GJ3S :tH APPAR.ANS 

B.l Superceded Superceded bT 
l-R.ec(R68) 6190 l•Ret:(.R&.i) 56en 

221A 221/t 

J>. JmSOID"!IOH OP ClRctJl!' CHANGES 

».1 •o and r optiono were added to cover B .. l above.. •a• option onl;v waa pre• Y10WII17 ehq1m and not t"ated •JU"r., D1ec.• 

All ot.ber beacU~u .. J'o chan&•• 

C'l)-95294 ... 01 
lnt~.u.e 2A 

Appendix 3AC 
.Dw;., IaaWt SAC 

p~~J,) l 
ll.l~('!lo 



CIRCUIT DESCRIPTION 
'tRANSMXSSION SYSTEMS PEWLOPMEN'T DEPA.R:rMEII!!'7 

CHANGES 

B. CHANGES IN APPARATUS 

B~ l Superceded 

l•Tran111tor (Q4) 
128 

Superceded by 

l•Trana1ator (~4) 
12M 

l-Tranaformer (Tl) l ... Transrormer (Tl) 
2!)86A .. 2!)86E 

l ... Transformer (T2) l•Tranatorur (T2) 
2586B 25867 

D. ll'ESCRJ:PriON OJ' CIRCUIT CHANQES 

l).l Note 202 waa added to de1ori'be 
transistor (Q4) change. 

J). 2 ,. A,., "Bn and ''X", ":ru opt :Lena were 
added to cover B.l above. "A" and "Eft 

.options only were pt'ev1oual7 abown &nd not 
rated 0 1-U:'r .. D1ao. n. · . 

»·3 Note 104 waa added 

All other bead1nga, No chAn&•· 

CD .. 95294-0l 
Issue 2A 

Appendix 2B 
:Dwg. Iaeue 4B 



CBAIIJBS 

8, CHAJDU D AI'PWTVS 

,.... (R'I') 
145A 
0.1:21 *• n 

l•R••• (Rl2) ' 
JCS-13490.. L1 
20,000 () 

l·R~·ft.. UUB) 
KS•l3490, L1 
10 n 

l•R••· (828) 
22lA 
3830 n 

l•Rea. ) 
xs-1 Ll ao,ooo n 

~·p~aced. bJ 

l•ROCh (R7) 
221A 
0.121 ~tea n 

l•Rea. ( ),..'11 
JtS-134 ....... 
5,100 n 

1-aea. {R18) 
XS.•l3490, L1 
33 0 

l•Rtta. (828) 
221A 
gogo n 

· l•Rea. ( ) 
XS-134 Ll:. 
5,100 0 

RemoV1!d 

1-noa .. (RBl) 
KS-13490• L1 
11,000 0 

l•Rea, (Rat&) 
22lA 

• ~8,300 n 
a.a Added 

.l•Rea .. (R85) 
JCS ... l3490, L1 
16,000 0 

CD-95294-0l 
lacue 2A 

Append1x lA 
Dw:a. IBIUO 3A 

Replaced b7 

1-Rea., (R8l) 
JCS-13490, Ll 
8,200 0 

1-Rea, (RSli) 
22lA 
31,6oo () 

D. mtSCRIP'riON 01' CIRCUD" CHANGES 

D.l Strap M3 waa aulded. 

D.2 Note 201 waa added.,. 

• • 

D. 3 Note 101 waa rev1aed to .include St:rep 
JQ. . .. 

Page l. 
1 Paa~ 



CIRCUI'lt DESCRIPTION 
TRANSMISSION SYS~EMS DEVELOPM!h~ DEPAR~\T 

CD-95294-ol 
Issue 2A 

Dws;. Issue 2A 

COt~ON SYST:EJ•!S 
"N~f• CA..'I:\RIER TELEPHONE 

COMPA..1\'DOR CKT 

SECTION I ... GENERAL DESCRIPTION 

1. GENERAL 

l,l The Compander is a esingle plug ... tn e,p ... 
paratus un1 t which cornpr1see t'l.'llo com­

plementary devices~ a Compressor and an 
Expandor, which function independently ex­
cept for a common connection to the power 
eup.,gl)'.. The:se devices each have the prop ... 
erty that the gain or the circuit is made 
t~ vary 1n ~ccordanoe with the voice fre­
quency signal. The slowly v~rying envelope 
of the signal wave rather than the instan­
taneous ,value controls the aa1n 1n a, 
prescribed way. 

:!..11 The Compressor reduce1 the volume 
rEu'lge of the voice frequency signal, 

the ac:~ion being such that the output power 
incr~a~es l db ror each 2 db increase in 
the i~put power. The changes occur at the 
s:~lla!:iie frequency ·rate ot the voice tre ... 
queney a1gnal. · 

1,12 The Expander increases the volume 
range of the voicu frequency S~ignal, 

,the action being such that the output power 
increases 2 db ror each l db increase 1n 
thQ input power. The ehangea occur at the 
eyllab1c frequency rate or the voice fre• 
q_ueno1 .eie:;ne.l .. 

.1.13 . Both· compression and expansion are 
~c:eompl1ehed by inserting in the eir• 

ou1t a Var1oloaser. This dev1ae is a · 
variable a-ctenuator which causes the voice 
frequency a1gnal to be atterauated aa re ... 
q,u1rad above.. The action is controlled by 
a alowly vacyin.e:; c:urrent derived. from the 
4uwelope o:r the voice frequency signal. 

1.14 The Compandozt is energized by an ex ... 
ternal power 1upply which is regulated. 

to ·21 volts. The -24 volt plant battery 
2.1 the primacy aouree or power. A regulated 
·15 volt aourc~ with additional noise f11• 
ter1ng tor a quiet bias supply 11 an 
Sntegral part or the unit. 

2 • FUNCTIONAL CHARACTERISTICS 

a.l The inclUiiOn or Coropandors in the tl:~ 
m1nal equipment of the "N2• Carrier 

'Telephone System yields an improvement in 
• the &mount of no:tse and. croesta:i..k which ·can 

'be tolerated in the transmlasion medium. 
.Weak speech v~lumea 1 being most susceptible 
to system disturbanCe$, are carried at a 
ztiitl&tivel;v h1ghe:r le:Yel over the 1nterv~n1n& 

noisy medium.. Strong speech volumes need 
lesa 1ncreaoe in proportion to the volum'a. 
Thus, the need !'or crosstalk balancing of 
the lino is eliminated; filter discrimina­
tion requirements can be reduced; and a1g~ 
nal levels can be :raised without undue 
1nte rference. 

2,11 The Compressor reduces the volume 
range or the voice frequency signal 

before modulation in the transmitting tar .. 
minal.. It receives inputs within the range 
250 to 3250 cps from a trunk circuit through 
a 4 wire terminating network and deli:vers 
an output having a compressed volume range 
to the channel modulator. The input to the 
Compressor is a balanced 6oo ohm impedance 
sui-cable for connection to the hybrid trans­
former.. The unit accepts voice frequency 
signals having power levels between -8 dbm 
and ... 68 dbm measured at the input trans ... 
former terminals and delivers a voice rre• 
quency signal having a volume range ot 
30 db after compression. 

2,12 The Expandor increases the volume 
range of the voice frequency signal 

a.:."'tet" demodulation in the receiving ter .. 
minal. It receives inputs w1th1n the range 
or 250 to 3250 cps !'rom a channel denodu .. 
lator through a band pass :filter .. and 
delivers e.n output to a trunk circuit 
th:"ough a 4 wire terminat1ng net~rk. The 
Expandot' res teres to the original volume 
range the voice frequency signal. thus com• 
plement:l. 'ng the action of the Compressor. 
The output of the Expander is a balanced 
6oo ohm impedance suitable tor connection 
to the hybrid transformer. The unit accept& 
voice frequency :e!gnala having a comp!"'EH.Uiied 
volu~.e range of 30 db and delivers a voice 

. rrequenc~ signal having power levels be­
tween +lo dbm and ... 42 dbm measured at the 
transformer terminals. 

2 .. 13 Both the Compressor and the Expandor 
require Variolossers to achieve the 

required compression and expansion of the 
signal volume. A Variolosaer being a non· 
linea::- device .. a low volume tor the voice 
frequency signal is necessary in order to 
avold introducing ~ntolerable harmonic and 
1ntermodulat1on d1stortion due to its non-· 
linear elements.. The Variolosse:r 1n the 
Expandor. receivel o1gnals at the required 
low level, but the Var!oloaser in the Com ... 
pressor 1s preceded by a fixed attenuntor 
which reduces the signal to the appro­
priate low level.. In both the Compressor 
ana the .Expandor, the. Varioloaser ia 

Pr1nte4 1n U.S.A .. Page 1 



CD-95294-0l, ISSL~ 2A 

followed by a high-gain ne:~at1ve feedback 
arnpl1f1er. These amplifiers compensate 
for the losaea introduced by the fixed pad 
and by the tranarnias1on medium, reapec­
tivt!!ly; and l'i.':Jtorc the voice frequency ais; ... 
nal to the proper level .. 

SECTION II ... DETAILED DESCRIPTION 

1.. GENERAL 

Although a complete d'll'::;;ign theor.J tor 
either a Com;rressot." or an Expandor requires 
precisd mathematical relationships, the 
essential r~aturea can be placed in evidence 
by describing three parts aeparately: 

(l) Varioloaser 

(2) Control Circuit 

(3) Amplifier 

l.l Variolosser 

1 .. 11 A Variolosaer is !4 netHork having a 
varistor,. i..e .. , n variable re:-Jistanee. 

aa an element. Voice signals ar& 
attenuated by amount;:) upon the 
magnitude of the rt':t:;~intance.. If the var• 
iator 1a a silicon diode# the resistance 
can be varied by changes in a un!.d::l:.rec ... 
tional bias current. \'ll'hen the voice :fre­
quency signal current is small in 
comparison with the li:taa current, the 1m ... 
peda.nee presented by the variator is a 
resistance whose rnagn:ltu4e depends upon the 
bias current.rather than the .signal current .. 

(l) Varistor 

A s111eon diode haa a nonlineu 
relationship between the current and tbe 
voltage across the te.::"m1nala,i,.e,., 

It the voltage drop,. v~ 1s and 
greater than a. t"'ew tentha 
1sfactory approximation is 
V is propol""t 1onal to Log I and the s 1gn1.t" ... 
icance o,( the several eonatanta is not 
important. 

When the total ct:. rrent is a com ..... 
b1na.t1on of a relat1·iile1y unJ..di:::-ee .... 
t1onal bias current and a vo1ee 

. frequency signal CU:k"X"ent;. the ac resistance 
of the var1s tor :.ta invet"'se ly proportional 
to the bias current.. ('l'he ac ~,·vsistance 
1:~ the ratio or the incremental chz.n::;a 1~::: 
vol tag a to the small phange :in CUl"'rent th&t 
prod'l.l.Oed i't; 1.,e., it 1.a the SlOllO Of tht! 
V va,. I chn.ra.cter1at1u "at. n. point d~terru::Lned 
b1 the b1ao current~) 

!f 
sistar"J;:::~;l in 

i'r.::n;' an 
11' a and r 

f'or ony 
.deacr1b1ng the 

and I 0 represent the ac re-
and the control current 1n 

initial reference condition, 
the same quan ... 

cund1tiou. the equation 
aa~1un uf ~ var13tor 1u 

( (l) 

(2) The Compressor employs a Var1o ... 
los:emr having the varistor connected as a 
shunt. element. It R represent.s the ac re­
n:l..stance of a varistor shunted across a 
voice frequency signal circuit~ and if 
Z1 and Z2 re;prcaen'C <;;he input and output 
aignal ci:i:•cu1t 1mped.a.nces, respect1vel.;y 4 

If R is small 1n comparison w1th the par­
allel combination or Zl and Z2,. a good 
approx::..mation for the at:t.enuation., exprEU!ilaed 
in db,. is · 

!f' ~ am:l R0 represent. Var1olosser atten ... 
uation in db and vn.rist.or resiutance in 
otr.1u i'O~"' an 1ni t1al reference condition, 
and if X and R represent the s.arne quanti ... 
tief.i. for any other condition, the loa1 
ecr~ation :l.u 

are related to the control 
C:lX'J::'<ent tO eq_uat.ion (l) 1 the 
equation for ".;;hE: introduced b1 the 
Variolo.:::1:.:~;:;u• in the Compressor 1s 

(2) 

Expand.or employs a Var1olosoer 
~ariator connected as a series 

• If R :reoresents the ac resistance 
ot a va~i9tor 1ns~rted in a voice trequenor 
signn.l ci:::.•cui·;, and if Z1 :and Z2 represent · 
the il\P';.;.\:, and s~,gnal circuit 1m ... 
p,:::d.an<C:cJ~ 

ut. 

(Zfi!·Z2 ) + R 

z2 



CIRCUI':'· Dl:SCR!P'l'IOH 
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c0 .. 95294 ... <.Jl 
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Dwg. I~usue 2A 

COM.~ON S'1{ST~..S 
•Na• C~~IER TELEPHONE 

COMf' ANOOR CKT 

SECTION I - GENERAL DESCRIPTION 

l. GENERAL 

l~l The Compandor 1a a aingle plug .. in a,p .. 
paratua unit which comprises two com• 

plementary d.ev1ces, a Compres~or and an 
Expandor, which function independently ex ... 
cept ro:r a common connection to the power 
sup~ly. Theae devices each have the prop ... 
erty that the gain or the circuit 1s made 
t.;) vary 1n accordance with the :voice fre .. 
quency 6ignal. The elow·ly v~ry1ng envelope 
ot the a1gnal wave rather than the 1nstan .. 
taneous .value controls the gain in a, 
prescribed way. 

!.ll The Compressor reduces the volume 
range of the voice rrequenay signal, 

the o.etion being such that the output power 
incr~a~es l db ror each 2 db increase in 
the ~:-.put power. The changes occur at the 
ayll4~1c frequency rate ot the vo1ae tre· 
<r~.umcy a ignal. 

1,.12 The Expandor increass:s the volume 
range or the voice fre~uency ~1snal~ 

,the action being such that the output power 
increases 2 db ror each l db increase 1n 
the input power. The ohansea occur at the 
syllabic f'requencJ,t rate or the voice rre ... 
q,uenc:t a1gnal. 

· .1.13 Both. compression and expansion are 
accompliehed by 1neert1ng in the cir­

cuit a Var101osaor. Th!:~ device is a 
variable attenuator uh1ch cau~os the voice 
trequenc1 signal to be attenuated as re~ 
qui red abowJ. The action j,s eot1t.rolled by 
a slowly var:llng current derived from the 
envelope of the voice frequency signal. 

1.14 The Compandor 1s energi:o::ed by an ex ... 
tarnal power supply · ... h.:ich is regulatei 

to -2l volts. IJ.'he .. 24 volt plant battery 
1a the pr!mary source of power. A ree;ule.te4 
•15 volt. source w1th additional noise til"" 
terirJ.g :for a qu1e t. bias supply 1e an 
1nt(:!gra.l part of the unit .. 

2, FUNCTIONAL CHA.RACTERIST ICS 

2.1 The inclusion or Companders in the tef!!oo 
minal equipment of the "N2 1111 Carrier 

. Telephone System yields an improvement in 
the nmo'Jint of noise and. crosstalk wh!ch ·can 
'be tolerated in the transrn1s:'!!:1on mcdtum. 
Weak speech V.:)lume.;;,Jf being mc::.t auscept1blQ 
to system d1aturbances. are carried at a 
relatively h1gher le:val over the 1nterven1n~ 

no1s:1' medium.. Strong apeech volumes need 
lese 1nc.Lt"ea.ae in proportion to the volume. 
ThufjJ the need for crosstalk balancing of 
the line 1s eliminated; filter diacrlmina• 
tion requirements can be reduced; and a:ts;..; 
nal levels can be raised without un4~~ 
1nt.er:ference .. 

2 .. 11 The Compressor reduces the volume 
:ra.11ge of the voice :frequency s!gr~al 

before modulation in the transmitting ter• 
minal. It receives inputs within the rans• 
250 to 3250 cps from a trunk circuit throush 
a 4 wire terminating ndtwork and delivers 
an output having a compressed volume range 
t~o the channel modulator. . The input to the 
t,:;:omp:reasor is a balanced 600 ohm impedance 
euitable :for connection to the hybrid tranl""" 
former. The unit accepts voice :frequency 
signals having power levels between -8 dbm 
and ... 68 dbm measured at the input trans ... 
former terminals and delivers a voice tr&• 
quency signal having a volume range ot 
30 db after compreaa1on. 

2 .. 12 The Expandor increases the volume 
ran~e or the vo1ce frequency signal 

after demodulation in the ~eceiving ter­
minal. It receives inputs within the range 
ot 250 to 3250 cpa from a channel demodu­
lator through a band pass filter, and 
delivers an output to a trunk circuit 
through a 4 '\\.'ira terminating net~rx.. The 
Expander restores to the orlginal volume 
range the volce frequency signal, thua com~ 
plement1ng the aotlon ot the Compressor. 
The output of the Expando:::- is a balanced 
600 ohm impedance suitable tor connection 
to the hybrid t:t'a.ns.former. The unit ac;;lepta 
voice frequency signals having a compressed 
volume range o:f' 30 db and delivers a voice 

, trequencl signal having power levels be­
tween +l8 dbm and -42 dbm measured at the 
transformer terminals. 

2 .. 13 Both the Compressor and the Expander 
require Varioloaaers to achieve the 

required compression and expansion or the 
signal volume. A Variolosser b•ing a non• 
linear device~ a law volume for the voice 
frequency signal is nacjssary in order to 
avoid introducing intolerable harmonic and 
1ntermodulation d1stort1on due to ita non-· 
linear elem6nte. The Var1olosser in the 
Expandor, receives aignals at the required 
low level, but the Var1olcaaer 1n the Com-· 
presnor is p:r.•aceded by a fixed attenuator 
which reduces the signal to the appro­
priate loH level. In both the Compresaor 
and the Expander ... the Variolol!ila.er 1a 
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followed b;v a high-gain negative .feedback amplifier.. These amplifiers compenaate tor the losses 1ntroch.u:ed by the t'1xed pad and by thG transmission medium, rtspeo ... 
tivttl:Y; and r~~t"''*"c the voico rreq,ueno;, •1s• nal to tho proper level. 
SECTION II .. DE"l"AILED DESCRIPTION' 

1,. GENERAL 

Although a complete design theor.v tor e1 ther a Compressor or an Expandol" requ1l"ea · precise mathematical relat1onsh1pa, the essential rif'!atures can be placed 1n t"ltldenoe b» deacl"1h1ng three parta aeparatelJ'i 
(l) Var1oloaaer 

(2) Control C1rcu1t 

(3) Ampl1f'1el" 

1.1 Variolosser 

·1.11 A Variolosser 1a a network having a varistor, 1 .. e., a variable resistance. aa an element. Voice frequency signals a.N; attenuated by amounts dependent upon the magnitude of the resistance. It the var• 1ator 1s a a111con diode~ the resistance can be varied by changes 1n a un1d1re<:­t1onal biaa current. When the voice tre­quency a1gnal current 1a small ln comparison with the b1aa current_ the 1.­pedance presented by- the Yar1ator is a r.:u1111tance whoae ma,an1tude depends upon the b1aa cn.arrent rather than the s1snal cut"rent. 
.(1) Val*iltOr 

A silicon diode baa a nonl:lnear J"8lat1onah1p between the current and the voltage acroaa the term1nala.1.e._ ' 

It the voltagedrop, V, ia positive and s;reater than a rew tenths or a volt, a sat• 1st&otory approximation 1a to assume that V 11 ·proportional to Log I and the a1sn1t ... lcance ot. the several constants 1s not important. 

When the total cul"rent 1a a com ...... b1nat1on or a relatively large ~1d1rec­tional b1aa current and a amall vo,1ce . fl"equency signal current, the ac resistance of the var1ator 1a 1nversel;r p:roport1onal to the bias current. (The ac ~esiatanoe 11 the ratio Qf the incremental change ln 'll'oltage to the small change in current thati P1'104w:lled it; 1 .. e .. # 1t 1s the slope ot tbtl . v va. I character1st1G at a point dete~1ne4 
- the b1aa Cwt""nt.) 

It' Ro and I 0 repretulknt the ac re• ' s1stance 1n ohms and the control current 1n amperes tor an initial reference condition,. and it R and I represent the same quan ... titiea ror nny oth~r cund1tion., the equation .deaor1b1ng the act1un ur a vnriator 1B 

(l) 

· (2) The Compreaaor employs a Vu1o ... loaaer having the varistor connected as a shunt element.. If' R re:s:u:"'elenta the ae re• ai1tance ot a varistor shunted across a vo1cu:!!, frequency a1snal c1rcu1 t,. and 1t . Z1 and Z2 represent" the input a.nd output a11.nal o1"u1t 1mpedaru:r.ea" reapeot1velt. 

+ + 

It R is small in comparison with the par-allel combination of Z1 and Z2,.· a sood . approximation tor the attenU~t1on., expreased :ln db.. 1a · 

X • lO Los~o I r 
It JO. IL114 ~ represent Va1"1oloaser atten• uat1on in d6 and varistor resistance 1n · ohms· tor an 1n1t1al reference condition. and 1t X and R rept"t:aent the aame quantJ.• ttea tor a:n;r other oon41t1on, the 1oaa equation is 

Since R and are related to the control current acco ng to equation (l), the equation tor tbe loaa introduced blf the Var.toloaaer S.n the Compreaaor 1a · 

(:.!). 

(3) The Bxpan4or emploJa a Var1oloaaer hav1n,s th• varistor connected aa a aeriea element. Xt R repre•enta the ac rea1stanoe ot a var1ator ·s.naerted 1n a voice tl"equenO¥ a:lgnal c1rcu1t., and 1t Z1 ud • the input and output a1&nal c S.a""' pedancea, ~apect1velJ, 



Xt R 1a larce 1n oompariaon with the aerie• 
comb1""iil,tion o,f Z1 !IIU'Hl Za, a good approx ... 
1mat1on tor the attenuation, expreaae<l in 
db,, ia 

It X0 and !\.... represent variolomuser atten .... 
\l.:'\t1on in d6 and ·varistor re11stanee in 
ohma :ror an initial reference condition., 
and it X and R repreaent the aut~ quan ... 
t1tiea tor an:v other oon4ition, the loaa 
equation 1a 

Since R and ar.t related to the oo,ntrol-
o\irrent acco na to equation (1), the 
equation tor tb~ loaa :tntroduceel b)" the 
Var1ol~aaer 1n the ixpandor 11 ' 

1.2 Control Circuit 

(3) 

1.21 The Control Circuit tor the Vario-
loaaer employs a peak .. typl rei!:t1t1er 

which charges a capacitor to the peak 
voltage ot the voice :rrequencf 11gnal. It 
the capacitor 11 charged through a rel ... 
at1velJ low resistance circuit and is 
allowed to diacharge through a high reaia ... 
tance, the charging and d1aebarg:Ln.g time , 

• : conatanta can be adjusted ao that the out~ 
put current 1a proportional to the voltae;e 
or the envelope of the voice frequency 
a1ana.1... Thus, the derived control current. 
11 proportional to the square root ot the 
aisnal power. It 10 and I 0 represent the 
signal power in db and the control current 
1n ampel'ea for an 1nit:tal reference con• 
d1tion1 and it P and I represent the. aame 
quant1t1ea tor any other condition. the . 
equation deacr1b1ns the action ot the Con• 
ti'Ol CS.Nuit 1a . 

10 tos ' ('&) 

81nce the Vanoloaaer requiree verr 
low a1cnal levels to avoid intolerable 
1ntermod.ulation diatort1on, both the input 
an,d the output power are amall.. Thererc:u:•e, 
ampl1 t1cation 1a necu:uu:r.aey between the 
Yar1ololaer an4 the NCt1t'1er in the eon ... 
tnl C:U.:rou~:b. 

400 .... 

( l) Varoioloaser and Control C1rcu1 ti 
The important properties of a 

Variolosser and 1ts Control Ci:reu1t 1n 
combination can be placed. in evidence in 
the f'ollow1ns simple wa)fa 

Let P1o$ Pao and Xo represent the 
input power, output power and '\U!Lriolosser 
attenuation for an in1t1al reference eon• 
d.1t1on., Also let P1.~~ P2 and. X represent 
the same quantities tor an.:y other condition. 
If all quantities are expressed in db, the 
tra.nam111ion equation tor.the Var1olosaer 
ia 

(5) 

{2) Compressor 

The Compressor having a backwar4 
acting control ei:rcuit) the changea in 
attenuation in the Var1olosser are de­
pendent upon the changes in output power. 
The desired two-to ... one compression can be 
achieved if the change in attenuation 11 
1n the aame sense and. is equal to the 
change 1n output power; 1.e., 

(6) 

Substituting this equatfon 1nto equa ... 
tion (5), the tranam1as1on equation tor the 
Compressor becomes 

(7) 

Equations (2) and (4} can be eom'b1ned to 
form equation (6)J therefore. a shunt 
t)"pe Var1olomu!ler 1n combination with a 
backward acting control c1rcu1t w:tll have 
the <bus1re4 two-to ... one compPtUUtion ehar­
acteriat1c. 

(3) Expander 

Th& Expander having a torward 
acting control circuit, the changes 1n 
attenuation in the Var1oloaaer" are de; ... 

dent upon the changes 1n input power. 
desired one-to ... t',I#O expana1cn, can be 

achieved if the ehange in attenuation 1a 
tn the opposite eunlse J,.nd 11 equal to _tht 
change :S.n i:oput power; i .. e.,_, . · , · · 

(8) 

Page 3 



Subatituttng thia equation 1nto equat1on (5)1 th,e transmtsston equation tor t be ax ... 
pandor becomes 

Equationa (3) and (4) can be combined to 
form equation (8); therefore, a ser1ea 

(9) 

type Var1olosser 1n combination with a tor ... 
\ll!ard a~ting control circuit will have the 
dea1red c:u:'le .... to ... two expan11oi) charactet-1at1c, 

1.3 A1npli f1er · 

1.31 The Cornpandor unit include& three 
high-gain negative teed back 1 t1era 

wh.t eh iru::reaae the voice frequeno~ 1 l 
power to the levels required in tht a:rstem. 

(1) Compressor Amplifier 

(2) Expandor Amplitie~ 

(3) Control Amplitie:J::~ 

(1) Compressor Amplifier 

The Compressor Arnp1,1t1ett 2."'ede1vea 
the low le:vel voice frequenc)' signals trom 
the Variolosaer and develops voltages be ... 
tween 0.1 and 8.5 volts RMS across the 
mo4ulator input terminals<~ This amplit1er 
also functions as a control amplifier e:S.nce 
the backward acting control circuit :re ... 
quired for the Variolosset- ia connected to 
the Compressor Amplifier output \"ather- than 
the Variolosser output. · 

(2) Expandor Amplit1e~ 

The SxpandorAmpl1t1er> tlece1vea low 
level voice frequency signals from the de• , 
modulator through the Var1oloaaer, and 
deli vera power to the line at le,ela be, ... 
tween +18 dbm and ~42 dbm, 

(3) Expandor Control Amplifier 

The input to the VarioloJ!UiH!ll" 11 ve:&'7 
low level and a Control Amplifier is ruito ... 
e1uuury in the :rorw<J:urd. acting control , oil"• 
li)Uit fol" the Expandor.. This amplifier 
receives power from the line and develops 
sufficient voltage across the rectifier 
to provide the necessary control current 
tor> the Variolosser. 

(4) Stability ot Amplifier~ 

The speech amplitiers are nigh-gain 
negative feedback amplitiers. The loop 
sain is provided by three transistors use4 
in the common emitter connection.. Since 
the current gain of a transistor may vary 
between wide limits# i.e;, -~ to +20~~ 
the provision or a loop that ia always 
atable ln the N:vquist aenae 1a essential ... 

In general, the slope or loop gasn · 
(db vs. og r) must be controlled below u 
well u above the voice frequency band. 
~e low-frequency cutotr 1a shaped by -
choosing appropriate capacitors to bJ•PI.illl 
the emitter and base b1as resiatore. Tbe 
bie;h-rrequenoy c utorr is shaped ad41n& 
two ac shunts, one on transistor ) u4 
one on transistor (Q3). The design ob• 
Jective is to obtain 45 degreea phase 
margin and 20 db attenuation margin. 

2n. BPEOIPIC 
The Oompandor schema~ic ctroult 

dl"&W1ng has been presented aa two t1 
for convenient reference although com• 
ponenta have been uaemble4 u a s1qle 
apparatus unit. 

(l) Compressor C1r<::ult; 

Fig. l,Pig. 101 

(a) !xpandor C1rcui t 

FiS:• 2,F1g. 102 

2.1· CtHIIPHisor C::::S.tocuit, (Pig. l~P184 101. ). 

2el1 Voice ftteQueney·a1snala troll a 
balanced pair are received via tet"iill 

m1hala (3)5) and are transmitted tc t)1e 
modulator via terminals (7,13) ot the 
plus (Pl) wh1oh is located at the rear ot 
th$ unit., Pin Jaok& (Cl and C2), (J1,12) 
are located on the :t~ont panel an4 oan be 
used to monitor and measure the voice h-e• 
querHJY input .. 

2;.12 Power to energi~e the tranaiatora 1!1t 
- received trom the Power Unit 

via terminals ! 11,13) ot PlUI:$ ( "' !bt­
nom1nal voltage for terminal {ll 1s , 
... 21 volta de measured with resp1!ot to 
gl:"'und on terminal (13). A source or 
reduced voltage havi~g relatively·low no110 
components is provided as p t the eo .. 
pandor eQuipment. Resistor ) and 
avalanche diode (CR2) form a voltaa;a roes• 
ulator which reduces the ... 21 volt supp~ 
to approximately ~1' volta. In leD 
with capacitor (018} and resistor { , 
this circuit reduoea the noiae tf'Om the 
main power supply. 

2.13 Two terminals are used for faotor:v 
testing: terminal (2) 11 the D1odo 

!fest point which is used to measure tht~ 
output voltage ot the Control Rectif1erJ 
and terminal (8) is the Bias·Test point 
wh1eh 1a used to measure the emitter volt• 

. on trane1stol." (Q3). Straps (Al) and 

'·' 

), ma;r be cut to change the base bJ;as 'lil01t­
a.ge tor (Q.l), thereby adJusting the em1ttll' 
current in transistor (Q3) to the optimum 
value. . The metal frame ot the suba1::uutmbl1 
ie. conn,eetad to terminal (l) so that the 
shield. ground and the si~al ground can be 
oonnected at the desired point in the liJitdlil'll. · 
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(1). Varioloeaer 

(la) Voice tre4uenoy signals ll"O 
transmitted as a tre.nsverae voltage trom 
the line terminals {3, 5) in plug (P:L) 
through transformer (Tl) to thl balanced 
attenuator. The 'balanced att~nuator con ... 
aiata or resistors (Rl),. (R2) and (R3) an4 
the varistor circuit wh1oh includes var­
istor (CRl ), t'EU!iatot-s (l:t4) and (liS) and 
bypass capacitor {01). Transfot~mur ('1'2) 
is ter.minated by resistor (R6) and t~an::un~tl 
the voice frequency signal to the amplifier 
input~ Transformers (Tl) and (Ta) inoreaae 
the impedance$ presented to tht vAristOr 
by the source and load ao that the desired 
compression characteristic can be achieved. 
The amount ot attenuation depends upon the 
rea1atance provided by the 'IUi.ristol" (C:Hl). 

(lb) The Va~ioloaser contt~ol eu:t ... 
rent which is unidirectional and which con­
tains the envelope trequenc31' ot the apeeoh 

· . , waveform 11 transmitted as & longitudinal 
current thro~h the symmetrical varistor 
element.s (CRlJ to e;.round at the center ... tap 
ot transformer (T2J. Resistors (R36) and 
{R37) make the cu~rent independent or the 
var1fl-;;or resistance. A small 'bias cut'rEu'lt 
fleMing through ~esiators (R34) and (R35) 
niainta1ne a threshold tes1stanoe tor the 
varistor when·no voice frequency signals 
are 'bein~ received from the line. 'Re .. 
a1stors (~28) and (R32) form a traction~tinl 
network Which is used. to adJult the bias 
current. ~ 

(lo) 'rranstormer (T~) is well bAl• 
1!U"HHtd with reop&ct to the grounded center• 
tap and is provided with an electrostatic 
shield.. It 1a essential that the balance 
be adequate to prevent the longitudinal 
con.trol current from produc1rie; a trane vtr'l!Ut 
voltage across the voice rrequEU'l.O:f circuit, 
A feedback loop through the main amplit1En" 
and the control circuit would be unntabla 
and would produce a "a1ngins•• cond1 tion"' 

(2) Ampl1t1er 

(aa) The forward gain circuit ot' 
the Compressor amplifier aonsista of three 
transistors (Ql), (Q.2) and (Q3) which are 
•11 used in the eommon emitter connection. 
Re11. a. tors (Rl3) and {Rl4) 1 together with 
resistors (Rl2) and (Rl6) if required; 
provide base bias for (Ql).. Resistors , • 
(Rl7), (R22) and (R23) provide the r 
emitter voltages for transistors ( (Q2) 
and (Q.3 respecti'tely. Capac.1tors ( , 
(C4), ( , (C8) and (Cll) bypass these 
emitter resistances at voice frequencies. 
~haae capacitcrrs· have been selected so that 
the trans m1as 1on around the feedbacl( loop 
)fill have a suitable phase ma!"gtn to prevent 
1nstab1U.ty at low frequencies" Resistors 
(Al5), (Rl9) and (R21) prov.1de the _proper 
collector voltages to·r {Ql} and (Q.2).. Capao.. 
1tor (C9) in combination w1th (R2l) acts aa 
a no1ae t14ter for power supply noise. 

{2b) Resistors {R7) and (R8L to­
g:ether with (R9), (RlO) Plnd {Fe 1) 1 f 
required, form the feedback patn which 1a 
u~ed to adjust the gain to the required 
value. Resistor (Rl8) and capac;ttor (C7) 
are used to control the phase 1Tlt=~re;:tn for 
the feedback loop. Resistor (R.214) and 
capacitor (Cl3) serve a like purpose and 
also serve to bypass transformer (T3) at 
frequencies well above the voice frequency 
range. Capacitor (02) removes loss from 
the feedback circuit at high frequenc1ee,s 
These capacitors have been selected so 
that the transmission around the feedback 
loop w1~1 have a suita~le phase margin to 
prevent instability at high frequencies. 

(3) Control Circuit 

(3a) Transformer (T3) steps up the . 
sie;nal voltage before rectification. It 
also pretents an appropriate load imped,anoe 
to tranaietor (Q3) to insure maximum power 
output. Diodes (CR3) and (CR4) in com .. 
bination with capacitors (Cl5) and (Cl6) 
and the control circuit resistance form 
a voltage doubling rectifier circ~1t whiah 
delivers a control current proportional to 
the envelope ot the voice frequency wave. 
Capacitor (Cl2) blocks a small da voltage 
which might otherwise atteet the modulator, 

2.2 Expandor Circuit, (Fig. 2$·F1g. 102) .. 

&tal Vo1oe frequency signals from the de· ... 
modulator are received v1a terminals 

(17), (19) and. are transmitted to a bal .... 
ana~d lint via terminals (9'~ 15} ot the 
plus; (Pl) which is located at the rear> or 
the unit. Pin Jacks (El and 12), (J3, J4) 

, are located on the tront panel and can be 
\UUtd to moni tel"' and measure the vo1ae f're ... 
qutno:t input. 

2 .aa ThrE:um term1rulle are used tor :ractor:t 
· teet1ngt terminal (14) ia the Biaa 
Teat point which ia used to me,aaure the 
emitter voltage on transistor (Q6)J ter­
minal (18) is the Bias Teat point which 1a 
used ta meaaure the emitter volt on . 
trat'ls.istor (Q8); and terminal {20 is the 
Diode Test point which is used to measure 

-t.he ou.tput volta~e or the Control Rectifier. 
Straps (Pl) and (P2) may be cut to change 
the base 'bias voltage ror (Q4),. thereby 

'adjusting the emitter current in transistor 
(Q.6) to the optimum value.. The base b1at 
voltage tor (Q7) is not adjustable, but 
the emitter voltage fo.r (Q.8} should be 
measured to assure that the emitter current 
is within appropriate lim1~a .. 

(l) Var1oloaaer 

( la) Voice rrequ.enc)' s 1gnala are 
transmitted as a transverse voltage from 
the i.nput termina.ls (17 { 19) in plug (Pl) 
through transformer (Tl.iJ to the balanced 
a\~~ uator. Transformer (T4) also trans~ 
mits the voice frequency signals to the 



control amplif'ter circuit. The balanced. 
attenuator conaiata or reaiatora (R4l), 
(R42), (1.43) and (R44) and the. varistor 
circuit which includes varistor {CRS), 
tranaformer and bJp&aa capacitor (Cl9). 
!'ranaEormer ia terminated by rea1&t0'1' 
(R45) and tranam1ta the veto~ trequeno~ 
e1an&1 to the ampl1f1er input. Tra.na­
tormera (1.'4) and• (T5) decrease the imped­
ances preauanted to the var1ator b1 the 
aource and load ao that the dea1re4 expan-

, alon charactet"lat1c can be ach1eved.. The 
amount ot attenuat1on dependa upon the 
roealatance provided b¥ the var1ator (CRS). 

(lb) The Variolo!luuer control our- ", 
rent which 11 unidirectional and wb1ch " 
oontaina the EmVC~lope frequenoJ ot the 
apeecb lUiLvetorm 1a tr&l'Ulmitted u a 1 
t.ud1nal cur~"cmt through transformer ( 
and the armu¥Ettr1cal varistor elements ) 
to at the Junction ot rea1atora 
(R4 R<~a1atora (R88) and (R89) make the 
current 1ndependont or the vari1tor re• 
a1ataru)e.. A small blaa c\u•rent tlowa 
throuah the var1ator aa a reault or 1nt~- . · • 
duc1ns a voltage between th' rect1t1er and. . 
around... "lh1• volta,se 11 obtained from 1me 
voltaae divider formed bJ (a84) and a 
aelected parallel oombinat ot ( ); 
(R82) anc (R83) • Strap1 and ) ...,. 
tie out u t>equind to .the i1!'e4 
btu voltqe. 

· (lo) T~llUIIformer (T5) 1e well bl.l• 
anctu:l w1th reupeot to sroun4 and. tl pro• 
v1dtu:l 'l!d.th u elcuatro1tat1c ah1el4, X.t 11 
••••ntlal that the balanoe a adequate to 
pr-event the lonas. tudtna.l oontro1 ourrtn'\t 
from produ<~1na; a tranaveru voltqe acl"oal 

• tbe voice tr.quenor o1rtu1t, A tte4baok . 
to the input or \be cu::n1t,ro1 amp11:t1er \!ilou14 
to•~· ~-.n unatable loop and ,.,9Uld »ro4uct a 
11na1ns" oond1t1on. 

(2) Main Ampl1f1er . · 

(2a) The lxpandor Altpltt1er' tor 
voloe tttequenor a1pal.a oon~d.ata ot· • tor'• 

o1rou1 v1n1 three t1"&na1itO~I 
( uul ( each ueed 1:n ·tbt 
oommon tt~tr connection & teedback 
Oll'ou1t. The feedback trom the output 11. 
obta1ne the unbalanced hJbr'14 tratus, ...... 
torMr ( The tee4back 11 att6JJ)uate4 
the vo1 ta;e d1 v1de&"t 

6
br r-e to:r 

com~1natlon · )·, ( and 
The voltac• back ta ed to 

the lt dell VIAd to (R45) 1'&1''U!I·• 
tormer and 1ru1utrtec1 in the e•tm:l.t••• 
meeh. a, .~e ampl1t1er haa a b;r'brld GQt-
~t and ' aun•1•. 1 input .oomleott .. Tha 
(OOT ADJ) variable reate proli4ea 
a ohanae ln saln b&v:l.ns a,ppx-o);.1mate1J. •.o db ~ana•• ' , · 

(8111) Re•&l\or.• ) an4f. ) -. witb ·reat••on and..·· lt 
, p:rovi«e we to~ . 

.. 

Bes,tstora (R57L (l\59) and (R64) provide 
the proper emitter voltages tor trana1ston 
(QJI), ) . and (Q6.) ,pect1vel .. . Capacs. .... 
tors. ( ),. (C2l) dO ( ' and ( ) bypaaa 
theae emitter reatst.ance1 at voice t,.,. ... 
quenc1ea.. Tnese capacitors have been 
•elected so.that t.he.tranam1aa1on around 
the feedback loop will have a aul table 
phase margin to prevent instability at low 
trequeno1e:~.. Re11stors (R55), (R62) an4 
{R63) provide .. the pr.o:per collector volt ... 
ages tor (Q4) and (Q5J~ Capacitor (026) 
in combination with (R63) act1 aa a noise 
1'1lter tor power aupply noise.. Resistor 
{R58) and capacitor {C23) are used to 
control the phase margin tor the feedback 
loop. Resistor (R6l) and capacitor (C25) 
serve a like purpose. Capac1 tor { 028) , 
o.vpasse1 tranatormer (T6) at rrequenc1e1 

·well above the voice frequency band an4 
removes ldsa from the feedback path., 
The1• capao1to:ra have been selected so 
that the t:ranam1ssion around the feedback 
loop will have a suitable phaae margin bO 
p,-event. 1nstab1litJ at hieh trequenc1ea. 

(3) Control Circuit Amplifier 
(3a) The level or the voice tre ... 

.quencJ signal received by the Expander ia 
low, and amplification 1a req\ilired l)ef'ore 
rErotif1cat1on.. The amplifier compriaea 
two tl"&na1atora (Q7) and (QS), the firat 
1tage being connected aa a com.mon oollectol' 
and. the aeoond stqe be1ng conneote4 u a 
oommon emitter. 

(3b) Tra.narormet" (T4) atepa up the 
voltase and inJects it into the base cir• 
cui t (Q7) as a voltage acrose resiat.o~ 
( Tha forward s:a1n e1rcu1t deltvera 
an output to transformer (T7). 'rhe volt..ase 
ted baok'to the input base meah 1a trao ... 
t1onate4 martly by the parallel combtD• 
at1on or 4) and (R7S) an.d (R68). 
Aea1ato:m.t 5) and o 1tor (C32) serve to 
a.ncreaee the sa1n at ow votoe frequenoiea 
to compet~aat• tor loesea in other o1J>"'cu1tt. 

(3c) Resistor (R76) earriea the 
•m1tter eur~nt ot trana1ator (Q7) and 
establishes the proper base voltage tor 
trana.s.stor (QS). Rea1ator (R77) earr1ea 
the emitter current ot tt'ana1ator (Q.S) and. 
eata'bllJS.htus the propel!:" voltage and current 
,tor (QS). Capacitor (C33) bypaaaea tbt 
J.'lettator at voice tl'equ•no1aa. 

(3d) Rea1ator1 (R73), (R68) an4 · 
(R74) p1"'0v1de suitable base biaa volttae 
tor tran111tor (Q7).. Capacitor (C251) 
bJpaaa•us the re111 tor and the power 1i\&PPII 
impedance at voice trequenc1ea. Thia 
capacS.to:r in combination w1th (R73) ~-­
tbe no1ae · introduce(!. into the tm:~u1; 1IUh 
trom the pow·er aupp1J. 

(4) Control 01rc\U.t Reot1tlez.-. 
4a) Tranatormer (t?) rrtce1 ves 

vo:S.ct 'UencJ atanala trom the Control 
Mp11tlt&' Aft4 •'-PI qp tlte volt:;- batoN 

I 
/ 



rect1t1oat10J1. ~11 t:ranstohe:1.9 also 
proaents at~ . apprQpria.t~. load 1m;pudanee to · 
tht ttahoisto:t (Q8) to insure mu1mu!:.'l 

. j)owe:t outpu~. 

(~b) Diodes (CRT) and (CR8) tn com• 
b,.nat1on with capacitors (C3 .. 5) and (C36) .. 
and the control otrcuit resi!tance form a 
voltage c.tou'bU.rtg rec1atter oireu.tt which 
delS.vers a oont:;*o1 current p:ropo:;ttional to 

•. tht envelope or the voice tr;queno~ wave. 

SEqliQ,N ;!;tl :--.~EFEtUSNCE DAT&, 

1. WONtiNG :tnt:t'fS 

1.1 'rhe 'llo1ee frequency a1gnal input to 
the C'nnpressor shall bs b.Gtween 

... a dbm and -68 dbm meiun;ared at the 1nP~&tl 
tranotormer term1nala. · 

a.a '!~he. voloe ft'equenoy. a1snal input, to 
the Expandor shall be auoh that tbl 

output 11 between +18 dbm an4. •42 dbm 
meaaure4 at the tranetormer output tcr. 
ft'l1nale when ooruulcte4 to a 6oo ohm 1oa4. 

1.3 The auppl' volta.se ahal1 be between 
· tne :um1ta .:;u. volt1 :t21C meat\ured. 
a~ the term1nala 1n plus (Pl). 

1.4 Tht ambtent temperature ahall bt 
bttween +Jio•r a.nd +l40*J·, 

2. PWCT:tONS 

a.l The Compressor redu~oe 'tne volur;~c 
ranee ot tbo voice treq,ueno)" oisna1 

bttor·e modulation ln tbe tJ:~atunl1 tti.ns tor-­
.· mt.na.l. . . The volume ruse atter oo!21prc:la1on 

s.a 30 db, . · 

a.a 'fbe l~pan4or lncr~aaea ~be volumo 
roange ot the vo1oe rr~quo:f!CJ •1e:nal 

atter 4emodulc.t1on 1n tbt reec1v1na ter• 
m1ruLl. The volum1 l"anse attar expana1on 
2.1 6o db. 

· 2.3 Both c:trou1ta t.ranam:t' vo1ee tre­
quenor a1sna.lc w1tbin tho ranso 250 

. to 3250 CJOltl. . 

2.4 When a Compressor 11 tollowed b7 an 
Exp~.r~d.or,. the orts1nal vo1um1.11 N• 

atoted w1th1n *0•5 db, 
" . a. commariNa cmcvx:s 

· ).1 Appl Schem "112"' er telephone 
t;eru1nal Bill SD .. g71 ·01 

3.2 Channel Mo4em Ckt. 8~·95299•01 

3.3 lower Supplj Okt.. ID•81544•0l 

; 

' . 

SECTIOU IV ... CHANGES 

A, ORAJ:GES IN PUNaT:tONS 

A .. l The 26oo op!i Trap CU.rcnt1tu (Zl) and. 
(Z2) were removed to aatisfy equipment 

ens:ineer1ng requirements. IJ:Ihe eupp:reaee1on 
or 26oO cps tone, formerly a function pro• 
Yided by networks (Zl) e.nd (Z2} or the . 
Compa.ndor, w1ll be accomplished. elsewhere 
1n the system. . 

:a. CHANGES lN A!'PWTt1a 

B.l J\emove~ 

2 ... Nets· (Zl) and ·(Z2) 
40320 

1.,2 Removed 

4 • Pin Ja.oks TtJ.;, 

i~: ~ : (T and 
Ctl'O CoJ'P~, 

SKT ... lO 

:L • '.rranat (TT) 
25BSA 

Replaced b1 

4 "' Pin Jaoka (Cl), 
(02), (El) an4 
(12) resp&e ... 
t1vely. 
u ... 14523, 16 

~ • !ranat (11'7) 
asasc '~; ..... 

l~o al'ul.nse S.n value of rea1stanct tor 
tho above re1S.ato111. 

Romovt4 

I • Ree (R4l) . e.n4 (R42) 
127 
19. 

1 • Reo (Rl6) 
. KS-.13490, Ll 
~900Qn 

I • Rea (IW6) 
.,~:~ 

I • ~~IS (~7) 
145A 
1S1n 

ltp1ace4 'by 

I .... Jt•• 
2

pt41) and. 

2 A 
51162 

.. 



B.3 Added 

1 ... Res (R20) 
KS-13490, Ll 
l2Q:'l 

, J), DESCRIPI'ION OP CIRCUt'r CHANQES 

.D\.1 P1g. 101 was rev1aed ·to abow az:orowa 1n 
proper 41reot1on .. 

D.2 F1g., 102 waa rovtsed to show trana­
CJi~ZJilon 1n proper dir-aetion .. 

D. 3 Design a t1on {LEV'EL ADJ) wu chqed 
to (Otn' APJ) tor the (R38) pot .. 

All other head1nga, u.nder Chanpa, no 
change. 


