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CIRCUIT DESCRIPTION ¢ CD-G5294-01

ISSUE 2A
APPENDIX 15B
DWG ISSUE 17B

COMMON SYSTEMS
"No" CARRIER TELEPHONE
COMPANDOR CKT

CHANGES

B, Changes in Apparatus

B.l The changes in apparatus depend upon the
vintage of equipment being modified.

" Refer to issue 17B of the schematic.

D. Description of Changes

'D.1 The AE, AF, and AG options were added to

cover all of the apparatus changes neces-
sary in order to repair existing fleld units.
The J, K, L, M, N, ¥, Z, and AE options are
rated "Mfr Disc." and the AF and AG optlons
are rated "AT&TCo Standard.”

D.?2 Note 105 was added.
D.3 'The tables for record of figures, wiring,

and apparatus changes and for figures and
options were revised to include added options,

BELL TELEPHONE LABORATORIES, INCORPORATED

DEPT 4724-NILM-QLW
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CIRCUIT DESCRIPTION | CD~95294~01
. Issue 2A

Appendix 14B

Dwg Issue 16B

. COMMON SYSTEMS
"N2" CARRIER TELEPHONE
COMPANDOR CKT

CHANGES

D. Description of Changes

D.1 In Fig. 2, the following changes were
made:

(a) The KS-19606 List 1 potentiometer R4S,
which wag incorporated in the J9g272E

units in 1964, is shown on & "1ine~out"

basis to correct an error. ‘

(b) The KS-16752 List 6 potentiometer R4S
18 changed to a KS-16752 List 10

potentiometer on a "l1ine-out" basis.

(¢) The KS-16752 List 6 and the KS-19606

List 1 potentiometers are rated "Mfr
Disc."

Bell Telephone lLaboratories, Incorporated

Dept 4724-LAF-OLW
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CIRCUIT DESCRIPTION

COMMON SYSTEMS
"N2" CARRIER TELEPHONE
~ COMPANDOR CKT

CHANGES .
D. Deécri tion of Changes

CD-95294-01
Issue 2A

Appendix 13D
Dwg Issue 15D .

'D.1 To change the rating af the érawing from

»”ﬁ?&%ée S;anﬁaré“ te “Mfr Disc,

Bell:?elephene Laboratories, Inéergerated

Dept 2169-LAF-OLW
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CIRCUIT DESCRIPTION o - - CD-95294-01
N ’ L . Issue 2A
Appendix 12D
Dwg Issue 14D

COMMON SYSTEMS :
MN2" CARRIER TELEPHONE
COMPANDOR. CKT

CHANGES

B. Changes in &Egaratus

E,lg Superseded Superseded by
‘In Fig* 1 ’
1 - Transistcr Q3 1 - Transistor Q3
‘In Fig‘ 2 _
l - Transister Qb6 1 - Transistor Qﬁ
24A : 24¢ »
l - Transistsr Q8 l - ?ransistcr Q8
24B o 24D .

D. Description cf éhanges

D.1 The code for transistsrs Q3, Qé, and
Q8 were changed on.a "line-out" basis.

H

Bell Telephone Labsfatories, Incorporated
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CIRCUIT DESCRIPTION ’ €D~-95294-0.
: : ISSUE 2

APPENDIX 11Al

DWO ISSUE 134l

COMMON SYSTEMS
N2 CARRIER TELEPHONE
COMPANDOR CIRCUIT

B.1} In Appendix 10B, Seetign B.1, optiong
A and AB wepe cmitted from the list

of ohanges in epparatus and shoyld be added

a8 follgway '

. Apparstus Removed  Replaced by

R12, K§-13490, L1 5,100 ohms 2,400 ohms
AA option AB option

R16, KS-13490, L1 10,000 ohms 4,700 ohms
: : AA option  AB option

D. E;eﬁgiien of Changes

B} In Appendix 10B, Section D.2, option AC
' was erronsousiy referred tq &s Al. *

D,& Option AC {pddition of RV1) which was
covared in the preylous drawing, 12B
ggg:si; 108}, is peing upgraded to an AR

BELL TELEPHONE LABORATORIES, INCORPORATED
DEPT 2192-WPK~-AJO )
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CIRCUIT DESCRIPTION SD-§5294-01
. : ‘ I3SUE 24
APPENDIX 10B

Dwo ISSUE 12B

. ‘ " COMMON SYSTEMS
= : . N2 CARRIER TELEPHONE
) e " COMPANDOR CIRCUIT

\ CHANGES * i . B - D, Description of Chanzes
’ ) - ‘ D.1 Options AA and AB wore added to cover
B...Changes in Apparatus , a1 tgeéhan 2“3“ mséa:{grsﬁin. msé and
. - ' on 8 rot r c., &
B.1 | Apparatus Removed ‘ Replaced h.? sﬁgic@ 23 18 rated szagﬁarﬁ. 8¢.. on
J1,J2 Jacks xsalkgzs,ti KS-14623,11% D.2 Option Al was added to cover the
7, © 133,34 Jacks | KS-14532,11 | KS-14523,19 addition of RV1.
; . 5 R — ™ D.3 Optiona Y and Z were added to cover the
Rs ‘si 11 | 20 ohms 30 ohms . changes in resistors R4 and R5, Opticn
LKS-13490,L : : §cssdr§§cd Mfr Disc., ond option Z is rated
R3 Res 20 ohms 0 ohms andard.
K5-13490,L1 3 D.4 thian ;;.m xéas sgdeé tagovertgﬁe 5
: change in transformer option
. §§§ gesﬁ 11 | 2,400 ohms | 1,100 ohms ¥es é‘agga A Only, and option AD is rated
) | tandard.
. 4 .
§§*1§§§°'£1 7,500 ohms | 10,000 ohms | . p g R§§§ ggidwas changed to include the
e,
RS oo, Ly | 3:600 chma | 8,200 onms ' D.6 Note 203 wss changed to inolude
. ‘ option 2.
f 25868 2586M
Il Irans 2 286 D.T ¥Note 265 wal added to ecver options
3.2 Added L AR and A

) 0.8 Note 20& was changed to include option
1 = 100D Var, RVl AD.,

0

BELL TELEPHONE LABORATORIES, INCORPORATED

DEPT 2192-WPK-AJQ
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CIRCULIT DESCRIPTION . CD-95294.-01
. Issus 2A

Appendix 493

Dug Issues 11B

. _ COMMON SYSTEMS
N2 CARRIER TELEFHONE
_ COMPANDOR CIRCUIT

SHANIES :
. B, CHANGES IN APPARATU
. ’ B.i Apparatus FRemoved Replaced by
‘ © R32,221A 38,300 ohm 56,200 ohm

D. DESCRIPTION OF CHANGES

D.l This changs has been made to provide
* optional connection of R32 to improve
uniformity of fixed surrent through CRl1.

BELL TELEPHONE LABORATORIES, INCORPORATED

DEPT 2192-JHI-AJG
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CIRCUIT DE3CRIPIICN

COMMON SYSTEMS
®N2™ CARRIER TELEPHONE

COMPANDOR CKT
CHANGES
‘B CHANGES IN APPARATUS
B.1 Apparstus “Removed Repiaced
c4 = X3-16390, 15 100 pf
5 B W
16390,
e - Ql ) 3
A ' 3?2: 10,0060 K5-13806, 112

' B.2 Apparatus Added

1 = o34, 54244, 0.0215 uf

D. DESCRIPTION OF CHANOES ‘

D.1 Options P and Q were added to cover the
change of R79. P was rated MIr Disc,, and

Q was rated Standard,

D.2 Option R and 8 were added to cover change
of C4 and C5. R was rated Mfr Disc., and

8 wes reated Jtandard.

D.3 Option U and V were added to cover change

) of QL from a 128 to a 12M, U was rated

" Mfr Disc., and V was rated Standard,

D4 épticn T was added to cover capacitor O34
which was added.

BELL TELEPHONE LABORATORIES, INCORPORATED

*

DEPT 2192~WPK~AJG
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OIRCUIT DRACRIPRION.

CD-95254-01
Iasue 24
Appendix TAR .
Dwg Xssue GAR .
' comMoN SysTEMS
: . ™N2" CARNIER TRLEPHONE
CHANOES
B, CHANGES IN APPARATUS )
B.1 Apparatus Romoved ' Roplaced by
e SRR
1 - Transistor ) 25
A3} other headings under CHANGER ro change.
| EELY TELEPHONE LABORAORIES, INCORPORATED
PEFT 2192.4PK-AJ0
Printes in U.8.A, B %




CIRCUIT DESCRIPTIGH

COMMON SYSTEMS :
*N2" CARRIER TELEPHONE o
COMPANDOR CKT :

CHANGES )
B. CHANGES IN APPARATUS
- B.1 | Apparatus Removed Replaaged by
c2
CR1 434a-TT 434B-11
.CRO A34a-1 434B-1
R7, 221A 0.121 meg | 0.107 meg
RS2, 2214 3320 3480
y 8200
R81 KS-13490, L1
33,000
., |Re2 K3-13490,11
. 68,000
R83 KS-13490, 11
16,000
R85 KS-13490,11

B.2 Apparatus Added
1 - K78, 3600 ohms, KS-13490, L1

1 - x?g: 13,003 om" 333;3866; 2’12

EELL TELEPHONE LABORATORIES, INCORPORATED

.

DEPT 2192-WPK-AJO

s,
; .

Printed in U,.8.A,

CD-052954-01
Isaue 24
Appendix 68
Dwg Issue BB

B.3 Apparatus Changed

All resistors previously designated
K8-13490, Ll are now KS-16645, L1 exceptt

Resistors R50, R51, RS6, 55'5’, Rré2,
R73, and R75.

D. DESCRIPTION OF CIRCUIT CHANGES

D.1 Options "M" and "N" were added to cover
the change of CRl and CRS5. "M" was
rated Mfr Disc. and "N" was rated Standard.

D.2 Option "L" was rated Mfr Disc. and was
previously replaced by option "N,

D.3 Note 102 was changed to correspond to
the apparatus changes under B3.

D.4 A manufacturing circuit adjustment
provided by straps M1, M2, and M3 with
resistors R81, RB2, RB3, and aés was prated
Mfr Disc. (option "M") and replaced by the
g;gsnticmctar R79 and reeistor R78 (option -

All other headings under cﬁaxazs. no ch;hsa.

Page 1
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CIRCUIT DESCRIPTION . CD-95294-01
- Issue 24

' : Appendix 5B
Dug Issus 7B

COMMON SYSTEMS
"N2" CARRIER TELEFHONE

COMPANDOR CKT
CHANGRS ' / )
B, CHANGES IN APPARATUS .
B.1 Apparatus o -Removed Replacsd by
1 « R46 Res 2214 221A
127 ohma T 100 ohma
1 «'R51 Res X$-13490,L1 KS-13490,L)
: 5600 ohme 7500 ohme
1 - RS54 Res . 221A - €2lA
4220 ohns . 3320 ohms

D. DESCRIPTION OF CIRCUIT CHANOES

D.1 L™ option was added to cover B,1 sbove. "K* option was
previously shown and is now rated Mfr Dise. :

D.2 Notes 203 and 204 were added.
All other headings, no change, -

o

BELL TELEPHONE LABORATORIES, INCORPORATID

DEPT 2192-WPK-AJG
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CIRCUIT DESCRIPTION €D-95204-01

Issue 24
Appendix 4B
Dng Issue 63

COMMON SYSTEMS ‘
"N2" CARRIER TELEPHONE

A R COMPANDOR CIRCUIT
CHANGES
B, CHANGES IN APPARATUS
B.1 Agga}atua : " Removed Replaced by
XS-13490 11 221A
- ( 1 « RU6 Res 160 ohms 7 127 ohms
: 1 - R51.Res -
) .~ X8-13490 11 4700 ohms 5600 ohms
1 = R54 Res ‘
2214 5110 chmas 4220 ohms

D. DESCRIPTION OF CIRCUIT CHANGES

D.1  "J" and "K" options were added to cover B.1 above. "J*
was previcusly shown and now rated Mfr Disc.

" A1l other headings, no change,

BELL TELEFPHONE LABORATORIES, INCORPORATED

SNDEPT 2192-WPK-AJO

Poze )
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CYRCUIT DESCRIPTICN

. CD-95204-01

TRANSHISSION SYSTIMS DEVELOPMENT DEPARTHMINT §§5§, 24
. . Appendix 3AC

. Dug. Issue 5AC

COXION SYSTENS
"N2" CARRIER TZLEPHONS
o COXPANDOR CKT

CBAXQES
B. CHANGES IN APPARATUS

B.l Superceded Superceded by ;
i-Res{R68) 6190 1-Res({R68) 5620
. 221A - 221r

D. DESCRIPTION OF CIRCUIT CHANGES

D.1 "0 and H" options were added to cover
B.) above. "G" option only was pre=-

viously shown and not rated *Mfr. Disc,*

41l other headings, Xo change,

DEPR.  S17e~¥PX=AJ3-TH

.
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i
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CIRCUIT DESCRIPTION

: " CD~95294-01
TRANSMISSION SYSTEMS DEVELOPMENT DEPARTMENT : Issue 24

Appendix 2B
Dvg. Issus 4B

COMMON SYSTEMS
"N2" CARRIER TELEPHONE
o~ COMPANDOR CKT.

CHANGES
B« CHANGES IN APPARATUS
B.1l Supercedad 4 Superceded by
: " 1-Transistor (Q4) 1-Transistor (Q4)
) : 1z2s iz2M
l-Transfcrmera(TZB l-Tranaformer (T1)
. 25864 2586E

l<Transformer (T2) 1-Transformer (72)
25868 2586F

D. DESCRIPTION OF CIRCUIT CHANGES

D.1 Note 202 was added to describe
transistor (Q4) change.

D.2 "A", "B" and "EY, "P" options were
added to cover B.l above. "A" and Yg®

.options only wers previously ahown and not

rated "Mfr. Disc.”, o

D.3 Note 104 was added

All other headings, No change. -
EELL, TELEPHONE LABORATORIES, INCORPORATED

DEPT 2172-WPK~-AJO-BD

- . Page 1
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CIRCUIT DESCRIPTION

TRANSMISSION SYSTEMS DEVELOPMENT DEPARTMENT

CD-95294-01
Issue 24
Appendix 1A
Dwg, Issue 3A

COMMON SYSTENS
"N2" CARRIER TELEPHONE

P ’ ’ COMPANDOR CKT.
‘ CHANGES Removed Replaced by
B, CHANOES IN APPARATUS l-Ras,. (RB1) l-Res., {R81)
: . K8-13490, 'L _ ¥s-13450, 11
B.1 Removed Replaced by 11,000 0 8,200 0
. - l-Res. (RB& 1-Res. (R84
laBes, (RT) 1l-Res. (R7) 2214 (r84) 2214 )
1454 2214 . 38,300 0 31,600 O
. N 3-2 Added
i-Res, (R12) 1-Res, 3}‘512} o
KS-13490, L1 © KS-13490, L3 .1=Rea. {(RB5)
2Q,®G Q . 5;1® Q ﬁ‘égggg; I‘&
1-Ren. (R18) 1-Res. (R18) o
llig"é 90, &1{ : !3(330{353*&90, Ll D. DESCRIPTION OF CIRCUYT CHANOES

l-Rea. {R28) 1-Res, (R28)
221A 221A

36830 O 9090 O
l=Res. {R50 i-Ras, (RS5O
XS-Z.B“&G, )&1 xs-x3£9a, )&}

203&9 Q N 511& ¢}
BELL TELEPHONE LABORATORIES, INCORPORATED

DEPT 21T72-WPK-AJG-ED

R
- A

Printed in U.3.A.

D.1 Strap M3 was sdded, '
D.2 Note 201 was added,

D.3 Note 101 was revised to include Strep

o -

All other ha;éz:ngs; ‘No change,

=
7T .
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CIRCUIT DESCRIPTION
TRANSMISSION SYSTEMS DEVELOPMENT DEPARTMENT

CD~55294 =01
Iasue 24
Dug, Issue 24

COMMON SYSTEMS
*N2"™ CARRIER TELEPHONE

SECTION I -~ GENERAL DESCRIPTION
1. GENERAL

‘1.1 The Compandor is a single plug-in &p-

paratus unit which comprises two ¢ome
plamentary devices, a Compresaor e&nd an
Expandor, which function independently exe
¢ept for & common connsstion to the power
supply. These devices each have the prope
erty that the gain of the circuit is made
to vary in acecordance with the volde {re-
quency aignal., The slouwly varylng snvelope
of the signal wave rather than the instane
taneous value controls the gain in a,
prescribed way.

1.11 7The Compressor reduces the volums

range of the voice frequency signal,
the action being such that the output power
ingreazes 1 db for each 2 db increase in
the irput power. The changes octur at the
syilabic frequency rate of the volce fre-
quency signal, '

1,12 The Expandor increasses the volume
range of the voice [frequency signal,

Ahe gotion being such that the output power

increases 2 db for each 1 db increase in

. the input power., The changes occur &t the

syllabic frequency rate of the voice fres

quency signal. :

1.13 Both compression and expansion sre
acgomplished by inserting in the clre
cuit & Variolosser, This device is & :
variable actenuator which causes the volce
frequency signal to be attenuated as re-
quired above. The action is controlled by
& slowly varying current derived from the
‘envelope of the volice frequency signal.

1.18 The Compandor is energized by an ex=
ternal power sugply which is regulated

to «-2)1 volts, The -24 volt plant battery

is the primary source of power, A regulated

" w»1B volt source with additional noise file

sering for a qulet bias supply is an

integral part of the unit, :

2. FUNCTIONAL CHARACTERISBRICS

2.1 The inclusion of Compandors in the ter
minal equipment of the "N2® Carrier
Telaphone System yielda an improvement in
the amount of nolise and crosataik which can
ba tolerated in the transmission medium,
Weak speech valumes, being most susceptible
to system disturbances, are carried at s
relatively higher level over the intervening

L4

Printed in U.3.4,

- frequene

aignal volume.

COMPANDOR CKT

nolsy medium, Strong speech volumes need .
lesa increase in proportion %o the volume,
Thus, the need for crosstalk balanecing of
the line 13 eliminsted; filter discriminas
tion requirements can be reduced; and sige
nal levels can be raised without undue
interference,

2,11 The Compressor reduces the volume
range of the voice frequency signal
before modulation in the transmitting ter-
minal. It recelves inmputs within the range
250 to 3250 cps from & trunk circult through
& 4 wire terminating network and delivers
an ocutput having a compressed volume range
to the channel modulator. The input to the
Compressor is a balanced 600 ohm impedance
suitable for connection to the hybrid transe
former, The unit accepts voice frequency
signals having power levels between -8 dbm
and - dbm measured at the input transe-
former terminals and delivers a volce fre=
quency signal having a volume range of
30 db after compression. )

2.12 The Expandor increases the volume

range of the voice frequency signal
alter demodulation in the receliving ters
minal, It receives inputs within the range
of 250 to 3250 cps from a channel demodus-
later through a band pass {ilter, and
delivers an output to a trunk circult
through & 4 wire terminating network. The
Expandor restcres to the original volume
range the voice frequency signal, thus come
plementing the ac¢tion of the Compressor,
The output of the Expandor is a balanced
600 ohm impedance sultable for connection
to the hybrid transformer. The unit accepts
volce frequency signals having a compressed
volume range of 30 db and delivers a voice
signal having power levels be-
tween +18 dbm and -42 dbm measured at the
transformer terminals,

2.13 Both the Compressor and the Expandor

require Variclossers to achleve the
required compression and expansion of the
A Varlolosser being a non=-
linear device, a low volume for the volce
frequency signal is necéssary in order %o
aveid introducing intoleradble harmonid¢ and
intermodulation distortion due to its non=-
linear elements, The Variolosser in the
Expandor receives signals at the regquired
low level, but the Variclosser in the Com=
pressor i1s preceded by a fixed attenuvator
which reduces the signal to the appro-
priate low level. In both the Compressor
&nd the Expandor, the Varioliossepr is

Page 1




CD~95294-01, ISSUE 24

followed by a high-gain nezative feedback
amplifier., These amplifiers compensate

for the losses intrdduced by the fixed pad
and Ly the tranasmiassion medium, respece
tively; and prestore the velce frequency sige
nal to the proper level.

SECTION IT ~ DETAILED DESCRIPTION
1. GENERAL

Although a complete deslign theory for
either a Compressor or an Expandor requires
precise mathematical relationships, the
essential fratures c¢an be placed in evidence
by describing three parte sepacately:

{1} variolosser
{2) Control Circuit
{3) aAmplirier

1.1 Variolosser

1.11 A Variolosser is & network having a
varistor, i.e., a2 variable resistance,
88 an element. Volce frequency signals are
atbenuated by amounts dependent upon the
magnitude of the resistance., If the vare
istor is a silicon diodd, the resistance
can be varied by changes in a unidirecw
tional bias current. VYhen the volce fre=-
quency aignal current is small in
comparison with the bias current, the im=
pedance presented by the varistor is a
reslstance whose magnitude depends upon the
bias current rather than the signal current.

(1} Varistor

A silicon diode has a nonlinear
relaticﬁshig between the eurrent and tne

voltage across the terminals, i.e.,

1 u':s [exp(ﬁfv) - ]

If the voltage drop, V, is positive and
greater than a few tenths of a vol:, a sabe
isfactory approximation is to assume that
V is proportional %o Log I and the signif=~
icance of the several cansiaﬁzs is not
1ﬁpér3&n$'

When the total current 1s a come-
bination of a relatively lirge unidirecw
tional bias current and a small volce
. frequency signal current, the ac resistance

of the varistor is inversgely proportional
to the bias current. (The ac resistance
i3 the ratio of the incremental changme in
voltage to the small change in current that
produced 1t; L.e., it 1o the slope of the

-

¥ va, I characteriatic 8% & point determined .

by the bias current.)

Poage 2

cdeseriblng the acvion of

- 2y 8nd 22 repreaent

If By and I, represent the ac re-
gsistance in ohms and the control current in
am ““ruﬁ for an initial reference condition,
and if R and I represent the same qQuane
titics for any other ecundition, the eguabion
a4 varistor ia

®-® e

{2) The Compressor employs a Variow -
losser having the vapristor connected as a
shunt element. If R represents the ac res-
sistance of & varistor shunted acroszs s
volcée frequency signai clireuit, and Lf .
the Input and output
signal cireult impedances, respectively,

! “” = Z +
Eat 1[55 2) §]

If R L3 small in comparison with the pars
allel combination of 23 and Zp, a good
approximation Loy the attenuation, expressed
in db, is ’

gz

2
X & 10 mglg§§{

I Xs aaé Ry represent Variclosser attenw
uasian in &ﬁ and vaplistor residstance in
obns for an initial reference condition,
and 1f X and R represent the same quanti-
ties for any other canditicn, the losas
equation is

2
{X~Kﬁ} w 10 iagzg(§§)

Since R zné R, are related to the control
curient asbareang to eguasion (1), the
eguation for the loss introduced by the
Variolosser in the Compressor is

(%=%,) = + 10 Lsgm(};;) {2)

{3} The Expandor employs a Varilolosser
having the varistor connected as a serles
clement. I R represents the ac resistance
of & varistor inserted in a volce fﬂequenay
signal oipeuly, and 17 23 and Zo vepresent
the irput and outpus s;gnai cireuit im=
pedanges, vespectively,

bot Z.4+Z.) + R
Eiﬁ - ( 1 2)

cut 25




CIRCUIT DESCRIPTION
TRANSMISSION SYSTEMS DEVELOPMENT DEPARTMENT

Ch=-05294 .01
lssue 2A
Dwg. Iasue 24

COMMON SYSTEMS
"N2™ CARRIER TELEPHONE '
COMPANDOR CKT g

SECTION Y - OENERAL DESCRIPTION
1. GENERAL

1.1 The Compandor is & single plug-in ap=-

paratus unit which comprises two com=
plementary devices, a Compressor snd an
Expandor, which function independently ex-
cept for a common connestlon to the power
supply. These devices each have the prop=-
erty that the gain of the circult is made
to vary in aceordange with the voice fre=
quency signal, The slowly varying envelope
of the signal waye rather than the instane
tanesus value controls the gain in a,
prescribed way.

2.11 The Compressor reduces the volume

range of the voice frequency signal,
the astion being such that the outpul poder
fngreases 1 db for each 2 db increase in
the irput power. The changes occur at the
syiladic frequency rate of the volce {re-
quency signal. ’

1,12 The Expandor increusss the volume

range of the voice fregquency slgnal,
4the action being such that the output power
sncreases 2 db for each 1 db increase in
the input power, The changes occur at the
syliabic frequency rate of the voice fre-
quency aignal. .

- 1.13 Both compression and expansion are
accomplisned by inserting iv the cire

cuit & Variolosser, This device i3 &

~ variable attenuator which causcs the volce
frequency signal to be attepuated as re-
quired adove. The action is controlled by
a slowly varying current derived fronm the
envelope of the volce frequency signal,

1.14 The Compandor is energized by an eX-
ternal power supply which 4s regulated

ta =28 volts, The -24 volt plant battery

is the primary source of powsr. A regulated

15 volt source with additicnal nolse file

tering for a qulet bias supply is an

integral part of the unit. :

2, FUNCTIONAL CHARACTERISTIC3S

2.1 The inclusion of Compandors in the tepr
minal equipment of tha "N2™ Carrier

. Telephone System vields an improvement in
the arount of noise and crosstalk which ‘can
be tolerated in the tranmsmission medium,
Weak speech valumes, being moot susceptible
to system disturbances, are carried at a
relatively higher level over the intervening

Printed in U.3.4A.

» frequenc

nolsy medium, Strong speech volumes nead
less increase in proportion %o the volume,
Thus, the need for crosstalk balancing of
the line 1s eliminated; filter discriminaw~
tion requirements can be reduced; and sig-

‘nak levels can be ralsed withoud undue

interference,

+ %1 The Compressor reduces the volume
range of the volce frequency signal
before modulation in the transmitting teprs
minal., It recelves inputs within the range
250 to 3250 c¢ps from a trunk cirecult through
a 4 wire terminating network and delivers
an output having a compressed volume rangs
to the channel modulator. The input to the
Compressor 13 & balanced 600 ohm impedance
suitable for connection to the hybrid transe

former. The unit accepts volice fregquency

signals having power levéls between -8 dbm
and - dbm messured at the input trans=
former terminals and delivers a voligce fre=
quency signal having a volume range ol

30 db after compression.

2.12 The Expandor increases the volume

range of the voice frequency signal
after demodulation in the receliving ter- .
minal. It receives inputs within the range
of 250 to 3850 cps from & channel demodu-
lator through a band pass filter, and
delivers an cutput to & trunk cirguit
through & 4 wire terminating network,. The
Expandor restores to the original volume
range the voice fredquency signal, thus come
plementing the action of the Compressor,
The output of the Expandor 1s a balanced
600 ohm impedance suitable for connection
to the hybrid trensiormer. The unit accepts
volce frequency signals having a compressed
volume range of 30 db and delivers a voice
signal having power levels be=-
tween +#18 dbm and ~-42 dbm measured at the
wranaformer teérminals, :

2.13 Both the Compressor and the Expandor

require Variolossers to achieve the
reguired compresslon and expansion of the
signal volume. A Varloloaser being a non=
linear device, a low volupe for the voice
frequency signal is necesssary in order to
avoid introducing intolerable harmonle and
intermodulsation distortion due to 1ts none-
linear elesenta, The Varlolosser in the
Ezxpandorn receives signals at the requirsd .
low level, but the Variclesser in the Come
preasor is praceded by a {ixed atienustor |
which reduces the signal to the appro-
priate low level, In both the Compressor
and the Expandor, the Variolosser is

Page 1




CD-95294-01, ISSUE 24

followed by a high-gain negative feedback
amplifier. These amplifiers compensata

for the losses introduced by the (ixed pad
and by the transmisalon medium, respeg-
tively; and restore the volce frequency aige
nal to the proper level. '

SECTION II - DETAILED DESCRIPTION °

1. GENERAL

Although a complete design theory for
either a Compressor or an Expandor requires
precise mathematical relationships, the
essential featurecs can be placed in svidence
by describing three psrts separately:

{1) Variolosser
“(2) Control Circuit
{3) Amplifier

1.1 varieipsaer)

"1:11 A Variolosser 1s a network having a
varistor, 4.¢., & variable resistance,
23 an element. Volce frequency signals are’
atteruated by amounts dependent upon the
magnitude of the resistance. If the vars
istor is a silicon diode, the resistance
can be varied by changes in a unidirec-
tional bilas current. When the voice frew
quency signal current is small in
comparison with the bias current, the ime’
pedance presented by the varistor ia &
resistance whose magnitude depends upon the
bias current rather than the signal current.

-{1) Varistor

, A ailicon diode has a nonlinear
- relationship between the current and tha
voltage across the terminals, {.a., A

1 -:‘:a [exn(%,v) - ]

If the voltage drop, V, is positive and
greater than a few tenths of a volt, a sate
isfactory approximation 18 to assume that
V 1s proportional to Log I and the signifs
icance of the several constants is not
imporsant, ° -

When the total current is & come-
bination of a relatively large unidirecw
tional bias ocurrent and a small voice

. frequency aignal current, the ac resistance
of the varistor is inversely proportional
to the bias ourrent, (The ac resistance
is the ratio of the incremental change in
voltage to the small change in current that
produced it; i.e,, it is the slope of the .
¥ va, I characteristic
by the bias current.)

Page 2
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I X, and

st a point determined .

If Ry and I, represent the ac ree
slstance in ohms and the control current in
amperes for an initial reference condition,
and if R and I represent the same GUAD
tities for any other cundlitlion, the equation
,denoribing the action of a varistor ig

()

{2) The Compressor employs a Varicw
losser having the varistor connected as a
shunt slement, If R represents the ac ra-
sistance of a varistor shunted acrosgs a
volce frequency signal ¢ircult, and ir -
. zi and Zz represent the input and output
signal olrcuit impedances, respedtively,

g En ~1 1 1
‘ gaut 21[(2; * 2’;) * g]

If R is small in comparison with the pars
allel combination of Z3 and Zp, a good -
g»pﬁgxi?aticg for the attenuastion, expressad
!} & B

—%“‘% §

z, 2
1 *
X &30 Loglg 135-1 .

represent Varioloszer atten.
uation in db and varistor resistance in
ohms for an initial reference condition,
and if X and R represent the same quantie
ties for any other condition, the loss
equation ia .

(%~x,) = 10 s.ogm(%‘i)a S

8ince R and R, are related to the control
current aceérgiag to equation (1), the
equation for the loss introduced by the
Variolosser in the Compressor is

(X)) =4 19'&320(%) _. (2) -

(3) The Expandor employs a Variolosser
having the varistor connected as a series
element., If R represents the ac resistance
of & varistor ‘inserted in a voice frequensy
signal sirecult, and if 2y and Zp repressent ' .
the input and output signal ciroult iu-
pedancesg, rvespectively, )

By (2y425) +
oub 2

®

=
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If R 4s large in comparison with the series

combination of Zy and 25, a good approxs

imation for the attenuation, expressed in
db, is .

R 12

If X, and represent variolosser attenw
uation in db and 'varistor resistance in
ohma for an initial reference condition,
and 1f X and R represent the same quan-
tities for any other condition, the loss
equation is . o

) =30 o)

Since R and ars related to the control:
current according to equation (1), the
equation for the loss introduced by the
Variolcaser in the Expandor is ’

(X-X,) = = 10 :csm(f:)g (3

1.2 Control Cirouit

1.21 The Control Cireuit for the Vario-

losser employs a peak-type rectifier
which charges a capaditor to the peak
voltage of the voice frequency signal, If
the capacitor is charged through a relw
atively low resistance circuit and is )
allowed to discharge through & hizh resis-
. tance, the charging and discharging time
conatants ¢an be adjusted 30 that the out-
Put current is proportional to the volitage
of the snvelope of the voice frequency
signal. Thus, the derived sontrol current
is proportional to the square rooct of tne
signal power. If Py and I, represent the
signal power in db and the control current
in amperes for an initial reference core
dition, and if P and I represent the sane
quantities for any other gondition, the
equation describing the action of the Cone
trol Cirouls is ’

10 togyg(E) = (e-) -

' 3ince the Variolosser requires very
low signal levels to avoid intolerable
intermodulation distortion, both the input
and the output power are small, Therefore,
amplification is necessary betwesn the
Variolosser and the rectifier in the Cone
trol Cirocuit,

B
-

(1) Variolosser and Control Ciroui¥

. The important properties of a
Variolosser and ita Control Circuilt in
combination can be placed in evidence in
the following simpla way:

Let P1p, Ppp and Xo represent the
input power, output power and variglosser
attenuation for an initial reference cone
dition. Also let Py, Po and X represent
the same quantities for any other condition,
If all quantities are expressed in db, the

transmisslion equation for the Variolosser
is .

(Bp-Bp) = (Ry=Pyg) = (X-X;) ()

{2) Compressor

The Compressor having & backward
asting control circuit, the changes in
attenuation in the Varilolosser are de-
pendent upon the chaénges in output power,
The desired two-to-~one compression can be
achieved 1f the change in attenuation is
in the same sense and is equal to the
change in output power; i.e.,

w

(X=Xy) ="+ (By=2y0) (6)

Substituting this equation into equa«

tion (5), the transmission equation for the
Coapressor becomes

(?3‘?23) - 4 §(?1’?2Q3 - AT

Equations (2) and {4) can be combined to
form equation (6); therefore, a shunt
type Variolosser in combination with a
backward acting control circult will have
the desired two-to-one compwession chare
soteristic, ‘

(3) Expandor

The Expandor having & forward .
aoting control circult, the changes 4in
attenuation in the Variolosser are de-

ndent upon the changes in input power,
gge desired one~to-two expansion can be °
achieved if the change in attenuation is
in the opposite sense and 1s equal to thé
change in input power; i.e.,.° - o

o

s

(x-X)) = = (By-Pyo) (8)

Pige 3
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Substituting this equation into equation (5),

the transmission equation for the Exe
pandor beconmes - ‘

(Py-Pao) = + 2(Py-=Py,)

Equations (3) and (4) can be combined to
form equation (8}; therefore, & series

type Varlclosser in combination with & fore
ward anting control circult will have the

0

deslired one-to-two expansion characteristic,

1.3 Amplifier
1.31 The Gcwpanﬁer unit includes three

high-gain negative feedbsck asmplifiers

* which incyease the voice frequenay signal
power to the levels required in the systenm.

(1) Compressor Amplifier
. {2) Expandor 'a@pn:s.etr

(3) Control Amplifier
{1) ﬁo&#ressar Amplifier

The Compressor Amplifisr redeives
the low lewvel volce frequency signals from
the Variolosser and develops voltages be-
tween 0.1 and B.5 volts RMS scross the
modulator input terminald, This amplifier
also functions as a control amplifier since
the backward acting control sircuil rew
Quired for the Variolosser is connected to
the Compressor Amplifier cutput rather than
the Variolosser output. - o :

{2) Expandor Amplifier
The Expandor Amplifier re#ezvea low

level voice frequency signals from the dew .

modulator through the Variolosser, and
delivers power to the line at levels bew .
twaen +18 dom and -42 dbm,

(3) Expandor Control Amplifier

The input to the Varlolosser is very
low level and a Control Amplifier is neo-
essary in the forward soting control oips
2uit for the Expandor. This amplifier
receives power from the line and develops
sufficient voltage across the restifier
to provide the necessary contprol current
for the Variolosser,

(4) Stability of Amplifiers

The speech amplifiers are high-gain

negative feedback amplifiers. The loop
galn is provided by three transistors used
in the common emitter connection. Since
the current gain of a transistor may va
between wide iimits, i.e., -50% to + -
the provision of a loop that is always

© two RC shunts, one on transistor (

. age on transistor (Q3).
(A2} may be cut to change the base bias Wlbe

In general, the slope of loop gain
{db vs, og ) must be controlled below as
well as above the volice frequency band,
The low~frequency cutoff  is shaped by .
chicosing appropriate capacitors to by-pass
the emitter and base bias resistors, The
high-Irequency cutoff is shaped b

one on transistor (Q3). The design obe
Jective 1s to obtain 45 degrees phase
margin and 20 db attenuation margin.

2. BPECIFIC

The Compandor schematic oircult
drawing has been presented &3 two ligures
for convenient reference although all come
ponents have been assembled as & single
apparatus unit, '

{1) Compressor Circuit

. Fig. L,Fig 104 |
(2) Expandor Circuit v
' pg, 2,Fig. 102 “

£

e
) w0

2.3 ccapiessar Cirouit, (Plg. 1,Pig. 101.)

2i11 Volee frequency signals from &

balanced pair are received vis tevs
minals (3,5) and are transmitted toc the
moduletor via terminals (7,13) of the
plug (P1) which is located at the rear of
the unit. Pin jacks (C1 and c2), {J1,92)
are located on the front panel and can be
used to monitor and measure the voice Iree
quensy input.

2.12 Power to energize the transistors is
© received from the Power Supply Unit
via terminals (11,13} of plug (P1). The
nominal voltage for tsrminaiufxl} is .
=21 volts d¢ pessured with respact to
ground on terminal (13)., A source of
reduced voltege having relatively-low noise
components is provided as part of the Com=
pandor equipment, Resistor (R38) and
avalanche diode {CR2) form a voltags rege
ulasor which reduces the -21 volt suppiy
to Bpproximately - ? volts. In combination
with capacitor (C18) and resistor (R20),
this ecircuit reduces the noiss from the

main power supply. .

2,13 Two terminals are used for faotory
testing: terminal {2) is the Diode

Test point which is used to measure the

putput voltage of the Control Reotifier;

~and terminal {8} is the Bias Test point

which is used to peasure the emitter volte
Straps (Al) and

age for (Ql), thereby adjusting the emitter
current in transistor {Q3) to the cptimum
value.. The metal frame of the subassembly
is connected to terminal {1) so that the
shield ground and the signa)l ground can be

stable in the Kyquist sense 1s essential. connected at the desired point in the system.
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{1a) Voice frequency signals are
transmitted 88 a tranasverse voltage from
the line terminals (3, ?} in plug (P1)
through transformer (T1) to the balanced
attenuator. The balanced attenuator con-
sists of resistors {R1}, (R2) and (R3) and
the varistor cirecult which includes vapr-
1stor {CR1), reaistors (R4) and (AS) and
bypass capacitor (O1l). Transformer {72}
is terminated by resistor (R6] and transmits
the voice frequency signal to the amplifier
input. Transformérs (T1) and (72) inarease
the impedances presented to the varistor
by the source and load so that the desired
¢ompression characteristic can be achieved,
" ‘The amount of attenuation depends upon the
resistance provided by the varistor (CH1).

{1b) The Variolosser control oups
rent which is unidirectional and whiah cone
tains the envelope frequency of the spesch
. waveform is transmitted as & longltudinal
¢urrent through the symmetridal varisior
elements (CR1) to ground at the center-tap
of transformer (T2). Resistors (R36) and
{R37) make the current independent of the
varissor resistance. A small bids cubrrent
flowing through resistors (R34) and (R3%)
meintaineg a threshold resistands for the
varistor when no voice frequency signals
are being received from the line, Re~-
sistors (R28) and (R32) form a fractionating
network which is used to adjust the bias
curpent, :

{1c) Transformer {T2) 18 well bale
anced with respect to the grounded centers
tap and is provided with an electrostatic
shield., I% is essential that the balance
be adequate to pravent the longltudingl
control current from produclng a transverse
voltage across the volce {requency circuit,
& feedback loop through the main amplifier
and the control circuit would be unstable
and would produce a "singing" condition,

(2) Amplifier

(2a) The forward gain cirouit of
the Compressor amplifier consists of three
trensistors {Ql), (Q2) and {Q3) which are
81l used in the common emitter connection,
Realstors Saisg and ERl&}, together with
resistors {(R12) and (R16) if required,
provide base blas for (Ql). Resiators Lot
{R17), {(R22) and {(R23) provide the proper
emitter voltages for transistors (Ql), (Q2)
and { reapectively. Capacitors (C3}),
{c4), (¢5), (cB) and {(C11) bypass these
emitter resistances at volce frequencies,
These capaclitors have been selected so that
the transmission around the feedback loop.
will have & suitable phase margin to prevent
instabllity at low frequencies, Resistors
{R15), (R19) and (R21) provide the proper
collector voltages for (Ql) and (Q2}. Capso-
itor (C9) in combination with (R21) acts as
& noise fiiter for power supply nolse,

SaLls uator.,

{2b) Resistors [R7) and (RB), to-
gether with (Rg9), (R10) ard (RI1} 1f
reguired, form the feedbuck pain which 18
used to adjust the gain to the required
value, Resistor (R1B} and capacitor (CT7)
are used to control the phase margin for =
the feedback loop. Resistor {(R24) and
capacitor (Cl3) serve a like purpose and
also serve to bypass transformer (T3) at
frequencies well above the voice f{requency
range. Capacitor {C2) removes loss from
the feedback circult at high freguencies,:
Trnese capacitors have been selected so
that the transmission around the feedback
loop wiil have a sultable phase margin o
prevent instability at high frequengies.

{3) Control Circuit

{3&)'Traﬁsférmer {T3) steps up the .
signal voltage before rectification, It

© also presents an appropriate load lmpedance

to transistor (Q3) So insure maximum power
outpus, Diodes (CR3) and (CRE) in com=
bination with capacitors (Cl5) and (C16)
and the control circult resiatance form

& voltage doubling rectifier circuit which
delivers & control current proportional to
the anvelope of the volce freguency wave,
Capaoitor (C12) blocks a small de voltage
which might otherwise affect the modulator,

2.2 Expandor Cireuit, (Fig. 2, Fig. 102),

2.21 Voisve frequency signals from the de-
modulator are received wvia terminals
(17), (19) and are transmitted to & bale~
gnced line via terminals (9, 15) of the
piug (PL) which is located at the rear of
the unit, Pin Jjacks (El and E2), (J3, J&)

" are located on the front panel and can be

used to monitor and measurs tha volce fre~
guenoy input,

2,22 Three terminals are used for factbry

teatingt  terminal (14} is the Blas
Tast point which is used to measurs the
emitter voltage on transistor {Q6); ter-
minal {18) is the Bias Test point which is
used to measure the emitter voltage on y
transistor (Q8); and terminal {(20) is the
Diode Test point which i1s used to measure

“the output voltage of the Control Rectifier,

Straps (Pl) and (P2) may be cut to change
the base bias voltage for (QU4), thereby

>?§%usting the emitter current in transistor
Q

) to the optimum value. The base blas
voltage for (Q7) is not adjustable, but
the emitier voltage for (QB) should be
measured to assure that the emitter current
is within apprepriate»iimi§a*

(1) Variolosser

{1} Voice frequency signals are
tranamitted as a transverse voltage [{ron
the input terminals {17, 19} im plug (P1)
through transformer T&S to the balanced
Pransformer (T4} also trans-
mits the volce frequency signals toc the

Page 5
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control amplifier circuit. The balanced

attenuator consists of resistors (R41),

(R42), (R43) and (R44) and the varistor
oircuit which includes varistor (CR5),
transformer i?s and bypaas capacitor (C19).
Transformer (T5) is terminated by resistor
(R4S) and transmits the voice frequency
signal to the amplifier input, Transe
formers (T4) and {T5) decrease the imped-
ances presented to the varistor by the

. source and load so that the desired expan-

" bias voltage.

slon characteristic can be achieved. The
amount of attenuation depends upon the
resistance provided by the varistor (CRS).

{1b) The Variolosser control cupe
rent which is unidirectional and which.
sontains the envelope frequency of the
gpaach waveform is transmitted as & longle
tudinal current through transformer ( ZS .
and the sympebtrical varistor elements 5)
to greﬁns at the Junction of resistors .
(R4G). Resistors (R88) and (R89) make the
current independont of the varistor rew
sistance. A swall bias current flows
through the varistor as & result of introe-

ducing a voltage between the rectifier and .

ground. This voltage is obtailned from the
voltage divider formed by {RBU) and a
selected parallel oombination of (RB1),
(RB2) and (R83), Straps (Ml) and (M2

be ocut as required to produce .the desired

‘ {le) Transformer (TS) is well bale
anced with respsct to ground and is pro-
vided with an elootrostatic shield. It is
essentinl that the balance be adequate to
prevent the longitudinal control ourrent

. from producing a transverss voltage across

the voice frequency cirouit. A feedback

%o the input of the control amplifisr would

3
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e an unstable loop and would produce a
singing" condition.

(2) Main Amplifier .- -

{2a) The Bxpandor Amplifier for
volee frequency signals consists of & fore
ward gain oirouit having three transistors
(Q4), (Qsl and (Q6) each being used in the
sommon emitier connection, and & fesdback
¢eircuit, The feedback from the output is
obtained ¢ the unbalanced hybrid tranhs..
{ﬁ?ﬂi?}é?é divid I d b ist {

@ voltage divider formed by resistor
?nd he sgshinaksgn of” {RU6), (a&?? and
R4B). The voltage fed back is added to
the voltage delivered to (RU5) by transe
Lormex ) and inserted in the base~emitter
meah, s the amplifier has a hybrid cute
¢ and & serlies input connegtion. The
OUT ADJ) variable resistor (R4B) provides
& change in gain having approximately.

4,0 db range.

2b) Resistors (R51) and é§g;) tom
gether with resistors (é?gi ;gg i }3 i;

) gﬁ%ﬁl base

*

+ The fesdback is aetéﬂagsadsg% »

‘quenciles,

Resdstors (R57), (RS9) and (R6Y4) provide
the proper emitter voltages for transistors
{Qu), {Q5; and (Q6) respectively. Capacie
tors (C20), (c21), {ce&?eané {c27) vypass
these emitter resistances at volce fre-
These capacitors have been
selacted so.that the. transmission arcund
the feedback loop will have a suitable
phase margin to prevent instability at low
frequencies. Resistors (R55), (R62) and
(R63) provide the proper collector volte
ages for (Q4) and (Q5). Capacitor (C26)
in combination with (R63) acts as a noise
filter for power supply noise, Resistor
(R58) and capacitor (C23) are used to
¢ontrol the phase margin for the feedback
loop. Resistor (R61) and capacitor ésss)
serve a like purpose, Capacitor (C28)
bypasses transformer (T6) at frequencies

-well above the voics frequency band and

removes loss from the feedback path.
These capacitors have been selected so
that the transmission around the Tesdback
loop will have a sultable phase margin to
prevent instability at high frequencies.

{3) Control Circuit Amplifier
{3a) The level of the volce fre-

-quency signal received by the Expandor is

" transistor (QB8).

g

low, and amplification is required before
vectification. The amplifier comprises

two transistors (Q7) and (QB), the first
stage being connected as a common collector
and the second stage being oonnected as 3
common emitter.

(3b) Transformer (T4) steps up the
voltage and injects it into the base oire
suit of (Q7) as a voltage across resistor
(R66), The forward gain circuit delivers
&n output to transformer (T7). The voltage
fed bask ‘to tha input base mesh is frace
tionated primarily by the parallel combinw
ation of Ta?§; snd (R75) ana saéﬁg.
‘Resister (R75) and capacitor (C32) serve %o
inorepse the gain at low volce frequencles
to compensaté for losses in other cirsuits,

(3c) Resistor (R76) carries the

. smitter current of transistor (Q7) and

#stablishas the proper base voltage for
Resistor (R77) carries
the emitter current of transistor {Q8) and
establishes the proper voltage and current
Jor (Q8). Capacitor [C33) bypasses the
ragistor at volice frefuencies,

{3d) Resistors (R73), (R68) and -
(R74) provide suitable base bias volt

for transiastor (Q7). Capacitor (C29)
bypasses the resistor and the power supply
impedance at voice frequencies. This .
capacitor in combination with (R73) reduces
the nolise introduced into the input mesh
from the power supply. :

{4) Oontrol Circuit Reotifler .

{4a) Transformer (T7) receives
volee frequency signals from the Control
Asplifier and steps up the voltags before

¥

*
¥

e




rectification, Thid t¥ansformer also
prasents an a?yrggriata,iaaé impadance to
the sransistor (QB) to insure meximun
_pover dutpub. '

. {4v) Diodes (CR7) and (CRB) in come
i bination with capacitors {635% end {C36) .
4 : and the control circult residlarice form &
yoltage doubling redtifler circult which
dalivers a dentrol eurrent proportional to
..the envelope of the voloe frequency wave.

SECTION IIf » REFERENCE DATA
1, WORKING LIMITS

2.1 The volce frequency signal input to
the Compressor shall be between

«8 dbm and -68 dbm messured at the input

trangformer terminals, -

1.2 The voice frequency signel input %o .
- the Expandor shall bé suph that the
' putput is between +18 dbm and 42 dbm
meaaured at the transformer output terw
minals when connected to & 600 ohm load,

1.3 The supply voltage shall be betwaosn
. the limits «2) volts 2% measured
at the terminals in plug (P1).

3.4 The ambient temperature shall be
botween +HO'F and +I40°F,

2, FUNCTIONS

2.1 The Compressor reduses the volums
range of the voice [requency signal
pefore modulation in the transmitting tor-
§$n§$.§§¥he volumg range after comproasicn
] N . '

., 2,2 The Expandor incrgases the volumne
range of the volce {requancy signal
gfter demodulation in the recciving tere
gzngé.égwhs volume range aftay expansion
8 . :

"2.3 Both eircults transmit volce fre- .
. quenoy signals within the range 250
~ to 3250 cyocles. .
l 2.4 Wnen a Compressor is followed by an
o Expandor, the original volume .is ro-
stored within 0.5 b,
. %

. 3, CONNECTING GIRCUIT3

© 9.1 Appl Schem "N2" Carrier Telephone
3‘ sigainaz Bay 8D-97118-01 pho
3.2

5;3 Power Supply Oxt. 8D-81544-01

s

Channel Modem Ckt, SD=95299-01 - .
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SECTION IV - CHANGES
A CHANOES IN FUNCTIONS

A.1 The 2600 ops Trap Circuits (21) and

~ {22) wers vemoved to satisfy equipment
enginecring roquirements. The suppressaion
of 2600 e¢ps tone, formerly a function proe
vided by networks (Z1) end (22) of the .
Compandor, will be accomplished elsewhere
in the aystem.

B, CHANGES IN i??&ﬂi@ﬁs
B.1 Removed '
2 - Nets (21} and -(22)
40320 (

B.2 Removed Raplaced by
g = Pin Jacks (&?3}: 4« Pin Jaoks (31))
i%?zg, (TP3) and cz;, (E1) and
A adiro Corp. Sy apes-
= BR L ® VLY
8KT-10 ! KS-14523, 15
1 = Transt (77 -+ 1 « Transf (77)
25834 (e 25850 ﬁimﬂ
20 « Res {R2 20 « Res (R2)

) 33;R§§:%3?,ﬂsa "o 33;£g5xﬁi?f35: ‘
B? R ;533 335 ' 3? R ] 13353
Rrob,R52, RE6, RBY, asé,agz,a ;
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B.3 Added ' « ’ : D.2 Fig, 102 was revised to show transe
: . wisaion in proper direction,
1 = Res (R20) o ‘ .
Koa34%0, L . D.3 Designation (LEVEL ADJ) was changed

» to (OUT ADJ) for the 8 €.
. D. DESCRIPTION OF CIRCUIT CHANGES ( ) (R38) po

- D1 Fig. 101 was revised to show arrows in All other headings, under Changes, no
proper direction. change.
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